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The necessity of this chapter
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Our Approach in Social Robotics
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Planning, Designing, Executing HRI Study
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Planning a study

» What is your main research question?
» How many participants do | need?

» What type of study will be conducted (within-subjects, between-subjects, mixed-
model, etc.)?

» How many groups will be in the study?
» How many participants per group will be required?
» How will participants be recruited for the study?
» What type of robots will be used?e
» How many different types of robots will be used?

» What types of tasks will the parficipants perform or observe (Study
Protocol)e

» What methods of evaluation will be used?

» self-assessments, behavioral measures, interviews, psychophysiological measures,
task performance, etc.?
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Planning a study

» What type of equipment will be needed?
» computers, measurement equipment, recording devices, etc.?

» What type of environment and space is required to conduct the
studye

» field, laboratory, virtual, etfc.
» How will contingencies and failures be handled?

» What type of assistance is needed to conduct the studye

» So ... ready to start, nowee

» Pass Human Subject Protection Training

» Getresearch permission
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Planning a study

» Do not forget
» Mandatory fraining tutorial Human research ethics

» Submit ethics application

» Ethics application focusses primarily on experimental protocol (what happens to the
participants, how you recruit them, etc.)

» Only , YOU are to recruit participants

» While waiting for approval, you can still work on the technical
implementation details of the study
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Human Subject Protection Training

COLLABORATIVE INSTITUTIONAL TRAINING INITIATIVE (CITI PROGRAM)
COURSEWORK REQUIREMENTS REPORT*

* NOTE: Scores on this Requirements Report reflect quiz completions at the time all requirements for the course were met. See list below for details.
See separate Transcript Report for more recent quiz scores, including those on optional (supplemental) course elements.

* Name: Alireza Taheri (ID: 4920566)

= Email: Alireza. Taheri@du.edu

= Institution Affiliation:  University of Denver (ID: 1294)

« Institution Unit: Electrical and Computer Engineering (CEC)
« Phone: 7203528128

Curriculum Group: Responsible Conduct of Research Course

Course Learner Group: RCR FOR Social, Behavioral, Educational, and Humanities

Stage: Stage 1-RCR

« Description: This course is for investigators, staff and students with an interest or focus in Social and Behavioral research. This
course contains text, embedded cass studies AND quizzes.

* Report ID: 16573542
» Completion Date: 0711212015
* Expiration Date: 07/11/2019
* Minimum Passin 80

* Reported Score" 100

REQUIRED AND ELECTIVE MODULES ONLY DATE COMPLETED SCORE
Responsible Conduct of Research (RCR) Course Introduction (ID:1522) 07/06/15 No Quiz
Research Misconduct (RCR-Basic) (ID:16604) 07/09/15 5/5 (100%)
Data Management (RCR-Basic) (ID:16600) 07/09/15 5/5 (100%)
Authorship (RCR-Basic) (ID:16597) 07110115 5/5 (100%)
Peer Review (RCR-Basic) (ID:16603) 07111115 5/5 (100%)
Mentoring (RCR-Basic) (ID:16602) 07/11/15 5/5 (100%)
Gonflicts of Interest (RCR-Basic) (ID:16593) 0712115 5/5 (100%)
Gollaborative Research (RCR-Basic) (ID:16598) 07/12115 5/5 (100%)
Research Involving Human Subjects (RCR-Basic) (ID:13566) 07/12115 5/5 (100%)
Responsible Conduct of Research (RCR) Course Gonclusion (ID:1043) 07/12/15 No Quiz
University of Denver (1D:12728) 071215 No Quiz

For this Report to be valid, the learner identified above must have had a valid affiliation with the CITI Program subscribing institution
identified above or have been a paid Independent Learner.

CITI Program

Email: giti

Phone: 305-243-7970
Web: it

10252016

Record Of Completion

Yale University

Human Subject Protection Training - Yale
web-based training program Training

Certificate of Completion

This is to certify that

Alireza Taheri

has completed the Yale University Training in Human Subject Protections on
10/25/16.

