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Experimental Research Basics



What is a hypothesis?

Definition: An idea that proposes a tentative explanation about a phenomenon or a narrow set of
phenomena observed in the natural world.

The two primary features of a scientific hypothesis are falsifiability and testability (proposed by Karl
Popper).

'Duignan, 2016, Research question
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A more operational definition

A statement of the predicted or expected relationship between at least two variables (e.g., an
independent and a dependent variable).

A well-formulated hypothesis should provide an provisional, testable answer to a research question.

Question: How does having information on the Hypothesis: Receivers will be more likely to pick
context of a caller affect whether the receiver up a call when they have information on their
picks up the call? callers’ context than they will be when they do

not.
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Relationship

Variable | > Variable 2
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Information on } .
. —_— _
Context + Call pick-up
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Good hypotheses should be:

1. Testable, such that manipulating independentvariables and measuring dependent variables
should be possible

2. Falsifiable with the data obtained from the experiment
3. Parsimonious, representing a prediction in the simplest form
4. Precise such that the researcher can operationalize it

5. Useful to inform existing or new theory
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How do we think about experimental variables?

An experiment is empirical journey set to establish relationships among variables—ideas in the
conceptual domain? represented as mathematical abstractions. Five key types of variables:

1. Independent variable: what is being manipulated
2. Dependent variable: what is being measured

3. Control variable: what is held constant

4.  Random variable: what is allowed to vary randomly

5.  Confounding variable: what correlates with IV/DV

*Farrugia et al., 2010, Research questions, hypotheses, and objectives
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What kinds of relationships are we interested in?

» Causal relationships: one variable (DV) depends on and is affected by another (IV).

» Correlational relationships: two variables are affected by a third variable in the same
direction.
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How do we think of variables in designing experiments?
By answering the following questions:

1. Do we know all the variables involved?
2. Canwe control independent variables of interest?

3.  Can we measure all variables?
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If the answers are:
Yes. Yes. Yes.

We are designing a true experiment where independent variables are manipulated, dependent
variables are measured, and the hypothesis is a cause-effect statement.

Example hypotheses:

Students will remember more items from a word Reading speed (words/minute) will change with
listif they learn the list in the quiet, rather than font size, increasing as font size is increased from
in the presence of intense music. 4 point to 20 point, but decreasing as font size is

increased above 20 point.
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If the answers are:

Yes. No. Yes.

We are designing a quasi experiment where controlling independent variables or random
assignment is not practical or possible and where we separate participants based on some
characteristics (e.g., expertise, verbal ability) and measure them before and after an intervention.

Example hypothesis:

Students with high verbal ability will show highervocabulary retention after the second-language-
learning intervention than students will low verbal ability.
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If the answers are:
No. Yes/no. Yes.

We are designing a correlational study that examines the relationships among dependent variables
such as individual traits, behavior, outcomes and the hypotheses are specific statements about
these relationships.

Example hypotheses:

We will observe a strong positive correlation between test-taking anxiety and test-taking performance.
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Independent and dependent variables are also called factors and response or outcome.

Affects

> Response

ractor B e s——— variable

Depends
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How do we perform random assignment of the factor to a population?

We create multiple levels of the factor (also called experimental conditions), e.g., interface 1 vs.
interface 2; low verbal ability vs. high verbal ability; novice vs. expert. The independent variable
takes different values. We measure and compare the differential effects of the different levels on the

response variable.
Factor
Level | ) Effeet |
2> Response
> variable
I
Level 2

Effect Z
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Each level of the factor needs to be assigned to a sub-population. This assignment can be done in
two ways:

1. Within-participants assignment, where all participants will observe each level in a specified
order.

2. Between-participants assignment, where mutually exclusive subgroups of the population will
each observe one of the levels.
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Within-participants designs:

1. Offers higher statistical power
2. Takes more time

3. Suffers from transfer effects

4. Data analysis can be more complex
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Between-participants designs:

1. Minimizes transfer effects
2. Requires larger samples
3. Offers less power

4. Easier to analyze data
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What if  have multiple factors?

Experiments can involve manipulating single or multiple independent variables (factorial
designs).

Factorial designs:

1. Examine multiple variables at once
2. Analyze interactions

3.  Will require larger samples

In general, factorial designs are more efficient but also more demanding.
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How does gaming and technology savviness affect perceptions of robots?
Single-factor experiment (2 two-population experiments):

»  Experiment 1: low/high gaming » perceptions of robots

»  Experiment 2: low/high tech savviness » perceptions of robots
Factorial experiment (1 four-population experiment):

» low/high gaming x low/high tech savviness » perceptions of robots
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A main effect is the effect of a single factor on the response variable.

