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Before we start ...

* Have you done any studies with human participants?
* If yes, what method did you use?

* Have you used neuro-physiological measurement (devices) in your
research?

* If yes, which device/method did you use



Introduction:
Motivation and Examples



The Need for User Studies

* The Information Systems we build are “used”

* In the field of database and data analytics research we tend to focus
on effectiveness, efficiency, scalability, optimization, etc.

* Which is great for the user!

* More broadly, users interact with systems through Data
Visualizations, Dashboards, Search engine result pages, Uis

* Users have increased expectations on system interaction which are
offered by competing systems



Understanding User Behaviors

* Done by a data collection and analysis effort

* Large-scale

* In-the-wild (on the web), log-based, quantitative, interaction analysis, implicit
user feedback, data-driven observations

* Small-scale

* In-lab, detailed, qualitative, interviews, explicit user feedback, manual
observations



User Behavior Tracking — A Multi-Modal Perspective

Subjective ratings and perceptions can be
collected through surveys and other empirical
methods

Measurements collected

through Human-Human

Click stream and other forms of interactive
data can be collected through mouse
movement, pen, gesture, keyboard strokes,
speech and eye-gaze

Measurements collected

through Human-Device

methods

Task performance can be a stronger indicator of
ratings e.g. demonstrating understanding of a
concept through problem solving vs responding
to a survey question on how well you
understand the concept

Subjective Behaviour
Neuro-
Performance ) i
physiological

methods

Devices such as EEG can collect data on brain
activity and provide powerful mechanisms
for understanding user behavior. Other
devices include GSR, eye-tracking, and FMM
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User / System Interaction

* A Classic Human-Computer Interaction topic
* Survey, Interviews, human observation

* More recently considered as data-driven questions
* Loggers, sensors, specialized hardware

* Best study designs combine both sources of data and use a mix of
gualitative and quantitative research methodologies



Elements of a user-centred system evaluation

e System(s) to be analysed and compared

. Cokr)npasing systems or variants of a system (A/B testing, within-subject, between-
subject

e Users to be involved

* Sampling strategy (representative of a population, convenience sampling. bias on the
observations?)

* Experimental setting
* Tasks, system datasets, Ul

e Data to be collected
e Different collection methods

* Analyses to be performed
 Statistical validity
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Structure of this Tutorial

e Part | - Tracking In-Browser Behavioural Features (40min)
e Data to be collected
* Example research using behavioural logs
e Datasets and tools

* Part Il - Running In-Lab User Behaviour Studies (40min)
* User Engagement Scale
* Neuro-physiological measurements
* Example research using Eye-tracking
* Cognitive Load



Part | - Tracking In-Browser
Behavioural Features (40min)



Behavioral logs - Why

* Web-based studies allow to scale-up the data collection effort
* Involve many users, have a diverse subject population

* Data to be collected:
* User clicks, page views, mouse over, and keyboard actions



Behavioral Logging Architecture

 Server: receiving and storing log messages from clients

* Clients: JavaScript code running in the users’ browser while visiting
your website

* Need JS to be enabled
* Also use cookies for intra-session logs



User interaction in web search

* Example Research:

* Estimating the distribution of the length of time that a user will spend on a
web ad considering post-click engagement to select ads to show [1]

e Understand what makes user more engaged with an online portal (e.g., e-
commerce) [2]

* White, RW.: Interactions with search systems.
* Ch 2, Collecting and Representing Search Interaction &S

[1] Barbieri et al, Improving Post-Click User Engagement on Native Ads via Survival Analysis, WWW2016
[2] Zhuang et al, Understanding Engagement through Search Behaviour, CIKM 2017



User engagement in web search

Go beyond a single session / query / website visit
Track user behaviors over recurring visits and observe trends and changes

User Engagement Scale (O’Brien & Toms)
* Focused attention
* Positive Affect
Aesthetics
* Endurability
* Novelty
* Richness
* Trust
* Motivation

'gypically measured in-lab, but recent research shows correlations with behavioral
ata



Measuring Engagement

* Self-reported (subjective)
* Questionnaires

* Cognitive (objective, easy to scale)
* Time spent, activity on task and post-task
* Physiological measures (mouse tracking, which correlated with sight)

* Interaction (objective, easy to scale)
e Metrics, paths (Markov chains)

See also User Engagement tutorial at WWW2013
and book “Measuring User Engagement” by Lalmas et al.