This course provides information on federal and University requirements
related to the ethical treatment of human research participants.
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IRB Permission

University of Denver
Institutional Review Board
IRB Application Form

Last edited by: Mohammad Mahoor [~ Ceded review [~ HIPAA

Last edited on: February 18, 2014 [~ Non-DU researcher [~ Federal funds

[click for checklist] A Fun Filled Research Study
Aimed to Engage Children
on the Autism Spectrum and

Help Improve Social Skills

|~ Schools research

[472157-2] Evaluating the Use of Humanoid Robots at Improving Social Behaviors and Facial
Expressions of Children with Autism

UNIVERSITYor
[

PARENTAL CONSENT TO PARTICIPATE IN A RESEARCH STUDY

Exploring the Effect of Teaching Music on Imitation and Joint Attention skills
of Children through a Xylophone Player Humanoid Robot
Dr. Mohammad Mahoor
DU IRB Protocol Number: 779333-1

PURPOSE OF THE STUDY
You are being asked to give your permission for your child to be in a research study. The purpose
of this study is to evaluate the use of a xylophone player humanoid robot on teaching music to

children. We propose to evaluate the improvement in imitation, joint attention, and social skills of

children through our robot-assisted intervention sessions and understand how children respond and
interact in dyadic/triadic (Robot-Child and Robot-Child-Parent/Therapist) interactions. The parent
will be asked to attend approximately 6 (half of) the sessions to play turn-taking games with the
child and the robot. You are being asked to give permission for your child and yourself to be in
this research study to provide bases on if this intervention works and how it compares to children
with disability (e.g. Autism).

NUMBER OF STUDY PARTICIPANTS
If you agree to allow your child to participate in this study, he/she will be one of 20 people in this
research study.
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NOW ACCEPTING
PARTICIPANTS!

UNIVERSITYer
@ DENVER

For more information please
contact our research coordinator
Sophia Silver (720) 939-2187
roboassist@du.edu
Dr. Mohammad Mahoor
(303) 871-3745 or

This research is
funded by the
National Science
Foundation
To learn More Visit Our Website
http://roboassist.wix.com/roboassist
Or like our Facebook page:

University of Denver Autism
Humanoid Robot Research Study

University of Denver RoboAssist
Autism Research Study

Let your child explore the world of robotics
while learning social communication skills

This study examines the use of humanoid robots at
improving social skills such as eye gaze attention
and facial expressions of children with ASD.

Children are eligible if they:
¢ Are between 7-17 years
¢ Have been diagnosed with High Functioning Autism,
Pervasive Developmental Disorder-Not Otherwise
Specified (PDD-NOS), or Asperger Syndrome.
* Weare also looking for children that have not been
diagnosed with Autism to serve as controls for the
study. Anyone is Welcome!

Participants will do the following experiments:
1. Play with Robot
2. Facial Expressions Imitation
3.Joint Attention
4. Communicative Skill Training



Research permit forms
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Research permit request forms and instructions:

® Request for Research Permit, Form 1. ﬁ ﬁ

® Request for Research Permit, Form 2 E ﬁ

® Occupational Health Form for the Researchers of Animal Labs E ﬂﬁ

o Instructions for How to Apply for Research Permit from SCS Ethics Committee (IPM) E

® Check List ﬁ

Supporting forms:

@ Subject Consent Letter [an example template] E ﬁ
@ General Health Questionnaire [an example template] ﬁ Eﬁ

o Test Information and the Subjects’ Rights [an example template] ﬁ
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Research permi
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« SCS Research Ethics Committee of IPM »

Approval Name: Alireza Taheri

Statement Place of work: Institute for Research in Fundamental sciences (IPM)
Investigator's
profile

Email address: artaheri@sharif.edu

Research Title | Design and Fabrication of a Robotic Arm to be Controlled by EEG Signals

Human research:

Healthy individuals = Patients O

Psychophysics: O EEG: = fMRI: O Others: O
Animal Experiment:
Ressarch Behavioral study: O Invasive Rec.: 0 Non-invasive Rec.: O
Category Surgery:

Headpost:O Recording Chamber:0 Craniotomy:00 Others:0O
Animal species:

Rat:0O Cat:0 Non-human primates:0 Others:0
Awake experiment:Cl Anesthetized experiment:0

Ref. No. Ref. No.SCS. Ref. NO.SCS.REC.

