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1 Introduction

Human-Robot Interaction (HRI) is a rapidly advancing area of research, and as such
there is a growing need for strong experimental designs and methods of evaluation
[1]. This brings credibility and validity to scientific research that involves humans as
subjects, such as those established in psychology and the other social sciences. Two
primary concerns observed in HRI studies are (1) the lack of appropriate sample
sizes that closely represent the populations being studied and has sufficient statisti-
cal power, and (2) the lack of three or more methods of assessment used to obtain
convergent validity in HRI studies [21, 30, 32].

The focus until recently in HRI was on the development of specific robotic sys-
tems and applications while neglecting methods of evaluation and metrics. Some
methods of evaluation have been adopted and/or modified from such fields as hu-
man-computer interaction, psychology, and social sciences [32]; however, the man-
ner in which a human interacts with a robot is similar but not identical to interactions
between a human and a computer or a human interacting with another human. As
robots become more prevalent, it will be important to develop accurate methods to
assess how humans respond to robots, how they feel about their interactions with
robots, and how they interpret the actions of robots, in addition to how they may
operate robots [1, 3, 9, 6].

There are five primary methods of evaluation used for human studies in HRI:
(1) self-assessments, (2) interviews, (3) behavioral measures, (4) psychophysiology
measures, and (5) task performance metrics [3, 7, 9, 21, 32, 6, 49]. From the review
of HRI literature, it appears the most common methods used in HRI studies are
self-assessment, behavioral measures, and task performance metrics. There is lim-
ited research in the use of psychophysiological measures and interviews. Though
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using psychophysiological measures seems to be increasing in its use in HRI. A
cautionary note, there has been an increase in the use of psychophysiological mea-
sures with the claims that this method can be used to identify specific emotions
just from physiological measures, and physiology signals measure levels of arousal
and not valence or how positive or negative a person is feeling. Therefore, it is not
possible from the physiological signals alone to determine specific emotions such
a happy or to distinguish between surprise and anger, which are both high arousal
emotions. Arousal levels are the intended method of measurement for physiolog-
ical measures [12]. Each method of evaluation has advantages and disadvantages;
however the disadvantages can be overcome by using more than one method of
evaluation [3, 9, 32, 6].

The design of quality research studies for use in HRI applications with results
that are verifiable, reliable, and reproducible is a major challenge [1, 6]. The use
of a single method of measurement is not sufficient to interpret accurately the re-
sponses of participants to a robot with which they are interacting. Steinfeld et al.
describe the need for the development of common metrics as an open research issue
in HRI [49]. This is still an issue today, though more researchers are dedicated to ad-
dressing this important issue to improve the quality of HRI research. Until recently,
the discussion for the development of common metrics for HRI has been oriented
toward an engineering perspective and this does not completely address the social
interaction perspective. Both the engineering and social interaction perspectives re-
quire further investigation to develop standard and common metrics and methods
of evaluation. There is a significant need for new methods and metrics to advance
and validate the field of human-robot interaction [33]. There are some social science
researchers that are working toward establishing methodological approaches to HRI
[15]. There is a strong need to explore longitudinal studies in real-world settings
moving studies away from lab settings with college-aged students and convenience
samples [17, 33].

This chapter begins with a discussion of some related work on experimental de-
signs and methods used in HRI. There is a brief summary of terminology and related
information presented in Section 3. Next, is a discussion of the process of planning
and designing a human study in HRI in Section 4. This section covers how to de-
termine the type of study to use, number of participants, and methods and measures
of assessment (advantages and disadvantages). Additionally, there is a discussion of
how to design a high-fidelity study site, selection of robots and other equipment, find
assistants to conduct the study, recruit the required number of participants, devel-
opment of contingency plans to deal with failures, and preparation of Institutional
Review Board (IRB) and/or ethics documents. In Section 5, illustrative examples are
drawn from a large-scale, complex, controlled human study in HRI using 128 partic-
ipants and four methods of evaluation in a high fidelity, simulated disaster site. The
focus of this study was to determine if humans interacting in close proximity with
non-anthropomorphic robots would view interactions as more positive and calming
when the robots were operated in an emotive mode versus a standard, non-emotive
mode. Section 6 summarizes three categories of recommendations for designing and
executing large-scale, complex, controlled human studies in HRI using appropriate
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samples sizes with three or more methods of evaluation, and discusses how improv-
ing experimental design can benefit the HRI community. Portions of this chapter
come from two previous articles published by the lead author [5][6].

2 Survey of Human Studies for HRI

This section summarizes a representation of previous human studies conducted in
HRI that employ at least one of the various methods of evaluation, and in some
cases more than one method of evaluation was utilized in the studies. One issue ob-
served with these studies is that sample sizes are often relatively small, and therefore
may not have been representative of the population being investigated, which may
have influenced the results. There needs to be an appropriate sample size used in
order to have sufficient statistical power to make claims and generalize the results
obtained from the data collected [6]. In some cases with smaller sample sizes statis-
tical significance appears to be achieved; however the results then only apply to that
particular population and do not generalize to a larger or different population.

The most commonly used method of evaluation observed in HRI studies has been
self-assessments. In general, most of the studies in HRI include some form of ques-
tionnaire or survey; however in some cases, the researchers add other methods of
assessment such as video observations and coding (although the results are often
not presented for this data), psychophysiology measurements, and/or task perfor-
mance measures. A thorough evaluation of three years of human-robot interaction
papers was conducted by Baxter ef al. with recommendations provided by the au-
thors for areas of improvement when conducting human studies in HRI. Their first
recommendation was to not only have larger sample sizes, but to ensure that these
samples are consistent with the domain and application area being explored (e.g.,
using children for child HRI, using elderly when investigating the impact of robots
in nursing homes) [2]. It is important to not conduct studies using a convenience
sample of college-aged students especially when investigating topics that are not
relevant to that population. Their second recommendation is to take the experiments
out of the laboratory controlled setting and move them into the real-world or in the
wild in order to establish ecological validity [2]. The third trend in HRI studies is
that studies are conducted typically in hours and at most a few days. It is important
when determining the impact of robots, that longer-term interactions are observed
and evaluated to have a better understanding of how people respond to robots once
the novelty effect wears off [2, 17]. Another significant issue is how statistics are
reported. Baxter et al. discuss the use of p-values as the standard for statistically
significant results. It is important to also include the actual statistics, descriptive
statistics, and also include the effect size calculations for all statistically significant
results with a scale for the interpretation of the effect sizes [2, 6]. This information
provides details on how much of an impact the statistically significant results may
have. There is typically a test for effect size for most statistical tests and it may re-
quire some manual calculations, but should always be included with all statistically
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significant results reported. The final point made in the paper by Baxter et al. is that
studies should be designed and reported for future replication by the HRI commu-
nity. There needs to be sufficient details provided so that others can replicate the
procedures for any HRI study and it would be expected that those results should be
consistent. This is rarely performed and needs to be more carefully considered.

2.1 HRI Study Examples

Dautenhahn ef al.: One of the more comprehensive studies performed by Daut-
enhahn et al. utilized self-assessments, unstructured interviews, and video obser-
vations from one camera angle [18]. The study included 39 participants from a
conference venue and 15 participants that were involved in a follow-up study in a
controlled laboratory environment. In this study, the researchers were able to obtain
statistically significant results [6].

