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Gender issues have recently received increased attention in human robot interac-

tion (HRI). Because robots are becoming part of our homes and daily lives, it is

important to understand how different groups of people use them. To the best

of our knowledge, almost no research has been done that investigates gender dif-

ferences in users information need, information processing strategy, self-efficacy,

tinkering and their impact in human robot interaction. This thesis investigates

these four aspects by examining object manipulation task from gender perspective

using a humanoid robot (PR2). We used both qualitative and quantitative ap-

proaches for cross validation and methodological triangulation. Our experimental

results show that females asked for more information before using the robot than

males (p = 0.0002). Females processed information comprehensively and males

processed information selectively (p < 0.001) for using the robot. Males showed

greater self-efficacy than females (p = 0.0002). Males tinkered more with the robot



than females (p = 0.0021). We found that tinkering was positively correlated (p

= 0.0068) with task success and negatively correlated (p = 0.0032) with task

completion time. Tinkering perhaps led to males greater task success and lower

task completion time with the robot. Findings from this research can be useful for

making design decisions for robots and open new research directions.
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Chapter 1: Introduction

In the next few years, robots are expected to become a significant part of

many households, helping elderly senior citizens for self care, socialization, child

care as robotic assistant and companion [25]. As this happens, it becomes appar-

ent that robots will help improving our lifestyle. Therefore, it is becoming more

important for researchers to investigate on how different groups of people perceive

and use robots as robots are becoming an essential part of our daily life as well

as participating in social situations. Human perception of robot is important be-

cause it tells us what is expected from robots (how the robot should behave? what

makes the robot trustworthy? etc.). Therefore, the social-psychological processes

in human robot interaction (HRI) requires further investigation.

Previously, factors such as how a robot should approach a person sitting on a

chair, the influence of a robots voice, robots gender, the robots facial features and

how all these plays out for different groups of people (males and females) has been

investigated. Existing research show gender differences in the robot’s social pres-

ence, social facilitation, disclosure and persuasiveness [77, 79]. These researches

studied how a robot can persuade different individuals to disclose their private

information, how different individuals perform in math task, how receptive people

were to the robot suggestions [29, 70]. Furthermore these research findings are

significant because they helped us understand how a robot is perceived in different
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situation from the perspective of different groups of users (males and females). It

is important that we know about users expectations because it is the user who are

going to use it.

There is a large body of research that has been done in gender differences.

Gender differences has been studied in communication, education, creativity, hu-

man computer interaction (HCI), human robot interaction (HRI), web psychology

and many more [1, 21, 51, 68]. There is numerous applications of gender in pro-

viding and improving users experience with a product or service. For example,

Researchers developed gender recognition algorithm to improve the development

of real-world assistive technology [92], for example to notify an inattentive driver

(who could be male/female). Identifying gender difference has numerous applica-

tion, for example a robot interacting with a human (appropriately addressing Mr.

or Mrs.) [64]. Furthermore, researchers proposed a systematic approach called

GenderMag (persona) to evaluate usability of problem-solving software for gender

inclusiveness issues [18]. GenderMag persona’s helped companies to discover and

fix gender issues in their software to make it more accessible [43].

In this research, we are taking our first step towards identifying gender differ-

ences in robot teleoperation (manipulating robot from a distance) by investigating

users information need, information processing strategy, self-efficacy and tinkering.

Though we already know robots are perceived differently by males and females but

still yet we don’t know whether there exists any gender differences in the aforemen-

tioned factors. Furthermore, almost no existing research addressed this problem.

Outcome from this research can help us design robots that will bridge gaps if any
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discrepancy found.

In this study, we are employing empirical research based investigation

to understand whether there exists any gender differences while manipulating a

robot for the first time. This research is important because robots will become

part of our daily life working as a helper and assistant, we would want to know

as a designer whether our design of robot is accessible to everyone or not so that

we can provide the right information at the right time. The outcome from this

research will help us design and develop robots that improves accessibility, enable

greater user experience and will also open new research direction.

Our study was designed and structured with the following research questions in

mind.

RQ1: Are there any gender differences in the information need before using a

robot that users have never used before?

RQ2: Are there any differences in the information processing style across gender

when learning how to use a robot?

RQ3: Are there any gender differences in the self-efficacy that impact efficient

use of the robot?

RQ4: Are there any gender differences about tinkering with the robot?
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Chapter 2: Related Work

Robots are already in our homes for exp. Amazon’s Alexa, and they will

continue to grow at their fast paced acceptance rate in various applications such

as in surgery, heath care, engineering education and more [16, 22, 63, 91]. These

diverse applications demands more experimentation on how these technologies has

been received across different demographics (age, gender, education, culture etc.)

Gender issues has recently become a buzzword both in human robot interac-

tion (HRI) and human computer interaction (HCI). In this chapter, we will give

background details of existing researches related to our study. Differences between

HCI and HRI has been investigated by [37, 78]. The study indicates that HRI

concerns with systems that use complex and dynamic control system, and operate

in highly changeable environment. First of all, we will introduce socio-technical

aspect of human-robot interaction and the influence of gender in HRI. Secondly,

we will briefly describe future applications of robots. In third, we will describe

existing researches related to gender differences in various domains.

2.1 Socio-technical aspect and influence of gender in HRI

In the introduction, we discussed socio-technical aspects involving human

and robot. By changing robots appearance such as gender (voice, facial features
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etc.) have shown to have significant influence on how the recommendation pro-

vided by the robot was received by male and female, how the robot is perceived by

males and females, and how the robot impacts task performance (easy and hard

math). The study reported that males tend to think of robots as more human like

whereas females think of robots as more machine like. As a result, males reported

to feel socially facilitated by the robot while performing arithmetic tasks, whereas

females did not [66, 70, 77, 79].

Furthermore, research show that by changing robots persona we can gather

different level of information, for example a study reported that males expressed

more information to the female robot and females expressed more information to

the male robot. In another research, males and females participants reported that

they find opposite sex robot to be more trustworthy and engaging. Researchers

also found gender differences in the negative attitude toward robots [66, 70, 77, 79].

All these findings are interesting from the perspective of latest voice enabled tech-

nologies such as Amazon’s Alexa, Google’s Assistant etc. These bots are female

voice enabled (Siri for iPhone, Microsoft’s Cortana) as the basis of conveying in-

formation [87, 81]. Furthermore, previous research confirms that using only vocal

cues within a machine is enough to bring sex based stereotype responses even

though the environment and circumstances in which the robot operates could be

different [23, 78]. When robots are given some human like attributes, people can

easily relate to them. Even though we consider robots/bots as machines we still

tend to use he/she when addressing them [81]. Therefore, all these researches and

products (bots) that we are using on a daily basis are a direct evidence that gender
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differences needs to be studied more to design and implement products that makes

us happy.

2.2 Future application of robots

In this section, we are going to give brief description of possible future appli-

cations of robots.

2.2.1 Robots managing households

Household robots consist of cleaning robots, elderly citizen care robots, nurs-

ing robots, entertainment purpose robots and so on. Research indicate that using

robot therapy increased social interaction among the elderly residents in a care

house [86]. Our future homes will be surrounded by these robots. These robots

face installation challenges because our homes are unstructured and humans are

generally unpredictable in nature. This makes it hard for the cleaning robots to

autonomously navigate around. Consequently making it difficult to decide when

and where to or not to clean. Neato botvac connected robot vacuum and iRobot

Roomba 980 has been considered the best vacuum robot in 2017 [71]. Neato botvac

is wifi equipped and app enabled on IOS or Android devices. With all these latest

technology comes the challenge of security and privacy vulnerabilities [30, 49, 86].
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2.2.2 Robots in education and teaching

Another important application of robots is in the education. Researchers

found that robots can have great applicability in educational technology by study-

ing the role, type and behavior of the robots [63]. By investigating social supportive

behavior for a robot (iCat) tutoring students to learn a language (artificial lan-

guage “Toki Pona”) showed increased learning efficiency [75]. While computer

based education showed proven benefits as the emergence of fast growing internet

service, but it cannot provide mentor tutor relationship. On the contrary, a robot

can actually provide more engaging and interactive user experience. Latest in-

ventions such as Dash, mBot allows children to learn programming (using Google

Blockly), Arduino and robots is yet another huge development in education [49].