Liking
Liking

Roomba Hoover Roomba
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An interaction effect is the interaction among multiple factors over the response variable.

Hoover

iking
iking

Roomba

Low High Low High Low High

Roomba Hoover
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How do we achieve random assignment?

Random sampling and assignment are critical for experimental validity and generalizability. To
minimize selection bias or experimental bias, we need to:

1. Choose participants randomly from the population

2. Assign participants randomly to experimental conditions

Methods for random assignment: random assignment at arrival, counterbalancing, matching

© Human-Computer Interaction | Professor Mutlu | Week 08: Methods: Experimental Research
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How do we assign randomly at arrival?
12345678910, ten participants, between-participants design
74869121035»Level1[74829],Level2[ 16103 5]

L2L1L2L1L2L2 L1 L1 L1 L2
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How do we balance order in within-participants designs?

Conterbalancing involves randomizing the order in which participants observe ditferent levels
across individuals to minimize transfer effects.

Transfer effects result from observing earlier levels affecting participant performance/behavior in
later levels due to learning, fatigue, etc.

Transfer effects can be linear, where observing each level changes user behavior/performance to
the same extent, or non-linear, where different levels have different effects on user behavior/
performance (e.g., most of the learning taking place in the first trial).

Counterbalancing can address linear and non-linear transfer effects.
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Counterbalanging cannot address asymmetrical
transfer effects, where total magnitude of transfer
effects are different across different orderings of levels
(e.g., people sticking with a strategy they choose).

A between-participants design is a better fit to
situations with asymetrical transfer effects.
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How do we do counterbalancing?

12345678910, ten participants, within-participants design
74869121035»L1»L2[74829],L2»L1[161035]
L.2-L1,L1»L2,L2-»L1,L1-L2,L2»L1,L2»11, L1»L2, L1-»L2, L1»L2, L2 » L1

This is an example of a process called blocking or randomized block design where the
experimenter defines blocks and ensures random assignment of conditions for each block.
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The latin square design is special type of blocking where unique ordering of levels appear once
within each cell of an n x n block.”

2 %2 3Ix3 4 x4
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>Hinds, 2004, Whose job is it anyway? A study of human-robot interaction in a collaborative task
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How do we minimize experimental bias?

Blinding, where stakeholders are intentially kept naive to experimental conditions, ensures that
knowledge of experimental conditions do not affect the behavior/performance of participants or
experimenters.

Single-blind designs: when participants are not told what condition is being administered.

Double-blind designs: when participants or researchers are not told what condition is being
administered.
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Step-by-step Experimental
Design



What are the steps involved in designing an experiment?

1. Step 1: Formulate research question

2. Step 2: Identify variables

3. Step 3: Generate hypotheses

4. Step 4: Determine experimental design

5. Step 5: Develop experimental task & procedure

6. Step 6: Determine manipulations & measurements

7. Step 7: Identify participants
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Formulate research
question



What is a research question?
Definition: The central issue to be resolved by a formal dissertation, thesis, or research project.’

»  Should be specific enough and identify variables of interest.

»  Should express the conditions under which the experiment will be performed (e.g., target
population, experimental context).

What are the effects of X on Y under conditions Z!

s a

ol Target population,
driables experimental context, etc.

'Duignan, 2016, Research question
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How do I make sure that my research question is good?
FINER criteria for good research questions:?

» F (Feasible): Adequate number of subjects, adequate technical expertise, affordable in time
and money, manageable in scope

» I (Interesting): The answer intrigues investigator, peers, community
» N (Novel): Confirms, refutes, or extends previous findings
» E (Ethical): Amenable to a study that the IRB will approve

» R (Relevant): To science, future research, technology design

*Farrugia et al., 2010, Research questions, hypotheses, and objectives
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Recap: variables of interest are independent and dependent variables that have a particular relationship;
we are usually investigating the effects of independent variables on dependent variables

Relationship
Variable | | ———— > Variable 2

Independent Dependent
variable variable
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Recap: independent variables are also called factors; factorial designs have at least two factors; e.g., a
2 x 2design:caller information (on,off) X relationship (acquaintance,stranger)

