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Homework 4: Study Design

1. Problem Statement & Research Question

2. Literature Review

3. Methods

4. Results

5. Discussion

www.cs.cmu.edu/~illah/16-467/homework/HW4_2016.pdf
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Goals:

• Research Question: Understand how HRI 
research questions are constructed

• Methods: Be ready to select and design 
study methods for your HRI projects

• Results: Be ready to analyze the data and 
present results from your HRI projects
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study methods for your HRI projects
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present results from your HRI projects
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Research Question
• A testable question that is based on the 
problem statement (goals of the study)

• Wording of the question is critical
� Difference questions

� Relationship questions

� Determines the method and analyses

• Variable:
� a factor, trait, or condition that can exist in differing 
amounts or types in your research study
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Research Hypothesis

• Research Hypothesis:
� A statement which speculates the outcome of a 
research or experiment

� i.e. what do you expect is the answer to the 
research question?

7

Types of Variables

Independent Variables Dependent Variables
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Types of Variables

Independent Variables

• Study factors & 
conditions

• Variables 
manipulated for 
study

• Not effected by other 
variables

Dependent Variables
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Types of Variables

Independent Variables

• Study factors & 
conditions

• Variables 
manipulated for 
study

• Not affected by other 
variables

Dependent Variables

• Study outcomes & 
measurements

• Effect being studied

• Influenced by other 
variables
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The research 
question 
determines the 
study variables.
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HRI Example
Read the excerpt from “To kill a mockingbird robot” 

Consider three questions

1. What is the research question introduced in the excerpt?

2. What are the independent variables of the study?

3. What are the dependent variables of the study?

Bartneck, C., Verbunt, M., Mubin, O., & Mahmud, A. A. (2007). To kill 

a mockingbird robot. Proceedings of the 2nd ACM/IEEE International 

Conference on Human-Robot Interaction, Washington DC pp. 81-87. 12
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Project

• Consider your project research question:

1. What are some possible dependent variables 
you to investigate?

2. What are some independent variables that might 
be important?

13

Goals:

• Research Question: Understand how HRI 
research questions are constructed

• Methods: Be ready to select and design 
study methods for your HRI projects

• Results: Be ready to analyze the data and 
present results from your HRI projects
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Elements of Study Methods

•Procedure

•Participants

•Measurements
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Elements of Study Methods

•Procedure How?

•Participants Who?

•Measurements What?

16
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Procedure

• How will the study be conducted?

• What are the steps of the study?
� What instructions do the researchers give participants?

� What does the robot do and when?

� How does the robot react to humans?

• How are the conditions varied?

• Where and when is the study conducted?

17

Testing Different Study Conditions

Between Subjects

• Different subjects experience 
different study conditions 
and are measured the same 
way.

• There are separate control 
participants.

Within Subjects

• Each subject experiences 
the different study conditions 
with repeated measurement

• Individuals are their own 
controls.

Figures from explorable.com
18
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Procedure: To kill a mockingbird robot

Bartneck, C., Verbunt, M., Mubin, O., & Mahmud, A. A. (2007). To kill a mockingbird robot. Proceedings 

of the 2nd ACM/IEEE International Conference on Human-Robot Interaction, Washington DC pp. 81-87.
19

Participants

Who will participate in the study?

Generality
� Choose a sample of people that represents population

� Number of people needed for validity

� Recognize the limitations of your sample

Beware of:

• Response Bias – shared trait of volunteers influences a study variable 

• Sampling Bias – participants selected are not representative of population

20
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Elements of Study Methods

•Procedure How?

•Participants Who?

•Measurements What?
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Measurements

Quantitative Qualitative

What data is collected and how?

22
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Measurements

Quantitative

• Quantities-

� numbers, ratios, 
binary, etc.

• e.g. time on task, 
distance from robot, 
number of utterances

Qualitative

• Qualities

� Non-numeric

• e.g. facial 
expressions, topics of 
utterances 

What data is collected and how?

Most HRI studies includes both types of measurements. 23

A good measurement 
is accurate and 
repeatable.

24
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Qualitative Data

Important for understanding results and providing 
context for quantitative data.