2.2.3 Robots in assisting information sharing

This is an interesting category of robots that are used for dedicated task such

as helping users with directions, providing instructions, serve as museum guides

etc. These robots can be used for greetings in offices as well to provide useful

information that are less changeable. The problem in the lab environment with

controlled lab testing is that it can fail to mimic real unstructured interaction with

humans but for regular common interaction robots can serve humans [49, 76].
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2.2.4 Robots in communication

As robots are sent in critical places such in wars, rescue, hospitals, what be-

comes really important to understand is how humans and robot communicate with

each other [49, 76, 85]. Robots are also useful in remote communication. This kind

of remote communication has been conducted between/among humans via video-

conferencing techniques which highly depend of facial expression, body language

and other non-verbal cues. Though is solves many problem of long distance com-

munication but it still cannot solve all problems such as side conversation and

pointing object is not possible. These problems can be eliminated using robots

with enhanced intelligent features.

There are many other future opportunities and robot applications as men-

tioned in earlier sections such as in scientific exploration, for search and rescue,

health care and in elder homes. In all these instances robots will be socially inter-

acting with humans. The social robots are useful in different social context and

are distinguished in four categories: 1) socially evocative 2) socially receptive 3)

social interface and 4) sociable [14]. Understanding these categories are important

because it tells us which robot to use in any particular application.

As we are hoping to build a bright future with numerous applications of

robots, it is inevitable to consider ethical issue that comes with it [55, 56]. There

is a risk and fear among workers that machines will replace humans in the work-

place. For example, with the emergence of autonomous vehicles or self driving cars

will replace drivers, another example would be how uber, lyft impacted taxi driving
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industry [27]. Advancement in robot application will not only impact job sector

but also safety [34]. A research studied 107 users attitude towards self-driving

cars reported that individuals were concerned with liability, cost of the car, and

loosing control of the car. The study showed that males were more concerned

with liability and less concerned with controls compared to females. Cost was a

concern for both groups of users. Researchers also emphasized that there is a need

for further development to improve aging drivers experience [13, 44, 90]. We have

to make sure that the price we pay for improving our lifestyle must not be more

than the price we pay fixing the problems caused by developments. Therefore, we

need to enhance our understanding of how different groups (age, gender, education,

ethnicity, race etc.) of people are impacted by these developments.

2.3 Gender differences in various domains

In this section, we will describe several facets of gender differences that has been

studied widely in social psychology, education, technology and in many other do-

mains [12, 18, 35, 54, 57].

2.3.1 Information processing style and gender

Males and females use different information processing strategies according

to selectivity hypothesis [20]. Males style of attention to any task is by discrete

segments of configuration, while females style of attention to the whole configu-
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ration. Males tend to engage in selective/heuristic based processing making use

of single cues that are highly available and most noticeable or important in the

current context to make a single inference. On the other hand, females tend to

engage themselves in gathering all the available cues as the basis of judgment for

information processing. Therefore, females approach to information processing is

comprehensive, effortful and complete analysis of the situation. This can be ex-

plained by the structure of activities males and females engage in as well. The

activities females engage in exhibit high structure which requires group feedback,

individual instructions. Whereas males engage in activities having low structure

requiring task initiation and leadership [28, 39, 40, 48, 61, 62].

2.3.2 Self-efficacy and gender

Social cognitive theory [5] suggest that self-efficacy or an individual’s per-

sonal judgment about their own capabilities plays a crucial role in the choices that

they make, the amount of effort they put, and task retention when faced with ad-

versity. Later researchers report that males showed to have more self-efficacy, less

math anxiety and higher performance score compared to females for mathematical

problem solving [60, 67]. Researchers studied self-efficacy in excel and report that

females had lower self-efficacy than males about their abilities to debug spread-

sheets and were reluctant to accept new software features. Though using these

features may be useful for task success but they choose not to try those software

features [7, 8]
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2.3.3 Tinkering/playfulness and gender

Cognitive playfulness or tinkering demonstrated high test performance in a

field study of full time employees [58], students also benefit in their scientific under-

standing as they tinker or play with tools [46, 52]. Males are likely to tinker more

than females was found in education literature [84]. By investigating end-users de-

bugging spreadsheet researchers report that males tinker more than females, but

females benefit more as they tinker whereas males tinkering was not indicative

of effectiveness [9, 17]. Considering the benefits of learning by tinkering, several

projects such as Arduino, Raspberry Pi provides tools for hardware and software

tinkering [11, 73].

2.3.4 Attitudes towards risk and gender

Research confirmed by a meta analysis of 150 studies that there is a greater

risk taking attitude among males compared to females at different level of age

and wide variety of task [19, 36, 42]. Later researchers proposed a scale that can

be used to measure risk taking in financial decisions, health, recreational, ethical,

and social decisions. By testing the proposed scale with undergraduate students

researchers found that females were more risk averse than males [24, 88]. But this

did not follow in case of social decisions. This scale is useful for the hiring process

in startup companies.
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2.3.5 Motivations and gender

In education literature researchers report that students who are intrinsically

motivated (takes on tasks for the enjoyment or the learning itself) rather than

extrinsically motivated (takes on task for usefulness or some external reward such

as grades) tends to do better [12, 54, 57]. Existing literature also show that males

tend learn technology for the enjoyment of itself, whereas females are motivated

by what they can achieve with it [17, 60].

2.3.6 Personality and gender

Males and females also differ in their personality traits. Alan et. al showed by

meta analysis that males are more assertive, having high self-esteem compared to

females. Females showed higher anxiety, tender-mindedness with respect to males.

These findings in personality traits were constant across different demographics

(age, educational level etc.). Some researcher believed these differences were related

to our biology [33, 35].
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Chapter 3: Experimental Design and Methodology

For this research study, our experiment was designed with research questions

in mind such that the data collected allows for both qualitative and quantitative

data analysis. This is a between group (male and female) study. Our experiment

was carried out in three phases or sessions. We will describe each of these phases

in the following sections. The three phases were:

1. Pre-task session

2. Task session

3. Post-task session

When participant enters the study room, we asked them to read through the

informed consent and give verbal consent. Participants can disagree if they will.

The researcher was present throughout all three sessions. Let’s reflect on our study

procedure, then we will explain all three steps in detail.

3.1 Study Procedure

Entire work flow of our study is given in Figure 3.1

1. Participant entered the study room and researcher briefly introduced them

to the robot (Figure 3.2).
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Figure 3.1: Work flow of our research study.

2. Participant reads the consent form and gave verbal consent.

3. The participant filled out the pre-task questionnaire.

4. Task session

(a) Researcher provided the handout containing tutorial on how to control

the robot (Appendix C).

(b) Researcher provide the joystick controllers (shown in Figure 3.4).

(c) Researcher placed the object on the chair.

(d) When the participant was ready, researcher explained the task associ-

ated with the object and constraints or any assumptions that were made

for the task. Task description and sequence is provided in Table 3.2.
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(e) The participant stand behind the reference point (shown in Figure 3.3).

The participant stands face to face with the robot at a distant of 4 ft.

(f) Participant completed the task (under all constraints) associated with

the object.

(g) Repeat steps (c-f) until all objects (Figure 3.5) are covered.

5. Data recording was completed.

6. Participants were asked to fill out post-task questionnaire.

7. Go to step 1 for the next participant.

3.2 Participants

Participants were recruited via flyer distribution. Flyer was posted by the

researcher on and off campus to cover wider range of population. We did not re-

strict out study participation by any age group or gender. But only students from

Oregon state university showed interest in our research study. Communication and

scheduling for the study was done through email. Participants were given $15 for

their time and commitment. Overall 12 participants (6 males and 6 females) took

part in the study and 5 participants in the pilot study. Most of them were under-

graduate and masters students from engineering and social science department at

Oregon State University. Participants demographics can be found in Table 3.1.
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Participant label Gender Age Degree major Video gaming experience (in years)

P01 Male 19 Computer science 10
P02 Female 24 Public health 0
P03 Male 20 Computer science 10
P04 Female 21 Computer science 1
P05 Female 21 Art 10
P06 Male 20 Computer science 11
P07 Female 21 Psychology 0
P08 Male 20 Computer science 8
P09 Male 19 Computer science 5
P10 Male 19 Computer science 13
P11 Female 24 Computer science 0
P12 Female 18 Nuclear engineering 3

Table 3.1: Participant’s general demographics.