Affects

> Response

ractor < i variable

Depends
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Recap: levels, also called treatment, are the values that factors can take; e.qg.,caller information can
take thevalueson,off;relationship can take thevalues acquaintance, stranger

Factor
Level | %
> Response
J— - variable
Level 2

Effect 2
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What is an example of factors and examples from research >

The expennment was a 2 (computer voice personality: extrovert vs.

introvert) X 2 (participant personality: extrovert vs. introvert) balanced,

between-subjects design, with the five book descriptions as a repeated
factor. On arrival to the laboratory, each participant was assigned to a
computer equipped with a pair of headphones and an Internet Explorer 4.0
browser. Participants were instructed to wear the headphones for the
duration of the experiment and not adjust the volume level of either the

. o
g L r | 4
v Py ANyl 1 o e e 2% ) ﬂ‘i‘ ~ wnret by o P T T ——

>Nass & Lee, 2001, Does computer-synthesized speech manifest personality?
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2 x 2 design with 2 factors, 2 levels each

Factor 1: Computer voice
personality
Level 1: Level 2:
Extrovert Introvert
Factor 2: Level 1: Population 1 Population 2
Extrovert
Participant personality Level 2: Population 3 Population 4

Introvert
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Recap: fixed factors are IVs that are being studies; random factors that ensure a random sample from
and generalization to a larger population.*

lelee (igﬁtor leli c\:i/j;tor The ratio of money collected to milk consumed for

each of the 10 weeks is shown in figure 1, along with

@ m the image on the banner for that week. Contribution

levels always increased with the transition from

' ~ ;“ [ flowers to eyes, and decreased with the transition

from eyes to flowers. A general linear model with

5 o a%m‘?’ factors image type (fixed) and week (covariate) fitted

IS th J . to log-transformed data explained 63.8% of the

E w& % variance. There was a significant main effect of image

kS - e O type (eyes versus flowers: F;;=11.551, p=0.011)

= . H c  but not week (Fy;=0.074, p=0.794). The

. E’Em o interaction between image type and week was omitted

A 3 from the model because it was not significant. On

'? 4 average, people paid 2.76 times as much in the weeks

® T \?V with eyes (meants.e.=0.41710.081 £ per litre) than

WLl N with flowers (0.151+0.030 £ per litre). There was no
m‘— Il evidence that image type affected consumption.

“Bateson et al., 2006, Cues of being watched enhance cooperation in a real-world setting.
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Generate hypotheses
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Hypotheses describe how we think variable Y will respond to factor X under conditions Z—a provisional
answer to the research question for which we will seek support in our experimental data.

For the research question in the following format:

RQ: What are the effects of X onY under conditions Z?
The prototypical hypothesis can be formulated as:

H:Y will be higher/lower when X is X; than when X is X; under conditions Z.
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How do we come up with a provisional description of the relationship between X andY?
Hypotheses can come from three sources:

1. Results from exploratory studies
2. Existing theory in a different but related area

3. Logical reasoning with face validity

In all cases, hypotheses must be justified.
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Factor

Level | _

Level 2
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Let's see an example:” Hypothesis set 1

Hypothesis 1a:  People will rely on a human-like robot partner
more than on a machine-like robot partner.

Hypothesis 1b:  People will feel less responsible for the task
when collaborating with a human-like robot
partner than with a machine-like robot partner.

>Hinds, 2004, Whose job is it anyway? A study of human-robot interaction in a collaborative task

© Human-Computer Interaction | Professor Mutlu | Week 08: Methods: Experimental Research

54


https://viterbik12.usc.edu/wp-content/uploads/2018/06/Whose-Job-Is-It-Anyway-A-Study-of-Human-Robot-Interaction.pdf

Hypothesis

Factor
Robot Appearance
Level | ‘ Effect |: Less
- - : |
Humanlike robot 1 > ReSpOﬂSe variable
- — 1 | Feelings of responsibility
Level | || — g

Machinelike robot ~ Effect 2: More
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Let's see an example:” Hypothesis set 2

Human-like versus machine-like robots
Hypothesis 1a: People will rely on a human-like robot partner
more than on a machine-like robot partner.

Hypothesis 1b: People will feel less responsible for the task when
collaborating with a human-like robot partner than with a
machine-like robot partner.