Moshkina and Arkin: Another study that incorporated multiple methods of
evaluation was performed by Moshkina and Arkin [37] in which they used self-
assessment measures including a measure commonly used in psychology studies
called the Positive and Negative Affect Schedule [52]. Video observation and cod-
ing were performed, though results were not presented. Their study included 20
participants in a controlled, laboratory setting. The study results were mixed and
may have been more conclusive had a larger sample size been used [6].

Mutlu ef al.: A study conducted by Mutlu et al. used both task performance
measures and self-assessments [39]. The sample size for this study was 20 partic-
ipants and the results were mixed. One hypothesis showed statistically significant
results; however other items of interest were not statistically significant. The results
may have been different had a larger participant pool been utilized. The use of larger
samples sizes makes it possible for smaller effects to be discovered with significance
[6].

Kuli¢ and Croft: One of the larger studies in HRI to use psychophysiology
measurements along with self-assessments was conducted by Kuli¢ and Croft with a
sample size of 36 participants [34]. Multiple psychophysiological signals were mea-
sured which is highly recommended for this type of study for reliability and validity
in the results [3][7][29][32][36][43][45]. As a result of having a larger participant
pool than previous studies, they found statistically significant results and were able
to discover the best psychophysiology measures to determine valence and arousal
responses from participants. The results may have been even more prominent with a
larger sample size [6]. A major issue is the use of physiological measures for deter-
mining valence. These signals are intended to measure arousal, and are not intended
to determine specific emotions or valence of a participant. There is a growing trend
to use these measures for determining specific emotions through the use of machine
learning, and this is not what these measures are intended for or accurately measure.
Facial coding could be used to determine the actual emotional expression of the par-
ticipant, but it is really not possible to identify specific emotions with any accuracy



Conducting Studies in Human-Robot Interaction 5

through the use of physiological measures alone (e.g., heart rate, respiration, skin
conductance response, etc.) [7, 9].

Mutlu et al.: They conducted a study using two groups, with the first having
24 participants and the second having 26 participants for a total sample size of
50 [40]. The study relied heavily on the use of self-assessments developed from
their previous studies and adapted from psychology. The study found that several
of the human-human interaction scales were not useful in human-robot interaction
activities. The results may have been different had a larger sample size been utilized,
which was also mentioned in their conclusions.

Fisicaro et al.: More recently, Fisicaro et al. [23] performed a preliminary
evaluation of plush social robots in the context of engaging people with neuro-
developmental disorders. Eleven medium-low intellectual functioning participants
listened to a story told by a human speaker one week and told by the ELE plush ele-
phant robot the next week. Behavioral measures of the time looking at the speaker
and the number of times the participant shifted focus away from the speaker in-
dicated that the ELE robot speaker was more engaging than the human speaker.
Though this study was conducted on a small sample, it illustrates that a larger study
of this type of interaction should be investigated in the future. It is still quite com-
mon to use smaller sample sizes, which limits the impact and generalizability of the
results of the research.

Vogt et al.: [51] examined the effects of a social robot added to a tablet computer
application designed to teach new English vocabulary words to young children. In
total 194 children participated in the study, which involved seven sessions taking
place over a three-week time period. Depending upon condition, participants expe-
rienced vocabulary lessons administered by the tablet application alone, the tablet
application and a robot using iconic gestures, the tablet application and a robot not
using iconic gestures, or were part of a control group that danced each week rather
than learning English vocabulary. Performance was measured using two translation
tasks and a comprehension task within two days of the final session and again within
two weeks of the final session. Statistical comparisons between groups indicated
vocabulary gains for all groups (except the control condition) and found that the
presence of a social robot did not significantly affect the level of vocabulary gains
achieved by participants. This is a good example of using a larger sample size with
appropriate participants. It is also good that the study was conducted over multiple
sessions versus a single interaction. This reduces the impact of any potential novelty
effects. In this case, having a larger sample likely would not provide any additional
knowledge and indicates the importance of having an appropriate sample size for
the research.

Conti et al.: [16] recruited fifty-two students from the same kindergarten and
visited the children’s school for three sessions throughout a three-week period. The
sessions were held in a classroom with their teacher to insure the children felt com-
fortable.

During the first session, children were asked to design a robot and given a blank
piece of paper, colored pencils, and encouragement to discuss robots with their
peers. Once the drawing was completed, each child participated in an interview
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and answered open-ended questions about the characteristics he or she attributed to
the robot. The second session consisted of interacting with the Softbank Robotics
humanoid robot, Nao. In the study, the robot introduced himself, danced and played
music, and told the children a story. In the third and final session, children were
again asked to design and draw a robot, then completed the same interview process
as the initial session.

After analyzing the children’s responses and drawings, the researchers found that
after meeting the robot, children included more colors in their designs. They ob-
served a ten percent decrease in reports of aggressive behaviours performed by the
robot when asked “What is the robot doing?” and an overall positive reaction and
decrease of distress regarding meeting a robot. The researchers emphasized that an
early introduction to robots can facilitate positive perceptions of robots and tech-
nology. Because of this being a vulnerable population, this study represents a larger
sample size. The study may have more impact with more participants; however this
demonstrates the benefit of larger samples and repeated measures over time versus
a single interaction.

Chien et al.: [13] recruited twenty-four younger (20 to 24 years) and twenty-four
older (59 to 86 years) participants to compare implicit and explicit attitudes towards
assistive robots. The study measured explicit attitudes using self-report question-
naires and implicit attitudes via an implicit association test 1AT) [27].

Prior to interacting with a Zenbo home robot, participants completed self-report
surveys that included: Negative Attitudes toward Robots Scale (NARS) [41], Tech-
nology Acceptance Model (TAM) [19], and Subjective Technology Adaptivity In-
ventory (STAI) [31]. After interacting with the robot, participants completed these
measures again and completed an implicit association test (IAT) that examined pair-
ing the concept of robot or human with negative or positive words. IATs measure
the ability of and time taken for a participant to correctly categorize a stimulus that
appears on a computer screen. Shorter categorization times indicate a stronger as-
sociation between the two concepts. By asking participants to respond as quickly as
possible and balancing categorization conditions, social desirability biases in par-
ticipant responses can be avoided.

The results indicated that although both younger and older participants had sim-
ilar increases in explicit measures of positive attitudes towards assistive robots after
interacting with a robot, on average older participants had more implicit negative
associations towards assistive robots than younger participants. The sample size is
larger than several HRI studies, but may have benefited from having an even larger
population.

2.2 Summary

It is clear from previous studies conducted to date in HRI that standards need to
be established for conducting reliable and quality studies where methods of meas-
urement can be validated for use by the HRI community. It is essential to use three
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or more methods of evaluation to establish study validity. Additionally, it is im-
portant to determine the appropriate sample size necessary to obtain statistically
significant results. This can be accomplished with careful planning and using study
design techniques that are the state of practice in the psychology and social science
communities.

3 Terminology and Related Information for Conducting Human
Studies in HRI

This section contains terminology and background information needed for plan-
ning, designing, and conducting human studies in HRI. The information presented
will provide a general understanding of research methods and statistical terminol-
ogy to form a very basic foundation. For a more in-depth understanding it is rec-
ommended that readers refer to research methods and/or statistical textbooks (e.g.,
[211[26][28][35]).

Alpha level: the probability of having a Type I error, which occurs when the null
hypothesis is rejected and it is true.