3.3 Robot Used in the Experiment

We used Personal Robot (PR2) from willow garage [38] for our study. It is

shown in Figure 3.2. It is a humanoid robot platform for research and develop-

ment in robotics. It is durable and does not require any hardware and software

implementation from scratch so we can focus on new innovation and application.

3.4 Experiment Setup

At first, the researcher starts the PR2 to make sure it is up and running and

ready for use in the experiment. This process of initial setup sometimes took about

an hour (after a complete reboot) or more. Participants were asked to operate the

robot by standing behind the reference point. Participants were farcing the robot
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Figure 3.2: Personal robot (PR2) used in the study (in action).
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and that is why they had to mentally adjust the mirrored hand movements, i.e.

robots left hand mimicked his/her left hand but as in mirrored image. This has

somewhat made the tasks more complicated. The study took place in the personal

robotics lab at Oregon State University. During the experiment the lab was quiet,

and only researcher and participant were present near the experiment area.

3.5 Pilot Study

We carried out pilot study with 5 participants to identify study design prob-

lems. As suggested by [65], 5 users should be sufficient to identify most of the

problems within the study design. After the pilot run we had to update our list

of objects used in the experiment, tasks and task sequence. During the pilot run

the tasks were very simple and showing users how to use the robot control made

the tasks even easier. So we decided to have our participants learn on how to use

the robot my themselves using a handout. To better understand user behavior we

finally come up with a mix of simple and complex tasks. The tasks were chosen

such that they were hard yet doable. We also made changes to the questions asked

in the pre and post task sessions. Pilots study with small number of users helped

us find problems in our study design and thus served a major role in the eventual

success of our research.
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3.6 Pre-task session

In this session, we asked participants to fill out a questionnaire. The ques-

tionnaire started by asking participants demographic information: gender, video

gaming experience, age, degree program or major. These information were asked

for later statistical analysis. This questionnaire consisted of 16 questions in total.

Complete questionnaire can be found in Appendix A.

The first 10 questions were asked to measure participants self-efficacy for

using the robot. We used the standard self-efficacy test questionnaire proposed

by Compeau and Higgins [26] after slight modification. These modifications were

done such that the questionnaire fits the task specific to the robot. We did not

change the scaling. The 10 questions were 10 point likert-scale type questions. Re-

sponse can be anything between (1-10) where 1 indicates “Not at all confident”, 5

indicates “Moderately confident”, and 10 indicates “Totally confident”. A snippet

of the questionnaire is given below:

“I could complete the task using robot ...”

Q-1 “... if I had never use a robot like this before” 1 2 3 4 5 6 7 8 9 10

Q-2 “... if I had only the robot manual for reference” 1 2 3 4 5 6 7 8 9 10

The rest of the 6 questions were open ended questions targeted to find answers

to several other usability factors. We asked one question about users information

need for using the robot, next question asking for their choice between handout

and video, one question asking how they will use those information (which they

respond to previous question), one question about their motivation of using the
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robot, one question asking tinkering with a hardware, and the last question about

risk taking attitude towards the robot. These questions were asked before the task

session to understand participants thought process.

3.7 Task session

In the task session, participants used the PR2 robot shown in Figure 3.2

to manipulate several objects. They were instructed to think-aloud during the

task. Think aloud protocol is well known for understanding and elicitation of

users mental models for solving problems [45].

3.7.1 Tutorial

Participants were provided with handout and video tutorial. Both of them

convey the same information. The purpose of this tutorial was to help participants

to get familiar with various robot controls. Even though researcher was present

during the entire task session, researcher did not help the participants directly

when they asked ”what’s that” type of question. This was done on purpose to

better understand users information processing style and other factors that we were

studying in our research. Researcher helped participants when robot hands were

hitting each other. Researcher made sure the safety of the robot and participants.

Participants were controlling the robot from a distance such that the participant

was free from any danger caused by the robot. Moreover, our tasks did not require
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the robot to move.

1. Handout: The handout (Appendix C) contains pictorial representation of

PR2 and joystick controls available to the participants to complete given

task. The participant stand behind the reference point, reference point is

shown in Figure 3.3. Joystick controls shown in Figure 3.4 demonstrated

feature description of the controller on how to open/close fingers and moving

the left/right arm controls.

2. Video: The video contained complete example on how to move an object (a

fluffy toy). It showed how a participant moves the robot arm using joystick

control, failed once and then successfully picked up the toy.

There was no demonstration or tutorial on how to grasp an object from the ex-

perimenter side. This was useful to understand users information processing as

they use a robot they manipulate a robot they have never used before. The entire

session was audio and video recorded. If a participant was stuck (if the robot hand

is stuck or s/he is nervous) during the task, they can ask the researcher for their

query.

3.7.2 Task Description

Task session took no more than 20 - 25 minutes on an average. Overall, it

took 30-40 minutes for a complete session. After pilot study we decided to use

four objects having elasticity property, so that they could stretch. It allowed the
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Figure 3.3: Reference point.
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Figure 3.4: Joystick controllers for using PR2.
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Figure 3.5: Objects used in the experiment.

robot hands to be safe during high torque when an object is pulled by both hands.

Objects used in the experiment is shown in Figure 3.4. Objects and task associated

with each object, assumptions are provided in Table 3.2. Furthermore, we added

assumptions/constraints with each task (3rd column in Table 3.2) to make sure

that our participants had a realistic experience. Because in real life for example

users will try their best not to drop a glass, in other words will try best to succeed

in each task instead of failing. These assumptions helped us mimic real world

experience. Allowing both simple and complex task would help us determining

participants information processing strategy better.
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Object Name Task Description Assumptions

Bowl Empty bowl. Picking it up and put it down Its made of glass
Rose Pick it up by touching stem only and pass to other hand It is real flower
Wine glass Its half filled with drink. Have the robot drink from it Made of glass
Scarf Folding it nicely Its his/her favorite

Table 3.2: Object and task description.

3.7.3 Why object grasping task using robot?

Humans are efficient in grasping objects, whereas robots are not. Even in

the perfect experimental setting one in four, i.e. 25% of grasps fail [3]. To enable

robust robot grasping, leveraging human grasping adaptation techniques to robots

appears to be appealing, because human grasping is optimal and accurate [2].

But there are several limitations to the process of transferring human grasping

techniques to robots, such as: 1) lack of time efficient data capture techniques 2)

due to limited number of user participation in the study which directly leads to lack

of generalizable result and 3) most of the grasping heuristics does not generalize

across different humans, objects or environment setting [32]. That’s why in this

research, we decided grasping task to be solved using PR2 robot to understand

self-efficacy, information processing strategy and willingness to tinker.

3.8 Post-task session

The post task questionnaire (Appendix B) contains 18 questions in total.

First 10 question were 7-point likert scale type of questions. This is a standard



26

questionnaire where the first five questions tests for comprehensive information

processing style and the rest of the five questions tests for systematic information

processing [80]. We modified the questionnaire slightly such that it fits the robot

interaction task. We did not change the scaling. Response can be anything on a 7-

scale between (1-7) where where 1 indicates “Slightly”, 4 indicates “Moderately”,

and 7 indicates “Absolutely”.

The questionnaire is then followed by 2 open ended questions asking about

what information they used and how did they use those information.

The rest of the 6 questions were 10-point likert scale questions. We asked

them 3 questions to measure their after task self-efficacy (1 indicates “Not at all

confident” and 10 indicates “Totally confident”). One self task performance evalu-

ation question (1 indicates “very bad” and 10 indicates “very good”). One question

about risk behavior (1 indicates “Not at all” and 10 indicates “very much”). Last

question is about how did they enjoy the task (1 indicates “Not at all” and 10

indicates “very much”).
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Chapter 4: Data Analysis and Results

In this chapter, we are going describe how we analyzed our experimental data,

and the methodologies we used in detail. 12 participants took part in our study.

We were open in our study across gender, and this was done by asking participants

to write down their “gender” instead of asking whether they were male or female.