>Hinds, 2004, Whose job is it anyway? A study of human-robot interaction in a collaborative task
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Hypothesis

Factor Response
Robot Appearance \ variables
; Level | ! Rel
| , | ‘ eliance |
| Humanlike robot | Effect . |
Level 2 ‘ | - Feelings of
- Machinelike robot ; J | responsibility
| L . AE——

l
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Let's see an example:” Hypothesis set 3

Relative status of robot coworkers

Hypothesis 2a: People will rely on the robot partner more when it
is characterized as a supervisor than when it is characterized as a
subordinate or peer.

Hypothesis 2b: People will feel less responsible for the task when
collaborating with a robot partner who is a supervisor than with
a robot partner who is a subordinate or peer.

>Hinds, 2004, Whose job is it anyway? A study of human-robot interaction in a collaborative task
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Hypothesis

Factor Response
Coworker status | variables
\ SLevel | 1 ; Reliance |
Upervisor Eﬁ‘ect | |
| | evel 2 j Feelings of
(

. Subordinate I - responsibility |
| |

e
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Let's see an example:” Hypothesis set 4

Interactions between human-likeness and status

Hypothesis 3: People will feel the greatest amount of responsibility
when collaborating with machine-like robot subordinates as
compared with machine-like robot peers and supervisors; and as

compared with human-like robot subordinates, peers, and
SUpervisors.

>Hinds, 2004, Whose job is it anyway? A study of human-robot interaction in a collaborative task
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Hypothesis

Factor |
Robot Appearance Response o
-~ Level | Level 2 ] | Effect variables
" Humanlike robot | | Machinelike robot | : -
| 1 | :
—— — | Reliance
R )
- Y = =N AUS— - Feelings of
. 1 o —2  responsibilit
-~ Level | Level 2 W — - PONSBIY
Supervisor Subordinate . Effect *

Factor 2 ;

Coworker status |
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Determine
experimental design



What is experimental design?

Definition: Experimental design refers to how participants are allocated to the different
conditions.®

»  Simple designs that vary one factor at a time are statistically inefficient and lead to wrong
conclusions of factors interact

»  Factorial designs that look at all combinations can simultaneously looks for etfects of all
factors but need more resources

» In general, factorial designs are recommended; 2* designs are best

¢ Simply Psychology
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What are our options?’

»  Within-participants (also called repeated measures)
»  Between-participants (also called independent measures)

» Mixed-model (also called split-plot)

"There are other alternatives, e.g., matched pairs, but we will not cover them in this class.
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Recap: in within-participants design, all participants observe all levels of the manipulated factor.

Participants

Conditions
Participant |
Participant 2 —— Condition |
—
Participant 3 ’ N
= Condition 2

Participant 4
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Example within-participants-design experiment:®

Study 2 was a 2 (condition: e-mail vs. voice) X 2 (accuracy:
anticipated vs. actual) fully within-group factorial, with the dyad
as the level of analysis. Because participants communicated dif-
ferent numbers of sarcastic statements, perceived and actual accu-
racy were converted to a percentage. Responses from one group
were over 3 SDs away from the mean on several dependent
variables and were excluded from the analysis, yielding a final
sample size of 29 dyads.

8 Kruger, 2005, Egocentrism over e-mail: Can we communicate as well as we think?
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Recap: in between-participants design, participants are divided into subgroups, and each subgroup
observes one level of the manipulated factor.

Participants
Condrtions

- Participant | |
- Condition |

Participant 2 ;

- Participant 3

Participant 4 ——

—  Condition 2
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Example between-participants-design experiment:’

To test our hypotheses, we conducted a 3 X3 laboratory experiment. The
experiment was a between-subject design, manipulating human likeness (hu-
man, human-like robot, machine-like robot) and status (subordinate, peer, su-
pervisor) with the human condition as the baseline. Each participant was
asked to collaborate on a task with a confederate who reflected one of the nine
cells in the design. The confederate used the same script for all conditions and
was unaware of the status manipulation. In the robot conditions, we used a
Wizard of Oz approach in which the robot was teleoperated, appearing to be
operating autonomously. The same man teleoperated and spoke for the robot
in the two robot conditions, and he acted as the human confederate. The ex-
periment was videotaped with cameras suspended from the ceiling of the ex-

perimental lab.

>Hinds, 2004, Whose job is it anyway? A study of human-robot interaction in a collaborative task
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Recap: in mixed-model design, some factors are treated as within-participants and some factors are
treated as between-participants.