•Collected through:

�Observations

� Interviews

�Open-ended survey questions

•Used in results to provide:
� Quotes

� Case studies

� Coded into quantitative data
25

Watch video
• https://www.youtube.com/watch?v=kxr2nErEoxc

• Instructions:

• We will watch the video of 8 participants twice.

• On the first play through, consider what notes you 
want to record about the 8 participants.

• On the second play through, attempt to actually 
record the observations as if this were your study. 

Bartneck, C., Verbunt, M., Mubin, O., & Mahmud, A. A. (2007). To kill a mockingbird robot. Proceedings 

of the 2nd ACM/IEEE International Conference on Human-Robot Interaction, Washington DC pp. 81-87.
26
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Coding & Repeatable Measures

Five levels of robot destruction
27

Quantitative Data

Important for demonstrating statistical significance.

� Results are generalizable beyond the participants.

� Results are more than just coincidence or chance.

• Collected through:

�Surveys
� Semantic Differential

� Likert-Scale

� Closed-ended survey questions

�Structured interviews

• Used in results to provide:

�Numerical results 28
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What can go wrong when 
measuring?

•Social Desirability Bias
�People try to act in a way that is socially 
desirable

•Confirmation Bias
�Researchers with an hypothesis evidence 
supporting that hypothesis more clearly

29

What can go wrong when 
measuring?

•Social Desirability Bias
�People try to act in ways that are socially 
desirable

•Confirmation Bias
�Researchers with an hypothesis evidence 
supporting that hypothesis more clearly
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What can go wrong when 
measuring?

• Double Barreled Questions
� Is it important to you that a robot is safe and reliable?

• Loaded Questions
� In what ways did you find the robot helpful?

• Leading Questions
� Do you agree that robot appearance is more important than 
behavior?

� use for existing, validated surveys when possible
� Godspeed Survey

� Based in part on the “To Kill a Mockingbird Robot”

� Tested measurement for robot: anthropomorphism, animacy, 
likeability, perceived intelligence, and perceived safety.

31

Goals:

• Research Question: Understand how HRI 
research questions are constructed

• Methods: Be ready to select and design 
study methods for your HRI projects

• Results: Be ready to analyze the data and 
present results from your HRI projects

32
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Notes on qualitative results

• Always accurately and precisely report 
quotes.

• A case study describes (in detail) the 
experiences of a single key individual.

• It is important to document how qualitative 
results are coded into quantitative methods.

33

Types of Quantitative Data

•Categorical/Nominal
�e.g., gender, education level, etc.

34
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Types of Quantitative Data

• Ordinal

� e.g., scale questions: Agree to Disagree

3 Neutral 4 Agree 5 Strongly Agree2 Disagree1 Strongly Disagree

1                  2          3      4      5

1       2      3              4         5

Subject A:

Subject B:

35

Types of Quantitative Data

• Numerical

� Interval – evenly spaced but no “zero” 

� e.g. year, temperature

�Multiplication is not meaningful:

� 40 degrees Fahrenheit is not twice as warm as 20

� Ratio – evenly spaced and a “zero” point

� e.g age, distance, time spent on task

�Multiplication has meaning:

� 2 feet long is twice as long as 1 foot long

36
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Quantitative Data Features

Measured Data Categorized Data

Ratio Interval Ordinal Categorical

Ordered

Equally Spaced

Zero Point

37

Quantitative Data Features

Measured Data Categorized Data

Ratio Interval Ordinal Categorical

Ordered � � � �

Equally Spaced � � � �

Zero Point � � � �
38
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Types of Quantitative Results

• Univariate statistics � one variable

• Bivariate statistics � two variables

• Multivariate statistics � multiple variables

39

Descriptive Statistics

• Univariate – for describing one variable

• Central Tendency
� What is the expected/average/center value?

� Mode: categorical, ordinal, interval, ration

� Median: ordinal, interval, ratio

� Mean: interval, ratio (when normally distributed)

• Variance
� How far does the range spread?
� range, interquartile, standard deviation

40
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Testing for significance

• Hypothesis
� A more intelligent robot will be hit a different 
number of times than a less intelligent robot.  