Participants identified themselves as males and females. We had 6 males and 6

females. Participants were on average 20.5 years old (males = 19.5 and females

= 21.5), SD = 4.73. Statistical analysis of our background data on video gaming

experience showed significant gender differences (Mann Whitney W = 3, p-value

= 0.0185). We qualitatively code education of our participants as follows: Arts

= 1, Engineering = 2. Statistical analysis revealed that there was no significant

gender differences between genders in education (Mann Whitney W = 9, p-value

= 0.0705). In most of our test experiment, we used video gaming experience as

covariate in ANCOVA analysis and gender (male and female) as factor/categorical

variable. We rank transformed our data before applying ANOVA, this is similar

to non-parametric ANOVA. We also used Fisher’s exact test. Our results are

coded by a single experimenter. What makes our results trustworthy is that we

validated our results with methodological triangulation and non-parametric tests.

Non-parametric test and methodological triangulation strengthens and validates

our research outcome. We will discuss and answer each of our research questions
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(RQ’s) in the following sections.

4.1 Information need and gender in robot interaction (RQ1)

RQ1: Are there any gender differences in the information need before

using a robot that users have never used before?

Null Hypothesis (H0): There is no gender differences in the information need before

using a robot.

In this RQ, we wanted to know what information users want to know to

before using a robot a to grasp and manipulate several objects that they had never

used before. For simplicity, we considered three types of information needs. They

are 1) strategy, 2) feature and 3) functionality from previous research study [50].

To answer this RQ, we asked participants an open ended question in the pre-

task session questionnaire (Appendix A). We asked the following question with a

context:

“Imagine that you are asked to move a delicate expensive flower vase on

the table using the PR2 robot. What information do you need to complete the task

using robot?.”

We will describe coding and data analysis methods in the following subsections.
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4.1.1 Information need coding strategy

We used qualitative coding to code each responses in three aforementioned

categories. Here we will discuss our coding scheme (how and why) with examples.

1. Strategy: Whenever a response explicitly talked about what would be a

suitable process or how to carry out a task we recorded this as a strategy

element. For example, consider the following response questions: “How to

turn it on?”, “How to control it?”, “How do I move the arm? How do I open

and close the claw? How do I rotate the claw?”. All these instances were

coded as strategy because these responses directly asked about how to do

a particular task. 83.33% of all participants reported information need for

strategy.

2. Feature: When a statement explicitly expressed about what a specific fea-

ture (keys, color, markings, buttons) does, we coded this response in feature

category. For example consider the responses “What keys to use?”,“Which

button do each task?” is coded as feature because it explicitly queried about

keys and buttons. 6 out of 12 i.e. 50% of all participants asked for feature

related information.

3. Functionality: Statement which explicitly query about specific function

of a robot hand/arm/control part (what it does). For example responses

as “How fast it rotates”, “How sensitive the controls are?” is recorded as

functional information because they directly talks about specific function of
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Code Description Examples

Strategy Asks about a preferable procedure “How it works?”
Feature Talks about a particular feature “What it uses to grab stuff?”
Functionality Asks about robot arm/wrist etc. “How does its hands function?”

Table 4.1: Information need before using PR2 robot coding strategy (response
from open-ended question.

the robot and robot parts. 66.67% of all participants asked for functionality

related information.

We did not find any responses that could be place in outside of these three

categories. See the summary of information need in Table 4.1.

4.1.2 Information need and gender: by the number of categories of

questions asked

Using criteria mentioned in Table 4.1, we count information need (strategy,

feature, functionality) for each participant as they occur in the responses (open-

ended question discussed in section 4.1) and code the count for each participant.

Frequency of information need is summarized in Table 4.2. All responses can be

be found in Appendix D (Table D.4, D.5, D.6).

We performed ANOVA on our rank transformed data. One-way ANOVA (F (1,10)

= 32.472, p-value = 0.00019874 ***) revealed significant gender difference in infor-

mation need (by number of categories of question asked). Based on all the results,

we reject our null hypothesis H0. And we accept alternative hypothesis that there
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Gender Strategy Feature Functionality Total

Males 4 (66.67%) 1 (16.67%) 2 (33.33%) 7 (29.16%)
Females 6 (100%) 5 (83.33%) 6 (100%) 17 (70.83%)
Total 10 (83.33%) 6 (50%) 8 (66.67%) 24 (100%)

Table 4.2: Information need summary before using the PR2 robot (responses from
open-ended question). Each entries in the table indicates number of people who
have asked for each categories of information need.

is significant gender difference about the information need before using a robot (by

number of categories of questions asked). From table 4.2 we can see that of all the

responses, 70.83% information were asked by females, and only 29.16% information

were asked by males. Even in this small population the gender gap was evident

about the information requirement before manipulating a robot (shown in Figure

4.1).

4.1.3 Information need and gender: by the number of questions

asked

For this experiment, we count all responses (the same open ended question

discussed in section 4.1) in each category (strategy, feature and functionality) and

performed ANOVA on our rank transformed data. ANOVA revealed significant

gender difference ANOVA (F (1,10) = 10.796, p-value = 0.0082093 **) in infor-

mation need (by number of question asked). This result is shown in Figure 4.2.

Thus, we reject the null hypothesis and accept that there exists significant gen-

der difference in information need (by number of questions asked) before using the
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Figure 4.1: Gender difference in information need (by categories of questions asked)
before using PR2 robot.



33

Figure 4.2: Gender difference in information need (by the number of question
asked) for using PR2 robot.
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robot.

In summary, there exists significant gender difference about the information

need both by categories of question asked and the number of questions asked before

using the PR2 robot. Our results indicates that female participants asked for more

information to make their decision. On the contrary, male participants as heuristic

based processor asked for information that made more sense in the current context

to achieve their goal.

Post-task session:

We asked the following open-ended question in the post-task session (Ap-

pendix B) to identify missing or surprise information need. We asked them to

answer based on the final task. “What information did you use to complete the

task?”. Responses include robot feature, function and strategy related informa-

tion, for example “I remember that 1 was to the position the fingers and 3 was to

release them”. We found no new information need (information that they used but

users did not mention before) so we did not include these responses in our data

analysis.

4.2 Information processing style and gender in robot interaction

(RQ2)

RQ2: Are there any differences in the information processing style

across gender when learning how to use a robot?
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Information Processing Style Male Female

Comprehensive (Sum) 61 111
Comprehensive (Average) 10.16 18.5
Selective (Sum) 125 28
Selective (Average) 20.83 4.66

Table 4.3: Information processing style result summary when learning how to
use PR2 robot. Sum and average of responses from information processing style
questionnaire.

Null Hypothesis (H0): There is no gender difference in the information processing

style while learning how to use a robot.

4.2.1 Measuring information processing style from post task-session

From our background study we found that there are two different methods of

processing strategies (discussed in section 2.3.1). None of these approaches is bet-

ter than the other, it is different style of processing strategies. Processing strategy

depends on gender, the amount of information provided, cues, risk and complexity

associated with the given task/problem.

In the post-task session, we used a standard questionnaire after slight modifi-

cation (Appendix B) to answer this RQ. We summed up the responses of (7-point

likert scale) first 5 questions for comprehensive score and the rest of the 5 re-

sponses for selective score. Maximum score of 35 for each participant. Outcome

(Sum) from this analysis is shown in Figure 4.3 and summarized in table 4.3. We

will describe results in the following subsection.
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Figure 4.3: Information processing style Questionnaire (IPQ) score summary for
using PR2 robot by different gender.
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Figure 4.4: Information processing strategy for using PR2 robot result triangula-
tion illustration.

4.2.2 Result triangulation: information processing style for using

PR2 robot and gender

We found gender differences in information processing style in two ways:

1. First, by using Fisher exact test (two-tailed) on the data (sum) of table 4.3

we obtain p-value < 0.001.

2. Second, we can see from table 4.2 that female asked for more information

(70.83%) than males (29.16%).

It is methodological triangulation [47, 53, 59, 74] because we obtained the same

results using different methods (shown in Figure 4.4). They are:

1. Statistical analysis of post-task session questionnaire (Quantitative) and

2. Analysis of open ended question in the pre-task session (Qualitative), given

in table 4.2.
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Therefore, we reject the null hypothesis (H0). And we conclude that females used

comprehensive processing and males used systematic processing strategy for using

the robot. This finding is congruent with selectivity hypothesis which says that

males use a single cue that is most available to make a single inference. On the

other hand, females takes consideration of all the details and do a piecemeal anal-

ysis to make an inference. This is also true in case of end user debugging strategies

[10, 20]. Gender difference in selective information processing shown in table Fig-

ure 4.5.