Intra-session measures

* Dwell time / session duration

* Play time (video)

* Click through rate (CTR) (e.g., on ads, recommendations)
* Mouse movement

 Number of pages viewed (click depth)

* Conversion rate (mostly for e-commerce)



Inter-session measures

* Fraction of return visits (How many users return for another visit?)
* Time between visits (inter-session time, absence time)

 Number of views (video)

* Total view time per month (video)

e Lifetime values

* Number of sessions per unit of time

* Total usage time per unit of time

 Number of friends on site (Social networks)



Clickthrough rate (CTR)

* Number of clicks / number of impressions

* Few issues:
* Ranking bias
 Various way to deal with it such as “interleaving”

* Presentation bias
* Perceived relevance from reading the snippet

Joachims. Optimizing Search Engines using Clickthrough Data, KDD 2002



Artwork Personalization at Netflix

GOOD W ’lu HUNTING

Image A Image B

Figure 3: Example of contextual image selection based on the type of profile. Comedy refers to a profile that
mostly watches comedy titles. Similarly, Romance watches mostly romantic titles. The contextual bandit
selects the image of Robin Williams, a famous comedian, for comedy-inclined profiles while selecting an

image of a kissing couple for profiles more inclined towards romance.

https://medium.com/netflix-techblog/artwork-personalization-c589f074ad76
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Collecting data by means of Crowdsourcing

* For academic researchers (who do not run a multi-billion user web
platform), crowdsourcing platforms can be used to recruit
users/subjects

* Amazon MTurk, Figure Eight
* Can recruit several hundreds subjects within hours

* Need to control for quality/spam
e Difficult to follow-up after the task/experiment



Collecting data by means of Crowdsourcing

* Crowdsourcing as a convenient way to attract human subject to your
study
e Can customize population (e.g., US only)
* Not representative
* Reward the driving factor for participation
* Generally not malicious, but need to do prep work to get quality data

 Task Design (e.g., “use our search engine to find information about..”)
* Reward (and use of bonus)
* Ethics / Informed consent



Example of Crowd Behavior Research

* Han et al. All Those Wasted Hours: On Task Abandonment in
Crowdsourcing, WSDM 2019

* Quantify the task abandonment phenomenon (i.e., workers who start

but do not finish a task

Steps and Questions

=

It

Step 1

s
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Logged behaviors

* Logged each click and keystroke and sent to our external server

* This data would usually be invisible to crowd requesters as they only
see “submitted” tasks, not started ones.

* 5265 workers, 280K log entries over 4K documents
e Total time not rewarded due to abandonment: 616 hours



Data-driven observations

* Group comparison: how do abandoning worker perform in terms of

quality?
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Crowd behavior dataset

e WebCrowd25K Dataset

* Behavioural signals from crowd workers judging the relevance of search
results

* http://ir.ischool.utexas.edu/webcrowd25k/

e 25,099 information retrieval relevance judgments
* 50 topics x 100 documents x 5 workers

* Behavioural Data
e using MmmTurkey (https://github.com/CuriousG102/turkey)


http://ir.ischool.utexas.edu/webcrowd25k/

Example research

* Goyal et al. Your Behavior Signals Your Reliability: Modeling Crowd
Behavioral Traces to Ensure Quality Relevance Annotations, HCOMP
2018

* Behavioural data can be effectively used to predict work quality
* Good for cold start (i.e., new, previously unseen, workers)
* Can be used for label aggregation
* Reduce cost



Some tools you can use to log behavioral data

* MmmTurkey https://github.com/CuriousG102/turkey

e Customized for Amazon MTurk

* Bigbro https://github.com/hscells/bigbro

* General web page interaction logging

* UQCrowd logger https://github.com/d-lab/ugcrowd-log

* Recent, developed by us, focus on scalability and analytics (use ElasticSearch)
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Part Il - Running In-Lab User
Behaviour Studies (40min)



Lab-based user studies

* Small-scale (10-50 subjects)

* Detailed observations by the experimenter who is looking at the
subject while completing a task (can observe thinking, pauses,
doubts, difficulties)

e Qualitative

* Interviews and think-aloud
* Explicit user feedback on the system



Designing the user study

1. Informed consent
2. Instructions, task description, tutorial
3. Pre-task questionnaire / interview

4. User interacts with the system (completes a task)

1. Datalogging
2. Human observations

5. Post-task questionnaire / interview



Using guestionnaire to measure the user
experience

* Pre/Post-task questionnaires
 Demographics
* Experience with the system
* Background and expertise

* User Engagement Scale

* Post-task
* Measure how the user felt while using the system

 Self-reported



/-1tem Focused Attention Subscale

* 5-point scale (Strongly disagree to Strongly agree)

1. | lost myself in this news tasks experience

2. | was so involved in my news tasks that | lost track of time

3. | blocked things out around me when | was completing the news tasks

4. When | was performing these news tasks, | lost track of the world
around me

5. The time | spent performing these news tasks just slipped away
6. | was absorbed in my news tasks
7. During the news tasks experience | let myself go



Why should we care about
neuro-physiological
measurement?



