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User Studies Experiments all userexperiments are userstudie

what is a user study or experiment
but not a userstudiesare

experiments

Inserstudy antagonists any research conducted

user experiment is a specifictype of userstudy that tests
hete fiiciga.net idaEien'reT iIstigation

ex interviewing users about their experiences w a voiceassistant
interview based user study

measuring whether A responsetime affects percieved
trust in the AI system

1 Terms are often used interchangeably in the field butits important to know the difference

Why do user studies experiments
validate that a system works as expected
compare 2t systems or algorithms
explore a phenomenon to develop a research Q
collect training data for a model algorithm

Hot to conduct user studies experiments
7 Define the research question and hypotheses experimental

2 Design a study to address a's
design

3 Execute the study

4 Analyze data from the study
5 Draw conclusions from the analysis

still



EXPERIMENTAL DESIGN

What is an experiment us what is a God experiment

9 What is an experiment TheArrangementofFieldExperiments

ORIGINS Agriculture comparing differentfertilizers to

determinewhich bettercrops Fisher1926

Medical Research testing a drug's effectiveness

OURFocus designing experiments to compare robot behaviors

algorithms policies models their effects on

human collaboration perception

Components

Tickets responses
measures

drug vs placebo symptomprogression

rating testing Inititrate

experietsmits agsis.pe tyoeth9s

patients random drug placebo
human users
MDP problems Mayinp Yes th

let's operationalizethese

independent variables IV conditions

What youmanipulate ex drugtype motiontypealgo
IV's have levels 2 levels drug rs no drug

3 levels 100mg us 200mg us 300mg



Dependent variables DV measures

what you measure symptoms comfort tasksuce

Dv's can be

ftpveagststim
and

Population subjects

how many i.e size of population
who e g age gender education tech experience

B c we work with people we need to abide by
research ethics i e protect participants from physical
mental emotional harm violations of privacy
confidentiality feeling forced to start or continue

Every study needs approval from internalReviewBoard IRB

Before study starts we obtain
infredonsentfrom

all participants tells user about task risks benefits right

gets confirmation ofvoluntary participation

Assignment

belemnites one condition per user

ftp.fscenpatiipg.isseeingmultiple levels

good forlargeparticipant pools or shortstudysessions

unitin meet user experiences all conditions

allounts for interpersonal variability



efficiently use your participantpool
susceptible to orderingeffects mightwant torandomize

minedsubject

Ffereett 111this aemmti.ph.lydiIismkypoblemati
participants are available

Hypothesis
week IV x affects DV

stronger IV positively affects DV

ex B c optimal motion is more predictable we hypothesize

H1 optimal robotmotions increase user comfort
Good hypotheses make specific predictions

will be supportedby data or not

are measurable betterisn'tmeasurable

address your research Q extract
a key insight

H my algo is better than other algo BADHYPOTHESIS

think about the IV's What aboutyouralgo is diff thanother algo How do you quantify better e g accuracy

What is a goodexperiment
good experiments are controlled

experimenterassigns experimental units to
treatments as opposedto observational



exe left handedness LH

obs study 2,000 people who recently died LH die1980s 1990s left handed died 9yrs younger younger
what's wrong changing prevalenceof reporting afthandedness
CONFOUND lefthandedness wascondemned in older
generations so majority of peopleidentified as right handed
But younger generations naturally showhigher proportion
of people who are lefthanded

good experiments avoids confounds

a variablewhoseeffectcannot be distinguished
from the effect of the actual IV

artificialdecreaseof LH genderexperience w robots
algorithm hyperparameters

How to acid confounds

Between selects randomized group assignment
e if 50 participants and 2 conditions randassign

25 to condition 1 and 25 to condition 2

NOTE randomized haphazard want similarpopulationsper

When sects counter balance the coset
Order 1 Alg A Alg B
Order2 A g B A g A

N conditions N orderings

pre studypractice unrecorded familiarizationstage

good experiments are reliable
low experimentalentorlow variance repeatingproduces

similar outcomes



good experiments have construct validity
the measuresactually

indeasure what you want

IQ test intelligence

rating of predictability predictability
How to improve Haveobjective subjective measures