Post-task session:

In the post-task session, we asked the following open ended question about

information processing. “How did you use that information?”. In response users

did not specify any strategy/process. This may be because we asked the question

wrong. So we decided not to include these responses in our analysis.

In summary, we found significant gender difference in the way both gender

process information using methodological triangulation.

4.3 Self-efficacy and gender in robot interaction (RQ3)

RQ3: Are there any gender differences in the self-efficacy that impact

efficient use of the robot?

Null Hypothesis (H0): There is no gender differences in the self-efficacy for using
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Figure 4.5: Gender difference in selective information processing while learning
how to use PR2 robot.
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a robot.

In section 3.6 we discussed how we obtained self-efficacy data by using 10-

point likert scale standard questionnaire [26]. Complete questionnaire can be found

in Appendix A. For each participant, responses from 10 questions were summed to

self-efficacy score. Maximum score was 100 for each participant. After computing

self-efficacy score for all the participants we performed statistical analysis on the

rank transformed data with gender as the independent variable. Previous research

showed gender difference in the self-efficacy in various computational problem solv-

ing instances such as math, debugging etc [7, 67] We applied ANOVA on our rank

transformed self-efficacy data. One-way ANOVA (F (1,10) = 31.304, p-value =

0.00022927 ***) revealed significant gender difference in the self-efficacy for using

PR2 robot. Thus we reject the null hypothesis and confirm that our female partic-

ipants had lower self-efficacy than male participants for using the robot, see Figure

4.6.

ANCOVA analysis:

To understand whether there’s any effect of previous video gaming experi-

ence (predictor variable) on self-efficacy (response variable) or not used Analysis

of Covariance (ANCOVA). In this test gender served as the categorical variable.

The result showed significant (p-value = 0.0226) effect on self-efficacy. Thus, we

conclude that previous video gaming experience had an effect on the self-efficacy

of male and females for using robot. This finding is similar to previous research of

performance in debugging and introductory computer courses, which states that
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Figure 4.6: Gender difference in self-efficacy for using PR2 robot.

increasing experience may increase self-efficacy for females [7, 72]. This indicates

that playing video games may have increased self-efficacy in the males for using a

robot.

Non-parametric Spearman’s rho test show this significant difference (rho = 0.664,

p-value = 0.0184) with 95% confidence level.

Now we are going to discuss how self-efficacy relates to task-success for both male

and female.



42

4.3.1 Self-efficacy, task success and gender

In the previous section, we discussed gender difference in self-efficacy for us-

ing a robot. Now we are going to discuss whether self-efficacy have an impact

on task-performance or not. Previous research show that there exists a positive

impact of self-efficacy on problem solving and improved performance [4, 6, 41].

Video data coding:

We code video data to understand how males and females performed in the

given task (lets call it task score). Details about the task description can be found

in section 3.7. We qualitatively code video data using three steps:

1. 100 is assigned for successfully completing the task.

2. Whenever after successful task execution participants made a mistake (drop-

ping it after picking up correctly) we deduct 20.

3. We gave a 0 in case of participant failed the task completely.

4. 20 for partial task success.

We followed steps i) ii, iii) and iv) to code video data. Complete task coding can

be found in Appendix D (Table D.7). Example of task success instances from video

is shown in Figure 4.7 and Figure 4.8.

We performed ANOVA on the rank transformed data where task score is

dependent variable and gender is independent variable. We found statistically

significant gender difference in the task score (ANOVA F(1,10) = 11.538, p =
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Figure 4.7: Task success example. Picking up a rose by its stem only and then
passing it to to the other hand of PR2.
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Figure 4.8: Task success example. Picking up a wine glass and have the PR2
drinking from the glass.
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Figure 4.9: Gender difference in task success with PR2 robot.

0.0068072 **). This difference is shown in Figure 4.9. Males performed significantly

better than females using the robot to perform various tasks.

ANCOVA analysis:

Previously we showed gender difference in self-efficacy and task score. Now we

wanted to know how self-efficacy impacts task success across gender. Here we will

test whether individuals having high self-efficacy result in higher task success or

not as evident in previous researches.

1. We performed ANCOVA test with task score as dependent variable, video

gaming experience as covariate and gender as a factor. This test showed no

significant interaction (p-value = 0.09).



46

2. We took task score as dependent variable, self-efficacy as independent vari-

able and gender as factor. ANOVA revealed no significant difference (p-value

= 0.13).

3. We test whether task success is influenced by self-efficacy, video gaming ex-

perience and gender. MANOVA revealed no significant difference (p-value =

0.74).

Furthermore, we test for correlation coefficient between task score and self-efficacy.

We performed spearman’s rho test (p-value = 0.132). There was no statistical basis

indicating that task success was significantly impacted by self-efficacy and video

gaming experience.

4.3.2 Self efficacy, task time and gender

Measuring task time:

Total task completion time (in minutes) was computed by summing up the

time taken for completing each task (task description can be found in table 3.2).

This was done for all participants. By completing task we mean when users de-

cided that they have completed (consists of successful/failure attempts) the task.

Data showed that on average males (12.45 minutes) took less time than females

(21.56 minutes) to complete the tasks. Task completion time coding can be found

in Appendix D (Table D.8).

ANCOVA analysis:



47

Gender Self-efficacy score Task score Total time (Avg min) Tinkering count

Females 61.67 (avg) 228.3 21.56 29
Males 76 (avg) 350 12.45 46

Table 4.4: Self-efficacy score, total task score and task time versus gender while
using the PR2 robot.

1. Video gaming experience showed significant interaction (F-value (1,10) =

6.61, p-value = 0.030) on task time with gender as factor.

2. ANOVA analysis on task time (dependent), self-efficacy, and gender (factor)

revealed significant difference (F-value (1,10) = 5.16, p-value = 0.049).

For further verification, we test for correlation coefficient between task time

and self-efficacy. But there was no significant (p-value = 0.2697) correlation be-

tween them. Also there was no significant correlation between task time and video

gaming experience (p-value = 0.095). These results show that task time is influ-

enced by self-efficacy and video gaming experience. This may be caused by the

fact that users who play video games are probably comfortable using joysticks (as

mentioned by users) which may reduce task time. Self-efficacy, task score, task

time is given in Table 4.4.

4.4 Tinkering and gender in robot interaction (RQ4)

RQ4: Are there any gender differences about tinkering with the robot?

Null Hypothesis (H0): There is no gender differences about the tinkering with a

robot.
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We will discuss how we code for tinkering from pre-task and task session and

analyzed the data in the following sections.

4.4.1 Measuring tinkering from pre-task session

To understand tinkering from gender perspective, we asked participants the

following open ended question before doing anything with the robot to understand

their mental models.

”How often do you play with a new hardware device? Why? Why not?”

Responses were qualitatively coded by the researcher. A few responses are given

in Table 4.5. We code for i) playful: when a response contains keywords as

“fun”,“play”,“enjoy”, “tinker”, “love trying” etc. ii) not-playful: when a response

demonstrates a negative approach about playfulness towards a new device (exp.

“not much”, “not often”). Data and associated codes can be found in Appendix

D (Table D.1). After categorizing all the responses, we applied statistical tests

to analyze our data and validate our hypothesis. We discover that, males exhibit

more of a playful mindset when it comes to using a new hardware device. On the

other hand, females exhibit more of a negative attitude towards playing with new

hardware devices. Fisher exact test on our data indicates (p-value = 0.0021**)

this difference. Statistical results indicates that there exists significant gender dif-

ference when it comes to playing with new hardware devices, thus we reject the

null hypothesis (H0). This finding is congruent with previous researches of tinker-

ing on the effectiveness of debugging software, in scientific education, learning and
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Gender Quotes

Male “I love trying new devices such as VR, tablets, smart watches.”
Male “Often, because it is fun.”
Female “I dont play with new hardware device, I am a peoples person.”
Female “Almost never. I am not tech savvy at all.”
Female “I dont have a lot of money.”
Male “I love to play with all new gadgets come up in the market.”

