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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



What is Information Retrieval?

* Designing, developing, and evaluating systems to help
people find and use information to support their goals.



What is Information Retrieval?

Designing

Developing

Evaluating

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

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

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



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



Many Types of IR Systems
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IR Systems have Important Societal Benefits

e 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



IR Systems have Important Societal Challenges

e “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)
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Interactive Information Systems Lab
Common Threads

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
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

|6



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
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Case (Research) Study

The Effects of Working Memory, Perceptual Speed,
and Inhibition in Aggregated Search

JAIME ARGUELLO and BOGEUM CHOI, School of Information and Library Science,
University of North Carolina at Chapel Hill

Prior work has studied how different characteristics of individual users (e.g., personality traits and cognitive
abilities) can impact search behaviors and outcomes. We report on a laboratory study (N = 32) that investi-
gated the effects of three different cognitive abilities (perceptual speed, working memory, and inhibition) in
the context of aggregated search. Aggregated search systems combine results from multiple heterogeneous
sources (or verticals) in a unified presentation. Participants in our study interacted with two different ag-
gregated search interfaces (a within-subjects design) that differed based on the extent to which the layout
distinguished between results originating from different verticals. The interleaved interface merged results
from different verticals in a fairly unconstrained fashion. Conversely, the blocked interface displayed results
from the same vertical as a group, displayed each group of vertical results in the same region on the SERP
for every query, and used a border around each group of vertical results to help distinguish among results
from different sources. We investigated three research questions (RQ1-RQ3). Specifically, we investigated the
effects of the interface condition and each cognitive ability on three types of outcomes: (RQ1) participants’
levels of workload, (RQ2) participants’ levels of user engagement, and (RQ3) participants’ search behaviors.
Our results found different main and interaction effects. Perceptual speed and inhibition did not significantly
affect participants’ workload and user engagement but significantly affected their search behaviors. Specif-
ically, with the interleaved interface, participants with lower perceptual speed had more difficulty finding
relevant results on the SERP, and participants with lower inhibitory attention control searched at a slower
pace. Working memory did not have a strong effect on participants’ behaviors but had several significant
effects on the levels of workload and user engagement reported by participants. Specifically, participants
with lower working memory reported higher levels of workload and lower levels of user engagement. We
discuss implications of our results for designing aggregated search interfaces that are well suited for users
with different cognitive abilities.
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Aggregated Search

e Integrating results from different,
heterogeneous back-end
systems in a unified presentation
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Web Search Portals (e.g., Google)
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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

e The effects of 3 cognitive abilities and 2 interface conditions on:
RQT: effort
RQ2: user engagement

RQ3: search behaviors

e |[nterfaces: 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

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

e Perceptual speed: the ability to quickly scan for information

e 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
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Russia 2018 FIFA World Cup: Team previews for all 32 teams
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A ceremony in Moscow launching the countdown from 1,000 days until the 2018 FIFA Football World Cup
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Kia Motors has provided 424 vehicles to assist operations at the much-anticipated 2018
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User Study
(N=32)

4 search tasks (2 with each interface)

2 post-task questionnaires (effort, engagement)

(Short break)

3 post-study psychometric tests
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Comparative Tasks

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

Bookmark at least 10 pages + provide justification

“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 purification methods: (1) boiling water (2) water purification tablets (3)
using a portable water filter. 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.”

bacteria | equipment
eliminated cost
boiling
water

purification
tablets

portable
filter 33




RQ1: Effort
NASA TLX

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?

Effort: How hard did you have to work to accomplish your level of performance?

Frustration: How insecure, discouraged, irritated, stressed, annoyed were you?
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RQ2: User Engagement
O’Brien’s UES

FA1: I lost myself in this search experience.

FA2: The 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: The search system was attractive.

AEZ2: The search system was aesthetically appealing.

AE3: The 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.
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RQ3: Search Behaviors

15 Behavioral Measures

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/0 mouseover events
Queries w/o scrolls

Queries w/o bookmarks

Quick reformulations (< Tmin.)

Queries with repeated intent
(qualitative analysis)
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RQ3: Search Behaviors

Factor Analysis

e 3-factor solution explained 68% of variance

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
queriles 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 first 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
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RQ3: Search Behaviors

Factor Analysis

e Factor 1: difficulty identifying relevant SERP results

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
queriles 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 first 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

38



RQ3: Search Behaviors

Factor Analysis

e Spoiler: perceptual speed affected measures related to Factor 1

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
queriles 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 first 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
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RQ3: Search Behaviors

Factor Analysis

e Factor 2: pace of interaction

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
queriles 0.863 -0.285 0.214
ueries without clicks 0.863 0.232 0.029
E:uick 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 first 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 0577 | 0.674
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RQ3: Search Behaviors

Factor Analysis

e Spoiler: inhibition affected measures related to Factor 2

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
queriles 0.863 -0.285 0.214
ueries without clicks 0.863 0.232 0.029
E:uick 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 first 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 0577 | 0.674
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RQ3: Search Behaviors

Factor Analysis

e Factor 3: effort

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
queriles 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 first 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
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Psychometric Tests

Perceptual Speed: Finding A's Test

1 2 3 4 5
cider eest stripe insert defend
bough blind coarse court settle
fudge chord govern pearl lodge
greet ~SOdery perfect bridle oaken

et spoon special recess - crown

=Lt piece consist sQapy queast
count . rinse mostly able glimpse
shore ~SPO shrink pledge every
eaget™ fleet pencil refuse break
define sense hinder better where
entire uncle solace ratrol thorn
ghost white keeper Judge pause
gnife cozeh— night defect hence
hedge south clock trust short

—petat period picnic other person
scope miller smart straw waym
ripen -Edegan finger noisy Jjuilce
under height useful defer enter
Bagxd- event slowly field ordeal
quite bond meant mend nurse
Jump west quick skill cool
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&> Memory Span
Lab Info.

Recall items

Psychometric Tests
Working Memory: Memory Span Test

BICYCLE COMPUTER ENVELOPE
HELICOPTER HIGHWAY RECLINER
REFRIGERATOR | TELEPHONE WATERMELON

Next trial

(long words)
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&> Memory Span
Lab Info.

Recall items

Psychometric Tests
Working Memory: Memory Span Test

BAG BOOK CHAIR
CUP KEY LAMP
PAN ROAD

Next trial

(short words)
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&> Memory Span
Lab Info.

Recall items

Psychometric Tests
Working Memory: Memory Span Test

1 2

4 5

7 8
Next trial

(numbers)
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&> Memory Span
Lab Info.

Recall items

Psychometric Tests
Working Memory: Memory Span Test

B C

E G

T V
Next trial

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

&> Memory Span
Lab Info.

F H
L M
Recall items
R S
Next trial

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

Identify the color of the font and ignore the name of the word.

Press the h key for red, the j key for green, and the k key for blue

(congruent condition)
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Psychometric Tests
Inhibition: Stroop Test

Identify the color of the font and ignore the name of the word.