Date Receipt date Meeling date

Decision Approved O Revision O

Approval

Statement
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Subjects’ Rights
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Consent vs. Assent form
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» Consent may only be given by individuals who have reached the legal
age of consent.

» Assent is the agreement of someone not able to give legal consent to
parficipate in the activity.

» Work with children or adults not capable of giving consent requires the
consent of the parent or legal guardian and the assent of the subject.
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HRI Considerations
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Research Ethics

For your information
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Structure of papers for HRI studies
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Structure of papers for HRI studies

An overview
Abstract
Introduction
Related Work
Research Questions
Robotics Implementation
Methodology (or Experiment)
Results
Discussion
Conclusions
Future work
Acknowledgements

vV v vV vV vV vV vV vV vV VvV VY Y

Conflict of Interest, etc.
» References
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Structure of papers for HRI studies

» 1 Infroduction

» May be split info two sections: Infroduction and Background

» for a journal paper, this is suitable since we have to describe the
background literature in great detail

» 2 Related Work

» This may be a subsection of the introduction, or stand alone, this
depends

» 3 Research Questions wriga oo Uglpa coVlis o cogldy (i 2pa ) o

» May include further more detailed/precise research hypotheses and
expectations

» if hypotheses can be defined based on in the
literature

» if not (more exploratory work) we only have research questions that were
driving the research

Social and Cognitive Robotics, Sharif University of Technology




Structure of papers for HRI studies
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1 Introduction
and ¢) the human therapists. The purpose of this

Children with autism have ir.npa.ired rez%ctions to real worl.d me have designed a set of robot-assisted study is to find preliminary exploratory answers for the
events a of[.en avoid SO.Clal interactions A, R therapeutic games and run them on 3 pairs of Iranian male I following research questions:| a) Does a social robot (as
cations [1]. Since 2000, it has been widely shown that individuals with autism during 12 intervention paired-group & teacher's assistant) have the ability to teach music
using social robots in autism treatment can significantly  goggiong as a case study. What makes this study differentis  (i.e., notes and rhythms) to children with autism?;
increase the impact of intervention sessions for children with that 2 out of the 3 pairs of participants are special cases which ~ b) Can robot-assisted interventions affect social and
ASD' [2-19]. In this type of research, the impact of the gre rarely investigated in robotic-based studied in the liter- cognitive skills in children with autism through music
robot-assisted games/scenarios on children’s performance  ayre; one pair is a set of twins with autism (includes one education?; ¢) What is the impact of robot-assisted mu-
a we.“ a ll.1e1r (..hffercnt beh.aw.oral Skl":‘ are investigated high- and.one low-functioning 7'year'°|d,su_bjem)", and, the sic educati()n intervention on the stress of the subjects’
over time using different qualitative/quantitative assessment second pair are two (15- and 10-year-old) siblings with high- , . - ; 9. . ; P

tools (such as video coding of the sessions, questionnaires, functioning autism. The strength of investigating twins and parents during the program?; d_) How 'a.(‘,CO])tdb‘l{‘. 18 1t
etc.) [3-9]. Improvement in imitation [ 10, 1 1], joint attention siblings are the control advantage provided by these special to have a robot as a co-teacher in music education for
[2-4,11-14], communication and social interaction skills cases, including the same parents, food, clothing and educa- the human therapists?

Social and Cognitive Robotics, Sharif University of Technology




Structure of papers for HRI studies

Participants

» Variables

» Independent variable: the variables that are manipulated by the
experimenter and is of interest.