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

Confound: any extraneous variable that covaries with the independent variable and
might provide another explanation for findings discovered in the study.
Contingency plans: plans that are developed for cases of failures or unexpected
events that were not part of the original design or plan (robot failures, equipment
problems, participants not showing up, etc.).

Control condition: one of the groups in an experimental design that does not re-
ceive the experimental condition being evaluated in a study.

Counterbalance: a procedure used in within-subjects designs that changes the or-
der variables are presented to control for sequence effects.

Dependent variable: the behavior that is evaluated as the outcome of an experi-
ment.

Effect size: the amount of variance in the dependent variable that can be explained
by the independent variable. The amount of influence one variable can have on an-
other variable. (Additional information and an example follow this terminology list)
Experimental condition: the group(s) in an experimental design that receive the
experimental condition being evaluated in a study.

Independent variable: the variable(s) that are manipulated by the experimenter and
is of interest.

Interaction: in a mixed-model factorial design, an interaction occurs when the ef-
fect of one independent variable that is manipulated depends on the level of a dif-
ferent independent variable.

Main effect: in a mixed-model factorial design, it is whether or not there is a statis-
tically significant difference between different levels of independent variables.
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Mixed-model factorial design: this type of design includes both between-subjects
and within-subjects design components.

Objectivity: this occurs when observations can be verified by multiple observers
with a high level of inter-rater reliability.

Power: the probability that the null hypothesis will be rejected when it is false. It is
impacted by alpha level, effect size, and sample size.

Reliability: the consistency in obtaining the same results from the same test, instru-
ment, or procedure.

Sample: a portion or subset of a population.

Type I error: occurs when the null hypothesis is rejected when it is true.

Type II error: failure to reject the null hypothesis when it is false. It occurs when
there is failure to find a statistically significant effect when it does exist.

Validity: a method of evaluation (test, instrument, procedure) that measures what it
claims to measure.

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

Effect size information.

The formula for calculating Cohen’s d effect (for statistically significant #-tests)
is [14]:

d=MM-M
(o}
where, d is the effect size index for t-tests of means in standard unit, M_1, M_2 are

the population means expressed in raw (original measurement) units, and o is the
standard deviation of either population (since they are assumed equal).

The scale used to interpret Cohen’s d effect is:

0.00 - 0.19 neglible effect
0.20 - 0.49 small effect
0.50 - 0.79 medium effect
0.80 + large effect

The formula for calculating Phi ¢ effect (for statistically significant Chi-Square
x? tests) is:

2
p=1/%
where, x? is the statistically significant result of a Chi-square test and n = the total
number of observations.
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The scale used to interpret a ¢ effect is:

0.00 - 0.09 neglible effect
0.10 - 0.29 small effect
0.30 - 0.49 medium effect
0.50 + large effect

The formula for calculating Cohen’s f effect (for statistically significant F tests)
is [14]:

F=Jdr ()

where, df = the degree of freedom for the numerator (number of groups - 1), F =
the statistically significant result of an F-test (e.g., from an ANOVA statistical test),
N = the total sample size.

The scale used to interpret Cohen’s f effect is:

0.00-0.09 neglible effect
0.10-0.24 small effect
0.25-0.39 medium effect
0.40 + large effect

The following is an example of an effect size calculation using a significant main
effect for arousal from the exemplar study:

The following F-test result is used to calculate the effect size: F(1,127) = 12.05.

7= 1039 =031

Based on Cohen’s scale, this is a medium effect.

4 Planning and Experimental Design

A successful human study in HRI requires careful planning and design. There are
many factors that need to be considered (See Fig. 1). When planning and designing
a human study in HRI the following questions should be considered:

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

e How many groups will be in the study?

e How many participants per group will be required?

e What methods of evaluation will be used (self-assessments, behavioral measures,
interviews, psychophysiological measures, task performance, etc.)?



10 Cindy L. Bethel, Zachary Henkel, Kenna Baugus

e What type of environment and space is required to conduct the study (field, lab-
oratory, virtual, etc.)?

What type of robots will be used?

How many different types of robots will be used?

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

How will contingencies and failures be handled?

What types of tasks will the participants perform or observe (Study Protocol)?
How will participants be recruited for the study?

What type of assistance is needed to conduct the study?

4.1 Type of Study and Number of Groups

The first step in designing a human study in HRI is to determine the research ques-
tion(s) and hypotheses. From the research questions the researcher can determine
how many groups are needed and whether the study design should be a within-sub-
jects, between-subjects, or a mixed-model factorial approach.

Within-Subjects Design: The most comprehensive approach is the within-sub-
jects design in which every participant experiences all of the experimental condi-
tions being investigated. The within-subjects design requires less time to conduct the
study because all experimental conditions can be performed in one session and there
is no waiting to run different participants through different experimental conditions
as observed in between-subjects designs. Within-subjects designs require fewer par-
ticipants, the variables remain constant across the different experimental conditions,
it increases statistical power, and reduces error variance. However, within-subject
designs are prone to confounds from demand characteristics, in which participants
make inferences about the purpose of the study in an effort to cooperate. Participants
may also experience a concept known as habituation or practice effect in which their
responses are reduced due to repetitive presentation of the same tasks or the robot
performs in a similar manner reducing the novelty effect the robot over time. Par-
ticipants are likely to be impacted by side effects of different events that can occur
during a study (e.g., robots breaking or behaving in ways that were not anticipated)
[47].

Between-Subjects Design: In a between-subjects design, participants experi-
ence only one of the experimental conditions. The number of experimental groups
depends on the number of experimental conditions being investigated [35]. A com-
mon reason for using a between-subject design would be the participants them-
selves may dramatically differ such as experiments that may evaluate human-robot
interactions for typically developing children versus children diagnosed with autism
or male participants versus female participants. In these situations, the participants
can be classified in only one of the groups. The results between the groups are
then compared. Between-subject designs are typically cleaner because participants
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Chronology of Planning, Designing, and Executing
a Human Study in HRI
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Fig. 1 The chronology of items required for planning, designing, and executing human studies in
HRIL
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are exposed to only one experimental condition and typically do not experience
practice effects or learn from other task conditions. The time to run the participant
through one condition is less than in a within-subjects design where the participants
experience all experimental conditions. The between-subjects design reduces con-
founds such as fatigue and frustration from repeated interactions with the robot. A
limitation of the between-subject design is that results are compared between the
groups, which can result in substantial impacts from individual differences between
the participants of the different groups. Therefore, it makes it more difficult to detect
differences in responses to the robots and Type II errors can be more prevalent [35].

Mixed-Model Factorial Design: A mixed-model factorial design uses both be-
tween-subjects and within-subjects designs. This can be useful when there are one
or more independent variables being investigated with a between-subjects design
and the other variables are explored through a within-subjects approach in the same
study. In this type of design, the variables being investigated have different levels,
such as there may be two types of robots used in the interactions. It allows the in-
vestigator to explore if there are significant effects from each individual variable,
but this type of design allows for the exploration of the interaction effects between
two or more independent variables [35]. The limitations previously mentioned for
within-subjects and between-subjects designs can apply in the mixed-model facto-
rial design as well and must be considered. Subsection 5.1 provides an example of
a mixed-model factorial design.

4.2 Determining Sample Size

Determining the appropriate sample size is often a challenge in human studies in
HRI, though it is important to determine when you are in the planning phase for a
study. An a priori power analysis is a statistical calculation that can be performed to
determine the appropriate number of participants needed to obtain accurate and reli-
able results based on the number of groups in the study, the alpha level (typically o
=.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 statisti-
cal textbooks (e.g., refer to Appendix C in [50]) that will provide group size values.
Additionally, there is software available online that will assist with this type of cal-
culation (e.g., G¥Power3.1 — http://www.psycho.uni-duesseldorf.de/abteilungen/
aap/gpower3/). Subsection 5.2 presents an example for calculating sample size us-
ing statistical tables and the G*Power3.1 software. When calculating the sample
size, if you do not know what your effect size is expected to be based on results
from prior studies, then a common approach is to use a medium effect size for the
power analysis (in the example case that was 0.25).
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4.3 Methods of Evaluation

There are five primary methods of evaluation used in human studies in HRI: (1) self-
assessment, (2) observational or behavioral measures, (3) psychophysiology meas-
urements, (4) interviews, and (5) task performance metrics. Each of these methods
has advantages and disadvantages; however most problems can be overcome with
the use of three or more appropriate methods of evaluation. For results to be valid
and reliable, use at least three different credible forms of evaluation in a process
known as triangulation to obtain convergent validity [3][7][9][32][35][44]. Due to
the fact that no one method of evaluation is without problems, researchers should
not rely solely on the results of one source of evaluation. The use of two sources of
evaluation may result in conflicting results; however using three or more methods
of evaluation it is expected that the results for two of the three or more methods
should support each other adding validity and reliability to the findings. If three or
more methods of evaluation are in conflict, reconsider the research question(s) and
possibly structure them in a different way.

When planning a human study, it is important to use credible measures that are
appropriate for the study and for the participants being investigated. For example, if
the researcher is evaluating anxiety and stress levels of participants interacting with
a robot, then they may want to use validated self-assessments, video observations,
interviews and/or psychophysiology measures such as respiration rate, electrocar-
diography (EKG/ECG), and skin conductance response. Each of these measures
would be appropriate for this type of study and these are credible measures for as-
sessing participants’ levels of stress and anxiety. The use of multiple methods of
evaluation that are not credible or appropriate will result in data that is not mean-
ingful to answer the hypotheses and research questions.

Self assessments are among the most commonly used method of evaluation in
HRI studies; however obtaining validated assessments designed for HRI studies can
be a challenge. There are several surveys available in the HRI community but very
few have been validated. There are surveys available in the psychology literature
that are validated that may be useful, but if they are modified then they need to
be validated again. Self-assessment measures include paper or computer-based psy-
chometric scales, questionnaires, or surveys. With this method, participants provide
a personal assessment of how they felt or their motivations related to an object, sit-
uation, or interactions. Self-assessments can provide valuable information but there
are often problems with validity and corroboration. Participants may not answer the
questions based on how they are feeling but rather respond based on how they feel
others would answer the questions or in a way they think the researcher wants them
answered. Another issue with self-assessment measures is that observers are unable
to corroborate the information provided by participants immediately and directly
[21]. Participants may not be in touch with what they are feeling about the object,
situation, and/or interaction, and therefore may not report their true feelings. Also,
the responses to self-assessments and other measures could be influenced by par-
ticipants’ mood and state of mind on the day of the study [21][30]. Another issue
with self-assessments is that participants will complete them after performing tasks
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and may not recall exactly how they felt during the actual interaction. For these
reasons, it is important to perform additional types of measurements such as be-
havioral, interviews, task performance and/or psychophysiological measures to add
another dimension of understanding of participants’ responses and performance in
HRI studies [3][9].

Behavioral measures are the second most common method of evaluation in HRI
studies, and sometimes are included along with psychophysiological evaluations
and participants’ self-assessment responses for obtaining convergent validity. John-
son and Christensen define observation as “the watching of behavioral patterns of
people in certain situations to obtain information about the phenomenon of inter-
est” [30]. The “Hawthorne effect” is a concern with observational as well as self-
assessment studies. It is a phenomenon in which participants know that they are
being observed, and it impacts their behaviors [21][30]. For this reason, psycho-
physiological measures can assist with obtaining an understanding of participants’
underlying responses at the time of the observations. The benefit of behavioral mea-
sures is that researchers are able to record the actual behaviors of participants and
do not need to rely on participants to report accurately their intended behaviors
or preferences [3][9][21]. Video observations of human-robot interactions are of-
ten recorded and later coded for visual and/or auditory information using two or
more independent raters [11]. Interpreting audio and video data does require train-
ing to provide valid, accurate, and reliable results. There are multiple approaches
to interpreting this type of data, which is beyond the scope of this chapter (refer to
[25][35][44][47][48]). Behavioral measures and observations are often collected but
rarely is the data analyzed and published. It is a very tedious and time consuming
process that takes significant personnel to complete. If it is analyzed, the resulting
data is usually very rich and more informative than using only self-assessment data.
Unfortunately many researchers never end up processing this data.

Psychophysiology measures are gaining popularity in HRI studies. The pri-
mary advantage for using psychophysiological measurements is that participants
cannot consciously manipulate the activities of their autonomic nervous system
[29][32][34][36][43][45]. Also, psychophysiological measures offer a minimally-
invasive method that are used to determine the stress levels and arousal responses of
participants interacting with technology [29][34][36][43][45]. Psychophysiological
measurements can complicate the process because the results may not be straight-
forward and confounds can lead to misinterpretation of data. There is a tendency
to attribute more meaning to results due to the tangible nature of the signals. Infor-
mation needs to be obtained from participants prior to beginning a study to reduce
these confounds (e.g., health information, state of mind, etc.). Multiple physiologi-
cal signals should be used to obtain correlations in the results [3][7][9]. An issue of
concern that is becoming more frequent is the use of data mining and machine learn-
ing techniques with the physiological signals and researchers are claiming that they
can use these signals to identify specific emotions. The physiological signals such
as heart rate and respiration rate are designed to measure levels of arousal. They
are not going to indicate valence aspects of emotion. The results are often inconclu-
sive in the literature and this is because it is not what these signals are intended to
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measure. They will provide only the level of arousal a participant is experiencing at
the time of interactions. Another issue with these signals are that they only measure
what a person feels and if the interaction does not provide significant arousal then
the signals will not provide any definitive insights. These are signals that cannot be
manipulated consciously.

Interviews which are closely related to self-assessments are another method of
evaluation. Interviews can be structured in which the researcher develops a series of
questions that can be close-ended or open-ended; however the same questions are
given in the same order to every participant in the study. The interview can be au-
dio and/or video recorded for evaluation at a later time. Unstructured interviews are
used less frequently in research studies. In unstructured interviews, the questions
are changed and developed based on participants responses to previously presented
questions. It is an adaptive process and more difficult to have consistency and to
evaluate in research studies. Interviews often provide additional information and
details that may not be gathered through self-assessments; however there are nu-
merous issues that may arise from using interviews. Response style of participants
can influence responses to interview questions. There are three types of response
styles, (1) response acquiescence — participants answer in the affirmative or yea-
saying, (2) response deviation — participants answer in the negative or nay-saying,
and (3) social desirability — participants provide what they perceive as socially ac-
ceptable responses. It can be a challenge to obtain responses that are reflective of
participants’ true behaviors and feelings [21]. Another issue related to interviews
is that participants that volunteer for the research study may not answer interview
questions in a manner consistent with those participants that are not volunteers.
Some of these challenges can be overcome by using other methods of evaluation
to obtain convergent validity among different measures. The data from interviews,
like behavioral measures are often difficult, tedious, and time consuming to ana-
lyze. Even though interview data is collected, it is often not analyzed. It also takes
training in transcribing, coding, and analyzing the data. If the time is taken to per-
form the analysis, then the result is often rich data that gives additional meaning
to the research questions. When performing research with children, the interview is
helpful in obtaining accurate responses from them. Young children are not able to
respond to survey questions that are rated on a scale. They are capable of responding
to yes/no questions and will provide additional knowledge and information through
interviews.

Task performance metrics are becoming more common in HRI studies, espe-
cially in studies where teams are evaluated and/or more than one person is inter-
acting with one or more robots [11][20][39][42][49]. These metrics are designed to
measure how well a person or team performs or completes a task or tasks. This is
essential in some HRI studies and should be included with other methods of eval-
uation such as behavioral and/or self-assessments. Task performance measures are
useful in determining if technology is helping to improve the performance of a spe-
cific task. It typically measures aspects like time of completion for a task and/or the
number of errors or problems encountered. It is an excellent method for evaluating
how well teams of people work together and how they work with technology. Task
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performance metrics are considered objective measures that have concrete values
associated with them.

No single method of measurement is sufficient to evaluate any interaction; there-
fore it is important to include three or more methods of evaluation in a compre-
hensive study to gain a better understanding of Human-Robot Interaction. Within a
single method of evaluation there should be multiple measures used. For example,
in self-assessments, more than one credible assessment should be used for valid-
ity purposes. In behavioral studies, obtain observations from more than one angle
or perspective. For psychophysiological studies use more than one signal to obtain
validity and correlation. Measure task performance in more than one way. This en-
sures a comprehensive study with reliable and accurate results that can be validated.
Compare the findings from three or more of these measures to determine if there
is meaningful support in at least two or more of the evaluations as it relates to the
research question(s). Normalize the means for each type of measurement to a mean-
ingful, common scale and then perform a separate analysis on this data. Conduct
a correlation analysis to determine if there are positive or negative correlations in
the results. Essentially it is important to interpret the meaning of the results discov-
ered and determine if there are commonalities in the results of two or more of the
methods of evaluation.

4.4 Study Location and Environment

A major factor to consider when planning any study is where the study will be
conducted: in the field, laboratory, virtual environment, or online. For a successful
study, the environment should reflect realistically the application domain and the
situations that would likely be encountered so that participants respond in a natural
manner. In some cases, it is just not practical or possible to place participants in the
exact situation that is being investigated, so it is important to closely simulate that
situation and/or environment. It is important to consider lighting conditions, temper-
ature, and design the environment to appear as close as possible to the actual setting
by including props and/or sound effects. Use draping or other means of privacy to
ensure the integrity of the site is preserved prior to the start of the study. In psycho-
physiology studies, if skin conductance measures are used, it is extremely important
that the temperature is controlled in the study environment [3][7].

In the example study, provided in Section 5, placing participants in an actual
search and rescue site of a building collapse was not practical or possible. Therefore
a simulated disaster sight was created that contained rubble, was dark, and the tem-
perature was kept on the cooler side. Participants were placed in a confined space
similar to what might be experienced in an actual disaster situation.
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4.5 Type and Number of Robots

Another consideration when designing a human study in HRI is the selection of
robots for the study. The selection of a robot needs to be congruous with the ap-
plication and domain being investigated. It is important to select robots that have
been used or would be expected in the type of tasks/applications being examined
in the research study. Sometimes you may not have access to a particular robot, but
it is important to try and get a robot that would work well in the environment and
situation being investigated. For example, you would not likely put a Nao humanoid
robot, that is small and has difficulty with mobility, into a search and rescue site.

The use of more than one type of robot provides a mechanism to detect if the
concepts being investigated can be generalized or if they are specific to a particular
robot. The results are more meaningful if they can be extended to more than one
specific robot. This is often difficult to do with the cost of robots; however it does
add another dimension to the study and increases the usefulness to the HRI and
robotics communities.

4.6 Other Equipment

Determining what equipment will be used in an HRI study impacts the success and
results of the study. Whenever possible, equipment choices should be redundant.
Unfortunately, equipment failures are more common than you want to believe and
it is important to make sure that there are contingency plans in place in times of
failure.

Video Observation Studies: When performing video observation or behavioral
studies, the first step is to determine the number of different perspectives to be
recorded for the study. It is important to obtain multiple viewing angles because
each perspective may contain unique information and gives a more comprehensive
record of the events that occur in a study and gives you some redundancy in case
there is a problem with a particular recording. It is important that cameras are syn-
chronized and extra batteries and SD cards/tapes are readily available. There should
be at least one or two extra cameras available in case of equipment failure that are
available to swap out if needed. It is also advisable not to reuse tapes if at all pos-
sible because it can impact the integrity of the recordings. This is less of a problem
with current video cameras as they typically now use SD cards for recordings. To
preserve data and prevent mishaps, it is important to off-load recordings quickly
to a more stable media. It is recommended that all data be backed up to multiple
locations and media.

Psychophysiological Studies: For psychophysiological studies, it is necessary
to determine if the equipment needs to be connected to a stationary computer or
if the participant will be mobile. There are limited options available for ambu-
latory psychophysiology equipment in which the participant is mobile. Currently,
there are more options available, but they are often expensive if you are using re-
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search grade systems. Another option is to use smart watches, as some will now
offer recording capabilities, and are becoming more accurate in the recordings. It
depends on what is being measured if that is an option. In a study I conducted re-
cently, heart rate data was compared between an Apple watch and a QardioCore
system and the heart rates were identical (https://www.getgardio.com/
gardiocore-wearable-ecg-ekg-monitor-iphone/). This was a very
limited study, and a more formal and extensive study should be conducted, but it is
expected to be a less expensive option for recording heart rate data.

It is recommended to keep on hand multiple sensors in case of failure, which
seems to be common due to the sensitive nature of this type of equipment. This
can make the difference between a productive, successful, and organized study and
one that produces stress, delays, and sometimes failure. Physiological equipment is
becoming more stable and reliable, but it is still prone to issues.

4.7 Failures and Contingencies

Even with careful planning, failures and problems are likely to occur when conduct-
ing studies. It is imperative to plan for as many potential failures as can be antici-
pated. Robots can fail, cameras can fail, computers and sensors can fail; therefore
it is important whenever possible to have redundancy in all necessary equipment.
It needs to be available immediately to prevent delays in the study. It is also rec-
ommended that there be redundancy in personnel as well. Develop a call list for
participants and essential personnel who might be available on short notice to fill
a timeslot where a participant or assistant does not arrive as scheduled. It is com-
mon to expect approximately 20% of scheduled participants not to appear for their
appointment. When calculating the number of participants required for a study this
number should be increased to take into account the likelihood that some partic-
ipants will miss their appointment and to account for any possible data failures.
Even with contingency plans, problems will occur and it is important to be as pre-
pared as possible to deal with these problems to avoid delays and risks to your data
collection.

4.8 Study Protocol

Another important phase of the planning and study design process is the devel-
opment of the study protocol. The protocol involves determining exactly how the
study will proceed from start to finish once a participant arrives. It is a detailed de-
scription 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 tim-
ing of events, recording of information, how the data and personal information will
be handled, and where this information will be stored for security purposes. This
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is necessary for completing Institutional Review Board (IRB) or Ethics Committee
paperwork required for human studies and for determining risks and maintaining
privacy of participants in the United States and in many countries. The process may
be different depending on the country, but regardless of whether it is required in
your country or not, the preparation of a study protocol is good practice to ensure a
high quality study.

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. Systems and study designs do not always execute as expected
and until several trial runs of the protocol are performed there is no way to ensure
that all the problems are resolved for the process to run smoothly when data is
actually collected. It is important that once the study begins with participants 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.

4.9 Methods of Recruiting Participants

Recruiting participants is a challenge that most human studies face in any field in-
cluding HRI. That may be a significant reason why many of the studies conducted in
HRI do not have large or appropriate sample sizes. It is important to recruit partici-
pants that will appropriately represent the population being studied. If your research
involves questions associated with children, then your study population should be
using children as participants. If you are performing research with first responders
then it is important to include them as your participants in the study. In the case
of special populations, it may be more difficult to get larger or appropriate sample
sizes, but every effort should be made to use the target population for the research
questions. Too often, the population selected is a convenience sample, that typically
involves college-age students because that is what is most available to university
researchers. It may be challenging, but it is important to the validity of the research
to use a population that represents the end user and evaluates the technology be-
ing investigated. The novelty effect of robots in some cases is not enough to entice
participants to be involved in a study. There are several methods of recruitment
available, and they should all be implemented for a successful study. Flyers are a
good method of recruitment on campus with the added bonus of some type of in-
centive to participate (e.g., door prizes, payment for participation, extra credit in
courses). In some cases, the psychology department may have research participa-
tion requirements and a system for advertising research studies on campus. Estab-
lish relationships with management of other participant pools or databases. These
are excellent sources of recruitment on college campuses; however limiting partici-
pation to these sources will bias your participant pool. In most cases the population
of interest may not include college educated participants, and the results of studies
using just these sources of participants will not generalize. Therefore, it is important
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to explore other methods of recruitment such as word of mouth to family, friends,
and acquaintances. It is also possible to contact other resources for permission to
solicit participants, such as a local mall for testing the general public, and kinder-
garten through 12th grade educational institutions for recruiting children (the use
of children requires informed consent from the parents and informed assent from
the children to participate). These methods are more involved, but can serve as rich
sources of recruitment. You must obtain written permission to recruit participants
from these different populations. If you work with first responders, you need to
contact the agencies and request written permission to use their employees as par-
ticipants. For schools, it may be necessary to present your study before the school
board to obtain permission to use the students. There are special considerations if
you are working with military personnel. If you are developing research for these
populations, you need to use them to determine the viability of the research.

4.10 Preparing Institutional Review Board or Ethics Committee
Documents

The next step in planning, designing, and executing a human study is the prepara-
tion of the Institutional Review Board or Ethics Committee documentation (this is
applicable to all human studies conducted in the United States, there may be similar
requirements in other countries). The Institutional Review Board (IRB) or the Ethics
Board are committees at each university. The process is similar at most universities
and in other countries if they have this requirement. In some cases it may be more
extensive than what is described in this section. The committee members are from
diverse backgrounds and they review proposals for research conducted with human
subjects. The IRB or Ethics Boards were established to review the procedures of
proposed research projects, to determine if there are any known or anticipated risks
to participants in the study, methods of recruiting participants, and how the partic-
ipants’ confidentiality is maintained. A part of the IRB application is the informed
consent, or in the case of studies with children, parental informed consent/child as-
sent documents. This document is provided and explained to each participant prior
to being involved in any research study and includes the study protocol, informed
consent/assent, permissions to audio and/or video record the study, any risks or ben-
efits to the participants, and how confidentiality of the data will be maintained [47].
Also included in the informed consent is a statement that participants can terminate
participation in the study at any point without any penalty and they will still receive
any incentives provided in the study. It is important to include this type of language
in any informed consent form provided to participants for ethical reasons. The IRB
or Ethics Board reviews these documents and provides approval to proceed with the
study, requests revisions to the study documents, or can deny approval of the study.
Typically there is training required by the personnel involved with the study but the
requirements can vary by institution; therefore it is important to investigate all the
requirements of the institution(s) that will be involved in the study. Start this pro-
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cess early because in some cases this process can take considerable time, especially
if your research involves vulnerable populations such as children, elderly, prison-
ers, etc. If you are using a vulnerable population or your study has risks involved,
then the study will often have to be approved by the entire board and this can take a
month or more to complete that process, especially if changes are requested by the
committee. It is important to keep this in mind when planning your data collection.

4.11 Recruiting Participants

Once IRB or Ethics Board approval is received, the next step in the study process
is the actual recruitment of participants and ensuring they follow through once re-
cruited. A significant challenge in many human studies is participants’ attendance
once they are scheduled. Schedule researchers, assistants, and participants for mu-
tually convenient times. It is important to remind participants of their appointment
time at least 24 hours in advance, but it may also be helpful to send a reminder an
hour before his or her appointment. It is more likely a participant will show up if
they have a specific time and also it is recommended to allow adequate time between
participants to account for time delays in the study or in case a participant is running
late. Even with planning, problems occur and participants do not show up, but this
time can be used to process and backup data.

A helpful scheduling tool is software to make timeslots available. This is often
included in the software for participant pools, such as SONA or PRP that many
university Psychology departments use in the United States. There are also soft-
ware products like Calendly (https://calendly.com/)and YouCanBook.me
(https://youcanbook.me/). These allow the researcher to link to their per-
sonal calendar and participants can sign up through the software that will place them
on the researcher’s calendar. This can be quite useful and the software can be setup
to send reminders. In the case of the calendly.com software, you can also include
questions related to inclusion/exclusion criteria that allows researchers to screen
participants prior to them signing up for the study.

4.12 Conducting the Study

In most cases, to run a successful human study requires assistance in addition to
the principal investigator. This is especially true when running a large-scale, com-
plex study with a significant sample size and three or more methods of evaluation.
Finding research assistants can be a challenge for some researchers, especially when
economic times are tough and there may not be funding available to pay for research
assistants. One option available is to contact the Honors College or Program if the
university or institution has this type of program. These students typically desire
research experience and often are willing to volunteer their time for the experience
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and knowledge they may gain. Depending on the study, often students can easily
be trained to assist and do not necessarily need to be in the field of study. Psychol-
ogy and pre-medical students often need a certain amount of volunteer hours and
assisting in a research study can fulfill these requirements.

It is important to ensure the volunteers understand the need for reliability and
attention to detail. Whenever possible, schedule an additional person to be avail-
able in case of emergencies or when plans do not proceed as expected. Volunteer
research assistants each will typically provide between five and ten hours per week;
therefore it is necessary to consider their availability when designing the study and
the timeline. It is also advisable to schedule assistants for data processing as well as
assisting with conducting the actual experiments. These recommendations may not
be applicable to all institutions or studies.

5 An Exemplar Study

This section presents examples from a recent HRI study on determining study de-
sign, sample size, methods of evaluation, study location, and how failures and con-
tingencies were handled. This was a large-scale, complex, controlled study involv-
ing 128 participants responding to two different search and rescue robots (Inuktun
Extreme-VGTYV and iRobot Packbot Scout) operated in either the standard or emo-
tive modes. The experiment was conducted in the dark in a high-fidelity simulated
disaster site, using four different methods of evaluation. To date, this study remains
one of the most complex studies of this scale in the HRI community.

5.1 Type of Study and Number of Groups

This study was a mixed-model factorial design, in which the between-subjects factor
was the robot operating mode (standard versus emotive) and the within-subjects
factor was robot, the Inuktun Extreme-VGTV and the iRobot Packbot Scout (See
Fig. 2). This design was selected because there were four conditions and that was
too many for a within-subjects design. We did not want to expose participants to
both the emotive and standard operating modes in the same study or they would
likely determine the purpose of the experiment. Participants were randomly assigned
to one of two groups (standard-operated or emotive-operated). Every participant
experienced both robots within their assigned group. The order in which the robots
appeared was counterbalanced (e.g., Inuktun viewed first or Packbot viewed first),
and operating mode assignments were balanced for age and gender.
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Fig. 2 The Robots: Inuktun Extreme-VGTV (left) and iRobot Packbot Scout (right).

5.2 Determining Sample Size

An a priori power analysis was conducted for this study and was based on using
two groups, power of 0.80, a medium effect size of 0.25, and a = 0.05 the calcula-
tion resulted in two groups of 64 participants for a total of 128 participants based
on Table C.1 on page 384 of [50]. The same sample size was calculated using the
G*Power3.1 software [22]. In this example, the test family was the F-test, the sta-
tistical test was the MANOVA: repeated measures, within-between interaction, and
the type of power analysis was — A priori: compute required sample size-given o,
power, and effect size. The effect size was based on a medium effect using Cohen’s
f = 0.25 (results prior data collections were used to determine the effect size), o
= 0.05, power was set at 0.80, the number of groups was 2 (standard versus emo-
tive), and the number of measurements was also 2 for the two robots (Inuktun versus
Packbot) resulting in a calculated sample size of 128 participants (See Fig. 3 with
the input values and sample size highlighted with red boxes). Based on the analysis
of prior data the effect sizes were small to medium depending on the analyses per-
formed and had there not been such a large sample size used for the study, some of
the results may not have been statistically significant. In the self-assessment data,
statistically significant results were obtained for the main effect of arousal and a
three-way interaction was significant for valence [8]. If there is existing data avail-
able, then the effect size can be calculated using Cohen’s f effect for any significant
F-tests (Refer to Section 3) and used as input in the a priori power analysis [14].

5.3 Methods of Evaluation

This study utilized four methods of evaluation (self-assessments, video-recorded
observations, psychophysiology measurements, and a structured audio-recorded in-
terview) so that convergent validity could be obtained to determine the effectiveness
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Fig. 3 G*Power3.1 example using the data for the exemplar study.

of the use of non-facial and non-verbal affective expression for naturalistic social
interaction in a simulated disaster application.

Self-Assessments: Multiple self-assessments were used in this study. Some of
the assessments were adopted and/or modified from existing scales used in psy-
chology, the social sciences, and other HRI studies. The assessments were given to
the participants prior to any interactions and after each robot interaction. It is rec-
ommended to conduct pilot studies of all the assessments to ensure that they are
understandable and testing exactly what was expected. In this study, some of the
questions were confusing to the participants and were not considered as part of the
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data analyses. It is important to make note of the questions that participants found
confusing and/or required further explanation. This can be done in a participant log
or as part of their paperwork so that you are not relying on memory after the data
collection.

In the case of one assessment, the Self-Assessment Manikin (SAM) [10] the va-
lence and arousal questions were easily interpreted; however the questions related
to the dominance dimension were often misunderstood. That dimension was not in-
cluded as part of the data analyses. The questions associated with the dominance
dimension of the SAM assessment will need to be reworded and then validated;
however the valence and arousal portions of the SAM assessment have been vali-
dated for future HRI studies and are available [3].

As part of the validation process for self-assessments it is important to ask each
question in at least two different but similar ways and then perform a statistical
test known as Cronbach’s alpha to determine tau-equivalent reliability or internal
validity for the items on the assessment. A Cronbach’s alpha value greater than
.70 indicates acceptable validity for the items evaluated. For more information on
Cronbach’s alpha consult [24] or a statistical textbook.

Another issue associated with self-assessment data is in the analysis of this data.
Likert scale and Semantic Differential scales are not continuous data. This type
of data can be analyzed using t-tests or a more appropriate approach would be to
perform a Chi-square or related test such as Kruskal-Wallis test for non-parametric
data. Unfortunately, many researchers use an ANOVA test, which is not appropriate
given that the scales are not continuous. The issue with the Chi-square test is that
there needs to be at least five (5) items in each bin to run the test. This may be
accomplished by combining categories such as strongly disagree and disagree in a
Likert scale and agree and strongly agree categories. For the purpose of this chapter,
the details of a Chi-square and/or the Kruskall-Wallis ranks tests will not be covered
in detail, but most statistical software can be used to perform these types of analyses.
It is important when analyzing data that the appropriate statistical test is used. It is
also important that when reporting those statistical tests that the results from the
actual tests are presented and for statistically significant results the p-value and the
effect size for the statistical test used are also reported. You should include a scale
for interpreting the effect size for the reader as a reference and state the level of
effect (e.g., small, medium, large).

Psychophysiology Measures: There were five different psychophysiological
signals recorded as part of this study: (1) EKG, (2) Skin Conductance Response,
(3) Thoracic Respiration, (4) Abdominal Respiration, and (5) Blood Volume Pulse,
using the Thought Technology ProComp5 Infiniti system
(http://www.thoughttechnology.com/pro5.htm). Five signals were used to obtain re-
liable and accurate results. Correlations were conducted between the different sig-
nals to determine the validity of participants’ responses and there was support be-
tween the heart rate variability and respiration rates. There was also support in the
findings for heart rate variability, respiration rates, and the self-assessment data to
provide validity in the results of this study.
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Video-Recorded Observations: Videotaped observations were obtained from
four different camera angles (face view — including the upper torso, overhead view,
participant view, and robot view) using night vision cameras and infrared illumina-
tors. When recording video observation data, synchronizing multiple cameras can
be a challenge. In the case of the this study the interactions were all conducted in
the dark. Turning video cameras on before the lights were turned off and turning
the lights back on before shutting off the cameras made a good synchronizing point
for the multiple cameras. Another technique is to use a sound that all cameras can
detect through built-in microphones. A visual summary of this study can be viewed
in a video format in [4].

Structured Interviews: After the interactions were complete each participant
was interviewed in a structured interview format that was audio recorded. Par-
ticipants were required to read and sign IRB approved informed and video/audio
recording consent forms prior to participating in the study. They were given the op-
tion to deny publication of their video and audio recordings and three participants
elected to deny publication of their recordings. It is important to note this denial in
all files and related documents for their protection and to not accidentally use the
materials. The interviews can be transcribed in detail, then coded and analyzed in a
quantitative manner through categorizing the comments.

5.4 Study Location and Environment

The application domain for the study was Urban Search & Rescue, which required a
confined-space environment that simulated a collapsed building (See Fig. 4). Partic-
ipants were placed in a confined space box with a cloth cover to simulate a trapped
environment. Actual rubble was brought into the lab to give the look and feel of
a building collapse. The robots were all pre-programmed so that the movements
would be consistent and reproducible for all participants with the robots exhibit-
ing either standard or emotive behaviors. The medical assessment path, traveled by
the robots, was developed from video observations of experiments conducted by
Riddle er al. with emergency responders and medical personnel based on how they
would operate a robot to conduct a medical assessment of a trapped victim [38][46].
Ideally, it would have been better to conduct the study in a real disaster or even a
training exercise; however due to practicality and physiological measures, the study
was conducted in a temperature-controlled environment.

Performing a large-scale, complex human study in HRI has many pitfalls and
rewards. Even with the most careful planning and study design it becomes apparent
through the course of the study that changes could be made to improve the study.
An example from the exemplar study was the design and development of the simu-
lated disaster site. It was high fidelity and based on real-world knowledge; however
it would have been more realistic had the confined space box been more confin-
ing. The box was designed based human factors standards for designing spaces to
accommodate 95% of the population. In the case of this study most of the popu-
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lation of participants had smaller body sizes than average and the space was truly
confining to only a small portion of the participants. To increase the feeling of con-
finement, a blanket or rough heavy plastic or fabric that would crinkle or make
audible sounds should be utilized in the future. Additionally, a soundtrack playing
in the background with sounds from an actual disaster or a training exercise would
have improved the fidelity of the site and the experiences of the participants. With-
out these changes the results were statistically significant; however the impact and
effect might have been greater if the environment was more realistic.

Fig. 4 Confined space simulated disaster site with the lights on.

5.5 Failures and Contingencies

In this study, the “no show” percentage was much lower than the expected, at ap-
proximately 8%; equipment failures did occur. Making sure there are contingencies
for equipment cannot be stressed enough. This study experienced a one week delay
due to the failure of an EKG sensor which was essential to the psychophysiology
portion of the study. Planning ahead and having extra sensors could have prevented
delays and the loss of participants who could not be rescheduled. Following that ex-
perience extra sensors were ordered and kept on hand and they were needed. Video
cameras had auto-focus problems that were not noticed until the video data was be-
ing off-loaded. Also one video camera was moved between the two different robots
and accidentally the zoom was activated making some of the robot-view video data
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unusable. It is important always to double check equipment settings and verify all
equipment is working properly so that no data is lost or determined to be unusable.
The primary failure that ended the study and resulted in the cancellation of 18 partic-
ipants was the failure of the one robot for which there was no redundancy; however
the goal number of 128 participants was attained.

6 Conclusions

Planning, designing, and executing a human study for HRI can be challenging; how-
ever with careful planning many of these challenges can be overcome. There are two
main improvements that need to be made in human studies conducted in HRI and
those are (1) having larger sample sizes to appropriately represent the population
being studied, and so that small to medium effects can be determined with statisti-
cally significant results; and (2) the use of three or more methods of evaluation to
establish reliable and accurate results that will have convergent validity. From the
experiences gained in completing a large-scale, complex, controlled human study in
HRI recommendations are presented that fall into three categories: (A) Experimen-
tal Design Recommendations, (B) Recommendations for Study Execution, and (C)
Other Recommendations.

6.1 Experimental Design Recommendations

These recommendations are presented to assist with the planning and design of
large-scale, complex human studies in HRI. They will assist researchers with the
development of a comprehensive experimental design that should provide success-
ful study results.

1. Determine the most appropriate type of study for the hypotheses being inves-
tigated using a within-subjects, between-subjects, or mixed-model factorial de-
sign.

2. Perform an a priori power analysis to estimate the appropriate number of partic-
ipants required for the study in order to have a better opportunity of obtaining
statistically significant results that are valid, reliable, and accurate. This can be
accomplished through power analysis tables or available software.

3. Determine the best methods of evaluation for the hypotheses being investigated;
however, it is recommended to utilize three or more methods to obtain convergent
validity in the study.

4. Design a study environment that closely reflects the real-world that is being tested
for more natural participant responses. When conducting psychophysiology stud-
ies using skin conductance response, a temperature-controlled environment is
essential.
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5. If the goal of the research is to generalize results to different robots, perform the
study with more than one type of robot.

6. Include participants who would be the expected population associated with the
research questions being investigated. For example, if the study is researching
the responses of children to a robot, then use children as participants in the study.

These recommendations offer guidelines and practical tips to determine the best
approach to design a comprehensive study in robotics and human-robot interactions.
This will increase the probability that results will be statistically significant.

6.2 Recommendations for Study Execution

The following recommendations are provided to facilitate the execution of the
study’s experimental design. These recommendations will assist in revealing po-
tential flaws in the experimental design so that corrections can be implemented re-
sulting in a smooth running, efficient study. However, even with the best designs
you can expect equipment failures, participants and assistants arriving late or not at
all, and other pitfalls. The key is to have contingency plans in place and anticipate
worst case scenarios because they do occur.

1. Develop a written study protocol of all instructions, assessments with ordering,
participant tasks in order of execution, timing of events, coordination of data
collection, and any associated activities. This study protocol document will be
used when preparing IRB or Ethics Board paperwork, creating instructions for
participants, and preparing informed consent documents.

2. Perform multiple test runs of the planned study protocol until all glitches and
problems have been discovered and resolved and there is a smooth running sys-
tem in place.

3. Make sure that there is redundancy in all equipment that is required for the study
and that backup equipment is always ready to use because failures are common.

4. Always prepare for the unexpected with contingency plans in place to handle
equipment failures, participants and/or research assistants not arriving at their
designated times, or other events.

5. Always allow time for study delays, participants arriving late, or equipment fail-
ures that may cause the cancellation of participants and delay of the study.

6.3 Other Recommendations

The following are recommendations for the recruitment of participants and volun-
teer research assistants and are based on our experiences and may not apply to all
researchers and universities. They were excellent resources for our particular study
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and we are aware of similar programs available at many United States and European
universities and institutions.

e Recruit quality volunteer research assistants from an Honors College or Program
if available at the university or institution. Additionally, pre-medical and psy-
chology students often have a volunteer hours requirement and are willing to
volunteer.

e Recruit participants through the use of flyers posted across campus; word of
mouth to friends, family, and associates; offering incentives such as door prizes,
pay for participation, and extra credit in courses for participation; signing up for
research study participant pools through the psychology department and/or other
departments on campus, if offered.

e Recruit the general public by requesting permission to post flyers at local malls,
stores, or applicable agencies to represent the target population.

e Obtaining permission to recruit children from local schools, museums, and orga-
nizations.

Conducting human studies can be challenging and also very rewarding. Careful
planning and design can make the experience more positive and successful. Follow-
ing the above recommendations should improve the chances of having a successful
study with accurate and reliable statistically significant results. Through the use of
appropriate sample sizes and three or more methods of evaluation, convergent va-
lidity should be obtainable. Readers are directed to [21][30][50] or other research
methods books for further reference.

6.4 Impact of Valid Human Studies on HRI and the Use of Robots
in Society

The area of Human-Robot Interaction is an emerging field and as such it is essential
to use good research methods and statistical testing when conducting human stud-
ies. The use of appropriate sample sizes and three or more methods of evaluation
can provide validity and credibility to the human studies that are performed asso-
ciated with HRI. This will improve the overall field, but also will result in stronger
public acceptance of robots. The public will be more likely to accept robots in their
homes, schools, work environments, and as entertainment if they know that the use
of these robots has been thoroughly tested for safety and effectiveness using good
experimental methodology. Additionally, the engineering community will be able to
use the information obtained from well conducted user studies to design and build
better robots.
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