Press the h key for red, the j key for green, and the k key for blue

(incongruent condition)
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Psychometric Tests
Ranges and Correlations

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

e WMvs. PS: r=.069 (p =.707)
e WMuvs. IN: r=.133 (p = .469)

e PSvs.IN:r=.165 (p =.366)
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Results



RQ1: Workload
Working Memory

- N W B~ U1 O
]
*
—
X
£

g b T I O TR T S S T T TR SR A O
- MAUNEY Ll
! i e B n &

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
m 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

- N W K~ U1 O
*
—~
X
£

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

g XWM * \WM

_ i I VYR A R AR S A T A S S T
' holadaawlal )
i i D e a B B i
Int. |Block| Both | Int. |Block.| Both | Int. |Block.| Both | Int. |Block.| Both | Int. |Block.| Both | Int. |B|ock.| Both | Int. |B|ock.| Both

Mental Demand | Physical Demand | Temporal Demand Failure Effort Frustration Overall Workload
2.08 1213 12.1113.58[3.45]3.51]2.95(3.16(3.05]3.45]3.50(3.47(2.92]2.76]2.84

- N W B~ U1 O
]

2.47 12.06 | 2.26 |
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RQ1: Workload
Working Memory

- N W B~ U1 O
]

low-WM
m high-WM
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RQ1: Workload
Working Memory

7
6
5
4 M
3 [ I
2
1 Block.§Both Block.[|Both
Overall Workload
low-WM [3.11 2.76 §2.84 13.01 3.02
2.06 J2.26

m high-WM\3.00

2.50 J2.81 R2.42

Y104 \2.47
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RQ1: Workload
Working Memory

1 * (1 x WM)
Y T
Int. |Block.| Both . |Block.| Both | Int. |Block.] Both | Int.

Mental Demand calfDemand jTemporal Demand Failure
low-WM [ 3.11 | 3.18 | 3.15 3.45 [ 3.51 1 2.95|3.16 | 3.05 | 3.45
m high-WM| 3.00 | 2.12 | 2.56 2501 2.812.42 (2.192.31]3.23

- N W B~ U1 O
|

THl

Int. [Block.| Both
Overall Workload

3.01 ] 3.03 | 3.02
J2.4712.06|2.26

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

- N W b~ U1 O

WM A T TR S I 1 THE A T
e EEEEE il
e B n &

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

low-WM | 3.11 | 3.18 3.152.08 213 12.11 |1 3.58(3.45(3.5112.95|3.16 [ 3.05 [ 3.45|3.50|3.47 (292 |2.76 |2.84 | 3.01 | 3.03 | 3.02
m high-WM\3.00 | 2.12 | 2.5¢J| 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

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

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

e Possible Explanation: high-WM participants were more effective
at leveraging the fixed layout of the blocked interface
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RQ2: Engagement

Working Memory

VA
6 -
5 4
4 [ 1 I I I I I
3 - b1
3 ]
1
Int. | Block.| Both | Int. |Block.| Both | Int Int. | Block. | Both
Aesthetic Appeal Focused Attention Overall Engagement
low-WM 3.28 | 3.29 | 3.29 | 432 | 4.39 | 435 | 4.32 429 | 4.39 | 4.34
m high-WM 2.89 | 3.17 | 3.03 | 450 | 430 | 440 | 5.19 4.65 | 4.78 | 4.72

Irrespective of the interface condition, hig

N-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

30 - J

20-[
10 A
0

Int. Block
low-WM | 23.84 26.23
m high-WM| 20.89 | 20.19

10 A 1 I
5_
0

Int. Block.
l[ow-WM 9.11 8.61
®high-WM| 10.50 | 11.35

time between events bookmarks

* Working memory had no significant effects on search behaviors

e General trend: high-WM participants worked faster and
produced more bookmarks (p=.06)



RQ3 Results: Perceptual Speed on Search Behaviors

1.5 -

_ * k 7
29 (IXFS) : o ](Ix PS) _
6 1 0.5 1 i i | : [
. J J 1 0 o m i B
Int. | Block. | Both Int. | Block. | Both Int. | Block. | Both
low-PS| 1053 | 8.47 | 9.50 low-PS| 0.77 | 0.27 | 0.52 low-PS| 4.65 | 3.47 | 4.06
mhigh-PS| 8.17 | 820 | 8.18 Whigh-PS| 037 | 0.43 | 0.40 mhigh-PS| 2.00 | 237 | 2.18
queries queries w/o mouseovers queries w/o scrolls
8 1 81 % (I x PS)
4 4 A
1l m ‘nmm
, . i Y W 1 :
nt. : ot Int. Block. Both Int. Block. Both
low-PS | 5.03 : 4.34 low-PS | 3.47 | 2.27 | 2.87 low-PS| 5.62 | 3.74 | 4.68
W high-PS| 3.37 - 3.23 mhigh-PS| 2.07 | 240 [ 2.23 mhigh-PS| 293 | 3.60 | 3.27
queries w/o bookmarks repeated intent queries quick query reformulations
*(I x PS)

o B~ OO ®
TR B |

| i
Factor | ' | [

Int. Block. Both
Measures SRR T

clicks w/o bookmarks
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RQ3 Results: Perceptual Speed on Search Behaviors

1.5 -

* 8 1
1.0 - ](Ix PS) 6 - I *PS
0.5 - | 4 [ I
olim im m lm'm m
Int. Block. Both Int. Block. Both
low-PS low-PS| 0.77 | 0.27 | 0.52 low-PS| 4.65 | 3.47 | 4.06
W high-PS W high-PS| 0.37 | 043 | 0.40 mhigh-PS| 200 | 237 | 2.18
queries w/o mouseovers queries w/o scrolls

8 -
6 *PS ]
sl I I *[(I x P3) I
B B ] ' im i
O T Block. | Both i - -_
nt. OcK. ot Int. Block. | Both Int. Block. | Both
low-PS | 5.03 | 3.65 | 434 low-PS| 3.47 | 227 | 2.87 low-PS| 5.62 | 3.74 | 4.68
Whigh-PS| 337 | 3.10 | 3.23 mhigh-PS| 2.07 | 2.40 | 2.23 mhigh-PS| 2.93 | 3.60 | 3.27
queries w/o bookmarks repeated intent queries quick query reformulations

Factor |
Int. Block. Both
Measures SRR T

clicks w/o bookmarks




RQ3 Results: Inhibition on Search Behaviors

160

TR

Int. Block. Both Int. Block. Both
low-IN | 3.44 3.22 3.33 low-IN | 109.59 | 93.75 | 101.67
W high-IN| 5.28 4.13 4.70 mhigh-IN| 71.16 | 74.50 | 72.83

30 ~

I

gl |

Int. Block. Both
low-IN | 25.76 26.38 26.07
lhigh—lN 19.52 21.17 20.34

time b/w events

quick query reformulations first bookmark time

15 - *I(I x IN) ] -
10 o I L | i} I L
5 - I l : -
0
Int. Block. | Both Int. Block. : Block.
low-IN| 12.73 | 11.62 | 12.17 low-IN| 13.03 | 13.63 low-IN'|  8.81 9.28
m high-IN[ 9.91 11.37 | 10.64 mhigh-IN| 16.31 15.00 ® high-IN| 10.53 10.16
query-to-click time clicks bookmarks

Factor 2
Measures



RQ3 Results: Inhibition on Search Behaviors

30 - * IN 8 1 * 160 A
I | [ 6 - IN 120 - [ *IIN
20 - 4 I I [ 80 A I
| e
0 0 0
Int. Block. Both Int. Block. Both Int. Block. Both
mhigh-IN| 19.52 | 21.17 | 20.34 W high-IN| 5.28 4.13 4.70 mhigh-IN| 71.16 | 74.50 | 72.83
time b/w events quick query reformulations first bookmark time
I 15 A I I I 10 - I I I
I 10 - 5 -
5 -
0
Int. Block. | Both 0 Int. Block. | Both Int. Block. Both
12.73 | 11.62 | 12.17 low-IN| 13.03 | 13.63 | 13.33 low-IN| 881 | 9.28 | 9.05
mhigh-IN[ 991 [ 1137 | 10.64 mhigh-IN| 16.31 | 15.00 | 15.66 W high-IN| 10.53 | 10.16 | 10.34
query-to-click time clicks bookmarks

Factor 2
Measures
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Working Memory

Perceptual Speed

Inhibition

Summary

Workload (RQ1)

High-WM participants
reported lower
workload, especially
with blocked interface

None

None

Engagement (RQ2)

High-WM participants
reported higher
engagement

None

None

Behaviors (RQ3)

None

Low-PS participants had
more difficulty finding
relevant results on SERP,
especially with the
interleaved interface

Low-IN participants had
slower pace of
interaction, especially
with the interleaved
interface
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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
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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

\V/ search
blue

Filter by Year:

2005
2006

Filter by Topic:

Arts

Books

Business
Education

Front Page

Health

Home and Garden
Magazine

New York and Region
Opinion

Sports

Style

Technology

u.s.