The Role of the Brain in IS Research

Design science
Methods and
nheuroscience

literature

{ IT Artifact J

(Riedl & Léger 2016)
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e Behavioral Intentions

(Riedl & Léger 2016)
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The Role of the Brain in IS Research

Design science Neuroscience and Self-reported Computerized tools
Methods and Psychophysiological questionnaires and observations
neuroscience methods and tools

literature

Brain activity
as mediator

IT Artifact Antecender}ts of H IT Behavior }
IT Behavior
Feelings * Interaction time
How does the use * Beliefs e Clickstreams
of the IT artifact alter * Attitudes * Navigation
the brain in the long run? * Behavioral Intentions ¢ Decisions

(Riedl & Léger 2016)



Potential from a User Behavior Tracking
Perspective

* Brain activity as a mediator between IT artifact and IT behavior

* Advanced theoretical understanding of mechanism underlying the
influence of the IT artifact on IT behavior

* Measurement of constructs that cannot be reliably measured through
self-reports

* Biological states and processes as better predictors for behaviorally
relevant outcome variables than self-reported ones

* Long-term effect of IT artifact on brain

(Riedl & Léger 2016)



What is neuro-physiological
measurement?



Physiological Measures

* Eye tracking
* Mouse movement
* Face expression

* Psychophysiological measures
* Respiration, Pulse rate Temperature, Brain wave, Skin conductance



Neurophysiology

Neurophysiology (a sub-branch of neuroscience) is the study of nervous
system function ...

How the generation and propagation of electrical impuls
processes driving human thought and emotion?

Electrical )
Neurotransmitter
Molecules

Impulses

Terminal \ /
Buttons A

°°
S s o ."- Synaptic
<5 /T Cleft
°
\\\%. \ Receptor
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A long history

oS

Earliest .
mention nerve impulse
1600 BC 1840

1771

“animal electricity”

(jove-science)

N P
B-0 0 +0° +| F 4 _04
charged particles in axon patch-clamp
1939 1976
1924 1951 2005
EEG Inter-neuron optogenetics

information transmition

T

[

Electroencephafography
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The Nervous System

Central NS

(The body’s master control unit)

|

l

Peripheral NS

(The body’s link to the outside world)

Spinal Cord Brainstem Brain The Autonomic NS The Somatic NS
A column of Connects the Divided into Regulates involuntary Carries sensory
nerves brain to the three major bodily processes, information from
between the spinal cord parts; the including heart rate, sensory organs to the
brain and hindbrain respiration, digestion CNS and relays motor
peripheral (lower part) and pupil contraction; (movement)
nervolle the midbrain operates automatically commands to muscles;
system the forebrain without conscious controls voluntary
direction movements
|
I |
Sympathetic NS Parasympathetic NS

(sciencejl.blogspot.com)

Prepares the body for action and
stress. This is called “fight or flight”

Calms the body and helps the
body to conserve energy

17
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Signals in the Nervous System*

I I
\ 4
NN - KN

*QOver simplified!!
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Example: Pain Sighals

HOW YOU FEEL PAIN: THE PAIN PATHWAY

Somatosensory cortex
@ — | Frontal cortex

(www.mydr.com.au/pain/pain-and-how-you-sense-it)

You prick your finger on something sharp.
The tissue damage triggers the microscopic
pain receptors

The pain receptor sends an electrical signal
up the peripheral nerve

The electrical signal reaches the spinal cord
and then transmitted from one neurone to
another across junctions (synapses) by
means of chemical messengers
(neurotransmitters) to the brain

In the brain, the signals pass to the
thalamus, onto the somatosensory cortex
(responsible for physical sensation), the
frontal cortex (in charge of thinking), and
the limbic system (linked to emotions).

You feel a sensation of pain in your finger,
and think ‘Ouch!