Table 4.5: Response from open ended question about tinkering across genders.

development [9, 52, 69].

4.4.2 Measuring tinkering from task session with PR2 robot

In our research, we defined tinkering as “playful experimentation” with the

robot. We allowed participants to use three basic controls (open/close fingers,

moving hands, arm movements), which in turn provides users limited features to

tinker with. Therefore, its not what features users chose to use, instead the differ-

ent ways users completed given tasks is termed as tinkering.

In this part of data analysis, we code video data for the task session (task session

described in section 3.7). To compute “tinkering count” we used the following

definition:

“whenever participant use a different approach to complete the task using

robot” is defined as an instance of tinkering. We call an approach different if

users use any of the following:

1. Using one robot hand (left or right) vs both hands.



50

2. Picking object from top/bottom/side (in case of tall objects for example).

3. Robot claw position horizontally/vertically for left/right/both hand (for ob-

jects with small/no height).

4. picking up objects using its tip/body/handle/stem.

For example, Figure 4.10 and 4.11 shows a participant trying picking up

a bowl from side and top respectively. The participant (shown in Figure 4.10)

realized that he/she chose a wrong approach and then corrected his/her approach

for the task (shown in Figure 4.11). We count for distinct tinkering instances.

Since the robot has only 2 fingers compared to robots having 5 fingers, the number

of choices users had was fairly small. More tinkering examples can be found in

Figure 4.12. Figure 4.13 shows an example where a participant was not tinkering,

in other words changing his/her approach to pick up the wine glass.

We simply count those instances from video data, where the audio gives context

of that tinkering event. We then summed up these events across all the tasks for

each participant, this gives us tinkering score. Codes can be found in Appendix D

(Table D.2). Coded data can be found in Appendix D (Table D.3). The coded data

is then statistically analyzed and plotted (shown in Figure 4.14). We found that

there exists gender difference in how much male and female tinker with the robot,

so we reject null hypothesis (H0). We applied ANOVA on our rank transformed

data. One-way ANOVA (F (1,10) = 13.158, p-value = 0.0046326 **) revealed

significant gender difference while tinkering with robot.
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Figure 4.10: Tinkering example. Picking up a bowl from the side of the bowl.
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Figure 4.11: Tinkering example. Picking up a bowl by the tip of the bowl.
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Figure 4.12: Tinkering while grasping wine glass (Object-stem-left, Object-
tip-left), scarf (claw-both, claw-horizontal-left), rose (claw,horizontal-left, claw-
vertical-left).

Figure 4.13: An example where a participant was not tinkering at all.
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Figure 4.14: Gender difference in tinkering with the PR2 robot for grasping task.

4.4.3 Result triangulation: tinkering in HRI and gender

It is a good practice to cross validate or use more than one source of data

to confirm findings in any research study. In this subsection, we are going to

summarize our research findings of tinkering while using robot. In section 4.4.1

we discussed our finding from open ended question in the pre-task session, and in

section 4.4.2 we discussed tinkering in the task session. Two different sources result

in congruent result. This is a form of methodological triangulation because (shown

in Figure 4.15) we obtain same result using different methods [47, 59, 53, 74]. The

methods are:

1. Analysis of open ended question (qualitative) and
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Figure 4.15: Tinkering with PR2 result triangulation illustration.

2. Analysis of tinkering count (quantitative) from observation of video data.

Therefore, we reject null hypothesis (H0) and conclude that there exist gender

difference in tinkering while using a robot that users have never used before.

Non parametric spearman’s correlation coefficient test showed a significant positive

correlation of 0.7345532 between tinkering and video gaming experience having (S

= 75.918 and p-value = 0.0065) with 95% confidence interval.

ANCOVA analysis:

We performed Analysis of Covariants (ANCOVA) with tinkering as the de-

pendent variable, gender as independent variable and video gaming experience as

covariate. In this case video gaming experience had significant (p-value <2e-16

***) effect on tinkering.
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4.4.4 Task success, tinkering and gender in robot interaction

We are going to discuss several test results that we performed to determine

relationship among task success, tinkering and gender.

1. Non parametric spearman’s rho test also reveal a positive significant corre-

lation 0.7319251 between task score and tinkering (S = 76.669 and p-value

= 0.006807).

2. Then by fitting a linear model between task score as dependent variable

and tinkering (from open ended question) as independent variable we found

F(1,10) = 10.71, R2 = 0.517, p = 0.008404.

3. We fit a linear model on tinkering count (from task session), this test showed

a significant correlation (F(1,10) = 4.645, R2 = 0.317, p-value: 0.05). This

result is shown in Figure 4.16.

ANCOVA analysis:

1. We performed ANOVA with task score as dependent variable, tinkering as

independent variable and gender as a factor. The result indicates p-value =

0.0084. Therefore tinkering may have impact on task success. Males tinker

more, so this could be a possible explanation for their high task success

comparing to females.
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Figure 4.16: Task success using PR2 and how it relates to tinkering count.

2. We then checked for a combination of video gaming experience, tinkering,

gender as independent variable and their impact on task success (dependent

variable). ANCOVA indicated no significant difference in this case.

A possible explanation for positive correlation between task success and tinkering

could be that users who tinkered more possibly changed their approach to the task

quite often. In the video, we observed that males changed their approach very

frequently to complete the task, i.e. they decided to move on to a new strategy

when a previous strategy failed. This lead to males greater task success than

females (who tinkered less).
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Figure 4.17: Total task completion time how it relates to tinkering count illustra-
tion.

4.4.5 Task time, tinkering and gender in robot interaction

1. Non parametric Spearman’s rho test also reveal negative -0.7724873 corre-

lation between task time and tinkering (S = 506.93 and p-value = 0.0032)

with 95% confidence interval.

2. Then we fit a linear model on task time as dependent and tinkering as inde-

pendent variable, we obtained F(1,10) = 17.21, R2 = 0.6324, p = 0.001986.

This correlation is shown in Figure 4.17.

ANCOVA analysis:
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We computed ANCOVA on task time as dependent variable, video gaming

experience as covariate, tinkering as independent variable and gender as factor.

This test revealed significant interaction between tinkering and task time which

we mentioned earlier.

Total tinkering count, task score, task time is given in Table 4.4. Negative correla-

tion between task completion time and tinkering can be explained by the fact that

males changed their approach to a task more frequently than females (observation

from video). They took less time in deciding if an approach did not work, they

switched fast to a different approach, that’s why males took less time than females

to complete given task.
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Chapter 5: Discussion and Threats to Validity

From our background research we have come to know that there has been

significant amount of research that has been done to understand users informa-

tion need, information processing style, self-efficacy, tinkering in education, social

psychology and computer related problem solving. These studies report gender

differences in these factors. But there is almost no research that tried to under-

stand these factors in human robot interaction (HRI). In this research, we took

this initiative to broaden our understanding of the aforementioned factors in HRI

domain by examining users operating a humanoid robot from distance (robot tele-

operation) from gender perspective. Previous researches have looked into gendered

humanoid robots in persuasion, eliciting information, social facilitation and how

they influence different gender (males and females). All these findings are signifi-

cant from because of the future application of robots (discussed in section 2.2).

We discovered several significant findings from this research study. We tested

our results with both parametric and non-parametric tests. Parametric test showed

similar results to non-parametric test (statistical significance) but we report only

non-parametric test result in our final analysis. We performed our non-parametric

tests by first rank transforming our data and then applying ANOVA. We will now

briefly discuss our research findings.

Gender difference in information need and self-efficacy are validated using
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non-parametric ANOVA test. Gender difference in information processing style

and tinkering has been cross validated by methodological triangulation (both qual-

itative and quantitative). Correlation between video gaming experience and self-

efficacy, video gaming experience and tinkering, tinkering and task score, tinkering

and task time are tested using correlation tests (non-parametric Spearman’s rho

test). Moreover, we had equal number of males and females in our study that

eliminates errors due to unequal sample size.

In this study, we found that female participants asked for more information

(strategy, feature, functionality) than male participants (strategy) for using the

robot. This goes back to the research of Meyers levy’s [62] processing strategies

where she mentioned that females engage in more detailed elaborative processing

of all available cues, and males use of heuristic based processing. It is statistically

significant that females asked for more information than males on how to use the

robot both by the number of categories of questions asked and the number of ques-

tions asked.