Washington

Week in Review
World

hurricane katrina bush response Search

New York Times Results: 1-10 of 200

Despite Steps, Disaster Planning_Still Shows Gaps - Technology, Front Page, U.S.

that, in the aftermath of Hurricane Katrina, became an international symbol of dysfunction... hard by
Hurricane Katrina. With these and other stockpiles -- at least twice the inventory

Saturday August 26, 2006

RELIEVED TEXANS RETURNING HOME AS STORM FADES - Front Page, U.S.

a month after his administration drew heavy criticism for its response to Hurricane Katrina. After... blunt
criticism of the government's response to Hurricane Katrina along with praise

Monday September 26, 2005

Government Saw Flood Risk but Not Levee Failure - Front Page, U.S.

of Hurricane Katrina posed unprecedented difficulties. "There are amazing challenges and obstacles," said...
that the first, life-saving phase of hurricane response, which usually lasts a matter of hours, in this case
Friday September 02, 2005

Storm Lashes Coast; Levees Breached in New Orleans - Front Page, U.S.

, where the Bush administration had been criticized for its slow response to Hurricane Katrina...
neighborhoods, which had been devastated nearly a month earlier by Hurricane Katrina and submerged
under

Saturday September 24, 2005

'Katrina Effect' Pushed Texans Into Gridlock - Front Page, U.S.

in their planning, the failure to account for the psychological effects of Hurricane Katrina, or what... seriously
frightened by Hurricane Katrina. "Not one of our 15,000 employees is a psychologist," he

Saturday September 24, 2005

That FEMA Seal of Approval - New York and Region, Opinion

responsible for the agency's botched response to Hurricane Katrina. Before 9/11, the agency identified... to
the Hurricane Katrina disaster and alarmed by the chaotic evacuation of Houston before Hurricane Rita
Sunday October 09, 2005

Homeland Security Chief Qutlines FEMA Overhaul - U.S.

that it would never again prove so inadequate in its response to catastrophes like Hurricane Katrina... after
Hurricane Katrina hit, he noted, he could not get the FEMA director on the phone

Thursday October 20, 2005

Committee Focuses on Failure to Aid New Orleans's Infirm - Health, U.S.

Government complacency, poor planning and dereliction of duty during Hurricane Katrina contributed... said
Tuesday. In the second day of Senate hearings on the hurricane response, the focus was on what
Wednesday February 01, 2006

Republicans' Report on Katrina Assails Administration Response - Front Page, U.S.

the government's response to Hurricane Katrina, is the first of three major investigations.... The response to
Hurricane Katrina and its aftermath, in which about 1,400 people died along the Gulf

Monday February 13, 2006

Bus Evacuating Senior Center Burns, Killing_ 24 Near Dallas - Front Page, U.S.

facilities in New Orleans during Hurricane Katrina, three weeks ago, according to local officials...A bus
evacuating frail residents from a suburban Houston senior-living center burst into flames

Saturday September 24, 2005

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 1
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Open OrgBox Tool
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Working Memory + Note-Taking

V search
blue

Filter by Year:

2005
2006

Filter by Topic:

Arts

Books

Business
Education

Front Page

Health

Home and Garden
Magazine

New York and Region
Opinion

Sports

Style

Technology

u.s.

Washington

Week in Review
World

hurricane katrina bush response

Search | Open OrgBox Tool ‘

IOrg Box

Create New Box

Long-term Impacts on FEMA F X

Places affected F X

Drag text here to add a new item or Click Here

Homeland Security Chief Outlines FEMA Overhaul & X
The agency must have a better working relationship with the military, so the
federal government can more quickly deploy troops, and it needs more
managers seasoned in handling disasters, Mr. Chertoff told the House panel.
FEMA must also be more adept at rapidly gearing up to field calls from victims
and to distribute financial aid efficiently.

Tighter relationship with the military

Homeland Security Chief Outlines FEMA Overhaul F X
And the agency must have more reliable communications systems, so that it
knows exactly what is occurring in the disaster zone, Mr. Chertoff said. Just
after Hurricane Katrina hit, he noted, he could not get the FEMA director on the
phone.

More reliable communication systems

Senate Committee Leaders Urge FEMA Dismantling F X
Since Hurricane Katrina hit, Michael Chertoff, the secretary of homeland
security, has been working on his own alternative to the agency's current
structure, which he has described as "retooling" FEMA. That has meant
bringing in professional disaster managers to replace the former director
Michael D. Brown and other senior officials, many of whom had little
emergency management experience.

Replacing senior officials with professional disaster managers.

Drag text here to add a new item or Click Here

Hurricane Drenches Florida And Leaves Seven Dead & X
Hurricane Katrina churned through the Gulf of Mexico on Friday, increasing its
strength and threatening the Florida Panhandle and neighboring states, after
cutting a drenching swath through southern Florida and leaving seven dead.

Florida

Katrina Victims Say Agents Advised Against Flood Coverage F X
Six weeks before Hurricane Katrina tore up the Gulf Coast of Mississippi last
August, Dr. Munson Hinman went to see his insurance agent to buy flood
coverage for his home near the beach.

Mississippi coast

The Storm That Blew New Orleans Apart F X
t was still dark, at 4:30 a.m. Aug. 29, when Hurricane Katrina skipped off
course and made landfall downriver from New Orleans at Buras, La., as a
Category 4 storm. The hurricane obliterated the place.

New Orleans

Reaction to President Bush & X

Drag text here to add a new item or Click Here

A President Who Can Do No Right & X
We should be used to it by now. There are a couple of Congressional
committees trying to investigate the tragic Hurricane Katrina debacle, but the
Bush administration is refusing to turn over certain documents or allow certain
senior White House officials to testify before the committees under oath.