Participants Conditions
LrPartic:ipant | tondition |
| Participant 2 z - Condition 2

Participant 3 \ Condition 3

Participant 4 z Condition 4
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Example mixed-model-design experiment:®

Our primary prediction was that overconfidence would be
greater when participants communicated over e-mail than when
participants communicated with their voice. To test this prediction,
we conducted a 2 (accuracy: anticipated vs. actual) X 2 (order:
Round 1 vs. Round 2) X 2 (acquaintanceship: stranger vs.
friend) X 3 (medium: e-mail vs. voice-only vs. face-to-face)

mixed-model ANOVA with the dyad as the level of analysis. The
first two factors in this design were within-participants variables,

and the second two were between-participants variables.

8 Kruger, 2005, Egocentrism over e-mail: Can we communicate as well as we think?
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How do we choose from among these options?
Choose within-participants designs when:

»  Moderate transfer effects” and demand characteristics' are expected

» There are too many conditions that makes the study unfeasible due to the large number of
participants required

» Inter-participant variance is expected to be high (e.g., when primary measures are
performance based)

Provides more statistical power, needs fewer participants &; might impose bias due to these
effects and can involve complex designs

?Transfer effects: Taking part in earlier trials changes performance in the later trials due to learning, fatigue, etc.

" Demand characteristics: Participants trying to question the purpose of the experiment.
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Choose between-participants designs when:

»  Severe transfer effects and demand characteristics are expected
» The required number of conditions and participants are feasible

» Inter-participant variance is expected to be moderate

Reduces bias by avoiding or alleviating undesirable experimental effects and easy to administer &;
might result in high variance due to inter-participant variability ¢
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Choose mixed-model designs when:

»  Within-participants manipulation makes sense for some factors and between-participants
manipulation makes sense for others

» A mixed design can be feasibly administered

Draws on the strengths of body designs & ; can be difficult to administer, analyze, and interpret ¢
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Develop experimental
task & procedure



What is an experimental task?

Definition: An experimental context that serves as a reasonable representation of real-world
cognitive, social, and organizational situations that allows for generalizing to the real-world
situation.

Experimental tasks:

»  Must be a reasonable representation of the real-world context of interest (the Z defined in your
research question)

»  Must be relevant, reasonable, intutive, easy to interpret, and easy to control

»  Must provide participants with appropriate motivational mechanisms to perform it as expected
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Let's see an example:"

To 1nvestigate our hypotheses, we used the cooking tool selection
questions exactly as they appeared in the pilot testing. The
participants' goal was to select ten cooking tools needed to make a
creme brulée dessert. Participants selected the tool by clicking on
the correct picture on a computer monitor. Each of the ten tools
was displayed separately alongside five incorrect tools. The robot
conversationally led the participant through the task, requesting
each of the tools 1n turn, and answering participants’ questions.
Participants could ask the robot as many questions as they wished.

UTorrey et al., 2006, Effects of adaptive robot dialogue on information exchange and social relations.

© Hu
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Distractor tasks are used to increase cognitive or perceptual demand on participants to understand how
they respond to stimuli with limited resources.*

Distractor task
(high attention demand)

Main task
(intermittently shown)

2Dabbish et al., 2005, Understanding email use: predicting action on a message.
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Deceptive tasks involve providing participants with a cover story that does not reflect experimental

manipulations to minimize demand characteristics.”

2.3.4 Procedure. One individual participated in
each session. We instructed participants that they would

be walking around a room and engaging in a memory

test. They read the following paragraph:

In the following experiment, you will be walking
around in a series of virtual rooms. In the rooms with
you will see a person. The person is wearing a white
patch on the front of his shirt. His name is written on
that patch. He is also wearing a similar patch on the
back of his shirt. On the back patch, a number is writ-
ten. Your job is to walk over to the person in the
room and to read the name and number on his
patches. First, read the back patch, and then read the
front patch. Later on, we will be asking you questions
about the names and numbers of the person in each

room. We will also be asking you about their cloth-
ing, hair color, and eye color. When you have read
the patches and examined the person in each room,
we will ask you to step back to the starting point in
the room. The starting point is marked by a piece of
wood on the floor.

Our ostensible experimental task of reading and

memorizing the agent’s name and number motivated

the participant to move within a relatively close range (1

m or less) of the agent so as to easily read the textual

material. We felt that, by design, this secondary task

would unwittingly cause the subject to move close
enough to the avatar as to intrude potentially upon the
hypothesized personal space bubble of this entity. Sub-
sequently, the participant’s movements would result
from a competition between their desire to maintain an
appropriate level of personal space and their need to
accurately read the patches.