» Dependent variables: the behavior that is evaluated as the outcome
of the experiment.

» Some examples:

Independent Dependent

The type of medication you gave to a patient Improvements in health

The type of food you feed to an animal Weight gain

Social and Cognitive Robotics, Sharif University of Technology




Structure of papers for HRI studies

Control condition

» Experimental condition: the group(s) in an experimental design that
receive the experimental condition being evaluated in a study.

» Control condition: one of the groups in an experimental design that
does not receive the experimental condition being evaluated in a

study.

» e.g. evaluating VS. (two different sets of
behaviors, independent variable), measuring progress in teaching children
a second language

» Children assigned to robot tutor A or B are considered as the experimental group.

» Children who are working with a human tutor are considered as the control group.

Social and Cognitive Robotics, Sharif University of Technology




Structure of papers for HRI studies

Designs

» Between-participants design: Participants are placed in different groups
with each group experiencing different experimental conditions.

» e.g. one group interacts only with robot A, the other group only interacts with a
different type of robot B

» Sample: a portion or subset of a population that you recruit for your experiment

» Try to be as inclusive as you possibly can within the constraints given (and usually there are
many)

» Within-partficipants design: each participant is exposed to all levels of the
independent variable(s).

» e.g. all participants interact with robot A and B (counterbalanced)

» Counterbalance: a procedure used in within-participants designs that changes
the order variables are presented to control for sequence/order effects.

» Mixed-model factorial design: include both between-subjects and within-
subjects design components

Social and Cognitive Robotics, Sharif University of Technology




Structure of papers for HRI studies
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Structure of papers for HRI studies

» 4 Robotics Implementation

» This section describes hardware and software and applies if part of the
work is a new robot design/new control architecture, etc.

» if not (i.e. if we use an existing robot with an existing program), then this
section is and the robot can just be described briefly in
the “Artifacts” section below.

» This section can have subsections on hardware, software, behavior
control/learning architecture, etc.

1 Thumb first phal

janx S NG
o 2
2 Bowden cable @ .

e} \\}
]
3 Guiding pulley y
4 Jloint pulley

5 Neodymium magnet

6 Hall effect sensor

L N

7 Torsion spring

i
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Structure of papers for HRI studies

» 5 Method (Experiment)

» 5.1.1 Setfting (scenario, location, etc.): this section may also be called
“Overall design”

>

° Robot

° Autistic child

8 © Thera pist

(a)

Social and Cognitive Robotics, Sharif University of Technology




Structure of papers for HRI studies

» 5 Method (Experiment)
>

» 5.1.2 Participants: this section may also be called “Sample'’

("“participants” is preferred if you talk about )
>
Table 1. The participants’ details.
# Name Age Autism severity
1 P1-Ben 6 years and 3 months High-functioning autism, with hyperactivity; MLU® >6
2 P2-Moh 6 years and 1 month  High-functioning autism; MLU>6
3 P3-Rad 6 years and 5 months High-functioning autism, with verbal deficits; MLU<6
4 P4-Roh 6 years and 6 months Low-functioning autism, with intellectual disability,

poor verbal skills, and lack of eye-contact; MLU<2

Social and Cognitive Robotics, Sharif University of Technology




Structure of papers for HRI studies

» 5 Method (Experiment)
>

>

» 5.1.3 Arfifacts (what robots have been used and how were they
controlled, if you use Wizard-of-Oz you may include a subsection on
robot conftrol)

Social and Cognitive Robotics, Sharif University of Technology




Structure of papers for HRI studies

Study Protocol

» The study protocol involves determining exactly how the study will proceed from start
to finish once a participant arrives.

» Itis a detailed description of instructions that will be provided to the participant, what
assessments will be done and in what order, what tasks the participant will perform, the
timing of events, recording of information, how the data and personal information will
be handled, and where this information will be stored for security purposes.

» Thisis necessary for completing the IRB paperwork required for human studies and for
maintaining privacy.