Investigation
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Comparative Tasks + Structured Note-taking
+ Search Completion

\V/ search
blue

Filter by Year:

2014
2015
2016
2017

Filter by Topic:

Act Four

Arts and Entertainment
Asia & Pacific
Business
Checkpoint
Early Lead

Erik Wemple
Europe

Gridlock

Health & Science
In the Loop
Innovations
Letters to the Editor
Middle East
Monkey Cage
Morning Mix
National

National Security
Opinions

Politics

Post Nation

Post Politics
PostEverything
PostPartisan
PowerPost
Storyline

Tablet

The Fix

The Intersect
The Post's View
The Switch
Transportation
Travel

Wonkblog

World
WorldViews

Malaysia Airlines Flight 17 Search

Open Matrix Tool

Washington Post Results: 1-10 of 200

After a Malaysian plane is shot down in Ukraine, grief and outrage ripple worldwide - World

Malaysia Airlines Flight 17 dropped in wheat fields five miles east of Goryushko's house. The bodies... soul
cannot stand it." Pieces of Malaysia Airlines Flight 17, a number now retired from the carrier's

Thursday July 24, 2014

Years after Flight 370 disappearance, Malaysia Airlines agrees to track its planes from space - Innovations
, Malaysia Airlines Flight 17, traveling from Amsterdam to Kuala Lumpur, was downed by a missile over...Just

after midnight local time on March 8, 2014, Malaysia Airlines Flight 370 took off from Kuala
Thursday April 20, 2017

Malaysia Airlines likely to suffer greatly in aftermath of second disaster - Business

Malaysia Airlines says it saw "major short-term reaction in consumer behavior' after Flight MH370's
disappearance. (Joe Pries/AP) The tragedy of Malaysia Airlines Flight 17 follows another air
Thursday July 17, 2014

Total liability in Flight 17 crash could climb to $1 billion - Wonkblog

crash that killed all 298 people aboard Malaysia Airlines Flight 17 on Thursday, the victims' families...A long
and complicated legal battle awaits over who's liable for the crash of Malaysia Airlines
Saturday July 19, 2014

Malaysia Air is still running_Flight 17, but it's avoiding_Ukraine - Wonkblog
Malaysia Airlines Flight 17 is a daily flight running from Amsterdam to Kuala Lumpur. In the wake... Turkey.

Many other airlines are doing the same. Malaysia Air will likely retire the call sign
Friday July 18, 2014

New poll finds many Russians believe Ukraine shot down MH17 - WorldViews

Cows graze near the wreckage of Malaysia Airlines Flight 17 in eastern Ukraine's Donetsk region... 18 to 21,
one day after Malaysia Airlines Flight 17 was downed. It's an exceptionally difficult

Wednesday July 30, 2014

A step toward justice in the shootdown of Flight 17 - The Post's View
A Malaysia Airlines crew member places a flower next to candles forming the letters MH17 after multi-faith

prayers for the victims of the downed Malaysia Airlines Flight 17 near Kuala Lumpur. (Lai
Friday October 16, 2015

What the search for Flight MH370 tells us about national security in Asia - Monkey Cage

into the pilots of missing Malaysia Airlines flight 370 intensified on March 17 after officials confirmed...
citizens on board the flight and Malaysia Airlines' handling of the passengers' families. Intelligence
Tuesday March 18, 2014

Netherlands grapples with loss of 192 citizens in Malaysia Airlines disaster - World
rose after another to people mourning the loss of Malaysia Airlines Flight 17, which claimed the lives... that

was shot down: Flight 17. Yet the crash dominated people's thoughts. In the Netherlands
Friday July 18, 2014

Ukraine gets $200 million a year for allowing_overflights - WorldViews

of overflight charges. After Malaysia Air Flight 17 apparently was shot down over Ukraine, some critics... went
down on July 17, Malaysia Air has been routing the same flight -- Amsterdam to Kuala Lumpur

Wednesday July 23, 2014

1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 next
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Comparative Tasks + Structured Note-taking
+ Search Completion

Malaysia Airlines Flight 17

V sazen

Washington Post Results: 1-10 of 200

Search | { Open Matrix Tool ‘

Location of incident

Deathtoll

Cause of incident

Malaysia Airlines Flight 17

- After a Malaysian plane is s...

It ended over Ukraine, a nation torn in two.

The jet was shot out of the sky, a...

- After a Malaysian plane is s...
One plane, 298 people, tumbled from the

sky, wreckage from an explosion that no ...

- After a Malaysian plane is s...
The jet was shot out of the sky, according to
U.S. intelligence officials, most ...

Malaysia Airlines Flight 370

- Years after Flight 370 disap...
The plane never made it to China, instead

vanishing somewhere over the Indian Oc...

- Years after Flight 370 disap...
Just after midnight local time on March 8,
2014, Malaysia Airlines Flight 370 to...

- Years after Flight 370 disap...

At some point on Flight 370, the transponder
stopped working (whether it failed ...

EgyptAir Flight 804

3¢ - Discovery of debris offers f...
CAIRO The discovery of human remains,
wreckage and passenger belongings from
an ...

¢ - Discovery of debris offers f...
A day after a top official in Egypt said that
terrorism appeared more likely tha...

TYOoTer

[ WorldViews
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Comparative Tasks + Structured Note-taking
+ Search Completion

Malaysia Airlines Flight 17

V sazen

Washington Post Results: 1-10 of 200
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The jet was shot out of the sky, a...
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One plane, 298 people, tumbled from the

sky, wreckage from an explosion that no ...

- After a Malaysian plane is s...
The jet was shot out of the sky, according to
U.S. intelligence officials, most ...

Malaysia Airlines Flight 370

- Years after Flight 370 disap...
The plane never made it to China, instead

vanishing somewhere over the Indian Oc...

- Years after Flight 370 disap...
Just after midnight local time on March 8,
2014, Malaysia Airlines Flight 370 to...

- Years after Flight 370 disap...

At some point on Flight 370, the transponder
stopped working (whether it failed ...

EgyptAir Flight 804

3¢ - Discovery of debris offers f...
CAIRO The discovery of human remains,
wreckage and passenger belongings from
an ...

¢ - Discovery of debris offers f...
A day after a top official in Egypt said that
terrorism appeared more likely tha...

TYOoTer

[/ WorldViews

76




Thank you!
Questions?
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Studies

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

e The effects of working memory and task complexity on:

RQ1: workload
RQ2: satisfaction

RQ3: search behaviors

RQ4: outcomes
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Task Complexity Manipulation
(2 x2)vs. (4 x4)

e FEvaluate tasks:

<
<
<
<

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

write a justification

e Simple tasks: 2 alternatives, 2 criteria

e Complex tasks: 4 alternatives, 4 criteria
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User Study
(N=24)

2 search tasks (1 simple, 1 complex)

2 post-task questionnaires (workload, satisfaction)

(Short break)

1 post-study psychometric test
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Psychometric Test
Working Memory: Operation Span Task

H Operation Span demonstration

Lab Info.

Recall the words in order

Next trial
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Psychometric Test
Working Memory: Operation Span Task

:ﬂ Operation Span demonstration

Lab Info.
is 8x1)+5=13?
Yes No
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Results



RQ1-2 Results: Workload + Satisfaction

5 -
4 1 Je
3 A { ‘V
. | |
1
Simple [Complex] Both j Simple |Complex Both J 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
mhigh-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
5 4
) sl {
3 -
2 -
1 Simple |Complex| Both J Simple [Complex 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 3.75 3.33 3.54 3.75 3.58 3.67 4.17 3.67 3.92 3.90 3.38 3.64
mhigh-WM| 4.00 3.58 3.79 3.92 3.25 3.92 3.50 3.71 3.83 3.42 3.63 417 4.00 4.08 3.97 3.55 3.76
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RQ3-4 Results: Search Behaviors + Outcomes

i

|

Simple

Complex

5.17

5.50

I

Simple

Complex

6.00

9.42

7.50

8.08

75 1
50 -
25 A

queries

0

Simple

Complex

Both

10.42

13.08

clicks

30 A

20 -

10 A

0

Simple

Complex

Both

l[ow-WM

14.71

10.45

12.58

m high-WM

6.61

7.37

6.99

query-to-click time

l[ow-WM

54.56

58.80

56.68

m high-WM

40.61

36.34

38.47

10 -
*(Cx WM)
5 -
REEE BN §
Simple | Complex Both
low-WM 1.42 1.08 1.25
B high-WM 1.75 4.25 3.00

