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Today's Agenda

» Experimental Research Basics

» Step-by-step Research Design Guide
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Experimental Research Basics
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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).1

1 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 
context of a caller affect whether the receiver 
picks up the call?

Hypothesis: Receivers will be more likely to pick 
up a call when they have information on their 
callers’ context than they will be when they do 
not.
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Good hypotheses should be:

1. Testable, such that manipulating independent variables 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 domain2 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

2 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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34

4 Bateson et al., 2006, Cues of being watched enhance cooperation in a real-world setting.

3 Nass & Lee, 2001, Does computer-synthesized speech manifest personality?
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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. Can we 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 
list if they learn the list in the quiet, rather than 
in the presence of intense music.

Reading speed (words/minute) will change with 
font size, increasing as font size is increased from 
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 higher vocabulary 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.

© Human-Computer Interaction | Professor Mutlu | Week 08: Methods: Experimental Research 21



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.
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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

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 I 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 ⨉ 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.
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An interaction effect is the interaction among multiple factors over the response variable.
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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
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How do we assign randomly at arrival?

1 2 3 4 5 6 7 8 9 10, ten participants, between-participants design

7 4 8 6 9 1 2 10 3 5 ↠ Level 1 [7 4 8 2 9], Level 2 [ 1 6 10 3 5]

L2 L1 L2 L1 L2 L2 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 different 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?

1 2 3 4 5 6 7 8 9 10, ten participants, within-participants design

7 4 8 6 9 1 2 10 3 5 ↠ L1 ↠ L2 [7 4 8 2 9], L2 ↠ L1 [ 1 6 10 3 5]

L2 ↠ L1, L1 ↠ L2, L2 ↠ L1, L1 ↠ L2, L2 ↠ L1, L2 ↠ L1, 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  block.5

5 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
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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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Step 1: Formulate research 
question
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What is a research question?

Definition: The central issue to be resolved by a formal dissertation, thesis, or research project.1

» 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).

1 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:2

» 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

2 Farrugia et al., 2010, Research questions, hypotheses, and objectives
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Step 2: Identify variables
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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
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Recap: independent variables are also called factors; factorial designs have at least two factors; e.g., a 
 design: caller information (on, off)  relationship (acquaintance, stranger)
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Recap: levels, also called treatment, are the values that factors can take; e.g., caller information can 
take the values on, off; relationship can take the values acquaintance, stranger
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What is an example of factors and examples from research?3

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

Factor 1: Computer voice 
personality

Level 1: 
Extrovert

Level 2: 
Introvert

Factor 2: Level 1: 
Extrovert

Population 1 Population 2

Participant personality Level 2: 
Introvert

Population 3 Population 4
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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.4

4 Bateson et al., 2006, Cues of being watched enhance cooperation in a real-world setting.
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Step 3: 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  on  under conditions ?

The prototypical hypothesis can be formulated as:

H:  will be higher/lower when  is  than when  is  under conditions .
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How do we come up with a provisional description of the relationship between  and ?

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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Let's see an example:5 Hypothesis set 1

5 Hinds, 2004, Whose job is it anyway? A study of human-robot interaction in a collaborative task
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Let's see an example:5 Hypothesis set 2

5 Hinds, 2004, Whose job is it anyway? A study of human-robot interaction in a collaborative task
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Let's see an example:5 Hypothesis set 3

5 Hinds, 2004, Whose job is it anyway? A study of human-robot interaction in a collaborative task
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Let's see an example:5 Hypothesis set 4

5 Hinds, 2004, Whose job is it anyway? A study of human-robot interaction in a collaborative task
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Step 4: Determine 
experimental design
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What is experimental design?

Definition: Experimental design refers to how participants are allocated to the different 
conditions.6

» 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 effects of all 
factors but need more resources

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

6 Simply Psychology
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What are our options?7

» Within-participants (also called repeated measures)

» Between-participants (also called independent measures)

» Mixed-model (also called split-plot)

7 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.
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Example within-participants-design experiment:8

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.
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Example between-participants-design experiment:5

5 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.
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Example mixed-model-design experiment:8

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 effects9 and demand characteristics10 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 

#

10 Demand characteristics: Participants trying to question the purpose of the experiment.

9 Transfer effects: Taking part in earlier trials changes performance in the later trials due to learning, fatigue, etc.
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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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Step 5: Develop experimental 
task & procedure
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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:11

11 Torrey et al., 2006, Effects of adaptive robot dialogue on information exchange and social relations.
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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.12

12 Dabbish 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.13

13 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

» A timeline of when consent was obtained, measurements were taken, and compensation was 
provided
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Let's see an example:11

11 Torrey et al., 2006, Effects of adaptive robot dialogue on information exchange and social relations.
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Step 6: Determine 
manipulations & 
measurements
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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). 14

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.

14 Measured independent variables can also be considered as covariates. 
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Let's see an example:13

13 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:15

15 Lee et al., 2005, Can a robot be perceived as a developing creature? 
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Step 7: Identify 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:13

13 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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