B Bailenson et al., 2001, Equilibrium theory revisited: Mutual gaze and personal space in virtual environments.
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What is an experimental procedure?

Definition: An experimental procedure is a detailed description of the steps involved in
administering the experiment to facilitate replicability.

The experimental procedure should include:

»  Details of the task and the instructions participants received
»  Participant's role in the task and the study

» The actions of the experimenter administering the study

»  The research equipment used

» Atimeline of when consent was obtained, measurements were taken, and compensation was
provided
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Let's see an example:"

When participants arrived at the experimental lab, the
experimenter told the participant that the robot had been given
“specific expertise” 1n cooking, and that “the robot will be talking
to you about the tools needed to make a creme bralée dessert.”

The robot spoke aloud and also displayed its messages on a
display on the robot’s chest. The robot used Cepstral’s Theta [18]
for speech synthesis, and its lips moved as it spoke. The text also
showed on the screen, as in Instant Messenger interfaces. The
interface was 1dentical to the interface in [26] except that the
dialogue technology was improved further, as discussed in the
next section of this paper.

UTorrey et al., 2006, Effects of adaptive robot dialogue on information exchange and social relations.
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Determine
manipulations &
measurements



What is being manipulated and what is being measured?

Independent variables can be manipulated (e.g., participants use interface 1 or interface 2) or
measured (e.g., participants who are novices or experts).

Manipulated independent variables usually involve control and manipulation (or treatment) levels.

Control levels provide us with a baseline (lower bound) or a gold-standard (upper bound) against

which to compare the manipulation.

*Measured independent variables can also be considered as covariates.
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Factor W
Condition | ; Effect |

\
Control | | >  Response

condiion? || _—_—————> variable
Manipulation Effect 2
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Let's see an example:*

Realism Condition 1 Realism Condition 2 Realism Condition 3

Realism Condition 4 Realism Condition 5

Control

B Bailenson et al., 2001, Equilibrium theory revisited: Mutual gaze and personal space in virtual environments.
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How are independent or dependent variables measured?

Any variable, whether it is treated as a factor or a response variable, that is not explicitly
manipulated must be measured.

Measures can capture participant performance, participant behavior, self-reported evaluations,
physiological signals, and demographic characteristics.

More on these in the coming weeks.
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Let's see an example:®

The following items were measured at the end of the fourth week. All
measures are analytically distinctive and highly reliable (see Cronbach’s
a for each measure).

People’s perception of AIBO as a developing creature was mea-
sured by two factors: (a) perceived development of AIBO and (b) per-
ceived lifelikeness of AIBO. Perceived development of AIBO was mea-
sured based on the level of agreement (1 = very strongly disagree, 10
= very strongly agree) with the following statements: This AIBO has
developed its skills over the course of four sessions because of my
interaction with it; This AIBO’s behavior has changed over the course
of four sessions because of my interaction with it; This AIBO’s intel-
ligence has developed over the course of four sessions because of my
interaction with it; This AIBO has matured over the course of four ses-
sions because of my interaction with it; This AIBO has become more
competent over the course of four sessions because of my interaction
with it (o = .92). Perceived lifelikeness of AIBO was an index based on
the level of agreement (1 = describes very poorly, 10 = describes very well)
with the following adjectives describing AIBO: lifelike, machine-like
(reverse coded), interactive, responsive (a = .76).

5 Lee etal., 2005, Can a robot be perceived as a developing creature?
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[dentify participants
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How do we choose study participants?

Definition: A randomly sampled subpopulation of the general population that is relevant to the
research question (expressed in the Z).

Study participants must be:

»  Representative of the target population
»  Sufficiently large to provide statistical power

» Balanced in measured factors
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Let's see an example:*

2.3.3 Participants. Participants were recruited

on campus and were either paid or given experimental

credit in an introductory psychology class for participa-

tion. Four men and four women participated in each of

the five gaze-behavior conditions, and six men and four

women participated in the control condition, resulting

in fifty total participants in the study. Participants’ age
ranged from 18 to 31.

B Bailenson et al., 2001, Equilibrium theory revisited: Mutual gaze and personal space in virtual environments.
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Summary of the Steps

1. Step 1: Formulate research question

2. Step 2: Identify variables

3. Step 3: Generate hypotheses

4. Step 4: Determine experimental design

5. Step 5: Develop experimental task & procedure

6. Step 6: Determine manipulations & measurements

7. Step 7: Identify participants
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