100 7 %(C x WM)
75 -
50 - 1
25 - I I
0 ,
Simple | Complex Both
low-WM 44.33 20.67 32.50
m high-WM| 57.33 64.25 60.79

time between events

quick reformula

justification length

86



RQ3-4 Results: Search Behaviors + Outcomes

20 -
*
5 WM
10 - I [ I
5 -
0 ,
Simple | Complex Both
low-WM 7.50 8.08 7.79
mhigh-WM|  10.42 13.08 11.75
clicks

"

I

Simple

Complex

30 A
*WM
20 -
Y. Ii |
, N
Simple | Complex Both
low-WM 14.71 10.45 12.58
m high-WM 6.61 7.37 6.99

query-to-click time

75
50
25

0

Simple

Complex

Both

l[ow-WM

1.42

1.08

low-WM

44.33

20.67

32.50

15 1
*
0 WM
0 .
Simple | Complex Both
low-WM 5.17 5.50 5.33
mhigh-WM|  6.00 9.42 7.71
queries
100 -
*WM
75 1
ol de W
0 ;
Simple | Complex Both
low-WM 54.56 58.80 56.68
® high-WM| 40.61 36.34 38.47

B high-WM

1.75

4.25

m high-WM

57.33

64.25

60.79

time between events

quick reformulations

justification length
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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 im

Can impact behaviors wit

nact behaviors and outcomes

nout 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



Thank you!
Questions?
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Supplemental Slides
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Data Analysis

e Multilevel modeling:

Yiik = Do+ pj+px +p1Xai + PoXoi +- -+ + pNXNi
—_— |
random intercept fixed factors
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RQ1 Results: Workload

Working
Memory

- N W ~ U1 O
1

*
g 1 Iil I*WMI | I I A I
‘ AR il
_ : " a = B &
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
m 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

Perceptual
Speed

- N W N~ U1 O N
T B |
—
—_
—
=

=
—
—
—
—
[

' & g i Iz [z i
n m
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 1293 | 1.77 |1 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
m 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

Inhibition

- N W B~ U1 O
11
—
—
—

Iw dr b I Lp
| I'N ey L Paalal
1 nt. [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 1 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




RQ1 Results: Workload

- N W B~ U1 O
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*
—
X
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- MAUNEY Ll
! i e B n &

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
m 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 Results: Workload

- N W B~ U1 O
]
*
—
X
£

g b T I O TR T S S T T TR SR A O
- MAUNEY Ll
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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
m high-WM| 3.00 [ 2.12 1 2.56 | 1.35 | 1.31 | 1.33 [ 3.12 1 2.50 [ 2.81 | 2.42 | 2.19 [ 2.31 [ 3.23[2.65 294 1.69 | 1.58 | 1.64 | 2.47 |1 2.06 | 2.26
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RQ1 Results: Workload

- N W B~ U1 O
]
*
—
X
£

g b T I O TR T S S T T TR SR A O
- MAUNEY Ll
! i e B n &

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
m 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 Results: Workload

- N W B~ U1 O
]
*
—
X
£
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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
m 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 Results: Workload

- N W ~ U1 O N
1
*
—
X
E
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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
m 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 Results: Workload

7 -

6 -

5 4

4 * (I X WM) * WM

3-Ii1 | I*WMlil TN 1' li 1'1 G A b

-

1 i i Iﬁ g i ' i i i B B i i [
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
m 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

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

1 * (1 x WM)
Ii ] I [ [*WM Ii I I' | I [ ]' Ii I' I I .4 ] I
3 [

i i h w i i i i B & @ i 0 [
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
m 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

- N W B~ U1 O
|

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

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

e Possible Explanation: high-WM participants were more effective
at leveraging the fixed layout of the blocked interface
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RQ2 Results: Engagement

7 A * W
6 - [ 1 : *WM
5
I I
Working * ] I I : : : I : : I
Memory ; -
1

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 | 432 | 439 | 435 | 432 | 453 | 442 | 429 | 439 | 4.34
mhigh-WM| 6.01 6.50 | 6.26 | 2.89 | 3.17 | 3.03 | 450 | 4.30 | 4.40 | 5.19 | 5.17 | 5.18 | 4.65 | 4.78 | 4.72

Perceptual
Speed

— N W NN U1 O N
L1
—
—_—
—

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 3.01 297 | 450 | 429 | 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 | 4.41 434 | 455 | 4.63 4.59 | 4.442 | 4.606 | 4.524

7
6
5
4 -
Inhibition I
2
i

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
mhigh-IN| 550 [ 5.80 | 5.65 | 3.16 | 3.10 | 3.13 | 4.39 | 4.41 440 | 495 | 495 | 495 | 450 | 457 | 4.53
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RQ2 Results: Engagement

7 - * \\/
6 - * WM
2 B
4 [ :[ I I [ [ I I I
3 - [ g |
] ]
1 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 | 526 | 5.37 | 5.32 | 3.28 | 3.29 | 3.29 | 432 | 439 | 435 | 432 | 453 | 4.42 | 429 | 439 | 4.34
m high-WM| 6.01 6.50 | 6.26 | 2.89 | 3.17 | 3.03 | 450 | 430 | 4.40 | 5.19 | 5.17 | 5.18 | 4.65 | 4.78 | 4.72

Irrespective of the interface condition, hig

N-WM participants

reported higher perceived usability and reward (p<.05)
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RQ3 Results: Working Memory on Search Behaviors

8 - 8 - 12 - 3 -
6 6 - 91
| I 2 1
44 I 4 6 - [
Ml amaa RN
0 0 0 0
Int. Block. | Both Int. Block. | Both Int. Block. | Both Int. Block. | Both
low-WM | 4.13 3.16 3.65 low-WM | 2.63 2.05 2.34 low-WM | 9.16 7.76 8.46 low-WM | 1.58 1.26 1.42
mhigh-WM| 4.42 3.73 4.08 m high-WM| 3.08 2.73 2.90 mhigh-WM| 9.81 9.19 9.50 m high-WM| 1.69 1.35 1.52
(a) Queries w/o bookmarks (b) Repeated intent queries (c) Queries (d) Queries w/o clicks
8 A 1.5 1 8 1 30 ~
61 [ 1.0 4 6 20 | Ik | :
4 1 [ 4
A Ad cmaam  mamaw
0 0.0 0 0
Int. | Block. | Both Int. | Block. | Both Int. | Block. | Both Int. | Block. | Both
low-WM | 3.95 3.16 3.55 low-WM | 0.58 0.32 0.45 low-WM | 3.34 2.68 3.01 low-WM | 23.84 | 26.23 | 25.03
m high-WM| 4.96 4.42 4.69 B high-WM| 0.58 0.39 0.48 mhigh-WM| 3.50 3.35 3.42 B high-WM| 20.89 | 20.19 | 20.54
(e) Quick reformulations (f) Queries w/o mouseovers  (g) Queries w/o scrolls (h) Time b/w events
160 - 15 - 100 - 15 - I
120 - 75 1 I I
10 - 10 A
80 - I I I ! L : 50 4 ] ] I
40 - i > 25 5 A
0 0 0 0
Int. Block. | Both Int. Block. | Both Int. Block. | Both Int. Block. | Both
low-WM | 94.05 | 94.08 | 94.07 low-WM | 9.11 8.61 8.86 low-WM | 48.91 | 53.81 | 51.36 low-WM | 11.40 | 11.89 | 11.64
mhigh-WM| 85.00 | 69.58 | 77.29 ®high-WM| 10.50 | 11.35 | 10.92 mhigh-WM| 52.74 | 46.48 | 49.61 mhigh-WM| 11.21 10.91 11.06
(i) First bookmark time (j) Bookmarks (k) Click-to-bookmark time  (I) Query-to-click time
20 - 8 - 1000 -
15 4 ] I I 6 I I I 750 71 I I I
10 1 4 1 500 -
5 A 2 A 250 A
0 0 0
Int. Block. | Both Int. Block. | Both Int. Block. | Both
low-WM | 14.71 13.79 | 14.25 low-WM | 5.08 5.16 5.12 low-WM [ 723.79 | 686.76 | 705.28
®mhigh-WM| 14.62 | 15.08 | 14.85 B high-WM| 4.42 3.92 4.17 m high-WM| 683.00 | 676.69 | 679.85
(m) Clicks (n) Clicks w/o bookmarks (o) Completion time
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RQ3 Results: Perceptual Speed on Search Behaviors

. * pS
4 1- [i I
- i
0
Int. Block. Both
low-PS 5.03 3.65 4.34
lhigh—PS 3.37 3.10 3.23

8 -
61 %(IxPS) *PpS
1 d
2 Ii I
1 W H
Int. Block. Both
low-PS 3.47 2.27 2.87
lhigh-PS 2.07 2.40 2.23

(a) Queries w/o bookmarks (b) Repeated intent queries

81 *(xPS) *PS
6 - [ I
4 _
SRRl
0
Int. Block. Both
low-PS 5.62 3.74 4.68
mhigh-PS| 2.93 3.60 3.27

1.5 1

*
1o J(l>< PS)
1w B im
0.0
Int. Block. Both
low-PS 0.77 0.27 0.52
lhigh—PS 0.37 0.43 0.40

(e) Quick reformulations (f) Queries w/o mouseovers

160 A 15 -
120 N 10 i
80 4 [
40 - 5 1
0 0

Int. Block. Both Block. Both
low-PS | 91.85 91.62 91.74 low-PS 9.06 9.59 9.32
lhigh—PS 88.70 75.63 82.17 lhigh—PS 10.37 9.87 10.12

(i) First bookmark time

(j) Bookmarks

20 A
15 - ]: I I
10 A
5 .
0
Int. Block. Both
low-PS | 14.38 13.32 13.85
lhigh-PS 15.00 15.43 15.22
(m) Clicks

12 4 I*(IxPS) * PS
9 - [ I
6 _
3 4
0
Int. Block. Both
low-PS | 10.53 8.47 9.50
lhigh—PS 8.17 8.20 8.18
(c) Queries
8 P
6 * PS
4 1 ] I
2
‘1 m B W
Int. Block. Both
low-PS 4.65 3.47 4.06
mhigh-PS| 2.00 | 237 | 2.18

(g) Queries w/o scrolls

3 -
2 A I [ I
mlem
0
Int. Block. Both
low-PS 2.00 1.56 1.78
lhigh-PS 1.20 1.00 1.10

(d) Queries w/o clicks

30 7 :I:
20 4 L
10 A
0
Int. Block. Both
low-PS | 22.08 24.91 23.50
lhigh-PS 23.27 22.49 22.88

(h) Time b/w events

100 - 15 -
75 A

10 +
s I i I i | i I ' I

25 - >

0 0

Int. Block. Both Block. Both
low-PS| 47.89 51.53 49.71 low-PS | 10.58 11.17 10.88
lhigh—PS 53.39 50.05 51.72 lhigh-PS 12.15 11.87 12.01

8 - * (1 x PS)
2l
4 A ' I I
2 u
0
Int. Block. Both
low-PS | 5.06 3.77 4.41
B high-PS| 4.53 5.67 5.10

(n) Clicks w/o bookmarks

(k) Click-to-bookmark time

(I) Query-to-click time

1000 -
750 A I I I
500 A
0
Int. Block. Both
low-PS | 686.68 | 678.85 | 682.77
mhigh-PS| 730.50 | 687.00 | 708.75

(o) Completion time
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RQ3 Results: Perceptual Speed on Search Behaviors

. ] * pS
4 A 1- [i I
- i
0
Int. Block. Both
low-PS 5.03 3.65 4.34
lhigh—PS 3.37 3.10 3.23

8 -
61 %(IxPS) *PpS
1 d
2 Ii I
1 W H
Int. Block. Both
low-PS 3.47 2.27 2.87
lhigh-PS 2.07 2.40 2.23

(a) Queries w/o bookmarks (b) Repeated intent queries

81 *(xPS) *PS
6 - [ I
4 _
SRRl
0
Int. Block. Both
low-PS 5.62 3.74 4.68
mhigh-PS| 2.93 3.60 3.27

1.5 1

*
v J(l>< PS)
1w B ‘m
0.0
Int. Block. Both
low-PS 0.77 0.27 0.52
lhigh—PS 0.37 0.43 0.40

(e) Quick reformulations (f) Queries w/o mouseovers

127 *(IxPS) *PS
o | it [ I
6 _
3
0
Int. Block. Both
low-PS | 10.53 8.47 9.50
® high-PS| 8.17 8.20 8.18

(c) Queries

87 *
6 | PS
4 - 1 ] I
m B R
0
Int. Block. Both
low-PS 4.65 3.47 4.06
mhigh-PS| 2.00 | 237 | 2.18

(g) Queries w/o scrolls

3 -
2 A I [ I
nlem
0
Int. Block. Both
low-PS 2.00 1.56 1.78
lhigh—PS 1.20 1.00 1.10

(d) Queries w/o clicks

30 7 :I:
20 4 I
10 A
0
Int. Block. Both
low-PS | 22.08 24.91 23.50
lhigh-PS 23.27 22.49 22.88

(h) Time b/w events

160 1~ 15 - 100 1~ 15 1
120 - 10 4 75 1 10
80 - I ] [ 50 4 /] I I
40 A > 95 | 5 4
0 0 0 0
Int. Block. Both Block. Both Int. Block. Both Block. Both
low-PS| 91.85 91.62 91.74 low-PS | 9.06 9.59 9.32 low-PS | 47.89 51.53 49.71 low-PS | 10.58 11.17 10.88
m high-PS| 88.70 75.63 82.17 ®mhigh-PS| 10.37 9.87 10.12 mhigh-PS| 53.39 50.05 51.72 m high-PS| 12.15 11.87 12.01
(i) First bookmark time (j) Bookmarks (k) Click-to-bookmark time  (I) Query-to-click time
20 1 g - * (] x PS) 1000 -
154 I I 6 | 750 1 1 ! I
10 - 4 I I I 500 1
51 2 250 A
0 . 0
Int. Block. Both Int. ladk. Both Int. Block. Both
low-PS| 1438 | 1332 | 13.85 owpPS| 506 | 357 | a1 low-PS | 686.68 | 678.85 | 682.77
mhigh-PS| 15.00 | 15.43 | 15.22 mhighPs| 453 | 567 | 5.10 mhigh-PS| 73050 | 687.00 | 708.75
(m) Clicks (n) Clicks w/o bookmarks (0) Completion time
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RQ3 Results: Perceptual Speed on Search Behaviors

. ] * pS
4 A 1- [i I
- i
0
Int. Block. Both
low-PS 5.03 3.65 4.34
lhigh—PS 3.37 3.10 3.23

8 =
61 %(IxPS) *ps
‘1
2 A Ii I
1 W H
Int. Block. Both
low-PS 3.47 2.27 2.87
lhigh-PS 2.07 2.40 2.23

(a) Queries w/o bookmarks (b) Repeated intent queries

81 *(xPS) *PS
6 - [ I
4 _
dnnm
0
Int. Block. Both
low-PS 5.62 3.74 4.68
mhigh-PS| 2.93 3.60 3.27

1.5 1

*
1o J(l>< PS)
1w B im
0.0
Int. Block. Both
low-PS 0.77 0.27 0.52
lhigh—PS 0.37 0.43 0.40

(e) Quick reformulations (f) Queries w/o mouseovers

160 A 15 -
120 N 10 i
80 4 [
40 - 5 1
0 0

Int. Block. Both Block. Both
low-PS | 91.85 91.62 91.74 low-PS 9.06 9.59 9.32
lhigh—PS 88.70 75.63 82.17 lhigh—PS 10.37 9.87 10.12

(i) First bookmark time

(j) Bookmarks

20 A
15 - ]: I I
10 A
5 .
0
Int. Block. Both
low-PS | 14.38 13.32 13.85
lhigh-PS 15.00 15.43 15.22
(m) Clicks

12 4 I*(IxPS) * PS
9 - [ I
6 _
3 4
0
Int. Block. Both
low-PS | 10.53 8.47 9.50
lhigh—PS 8.17 8.20 8.18
(c) Queries
8 -
6 - * PS
4 1 ] I
2
‘1 m B W
Int. Block. Both
low-PS 4.65 3.47 4.06
mhigh-PS| 2.00 | 237 | 2.18

(g) Queries w/o scrolls

3 -
2 A I [ I
mlem
0
Int. Block. Both
low-PS 2.00 1.56 1.78
lhigh-PS 1.20 1.00 1.10

(d) Queries w/o clicks

30 7 :I:
20 4 L
10 A
0
Int. Block. Both
low-PS | 22.08 24.91 23.50
lhigh-PS 23.27 22.49 22.88

(h) Time b/w events

100 - 15 -
75 A

10 +
s I i I i | i I ' I

25 - >

0 0

Int. Block. Both Block. Both
low-PS| 47.89 51.53 49.71 low-PS | 10.58 11.17 10.88
lhigh—PS 53.39 50.05 51.72 lhigh-PS 12.15 11.87 12.01

8 - * (1 x PS)
2l
4 A ' I I
2 u
0
Int. Block. Both
low-PS | 5.06 3.77 4.41
B high-PS| 4.53 5.67 5.10

(n) Clicks w/o bookmarks

(k) Click-to-bookmark time

(I) Query-to-click time

1000 -
750 A I I I
500 A
0
Int. Block. Both
low-PS | 686.68 | 678.85 | 682.77
mhigh-PS| 730.50 | 687.00 | 708.75

(o) Completion time
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RQ3 Results: Inhibition on Search Behaviors

8 - 8 -
6 - 6 A
2FT BT :
2 24 Ii ]
0 0
Int. Block. Both Int. Block. Both
low-IN 3.88 3.00 3.44 low-IN 2.31 1.94 2.13
lhigh-lN 4.63 3.78 4.20 lhigh-lN 3.31 2.72 3.02

(a) Queries w/o bookmarks (b) Repeated Intent Queries

8 =
o *IN
4 -
S RN |
0
Int. Block. Both
low-IN 3.44 3.22 3.33
B high-IN| 5.28 413 4.70

() Quick Reformulations (f) Queries w/o mouseovers

160 A
120 [ I *IIN
80 A
SRR
0
Int. Block. Both
low-IN | 109.59 | 93.75 101.67
lhigh—lN 71.16 74.50 72.83

(i) First bookmark time

1.5 1

1.0 -
0.5 ]i I 2 [i
0-0 Int. Block. | Both
low-IN 0.53 0.38 0.45
mhighIN| 0.63 | 031 | 0.47

15 -~ * |N
1014 4 I I
5 -
0
Int. Block. Both
l[ow-IN 8.81 9.28 9.05
lhigh—lN 10.53 10.16 10.34

(j) Bookmarks

20 - *IN
157 1 I ]
10 A
5 u
0
Int. Block. Both
low-IN| 13.03 13.63 13.33
lhigh-IN 16.31 15.00 15.66

(m) Clicks

12 3 -
91 f I 2 -
;. 1 M
3 - T 1
0 0
Int. Block. Both Int. Block. Both
low-IN [ 8.66 7.88 8.27 low-IN | 1.66 1.16 1.41
mhigh-IN| 10.19 | 8.81 9.50 m high-IN| 1.59 1.44 1.52
(c) Queries (d) Queries w/o Clicks
8 A *
30 - IN
6 - I | L
4 20 -
>, I- Il 10 - I
0 0
Int. Block. Both Int. Block. Both
low-IN | 2.88 2.84 2.86 low-IN| 25.76 | 26.38 | 26.07
mhigh-IN| 3.94 3.06 3.50 mhigh-IN| 19.52 | 21.17 | 20.34

(g) Queries w/o scrolls

100 A
75 -
el B d
ah N
0
Int. Block. Both
low-IN | 62.51 60.60 61.56
mhigh-IN| 38.42 | 41.07 | 39.74

(k) Click-to-bookmark time

(h) Time b/w events

151 *(IxIN)  *|N

0 I | f
B
0 Int. Block. Both
low-IN| 12.73 11.62 12.17
mhigh-IN| 9.91 11.37 10.64

(I) Query-to-click time

8 -~ 1000 -~

6 A 750 1 [ I I

4 I I [ 500 A

2 4 250 - I l

0 0

Int. Block. Both Int. Block. Both
low-IN | 4.28 | 434 | 431 low-IN | 73138 | 699.13 | 715.25

lhigh—IN 5.34 4.97 5.16 Ihigh—IN 683.06 | 666.22 | 674.64

(n) Clicks w/o Bookmarks

(o) Completion time
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RQ3 Results: Inhibition on Search Behaviors

8 - 8 -
6 - 6 A
2FT BT :
2 24 Ii ]
0 0
Int. Block. Both Int. Block. Both
low-IN 3.88 3.00 3.44 low-IN 2.31 1.94 2.13
lhigh-lN 4.63 3.78 4.20 lhigh-lN 3.31 2.72 3.02

(a) Queries w/o bookmarks (b) Repeated Intent Queries

8 -
6 “IN
4 -
RN |
0
Int. Block. Both
low-IN 3.44 3.22 3.33
B high-IN| 5.28 413 4.70

(e) Quick Reformulations (f) Queries w/o mouseovers

160 A
120 [ 1 *IIN
80 A
SRR
0
Int. Block. Both
low-IN | 109.59 | 93.75 101.67
lhigh—lN 71.16 74.50 72.83

(i) First bookmark time

1.5 1

1.0 -
0.5 ]i I 2 [i
0-0 Int. Block. | Both
low-IN 0.53 0.38 0.45
mhighIN| 0.63 | 031 | 0.47

15 -~ * |N
1014 4 I I
5 .
0
Int. Block. Both
l[ow-IN 8.81 9.28 9.05
lhigh—lN 10.53 10.16 10.34

(j) Bookmarks

20 - *IN
157 ] I ]
10 A
5 u
0
Int. Block. Both
low-IN| 13.03 13.63 13.33
lhigh-IN 16.31 15.00 15.66

(m) Clicks

12 3 -
91 f I 2 -
;. 1 M
3 - T 1
0 0
Int. Block. Both Int. Block. Both
low-IN [ 8.66 7.88 8.27 low-IN | 1.66 1.16 1.41
mhigh-IN| 10.19 | 8.81 9.50 m high-IN| 1.59 1.44 1.52
(c) Queries (d) Queries w/o Clicks
8 A *
30 - IN
6 - | | L
4 20 -
>, I- Il 10 - I
0 0
Int. Block. Both Int. Block. Both
low-IN | 2.88 2.84 2.86 low-IN| 25.76 | 26.38 | 26.07
mhigh-IN| 3.94 3.06 3.50 mhigh-IN| 19.52 | 21.17 | 20.34