Easiest air so T.ae s

x
x 1

IEatterbullseye

goodexperiments have external validity
conclusions drawnfrom extpapplyto real world setting

How toimprove samplefromtargetpop apply insightsacross
problems algos etc

goodexperiments are factorial
conditions are all combinations of all levels of IVs

EY2 shrew Ising 2 2Design

VI Q

sparse 4 C2 common pitfall 2 changes once

Dense 3 CY w o factorial design we mayonly
test Q Dense vs VIt spouse
and then have a confound



STATISTICAL ANALYSIS

Has the DV changed as a result of manipulating IV
e 1 IV alg 2 levels algo alg 1 within subjects 2 MDPProblend

MDP Problem lével TotalReward MDP DiffReward
out 1

2 n.FI
aatanm me Fff.si Initit si itI

t test uffttifhejitmrobe.atbailityIneptations are

null hypothesis a statement of no effect
Ho Mi Mz the populationmeans are equal
It µ Me the populationmeans are not equal

pairedt test
i.ge xp

mean of sampledifferences

Stmpittference Edift In samplesize

e n 2 xd̅iff 221 3 Jaiff
12 37221435 1

t 13 9.2426

df n 1 1

degreesof freedom

you use the combo of t df to obtain a pvalue
via a lookup table or statistical software



p rate probability of obtaining a result at least
as extreme as the results actually observed
assuming the null hypothesis is true

Intuitively determines if observed result is likely dueto chance or a real effect

Me Pot hukvyfcthm.eehbEfhg É p
rides

19gg Po.ffue
observed results are likely dueto chance can't reject Ho

if p 0.02 then there is 2 chance of observingresults as extreme as the ones obtained if Ho is true
a small pvalue does not prove alternativehypothesis istruejust suggests Ho is unlikely
in statistics we aim to falsify the null hypothesis
not to prove the alternative

x ̅ larger more confident
N larger more confident
5 larger less confident

if DV is binary categorical rather thanGentialafirT F yes no maybe
use a chi squared test instead of t test

OTHERUSEFULSCENARIOS here comparing 2 groupswherethe

1 IV 2 levels between subjects fired test
but in

independent t test t
s

z



2 IVs 2 levels each betweensubjects

Als Robot Gl BC Arm
42 BC vehicle

pettire In tenich BE enica

If we decided to run t tests for all pairwise comparisons
of 4 4 groups we need

comparisons
KC 4131 6

I should we do this 6 t tests Nog

Increases IeImor rate i.e false positives
one t test has a 5 chance p 0.05 of
falsely rejecting Ho i.e detecting significance

If you do 100 t tests each test indep ofnext
P correctil

P error a error oremof 1 P correct AND correction

P make 1 error 9 1 0.9510 0.9941
199.41 chanceyou falsely rejectHo
Some Solutions

A Bonferoni correction adjust significance levelbyof comparisons
if 2 0.05 then now I α m m comparisons

et m 6 fromexample above x ̅ 0.0083

very conservative increase.gg etsype
error

B Tukey's HSD Honestly Significant Differences
apply a single test to compare all groups once



For Factorial Designs of IV with 2 levels

ANOVE analysis of variance

always run an ANOVA first as a precursor
to making multiple comparisons
it tells you there is a difference but not
where the difference is

main effect the effect of each IV individually
interactioneffect how Ivs combine to influenceDVs

If there is an interaction effect or the main effect
is not clear then run a post hoc test

e.g Tukey's HSD to see which groups differ

Use a one tailed ANOVA to test diff in a

specific direction method A leads to higher user
efficiency than method B

Use a two tailed ANOVA to test for any significant
difference btwn group means whether its increase or

decrease there is a diff btwn method A and B