» Trial runs of experiments should be conducted until the study can be executed
smoothly from start to finish. This is the only way to determine where problems can
and likely will occur.

» It is important that that the study protocol is
discussed with each participant as part of the instruction process as well as providing
this information as part of the informed consent form participants will sign.

Social and Cognitive Robotics, Sharif University of Technology




Structure of papers for HRI studies

Robot Control Paradigms

» Wizard of Oz: the most classical method

» robots are remotely controlled, unbeknown to
the participants, by a human operator

» Fully autonomous

» Beftween the mentioned methods

» e.g.supervised autonomy
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Structure of papers for HRI studies

Robot Control Paradigms

Social and Cognitive Robotics, Sharif University of Technology




Structure of papers for HRI studies

Participants

» Method of recruiting participante

» How many participants do | neede

» An a priori Power Analysis is a stafistical calculation that can be
performed to determine the appropriate number of participants
needed to obtain accurate and reliable results

» based on the number of groups in the study, the alpha level (typically a =
.05), the expected or calculated effect size, and a certain level of statistical
power (commonly 80%).

» There are power analysis tables in the appendices of most statistical
textbooks that will provide group size values. Additionally, there is
software available online that will assist with this type of calculation
(e.g., G*Power3);

Social and Cognitive Robotics, Sharif University of Technology




Structure of papers for HRI studies

» 5 Method (Experiment) (cont.)

» 5.1.4 Procedures and measures

» What happens in the experiment, what measures are used (e.g. video data,
questionnaires, inferviews etc.).

> , instead of "“Procedures and measures” you can have a
subsection called “Instruments” (describing the measures) and a separate
subsection called “Procedure”

» 5.1.5 Data collection (optional)

» May be included in 5.1.4, depends on how extensive the methods were for
data collection, whether new data collection methods had been developed
etc.)

» 5.1.6 Coding and Reliability (optional,
)

» 5.1.7 Statistical approach (optional,

Social and Cognitive Robotics, Sharif University of Technology




Structure of papers for HRI studies

» 5 Method (Experiment) (cont.)

» 5.1.4 Procedures and measures

» What happens in the experiment,

Table 2. The designed music-based therapy interventions schedule
Week# Outline

and descriptions Purpose of the game

Familiarize the child with t}

3t
1/or xylophone nd
3 1 ng malle
3d
ia
1 M. h h i
1
Hitting |
whil
5, Repeat 5a while saying

Baam-Baam . o (e)
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Structure of papers for HRI studies

Common assessment tools for evaluation of HRI studies

» Primary methods of evaluation (from a social interaction perspective):
» 1. Self assessments

» Paper or computer-based scales, questionnaires or surveys, Personal assessment of robots, situation,
tasks, etc.

» Problems with validity and corroboration
» Biases (!)

» 2. Interview

» 3. Behavioral measures

» Interrater reliability in behavioral data: the among raters. It is a score of how
much homogeneity or consensus exists in the ratings given by various judges.

» Second coder who about the codes percentage, e.g. , statistical interrater reliability tests
» 4. Psychophysiological measures

» The primary advantage for using psychophysiological measurements is that participants cannof
consciously manipulate the activities of their autonomic nervous system (heart rate, EEG, ECG, etc.).

» 5. Task performance metrics
» These metrics are designed to measure how well a person/team performs or completes tasks.

» Each comes with advantages and . Disadvantages can overcome by using
combinations of methods for evaluation.

Social and Cognitive Robotics, Sharif University of Technology
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Common assessment tools for evaluation of HRI studies

» Questionnaire examples in the field of social robofics:
» The Godspeed Questionnaire Series,

https://www.bartheck.de/2008/03/11/the-godspeed-questionnaqire-series/

» The Godspeed questionnaire categorizes perception using the following: (1) anthropomorphism,
(2) animacy, (3) likability, (4) perceived intelligence, and (5) perceived safety.