51



Tools for Measuring CNS Signals

Electroencephalogram (EEG)

D i sl 2 he
e e
ik e S s O E R
e h T m N
o ks e % B
A A Ay
o A Nty et P A0
(\-ﬂ-.- S el 2 ST e B

EEG reading

fMRI (Functional
Magnetic Resonance
Imaging)

fNIRS (Functional
Near-Infrared

and ... PET, TMS, TDCS Spectroscopy)

(kingnail.info, healyourselfeveryday.com, theperfectinvestor.com)
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Tools for Measuring PNS Signals

* Electrocardiogram (Heart)
* Galvanometer (Skin)
e Oculometry (Eye)

e Electromyography (Face)



Electrocardiogram (Heart Rate)

(Riedl & Léger 2016)
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Galvanometer (Skin Response)




Electromyography (Facial Muscular
Movement)

(Riedl & Léger 2016)
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Oculometry (Eye Tracking)

(prattsi.org)

57



Eve-tracking data

* Raw data in the form of x,y coordinates at a timestamp (usually every
50ms)

* Processed into:

* Time to First Fixation

* Fixations Before
First Fixation Duration
Fixation Duration
Total Fixation Duration
Fixation Count
* Visit Duration
* Visit Count



Eve tracking — pro and con

* Fine-grained data/resolution
e Direct measure of user attention

 Not scalable
* Slow and expensive
 Not natural

* In some cases mouse movement can act as a (weak) proxy of gaze [1]
* Javascript

[1] Guo and Agichtein. Towards Predicting Web Searcher Gaze Position from Mouse Movements. CHI 2010



Eve-tracking example research

* Jimmy et al. Health Cards for Consumer Health Search, SIGIR 2019

* Tobii Pro Spectrum

Frequency of 300Hz

Monitor resolution of 1920 x 1080

Calibrated for each participant

Velocity-threshold identification algorithm for fixation points
Fixation duration threshold to 100 ms

* Mapped the fixation points to three Area-of-Interests (AOI)

e Used to measure how much time they spend looking at an Heath card on a
SERP

 Combined with questionnaire and Click and query logs



Eve-tracking example research

e Users who find the card information relevant spend more time

looking at it

feeling of fullness with hiccups with a feeling of a lump in the back of the throat n

About 1,160,000 results

Acid Reflux , Lump in Throat | Reflux Oesophagitis | Patient
https://patient.info/forums/discuss/acid-reflux-lump-in-throat-257345

| have been also diagnosed with acid reflux, and have been given different meds. to treat it, the main issue | have now is that | have the same
feeling of something in my throat. | have had an mri/ct scan, and there is nothing there.

Laryngopharyngeal Reflux (Silent Reflux): Causes ...
https://www.webmd.com/heartburn-gerd/guide/laryngopharyngeal-reflux-silent-reflux

Stomach acid backs up into the back of your throat (pharynx) or voice box (larynx), or even into the back of your nasal airway. ... A "lump® in
the throat that doesn't go away with repeated ...

A full feeling in the throat - Doctor answers - HealthTap
https://www.healthtap.com/topics/a-full-feeling-in-the-throat

Helpful, trusted answers from doctors: Dr. Amoult on a full feeling in the throat: Yes, it is called a globus sensation. it may be due to a variety
of different things, including anxiety. please follow up with your doctor to determine the cause.

Could Your Sore Throat Be Caused by 'Silent Reflux ...
https://www.everydayhealth.com/gerd/understanding-silent-gerd.aspx

Additionally, it may feel as if there is a lump in the back of your throat that won't go away. Other symptoms include frequent hiccups, trouble
swallowing, or a nagging cough. Respiratory problems.

Lump in throat (globus sensation) warning signs, causes ...

https://www.belmarrahealth.com/lump-in-throat-glob i 1g-signs-cal d W

Reflux: Reflux may cause the muscles in the throat to tighten as a way of preventing acid from coming up. Stress : Stress can cause throat
muscle to constrict or a lump in throat feeling may be ...

Lump in Throat: Causes, Treatment, and More - Healthline

https://www.healthline.com/health/lump-in-throat

Feeling a lump in your throat isn't uncommon. Many people experience this painless sensation at least once in their lifetime. Feeling a lump,
bump, or swelling in your throat without having an

Can Acid Reflux Cause Lump In Throat Feeling And Ear Pain?
https://www.healthcentral.com/ar i use-lump-throat-feeling -pain

| have had a feeling of lump in my throat for about three weeks now. | saw my GP, who said that | probably have acid reflux. Well, | wasn't
satisfied, so | saw an ENT who put a scope down my nose ...