In our study, females processed information for using the PR2 robot com-

prehensively (gather, gather, gather, ... do, do, do) and males used systematic

processing (gather .. do, gather .. do, gather .. do). Background research in

processing strategies indicates that females are more concerned about others, but

males are more goal (self) oriented. This can be backed up using evidence from

the environment where we were brought up. Females are generally brought up in

a structured environment (where they are given instruction) and males are often

grow in an unstructured environment (where they learn to grapple). Parenting,
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mother’s and father’s attitude towards their girls and boys often plays a role in how

different gender processes information. All these evidence contributes to females

include and covering everything style of processing, and males select what looks

best at the moment of selective processing [83].

Our results show that males had greater self efficacy than females when it

comes to complete the given tasks using robot. Males had more video gaming ex-

perience. And video gaming experience is correlated with self efficacy (positively).

ANCOVA test indicates self-efficacy and video gaming experience might influence

task time. We found no relation between self-efficacy and task score.

We found that males in our study tinkered more often than female. This find-

ing is congruent with previous research about tinkering in software literature and

education. From video we observed that males tend to frequently changed their

approach to a given task if a previous approach did not work in the first place.

This probably lead them to higher success and complete task in less time. Video

gaming experience is correlated with tinkering. We found tinkering is correlated

with task score (positively) and task completion time (negatively).

We wanted to measure participants attitudes towards risk by asking a 10-

point liker scale type question in the post-task session (Appendix B). The question

was:

Q-2 “How often did you make any risky move that you were not sure of?” 1 2 3 4

5 6 7 8 9 10

We computed summation of these responses (male = 35, females = 32). Rank

transformed ANOVA showed no significant (F (1,10) = 0.096502, p-value = 0.76245)
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gender differences for attitudes towards risk with a robot. This can be explained

by the fact that we actually gave no task that actually requires risk taking, thus

measuring it was almost impossible.

For measuring motivation for using the robot we asked an open ended ques-

tion in the pre-task session (Appendix A). The question was:

“Suppose you are given a good sum of money, would you buy this robot? Mention

why/why not?”

After qualitative coding of the responses, we found that 7 participants showed

motivation for buying the robot for various reasons (clean bed, doing repetitive

tasks etc.). 3 participants response was a clear no. And 2 participants responded

yes/no, meaning that their response was conditional. So we could not come up

with a conclusive result for motivation.

As with any qualitative research, our study is not free from threats. The fol-

lowing section describes potential threats that can invalidate our research findings.

5.1 Threats to Validity

Validity of any research indicates whether we are measuring the right things to

answer our research questions. No empirical study is free from threats. In the

following subsections, we are going to discuss internal, external, construct and

conclusion threats to our study.
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5.1.1 External Validity

External validity refers to the fact that whether findings from our experiment

is generalizable or not [15, 31, 74, 89]. To avoid demographic bias we made our

study open to all. But eventually only students reached out and showed interest to

participate in our study. Thus, our result may not be generalizable across different

demographics due to small sample size of only 12 participants (6 males and 6

females). The results may not be representative of different age groups as well.

Moreover, there could be bias associated with researcher gender. We select a mixed

of easy and complex tasks, complexity of the task may lead to unprecedented bias.

5.1.2 Internal Validity

It refers to the risks that may hinder the causal relationship between depen-

dent and independent variables [15, 31, 74, 89]. Our participants had no previous

experience with robots, but they had experience with video games. Males and fe-

males had significantly different video gaming experience. To eliminate the chance

that video gaming experience might influence our experiment result, we used video

gaming experience as covariates in all ANCOVA analysis. We also test our result

with multiple statistical methods and methodological triangulation but we only

report on non-parametric results. Only after cross validation we reported our

research finding.
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5.1.3 Construct Validity

It is associated with the risk that whether the theory and the operational

measures taken reflect the mind set of the researcher and what is being asked in

the research questions [15, 31, 74, 89]. To measure self-efficacy and information

processing style we used pre-existing standard questionnaire from literature after

slight modification (with no modification of scaling). Information need is measured

from response to an open ended question. For measuring tinkering we asked open

ended question and used observation of video data. This eliminates the probability

of having construct threat to our study.

5.1.4 Statistical Conclusion Validity

Conclusion validity refers to the threat associated with the incorrect assump-

tions before we statistically test a relationship between two variables [15, 31, 74, 89].

Our sample size was small but had equal number of males and females. This avoids

problems associated with unequal sample size. We rank transformed our data and

then applied ANOVA. We test each relationship with multiple statistical tests and

triangulated results. We reported correlation between tinker, task success and task

time after multiple correlation test reports its significance. Moreover, we used co-

variates in all our ANCOVA’s. Every result is tested using multiple approaches

and methodological triangulation which certainly validates our findings.
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Chapter 6: Conclusions and Future Work

In this chapter, we are going to summarize findings from our empirical re-

search based investigation. We used both qualitative and quantitative data anal-

ysis methodologies. We will discuss our research findings and future scope in two

separate sections.

6.1 Conclusion

In this study we tried to understand users information need, information

processing style, self-efficacy and tinkering, and how they influence task success

and task completion time using the PR2 robot that they have never used before

from gender perspective. Results from our research is summarized as below.

1. RQ1: We found that information required for task completion for using

robot falls under three categories. They are feature, strategy, and function-

ality. This finding is useful from the robot design perspective. Our result

indicate significant (statistically) gender difference about the amount of in-

formation needed on how to use a robot (both by number of categories of

questions and number of questions). Our study results show that females

asked for more information compared to males. Males wanted to know about

“strategy” and “feature” related information, whereas females asked for “fea-
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ture”,“functionality” as well as “strategy” related information before using

the robot. This finding is congruent with social cognition literature that

dictates that as the basis of judgment males rely on cues that are highly

available and females relied more on all the available cues [82].

2. RQ2: We found statistically significant gender differences in the way males

(selectively) and females (comprehensively) processed information while per-

forming object manipulation task using PR2 robot. This finding is consistent

with existing literature of processing strategies. We validated this outcome

using methodological triangulation. First, using quantitative analysis of post

task questionnaire (10-point likert scale) responses and then qualitatively an-

alyzing open ended question responses in the pre-task session.

3. RQ3: Difference in the self-efficacy score in our study result indicates that

male participants were more confident about manipulating the robot than

our female participants. They took less time, achieved greater task success.

This finding is consistent with self-efficacy literature in math education and

computer problem solving such as debugging. Bandura et. al. reports that

people with greater self-efficacy result in task persistence, amount of effort

put and result in higher task performance [4]. We found no significant corre-

lation between self-efficacy with task success, and self-efficacy and task time.

ANOVA indicates self-efficacy might influence task time. Spearman’s non-

parametric test indicates that video gaming experience and self-efficacy are

strongly correlated.
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4. RQ4: We found that there exist significant gender difference in the willing-

ness to play or tinker with a new hardware device. Males are more willing

to play with new hardware device than females. ANOVA test result indicate

that playfulness probably have result in males to perform better in given task

than females. This has been confirmed by Pearson and spearman’s correla-

tion test. There exist a positive correlation between video gaming experience

and tinkering, but video gaming experience has no correlation with task suc-

cess or task time. Tinkering is positively correlated with task success and

negatively correlated with task time. Therefore, increase in tinkering may

have result in higher task success and reducing task completion time with

the robot.

6.2 Future work and implications

We have the following research implication and future opportunities.

• Grasping is still considered a hard problem in human robot interaction. That

is one reason that the outcome from this research can be useful for building

intelligent user interfaces that provides the right information need at the

right time.

• Signifier and affordance is an important usability concept. Unfortunately,

not all design support them. This makes a design usable for one group

while not usable by the other. We already discussed that using GenderMag

personas helped companies to fix inaccessibility issue within their software.
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Similarly, persona can be tested for usability of robots. This is an open

research direction.

• Knowledge gained from this study can benefit design of robots that are gender

inclusive, i.e. accessible to a wider range of population that enable greater

user experience.

• This research clarifies the fact that males and females use robot differently.

Before robots make their way to our homes, we need to make sure that

whether we are making then with sufficient user concern from useful and

usable point of view. Testing robots with different groups of people (adults,

senior citizens etc.) might help improve its acceptance at a faster pace than

it is right now.