» Unified Theory of Acceptance and Use of Technology (UTAUT)

https://en.wikipedia.org/wiki/Unified theory of acceptance and use of technology

» The UTAUT aims to explain user intentions to use an information system and subsequent usage
behavior. The theory holds that there are four key constructs: 1) performance expectancy, 2)
effort expectancy, 3) social influence, and 4) enabling conditions.

eolbs s
g ul:r.u‘ 9 L;;L..:L...u 3o .L:.wg.a Sl P}y aS o)lo S99 alises LgLQs 039> O @‘9‘} Ls.m L§L° d.ow)a v

S 0 S92 ge 00 daz i sle dnliin 3l Kl w b oS iV
Bl 1) 095 4 bgy e Sla i g OIS Cule; a5l bl el Sos ax 31 ol gls asbiiany b V)

Social and Cognitive Robotics, Sharif University of Technology
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Common assessment tools for evaluation of HRI studies
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» 5 Method (Experiment) (cont.)

» 5.1.4 Procedures and measures

> , what measures are used (e.g. video data,
questionnaires, inferviews etc.).

2.7. Assessment tools b) Three valid questionnaires in autism research. All
To find preliminary answers for the research questions ‘f)f thf. questionnaires were filled in by the parents
our tiies.

of this study, three types of measuring instruments, i.e.,
human assessments, questionnaires, and interviews,
were used at different times:

bl) Gilliam Autism Rating Scale (GARS) [33] is a
questionnaire for estimating autism severity,

> covering subscales: Stereotyped behaviors,
_ . x - ~ communication, social interactions, and de-
a2) To investigate music learning ability: 1) velopmental disturbances;

Stambak’s Rhythmic Structures Reproduc- h2) Autism Social Skills Profile (ASSP) [34], is
tion test [31], which contains 21 (easy to hard a comprehensive tool to measure social be-
1 1) thvthmic tasks i hich th tici t haviors of an individual with autism from 6
eve ) Iiythmic tasks in whic € participan to 17 years old. ASSP consists of 45 items.
should reproduce the patterns on a drum after Three subscales, i.e., social interaction, social
hearing (and not seeing) them was conducted. reciprocity, and detrimental social behaviors,

can be measured with this questionnaire;

b3) Parenting Stress Index-Short Form (PSI-SF)
[35] is a tool to measure parenting stress.

Social and Cognitive Robotics, Sharif University of Technology




Structure of papers for HRI studies

» 5 Method (Experiment) (cont.)

» 5.1.4 Procedures and measures

> , what measures are used (e.g. video data,

questionnaires, inferviews etc.).
3.1.1 Gaze-Shifting

The gaze-shifting score is the total number of the partici-
pant’s gazes toward the robot and/or the other individuals
(i.e. the therapist, parents, or his playmate) in the room dur-
ing the intervention sessions. The purposes of studying this
Visual Attention-based parameter are to find out (a) whether
there is correlation between the rate of the total gaze-shifts
of different participants/paired-groups during the treatment
time, and (b) the gaze-shifting scores’ trend toward the robot
(1.e. the item with the most important role in our therapeutic
sessions). In order for the data to be comparable, the scores

Social and Cognitive Robotics, Sharif University of Technology

3.1.2 Joint Attention (JA)

In this study, the video coders scored the following behav-
iors as the Joint Attention (JA) scores of the participants: (a)
following the pointing/gaze-direction of the robot or other
individuals in the room correctly, or gaze-shifting between
a person and other situation/object; which is known as the
Responding to Joint Attention (RJA) score, and (b) show-
ing an object, or pointing to far/near points was called the
Pointing score. The total JA score is the sum of RJA and
Pointing activities that have been observed in the interven-
tions’ movies. The scores have been normalized/reported by
dividing the number of correct tasks to the game time (i.e.
number per minute). In this research, joint attention behaviors
occurred more often in the Kinect-based recognition game,
pointing game, and playing the virtual/real xylophone game.
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» 6 Results

» Usually with subsections, just presenting the quantitative and/or qualitative
results without much interpretation

CCuwl 0091 iy il Lo adllan &S s Lid o (5)lo] Judowi S U digfly 1 fuad ] Jlgw (2 5 ool
wisl ol pan b U Juds (slgiil U
» 7 Discussion

» Interpretation of the results in light of the research questions/hypotheses,
also mention limitations

» 8 Conclusions

» Brief summary of main results, “what have we learnt”, how can other
researchers benefit from this work

» 9 Future work

Social and Cognitive Robotics, Sharif University of Technology
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Dependent Variable Condition1: Condition2:

Table 7 Analysis of Variance for imitation scores of the eleven collab-
orating children using Minitab software

Individual Participants in three

Participants P1 to P4 paired groups:
Source DOF  F-value pvalue Partial n° “Twins", "Siblings",

and “Classmates™

Factorl: Imitation Mode 1 11.81 0.001 0.069 - -
I 7 FE es L 3§
. = Pe o Pe
Factor2: Action Number 7 8.45 0.000 0.270 (L T B O
3 5 s 3 " 3 s 8
. - . - o & &
Interaction of III'lltatIOIl 7 0.75 0.632 0.032 —— 0000 0075 0078 027 0110 0021
Mode and Action PRI Total Gaze Score
Seme —— 0.201 0010 0.146 0.327 0.004 0.006
Number aze foward the Robo
001 0.038 0319 0.017 0.024 0.146
Gaze Percentage toward
the Robot
Interval Plot of Q2, Q3, Q4, Q5, Q7 . Interaction Plot for the Mean of Imitation Scores Care towardhe Humans 0.000 0401 0.112 0475 0578 0.106
95% Cl for the Mean
i i s 0310 0.003 0391 0.083 0.001 0.301
%0 _ 35 LYY LT Pointing Score
80 0.932 0.008 0.831 0.703 0.005 0.338
g‘ - 3.0 (JA) Responding to JA Score
% 0.442 0.000 0.264 0.115 0.000 0.281
s w0 25 Total Score of JA
2 = e 0.483 0510 0.932 0.288 0.878 0.756
SR 20 Imitation Success Rate
=]
A i . . 0.000 0.698 0.425 0.471 0.676 0.213
E 30 15 Behavioral Malodaptive BehaviorsScore
20
= ] 10 Problem
0s S Taital VES 0.000 0038 0.200 0.002 0.046 0.169
Patticipants & a8 & & & & & & & & erbal otal core
& & F P e ) 0042 0017 0052 0051 0021 0.113
00 [of-1, 1, VL -1 (-8 Amount of VC with Robot
o+ & & & o 1 2 3 4 5 6 7 8

0.023 0.030 0.028 0.647 0.250 0.73%
n (VC) WC Percentage with Robot

Game Number

Social and Cognitive Robotics, Sharif University of Technology
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o 598 b
(Cumulative Distribution Function)

DY) =P <y)= [ p(=)d:

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

0.0 | 0.5000 0.5040 0.5080 0.5120 0.5160 0.5199 0.5239 0.5279 0.5319 0.5359
0.1 | 0.5398 0.5438 0.5478 0.5517 0.5557 0.5596 0.5636 0.5675 0.5714 0.5753
0.2 | 0.5793 0.5832 0.5871 0.5910 0.5948 0.5987 0.6026 0.6064 0.6103 0.6141
0.3 | 06179 0.6217 0.6255 0.6293 0.6331 0.6368 0.6406 0.6443 0.6480 0.6517
0.4 | 0.6554 0.6591 0.6628 0.6664 0.6700 0.6736 0.6772 0.6808 0.6844 0.6879
0.5 | 0.6915 0.6950 0.6985 0.7019 0.7054 0.7088 0.7123 0.7157 0.7190 0.7224
0.6 | 0.7257 0.7291 0.7324 0.7357 0.7389 0.7422 0.7454 0.7486 0.7517 0.7549
0.7 | 0.7580 0.7611 0.7642 0.7673 0.7704 0.7734 0.7764 0.7794 0.7823 0.7852
0.8 | 0.7881 0.7910 0.7939 0.7967 0.7995 0.8023 0.8051 0.8078 0.8106 0.8133
0.9 | 0.8159 0.8186 0.8212 0.8238 0.8264 0.8289 0.8315 0.8340 0.8365 0.8389
1.0 | 0.8413 0.8438 0.8461 0.8485 0.8508 0.8531 0.8554 0.8577 0.8599 0.8621
1.1 08643 0.8665 0.8686 0.8708 0.8729 0.8749 0.8770 0.8790 0.8810 0.8830
1.2 | 0.8849 0.8869 0.8888 0.8907 0.8925 0.8944 0.8962 0.8980 0.8997 0.9015