AAIA :: Gastroesophageal Reflux Disease (GERD)

http:/Awww.aaia.ca/en/GERD.htm

GERD patients can also experience atypical symptoms, including persistent sore throat, hoarseness, chronic coughing, difficult or painful
swallowing, asthma, unexplained chest pain, bad breath, a feeling of a lump in the throat, and an uncomfortable feeling of fullness after
meals.

Acid reflux

Also called: GERD, gastroesophageal reflux disease

Treatments

About Symptoms

Stomach
acids go up

A digestive disease in which stomach acid or bile irritates the
food pipe lining.

(-} Treatable by a medical professional
D Usually self-diagnosable
& Lab tests or imaging rarely required

Medium-term: resolves within months

This is a chronic disease that occurs when stomach acid or
bile flows into the food pipe and irritates the lining. Acid reflux
and heartburn more than twice a week may indicate GERD.

Symptoms include burning pain in the chest that usually
occurs after eating and worsens when lying down.

Relief from lifestyle changes and over-the-counter medication
is usually temporary. Stronger medication may be required.

Consult a doctor for medical advice
Sources: Mayo Clinic
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Advantages of neuro-physiological
measurement

* More objective data (not dependent on language, memory)
* Can be performed continuously during message/task processing

e Can provide information on emotional and attentional responses
often not available to conscious awareness



Word of caution

Providing evidence of causalities, or even an association, between

signals (e.g. pupillary dilation) and
phenomena of study (e.g. mental task)

is confounded by a large number of factors (e.g. light) and

further complicated by variability in experiment settings,
thus making studies involving these measurements very challenging!

Expensive equipment, does not scale



Summary

* Brain research including neuroscience (anatomy + physiology) is
an enduring area of study

 Computer science and database researchers interested in studies
that involve measurement of human processes, must learn
and/or rely on reference disciplines, including

Biology, Medicine, Signal Processing, Psychology, Cognitive
Science, Neuroergonomics, Computer Science, Affective
Computing, Human Factors, Brain Computer Interaction, ...
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Cognitive Load as an
exemplar measurement



What do
yVou see’?

One
stimulus

9

Multiple
perspectives!

Image credit: sharenator.com/Optical_illusions



How do humans (brain) respond to, and learn from
external stimuli remains an open question inspite of
significant advancements in neuroscience, psychology,
learning theories and biomedicine.

Cognitive load is one construct that has provided some
explanation of the transmissions between stimuli, brain

and response.

Working
Receptors

Long term
Memory

Memory

Other relevant constructs include: Emotion, Trust, Stress,

Fear, Frustration, ....
(see studies in www.neurois.org/publications)



Cognitive Load
Effort of Working Memory

Working
Memory

Long-term
Memory

Cognitive load helps to
understand and inform
instruction(al design) on how to
efficiently and effectively move
knowledge* from working
memory to long-term memory

* Primary concerned with Secondary Knowledge as opposed
to Primary Knowledge
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Cognitive Load Theory

COG N |TIVE LOAD Circa 1990 Sweller, Chandler, Tierney,
and Cooper
TH EO RY demonstrate split-attention,

redundancy,
TI M E LI N E and modality effects, among others

1976 Sweller’s
Problem-Solving
leads to Cognitive Load Theory

Sweller et al demon-
strate isolated -- inter-
acting elements effect

1956 1973 Chase & Simon’s 1994 Paas & van Merrienboer’s
Miller’s Magical Seven “chunking” “germane cognitive load”
[ | | | |
1950 1960 1970 1980 1990 2000
Precursors to Cognitive Load Theory Enhancements to Cognitive Load Theory

(kathyillian.com)



“a[...] construct that represents the load imposed on
working memory during performance of a cognitive
task”*

good

Performance

poor

critical sections for performance prediction

Reserve capacity performance curve —
: ___————""————_——~\\.
’:’ — = P S ==
y 7~ * mental resource —, .= :
/ supply curve - - \
\
: Overload region
— = .
N
! |
0% Task load / demand ~80% 100%
70 (Chen et al. 2016)

(Sweller, Van Merrienboer, & Paas, 1998)



* Cognitive load is one of
the constructs in empirical
research involving human

participants that helps to
explain why one design is
better than another

Due to its strong link to
task performance (and
related comprehension
and learning measures),
Cognitive Load is widely
used in IS/BPM studies

* Cognitive load is highly

dynamic (even within a
task), and hence subjective
ratings of task difficulty or
mental effort post-task
completion are not always
an accurate measure

Operationalizing and
measuring Cognitive Load
requires multi-disciplinary
knowledge and
consequently is highly
challenging!




Unpacking Cognitive Load

* Underlying Principles

* Types of Cognitive Load

* Measures of Cognitive Load

e Effects of Cognitive Load

* Factors affecting Cognitive Load

- How to Measure Cognitive Load ...

Based on (Sweller, Kalyuga and Ayres, 2011)



Principles of Acquiring Information

What (forms of Instruction Design) provides efficient and effective

procedures for acquiring information that gets stored in long-term
memory?

* Borrowing and Reorganizing Principle

* Randomness as Genesis Principle



Types of Cognitive Load

e Extraneous Load

* Intrinsic Load

e Germane Load

Image credit: neilatkin.com

Imposed by the manner
in which information
is presented to learners

Imposed by the
learning task

Devoted to processing
information, constructing
& automating schemas

74



Measures of Cognitive Load

I
| I I |

Subjective Performance Behavioral Physiological

Measures Measures Measures Measures
Mental Instructional ... €.8. eye ... e.g. heart
Effort Time fixation rate

Difficulty Error Rates




Effects of Cognitive Load

* Goal-Free Effect

* Worked Example and Problem Completion Effect
* Split-Attention Effect

* Modality Effect

* Redundancy Effect

e Expertise Reversal Effect

e Guidance Fading Effect

* Imagination and Self-explanation Effect

* Element Interactivity Effect



Worked Example Effect

Providing a step-by-step solution to the problem reduces (extraneous)
cognitive load; provide problem-solving schemas that can be stored in long
term memory, and then retrieved for solving related problems

Example
Make a the subject of the equation (a +b)/c=d.

Solution
(a+b)/c=d
a+b=dc

a=dc-b



Split-Attention Effect

Not all worked examples (WE) are equally effective, that is the structure of a problem may diffuse
the benefit of WE. Split attention occurs when learner attentions is split spatially or temporally, and
working memory resources are diverted away from schema formation while dealing with
extraneous load resulting from multiple interacting elements

Find 2~/ EFB
E

A / - B

C — B

o
/ 7

Z GFB = 120" (corresponding angles between parallel lines AB & CD)
H

Split Attention Format Z EFB = 60° (angles on a straight line sum to 180%)



Split-Attention Effect

Not all worked examples (WE) are equally effective, that is the structure of a problem may diffuse
the benefit of WE. Split attention occurs when learner attentions is split spatially or temporally, and
working memory resources are diverted away from schema formation while dealing with
extraneous load resulting from multiple interacting elements

b Find £ EFB
E
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Summary

e Cognitive Load is a fundamental construct that has been widely
studied and acknowledged for its importance in the study of human
learning behavior

* Measurement of CL is challenging due to ..
 Different types of CL (Intrinsic, Extraneous, Germane)
» Variety of measures (subjective, performance, ...)
* Many effects on CL (worked example, split attention,...)
e Factors that in turn effect CL (Emotion, Stress, Trust)



Outline

* Introduction: Motivation and Examples
e User Behaviours (Why and How)

e Part | - Tracking In-Browser Behavioural Features (40min)
e Data to be collected
* Example research using behavioural logs
e Datasets and tools

e Part Il - Running In-Lab User Behaviour Studies (40min)
* User Engagement Scale
* Neuro-physiological measurements
 Example research using Eye-tracking
e Cognitive Load

e Conclusions
e Combined use of both



Setting up for success

Equipment > Costly, Room settings, Logistics

Data = Non-trivial pre-processing effort

Measures = Connect with theory

Team > Developers, Cross-disciplinary, Statistics

Experiment design = Watch out for confounding factors

Participants 2 Commitment, Incentives, Exclusions



Putting it all together

e Combine lab-based studies with web-based data collection

* First run a controlled small-scale lab study to observe common
behaviors and motivations

* Then run a large-scale behavior data collection effort to confirm
hypotheses

* First collect behavioral and analyze data to form hypotheses

* Then run focused small-scale lab studies to validate and understand
the reasons



Q&A

Thanks and Feedback
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