(g) Queries w/o scrolls

100 A
75 -
el B d
ah N
0
Int. Block. Both
low-IN | 62.51 60.60 61.56
mhigh-IN| 38.42 | 41.07 | 39.74

(k) Click-to-bookmark time

(h) Time b/w events

151 *(IxIN)  *|N
. I | L
BB
0 Int. Block. Both
low-IN | 12.73 11.62 12.17
m high-IN| 9.91 11.37 10.64

(I) Query-to-click time

8 -~ 1000 -~

6 A 750 1 [ I I

4 I I [ 500 A

2 4 250 - I l

0 0

Int. Block. Both Int. Block. Both
low-IN | 4.28 | 434 | 431 low-IN | 73138 | 699.13 | 715.25

lhigh—IN 5.34 4.97 5.16 Ihigh—IN 683.06 | 666.22 | 674.64

(n) Clicks w/o Bookmarks

(o) Completion time
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Studies

e The effects of working memory during search tasks of varying
complexity

|10



Research Questions

e The effects of working memory and task complexity on:
RQ1: workload
RQ2: satisfaction

RQ3: search behaviors

RO4: outcomes



Task Complexity Manipulation
(2 x2)vs. (4 x4)

e FEvaluate tasks:

<
<
<
<

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

write a justification

e Simple tasks: 2 alternatives, 2 criteria

e Complex tasks: 4 alternatives, 4 criteria

| 12



User Study
(N=24)

2 search tasks (1 simple, 1 complex)

2 post-task questionnaires (workload, satisfaction)

(Short break)

1 post-study psychometric test
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RQ3: Search Behaviors

Factor Analysis

e 3-factor solution explained 82% of variance

Factor 1 Factor 2 Factor 3
querles 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
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RQ3: Search Behaviors

Factor Analysis

e 3-factor solution explained 82% of variance

Factor 1 Factor 2 Factor 3
querles 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
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RQ3: Search Behaviors

Factor Analysis

e 3-factor solution explained 82% of variance

Factor 1 Factor 2 Factor 3

querles

queries without scrolls
clicks

completion time

quick query reformulations

querles without clicks
ﬂueries without mouseovers

0.941 0.247 -0.144
0.915 0.209 -0.199
0.921 0.024 -0.119
0.807 -0.075 0.530

0.735 0.392 -0.327
0.145 0.875 -0.009

time between events
query-to-click time

-0.036 -0.142 0.911
-0.213 0.160 0.543

16



RQ3: Search Behaviors

Factor Analysis

e 3-factor solution explained 82% of variance

Factor 1 Factor 2 Factor 3

querles 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

ueries without mouseovers | 0.145 0.875 -0.009
time between events -0.036 -0.142
query-to-click time -0.213 0.160
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Psychometric Test
Working Memory: Operation Span Task

H Operation Span demonstration

Lab Info.

Recall the words in order

Next trial
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Psychometric Test
Working Memory: Operation Span Task

:ﬂ Operation Span demonstration

Lab Info.
is 8x1)+5=13?
Yes No

1 19



Results



RQ1 Results: Workload

5 -
4 A *C
3 A ] I
) L
1
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
mhigh-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

5 4
4 *C \ { [ [
3 -
2 -
1
Simple |Complex| Both | Simple [Complex| Both | Simple [Complex| Both | Simple |Complex| Both | Simple [Complex| Both | Simple [Complex| Both
Enough Info Time Spen 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
mhigh-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

15 1
*
i WM
g R
0 ,
Simple | Complex Both
low-WM 5.17 5.50 5.33
mhigh-WM|  6.00 9.42 7.71
queries
30 -
*
75 o WM
10 1 I i [
N -
Simple | Complex Both
low-WM 14.71 10.45 12.58
m high-WM 6.61 7.37 6.99
query-to-click time
2.0 -
1.5 1
1.0 1
ST Y
0.0 -[ I
Simple | Complex Both
low-WM 0.17 0.25 0.21
®mhigh-WM|  0.33 0.58 0.46

queries w/o mouseovers

20 H
*
. WM
10 - I [ I
5 -
0 ,
Simple | Complex Both
low-WM 7.50 8.08 7.79
mhigh-WM| 10.42 13.08 11.75
clicks
100 -
*WM
75 1
50 - [ ]
0 ,
Simple | Complex Both
low-WM |  54.56 58.80 56.68
B high-WM| 40.61 36.34 38.47

time between events

15 1
*
. WM
0 ,
Simple | Complex Both
low-WM 3.50 4.50 4.00
mhigh-WM|  4.92 8.75 6.83

1500 H
1000 A I
0 ,
Simple | Complex Both
low-WM | 697.08 754.08 725.58
m high-WM| 636.50 743 .50 690.00
completion time
2.0 A
1.5 1
1.0 -~
el
0-0 Simple | Complex Both
low-WM 0.50 0.67 0.58
m high-WM 0.58 1.08 0.83
queries w/o clicks
10 -
CXxWM) WM
5 -
im M B
Simple | Complex Both
low-WM 1.42 1.08 1.25
B high-WM 1.75 4.25 3.00

queries w/o scrolls

quick reformulations
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RQ3 Results: Search Behaviors

15 1
*
0 WM
g R
0 ,
Simple | Complex Both
low-WM 5.17 5.50 5.33
mhigh-WM|  6.00 9.42 7.71
queries
30 -
*
. WM
10 1 I i [
o M
Simple | Complex Both
low-WM 14.71 10.45 12.58
m high-WM 6.61 7.37 6.99
query-to-click time
2.0 -
1.5 1
1.0 1
0.5 A1
1 L {i ]
Simple | Complex Both
low-WM 0.17 0.25 0.21
®mhigh-WM|  0.33 0.58 0.46

queries w/o mouseovers

20 A
*
- WM
10 - I [ I
5 -
0 ,
Simple | Complex Both
low-WM 7.50 8.08 7.79
mhigh-WM| 10.42 13.08 11.75
clicks
100 -
*WM
75 1
50 - [ ]
0 ,
Simple | Complex Both
low-WM | 54.56 58.80 56.68
B high-WM| 40.61 36.34 38.47

time between events

15 1
X
o WM
0 ,
Simple | Complex Both
low-WM 3.50 4.50 4.00
mhigh-WM|  4.92 8.75 6.83

1500 H
1000 A I
0 ,
Simple | Complex Both
low-WM | 697.08 754.08 725.58
m high-WM| 636.50 743 .50 690.00
completion time
2.0 A
1.5 1
1.0 -~
el
0-0 Simple | Complex Both
low-WM 0.50 0.67 0.58
m high-WM 0.58 1.08 0.83
queries w/o clicks
10 -
(CXxWM)  *WM
5 -
im M R
Simple | Complex Both
low-WM 1.42 1.08 1.25
B high-WM 1.75 4.25 3.00

queries w/o scrolls

quick reformulations
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RQ4 Results: Search Outcomes

1.2 - *C
094 | [ I
0.6 -
0.3 1
0.0 -
Simple | Complex Both
low-WM 1.00 0.87 0.94
m high-WM 1.00 0.92 0.96
coverage

100 1 %(Cx WM)  *WM
75 -
50 - l
25 A I I
0 ,
Simple | Complex Both
low-WM [ 44.33 20.67 32.50
m high-WM| 57.33 64.25 60.79

Justification length
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