&l Aiged Wb 23395 9 (5,10 Aiged

pobael (Kiko 5l 52512 : (Sample mean) sigei (2l ®

Zy,-

- _ i=1

n

polaal il )lg 5l s0,51 0 :(Sample variance) ages yuiliyjlg *®

_E ;= Y
Sz = i=1
n—1

: (Sample standard deviation) age o losbw! 31 Szl =
poleal o lasliwl 51 Gl yzul 5l g0 4615

S=V§
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t -student Jlus! 2395 U

k = e (normal)

0

t — student distribution with k degrees of freedom

k=n-1

_ Tik + 1)2] I
\/EI‘(RQ) [(t%k) + 1]%+D2

—0 < ®

f@

PRRNCH NP (JO]
(Standard Deviation of the Means)




t -student Jlus! 2395 U
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Coverage factor; . 4
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[ = -\. - M /’ o

- .
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0 ty!ﬂ

Percentage Points of the f Distribution®

o
v 0.40

0.25

0.10

0.05 0.025 0.01 0.005 0.0025 0.001 0.0005
1 0.325 1.000 3.078 6314 12.706 31.821 63.657 127.32 318.31 636.62
2 0.289 0.816 1.886 2.920 4303 6.965 9.925 14.089 23.326 31.598
3 0277 0.765 1.638 2353 3.182 4.541 5.841 7453 10213 12924
4 0.271 0.741 1533 2132 2.776 3.747 4.604 5.598 7173 8610
5 0.267 0.727 1.476 2015 257 3.365 4.032 4.773 5.893 6.869
120 0.254 0.677 1.289 1.658 1.980 2.358 2.617 2.860 3.160

e 0.253 0.674 1.282 1.645 1.960 2326 2.576 2.807 3.090
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e Pregnancy Test Example

» 3"\;& Hj: person is not pregnant vs. H4: person is pregnant Fealce
@5,
(A\?L \ (\)C‘S‘mjﬁuk

Type | Error Type Il Error

You're not |
pregnant!
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e Courtoom Example

Hy: the defendant is innocent vs. H4: the defendant is guilty

—

T T Error 2 Seabuncing on ianoant parsas o jan |

TMZ M—L:AB N Ju&\\--? ?—FS‘W\ gc. feee.

A= P(TpT Errar)  B= PITYuT Ero ) — =B 7Rur
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More than two groups
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Social and Cognitive Robotics, Sharif University of Technology
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Example: Instagram Ad Frequency

e Suppose that you are a data scientist at Instagram, and you are interested in running an experiment
to learn about how user engagement is influenced by ad frequency.

e Currently users see an ad every 8 posts in their social feed, but, in order to increase ad revenue, your
manager is pressuring your team to show an ad every 5 posts

—¥%» Condition 1 — 7:1 Ad Frequency
~ Condition 2 — 4:1 Ad Frequency

e You are justifiably nervous about this change and you worry that this will substantially decrease user
engagement and hurt the overall user experience.

e The metric of interest you choose to optimize for is y = average session time (where y = the length of
time a user engages with the app — in minutes). 'y

Social and Cognitive Robotics, Sharif University of Technology
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