• The null hypothesis
� A more intelligent robot will be hit an equal number 
of times than a less intelligent robot.

• p-value (significance)
� Percent chance, given our sample observations 
and test, that the null hypothesis is true.

� In HRI, statistical test is usually considered 
significant if p < 5% (i.e., .05)

41

Choosing your test
• There are many types of statistical tests for different situations.

• Ask yourself:

� Do you have a difference or relationship question?

� How many independent variables are you testing?

� What type of data is the independent variable?

� How many dependent variables are you testing? (usually one) 

� What type of data is the dependent variable?

� Is my data normally distributed?

Then check out a decision table, such as: 
http://www.ats.ucla.edu/stat/mult_pkg/whatstat/

42
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Some likely options
If your dependent variable is categorical, you likely want:

Chi-square Test
� Independent Variables with 2 or more groups

� Dependent Variable with categorical data

� Tests whether the frequency of observed values is what would be 
expected.

Special Case:

McNemar’s Test
� Independent Variable - two matched groups (e.g. pre/post)

� Dependent Variable – two possible values (e.g. true/false)

43

Some likely options
If your dependent variable is measured (interval/ratio), you likely want:

T-Test
� Independent Variables with 2 groups

� Dependent Variable with normally distributed, interval or ratio data

� Observed mean differs significantly from expected mean if the two 
groups were the same.

ANOVA
� Independent Variables with more than 2 groups

� Dependent Variable with normally distributed, interval or ratio data

� T-Test extended to work for more than 2 groups.

Not normally distributed? Maybe you want<

a Mann-Whitney-Wilcoxon Test

44
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Stats Tools available to you
• CMU Software Licenses: 
http://www.cmu.edu/computing/software/all/index.html

• Software Training: http://www.cmu.edu/lynda/ (for SPSS and R)

• Software (list from most graphical to most text-based):

� IBM SPSS – available in Windows Clusters

� Minitab – available for download through a campus license

� SAS – available in Windows Clusters

� R with RStudio – open source and free to download

• Lots of written and video tutorials available online.

45

A note on participant number
More groups of independent variable = less significance

The statistical power of your test depends on:

� P-value desired (5%)

� Number of participants

� Effect size (how different the groups are)

Rule of thumb: 

� 5 to 10 participants per group

� (5 for a large effect size, 10 for a smaller effect size)

� Groups A vs B plus Male vs Female  = 20 – 40 participants

46
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IRB

• Institutional Review Board
�Monitor and review research involving 
humans and animals

� Protect rights and welfare of subjects

� prevent physical or psychological harm

� explanation of risks and benefits

� confidentiality

� informed consent

� right of refusal to participate

47

Extras

48
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Follow up resources

• To Kill a Mockingbird Robot Study
� www.bartneck.de/publications/2007/toKillMockingbirdRobot/

• Godspeed Questionnaire 
� Measurement for anthropomorphism, animacy, likeability, 
perceived intelligence, and perceived safety

� www.bartneck.de/2008/03/11/the-godspeed-questionnaire-series/

49

Follow up resources

• Explanations of study design concepts

� https://explorable.com/experimental-research

• Online Textbook: Research Methods For Communication Science

� James H. Watt and Sjef van den Berg

� www.cios.org/readbook/rmcs/rmcs.htm

• Defining a research question

� http://www.statpac.com/statistics-book/basics.htm

• What statistics tests to use

� http://www.ats.ucla.edu/stat/mult_pkg/whatstat/

� http://bama.ua.edu/~jleeper/627/choosestat.html

� http://www.csun.edu/~amarenco/Fcs%20682/When%20to%20use%20what%20test.pdf

� http://www.graphpad.com/support/faqid/1790/

50
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Follow up resources

• Colorado State University Writing Guides

� Survey Research 

http://writing.colostate.edu/guides/guide.cfm?guideid=68

� Observational Research 

http://writing.colostate.edu/guides/guide.cfm?guideid=63

� Case Studies 

http://writing.colostate.edu/guides/guide.cfm?guideid=60

� Overview – Conducting Research 

http://writing.colostate.edu/guides/index.cfm?categoryid=17&title=4
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