• In future, we would like to extend our study by incorporating more complex

tasks with wide range of different population. Furthermore, robots gender

and how it influence males and females task behavior would be interesting

to research as well.

• We did not find any conclusive outcome in risk taking probably because we

asked/phrased the question wrong or with not enough information which

provides better context. This is an open research scope. The same goes for

motivation as well.
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Appendix A: Pre-task Session Questionnaire

Pre-task form

Please write down the following information:

Age

Gender

Degree major

Video gaming experience

Often in our jobs we are told to use hardware that are available to make our

work easier. For the following questions, imagine that you were given a robot for

some aspect of your work. It doesn’t matter specifically what this robot does, only

that it is intended to make your job easier and that you have never used it before.

The following questions ask you to indicate whether you could use this unfamiliar

robot under a variety of conditions. For each of the conditions, please indicate

whether you think you would be able to complete the job using the robot. Then,

for each condition that you answered “yes”, please rate your confidence about your

first judgment, by circling a number from 1 to 10, where 1 indicates “Not at all

confident”, 5 indicates “Moderately confident”, and 10 indicates “Totally confi-

dent”.

I could complete the task using robot ...
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Imagine that you are asked to move a delicate expensive flower vase on

the table using the PR2 robot. Now write down answers to the following questions

for moving the flower vase using robot.

Q1. What information do you need to complete the task using robot?

Q2. Suppose you are provided with a handout and a video on how to use the

robot. Which option would you choose? And why?

Q3. How are you going to use the information provided in the handout and the

video?

Q4. Suppose you are given a good sum of money, would you buy this robot?

Mention why/why not?

Q5. How often do you play with a new hardware device? Why? Why not?

Q6. How likely are you going to experiment with the robot to complete the given

task?
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Appendix B: Post-task Session Questionnaire

Post-task form

Now that you have used the robot to complete given tasks please answer the fol-

lowing questions. Your answer should be based on your experience with the robot

and the materials (handout and video) provided on how to use the robot. For each

condition that you answered “yes”, please rate about your first judgment, by cir-

cling a number from 1 to 7, where 1 indicates “Slightly”, 4 indicates “Moderately”,

and 7 indicates “Absolutely”.
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Answer the following questions based on your experience with the final task .

Q1. What information did you use to complete the task?

Q2.How did you use that information?



86



87

Appendix C: Handout Tutorial

1. You will be using the following robot shown in Figure C.1. The

robot is ready to perform tasks.

2. To perform given tasks, you will need to know only the following

and feel free to ask any questions that you might have.

• To perform the tasks (moving several objects), you have to move robot

arm, hand, and fingers. Heres the reference point device shown in Figure

C.2, you will have to make sure you are standing beside this device to

control the robot.

• While performing the task please be cautious and make sure that the

robot hands doesnt hit each other or with anything else.

• You can also ask for a video where you will see how PR2 is operated by

a human. And/or choose to use this handout.

• You have to use one/both joysticks (for left and right hand) shown in

Figure C.3 and instruction is provided in Figure C.4. Please make sure

you understand the functions of each buttons (only marked ones) of the

joysticks for correct operation.
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Figure C.1: PR2 robot with its hand in a certain pose.
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Figure C.2: Reference point device working (green color light on).
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Figure C.3: Joystick for moving robot arm, hand and fingers.
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Figure C.4: Joystick control description.
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Appendix D: Data and Coding

Tinkering open-ended question response and coding:
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Gender Quotes Code

Male “I love trying new devices such as VR, tablets, smart watches.” pf
Male “Often, because it is fun.” pf
Female “I dont play with new hardware device, I am a peoples person.” np
Female “Almost never. I am not tech savvy at all.” np
Female “I dont have a lot of money.” np
Male “I love to play with all new gadgets come up in the market.” pf
Male “I Try out new device once a month, use ardunio .” pf
Male “I love to see how technology is developing and understand how to use it.” pf
Male “Its fun and interesting to use.” pf
Female “Not much.” np
Female “Not often.” np
Female “Not often, they are expensive.” np

Table D.1: Response from tinkering open ended question and coding (playful =
pf, not-playful = np).
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Codes Description Object

Top-left/right Pick up object from top using left/right hand Wine glass
Stem-left/right Pick up object from bottom using left/right hand Wine glass
Tip-left/right Pick up objects tip using left/right hand Plastic bowl
Body-left/right Pick up object body with left/right hand Wine glass
Claw-horizontal-left/right Left/right claw placed horizontally Rose, scarf
Claw-vertical-left/right Left/right claw is placed vertically Rose, scarf
Claw-both When using both the hands Scarf

Table D.2: Tinkering codes with object annotation.

Codes used for tinkering from video:
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Gender Bowl Rose Wine Glass Scarf Total Tinkering Count

Male 1 2 3 2 8
Female 1 1 2 1 5
Male 2 1 2 3 8
Female 1 1 1 2 5
Female 1 1 1 1 4
Male 1 3 1 6 11
Female 2 1 1 2 6
Male 2 1 1 3 7
Male 2 1 1 1 5
Male 1 1 2 3 7
Female 1 1 1 2 5
Female 1 1 1 2 5

Table D.3: Participant’s tinkering count summary while performing tasks using
robot to manipulate various objects.

Coding summary of tinkering with robot from video data:
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Gender Questions Asked

Male N/A
Female “how to turn it on? How to control it?”
Male “how to move the robot? How to access handling parts?”
Female “how the robot moves?”
Female “How I give it commands?”
Male “How do I move the arm? How do I open the claw? How do I rotate the claw? ”
Female “How it works? ”
Male “how to move the objects? How to do so slowly?”
Male “How to hold the vase?”
Male N/A
Female “How to start the robot?”
Female “How to respond to it and how it responds back?”

Table D.4: Strategy type question asked by participants as response to open ended
question..

List of Strategy questions asked for using the robot:
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Gender Questions Asked

Male N/A
Female “how fast it moves? Which directions the arms move?”
Male N/A
Female “how far the robot may have to travel to be in front of the object? ”
Female “what it uses to grab stuff?”
Male N/A
Female N/A
Male N/A
Male “how fragile the vase is?”
Male N/A
Female “what keys to use? Which button do each task?”
Female “how big the object is so to accommodate the robots hand to pick it up?”

Table D.5: Feature type question asked by participant as response to open ended
question.

List of Feature type questions asked for using the robot:
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Gender Questions Asked

Male “How fast it rotates?”
Female “how its hands function?”
Male N/A
Female “how capable it is to pick things correctly?”
Female “How it moves across the floor? How it put stuff down?”
Male N/A
Female “How accurate are the controls are?”
Male N/A
Male N/A
Male If there’s overshot, where to stop it?
Female “How sensitive the controls are?”
Female “Whether or not robot would have to rotate itself?”

Table D.6: Functionality type question asked by participant as response to open
ended question.

List of Functionality type questions asked for using the robot:
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Gender Bowl Rose Wine Glass Scarf Total

Male 100 0 100 80 280
Female 100 100 100 20 220
Male 100 100 80 80 360
Female 100 100 20 0 220
Female 100 100 0 0 200
Male 100 100 100 80 380
Female 100 100 0 20 220
Male 100 100 100 100 400
Male 100 100 100 100 400
Male 100 100 0 80 280
Female 0 100 0 20 120
Female 100 100 0 80 280

Table D.7: Task score summary while performing tasks using robot to manipulate
various objects.

Coding summary of task score from video data:
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Gender Bowl (sec) Rose (sec) Wine Glass (sec) Scarf (sec) Total (sec) Total (min)

Male 97 201 234 197 918 15.30
Female 115 264 508 176 1063 17.71
Male 202 134 131 148 615 10.25
Female 92 243 334 806 1475 24.58
Female 170 403 153 689 1415 23.58
Male 92 144 33 833 1102 19.36
Female 383 213 312 557 1465 24.41
Male 130 77 75 178 460 7.66
Male 154 269 86 121 630 10.5
Male 159 136 153 309 757 12.61
Female 40 576 30 741 1387 23.11
Female 91 257 220 388 957 15.95

Table D.8: Task time summary while performing tasks using robot to manipulate
various objects.

Coding summary of task time from video data:




