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Abstract

Wizard of 0z (WoZ) employs human simulators to mimic intelligent systems that are beyond current
technology levels or time- and cost-consuming to implement. Automated simulation tools are increasingly
adopted in WoZ simulation. Conventional studies are usually focused on end users and little is known about
the simulators’ behaviours. To bridge this gap, we conducted a comparative study to investigate credibility,
rigorousness, consistency, and efficiency in the performances of simulators as simulating smart spoken dia-
logue systems with automated simulation tools. The results reported two types of mimetic behaviours: the
intentional and instinct response. Specifically, the simulators, regardless of experience levels, performed
well as mimicking intentional responses, in which their responses were credible and efficient. However, the
simulators exposed inconsistent and non-rigorous mimetic behaviours in instinctive responses. Furthermore,
the experienced and amateur simulators showed significant differences in instinctive simulations in response
speed, interpreting the end user inputs and making corresponding decisions. Nevertheless, the instinctive
mimetic behavior had no significant effects on the perception of end user for the simulations. The implica-

tions for WoZ considering as an efficient design tool are discussed.
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tentional and instinctive simulations

1. INTRODUCTION

The Wizard of Oz (WoZ) method employs human simulators (also called “wizards” as in the 1939 film
of “The Wizard of OZ”) to mimic partial- or full-system components that are beyond current technology
levels or are time- and cost- consuming to implement (Dahlbéck, Jonsson & Ahrenberg, 1993, Kelley,
1984). WoZ provides solution on a cost-effective when iterating system designs and it is useful in sim-
ulating spoken-language systems. This is because current human simulators still have better spoken-
language abilities than computers and the human simulators adapt more easily to mimic different speak-
ing agents (Thomason & Litman, 2013).

WoZ is quite flexible to implement, as it requires only a human simulator and a set of simulation tools
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to present pseudo-functionalities. For this reason, WoZ has been a popular iterative design tool in the
field of speech communication and human-robot interaction. However, WoZ has also been criticized
for inconsistent simulations in which is a condition usually caused by human simulators during the use
of the simulation tools (Schlogl, Doherty & Luz, 2015, Sequeira, et al., 2016, Riek, 2012). On the one
hand, inconsistency is not necessarily a weakness of WoZ while there is a notion to WoZ simulation. It
emphasises the possibility for variation and adaptation and thus compares to inconsistency as a neces-
sary feature (Schlogl, Doherty & Luz, 2013). For example, the inconsistency can offer certain ad-
vantages which allows for the exploration of unplanned dialogue strategies and unknown features. On
the other hand, it comes to designing iterative process that focuses on rigorous testing when one form
of simulation. The inconsistency can produce negative impacts on WoZ studies.

In general, the inconsistency is attributed to several perspectives. From the perspective of a simulator's
personality, human simulators have individual preferences and emotional feeling which might inadvert-
ently affect the simulator on the simulation decisions and mimetic behavior (Fraser & Gilbert, 1991).
From the perspective of an ability of simulator, the interaction tasks become complicated which resulted
in simulators become incapable of acting as rigorously for the computers during heavy calculations and
repetitive operations (Grill, Polacek & Tscheligi, 2012). From the perspective of a behavior of simulator,
experienced human simulators commonly used to be employed as a rigid emotionless system in WoZ
studies which intended to deliver computer-like simulations and presented a convincing illusion to end
users. However, because they are human, WoZ simulators make unintentional mistakes such as typos
and misstatements not only during intense simulation tasks but also in everyday tasks (Bott & Laviola
Jr, 2015). Considering the pressures in making instantaneous and precise responses during simulations,
mimetic behaviors of a human simulator in WoZ studies involved innate risks of unpredictability and
improvisation.

Reviewing the importance of human simulators in WoZ studies, previous studies have proposed
measures to guide mimetic behaviors of simulators, including pre-study training (Ralph & Moussa,
2008), study scripts (Ashok, et al., 2014), separated simulators (Drummond & Litman, 2011), open-
source platforms (Schlogl, Doherty & Luz, 2015), controlled recognition (Shiomi, et al., 2008), auto-
mated simulation tools particularly (Alce, Hermodsson & Wallergard, 2013). Currently, the simulation
tools have become increasingly in integrated and automated (Pettersson & Wik, 2015). Such tools save
simulators from large physical efforts and heavy cognition loads (Li & Bonner, 2014). For example, a
simulator may need only to choose a simulation decision from a dropdown response list. Afterwards,
the system automatically completes all the rest of the tasks: assembling the speech, voice synthesis, and
speech outputs (Thomason & Litman, 2013). Previous studies have examined how the automated sim-
ulation tools help simulators gain operational efficiency and constrain improvisational operations. The
results showed major improvements in the simulator on the overall simulation experience, response
speed, and operational consistency (Adler, lacobelli & Gutstein, 2016, Mavrikis & Gutierrez-Santos,
2010). However, despite the advantages of the automated simulation tools, one question is rarely con-
cerned is how to apply these tools support the simulator responses?

Previous studies usually are focused on the behavior of the end users and the usability and effectiveness

of simulation tools (Fabbrizio, Tur & Hakkani-Tiir, 2005). However, the relations among these tools
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and human simulators remain a black box. That is, little is known about how these automated simulation
tools are interacted and influence human mimetic behaviors of a simulator. This understanding would
inspire other human-mediated design methods and related practices since it reflects how human simu-
lators behave in a well-supported working environment.

In this paper we conducted a comparative exploratory study to investigate credibility, rigorousness,
consistency, and efficiency of the simulators’ mimetic behavior with automated simulation tools.

The major problem in this study is how the adoption of automated simulation tools in WoZ studies
could support experienced and amateur mimetic behaviors of simulator. Owing to the wide adoption of
WoZ, the significance of the study is self-explaining. The study values have three-fold. First, the study
identifies two types of mimetic behaviors- the intentional and instinctive ones. In simulations with au-
tomated simulation tools, as the previous studies are mainly focused on the former type. Secondly, the
study provides new understanding of the relations among human simulators and the use of automated
simulation tools. The previous studies used to advocate that high-level simulation tools could compre-
hensively eliminate inconsistent simulations. Finally, the study provides the new understanding of how
the automated simulation tools affect the simulators (including the amateur and experienced) while the
previous studies prefer the experienced simulators. Furthermore, the study supplies the implications for
the configuration as well as uses of human-involved design and evaluation methods which is of great
inspiration for broad readership. Combining the above methodology, we believe that there are many
new understandings and implications beyond current knowledge will be found in this study.

The rest of this paper is organized as follows. Section 2 reviews the state-of-the-art of WoZ studies.
Specifically, the use of human simulators and the adoption of automated simulation tools in existing
WoZ studies. Section 3 describes the methodological details of the study. Section 4 analyzes the data
from the experiment. Section 5 summarizes the study results, and Section 6 discusses the study impli-

cations. Finally, Section 7 concludes the study findings.

2. Related Works

2.1 Roles of human simulators and mimetic behaviours

We initially structured the review along the simulator’s core tasks and processes, which is a valid ap-
proach to elaborate on the important characteristics of WoZ. By walking through the procedural flows
of existing WoZ studies, we extracted four major processes related to human simulator’s mimetic be-
haviours, each of which addresses a respective simulation task. These processes include: (i) learning
simulation scenarios and simulation tools; (ii) interpreting end users’ inputs; (iii) making simulation
decisions and formulating strategies; and (iv) using simulation tools to respond. These processes are
distributed throughout WoZ studies with distinct impacts on simulation consistency and other aspects.
Below, we followed the structure to review the use of human simulators and related problems in WoZ
simulations.

Simulators are the experimenter who proposed the study and developed simulation tasks and scenarios.
Therefore, they did not require the dedicated pre-study learning session because that was usually done
in the system development (Grill, Polacek & Tscheligi, 2012). Later, to meet the extensive use of WoZ

in various applications (e.g., augmented reality-based user interfaces, (Alce, Hermodsson & Wallergard,
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2013)), amateur simulators are increasingly recruited with extra pre-study training. By pre-study train-
ing we mean the purposeful practices before the simulation. Both the amateur and the experienced
simulators received pre-study training, it is ensured that the simulators know what and how do to ac-
commodate end user actions (Chandler, Lo & Sinha, 2002). Up to present, few systematic evaluation
of simulator in learning results are reported in existing WoZ studies while most research adopted sub-
jective self-reporting as the indicator of learning outcomes (Li & Bonner, 2014).

Secondly, simulators act as the interpreter who aims to translate users’ inputs in a subjective manner.
In this role, the simulators perceive end user speech and other inputs such as body gestures and move-
ments and use them to extract motivations and behavioral meanings of the end user (Schlogl, Doherty
& Luz, 2015). Multimodal user interaction presents the simulators with additional challenges in inter-
preting an end user’s inputs; they must spontaneously synchronize all information, for example, iden-
tifying the end user’s inputs from a collaborative multi-user task (Vahdat, George & Serna, 2013).
Alternatively, the multiple simulators can also be accepted, however, it introduces additional complex-
ities in cooperative simulation management (Fitch, Bowman & Llaneras, 2014).

Thirdly, simulators act as the decision makers who determine which end user input requires a response.
This third process involves emotional and persuasive impacts, thus causing simulators difficulty in
maintaining objective throughout simulation studies (Adler, lacobelli & Gutstein, 2016). For example,
a simulator can hardly notice his/her reaction preferences and patterns (Deshmukh, et al., 2013). In
addition, other factors may also influence the simulator in decision-making processes, including human-
computer courtesy (Baum, 2014), the forms of uttered speech (Dahlbéck, Jonsson & Ahrenberg, 1993)
and the interaction channels (i.e., speech and gestures for combined interactions have an effect on sim-
ulators' speech punctuation and word choices (Thomason & Litman, 2013)).

Finally, simulators act as the facilitator (or the operator) during the process of operating simulation
tools. This process involves the most reliable role of simulator since the simulation tools usually are
developed with acceptable usability, efficiency, and longevity of simulations (Biswas & Murray, 2013).
To sum up, human simulators play multiple roles in WoZ simulations, mainly as the simulation tool
learner, user input interpreter, simulation decision maker, and simulation tool operator. Each of these
roles has a distinct possibility of producing improvisational responses that likely lead to undesired sim-
ulations. Given the adoption of automated simulation tools, the risks of improvisational operations have
been largely prevented whereas the risks are caused by the simulator’s individual perception and cog-
nition which are less addressed (Beuzekom, et al., 2010).

Despite the focus on the behavior of the end users, previous studies also provided some information on
the simulator performances and challenges. For example, the human wizard’s tasks are highly demand-
ing in terms of response times, system behavior, and consistency (Schlégl, Doherty & Luz, 2013). The
tasks of simulator are multidisciplinary which concerns visual language use, multi-task allocation, and
simulation task automation (Li, Hong & Landay, 2007). Simulating multimodal applications requires
greater cognitive load on the amateur simulators (Chandler, Lo & Sinha, 2002). The simulations can be
classified in two types: the end-user response and the tool operation. The former is more likely to incur
improvisational (or instinct) simulations, as the latter concerns only the intentional executive activities

(Serrano & Nigay, 2009). Therefore, the simulator mimetic behaviors bear innate risks of inconsistency
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and non-rigorousness.

2.3 Automated simulation tools

Automated simulation tools (e.g., automated selection tools) are the implements that can help human
simulators facilitate WoZ simulation operations in an automatic manner (Gandhe & Traum, 2014).
Specifically, the automated simulation tools execute human simulator simulation in decisions by fol-
lowing a set of predefined operations (Fabbrizio, Tur & Hakkani-Tiir, 2005). These tools do not help
the simulators process the end user inputs or make autonomous decisions since those processes rely on
the simulator individual background of knowledge, observations, understanding, and behavior predic-
tions. For example, the OpenWoZ client user interface was intuitive and useful (Hoffman, 2016). But
simulators are still required to acquire a solid knowledge of human-robot interaction before the simu-
lation rather than the tools support the processes of simulation operation. It provides simulators with
additional confidence that helps to maintain high level perceptions and judgements (Steinfeld, Jenkins
& Scassellati, 2009). These simulated operations are particularly useful for amateur simulators, because
using automated simulation tools often results in high usability and operational efficiency while mini-
mising the requirements to produce simulation experiences. For example, Hudson, et al. used such a
tool to develop a range of ambient sensors (Hudson, et al., 2003).

The automated simulation tools have advantages. These tools are learnable and physically undemanding
which help simulators maintain cognition performances. Also, the tools provide equality across differ-
ent simulation functions regardless of the function in complexities (Mok, et al., 2015). It helps to ensure
simulation productivity and efficiency. Furthermore, the automated simulation tools have largely re-
duced pre-study training and simulation working loads, which extend the adaptability of human simu-
lators in different simulation scenarios. The automated simulation tools help simulators facilitate mul-
timodal responses (Thomason & Litman, 2013).

Previous research has explored the use of automated simulation tools in various contexts, placing a
strong emphasis on the tool of effectiveness during use (Riek, 2012). Most methodological understand-
ings are in the field of usability, generality, and efficiency for the end users (Habibovic, et al., 2016).
For example, Katz, Basis and Shtub (2015) used an improved platform called the “Wizard of Oz tele-
medicine simulator” to present learners with a risk-free environment for transferring medical
knowledge, and Taib and Ruiz (2007) took usability into account in deploying multimodal interfaces.
In separate-wizard studies, research has focused on the development of distributed control panel designs
rather than on how those designs affected information synchronisation among simulators (Li & Bonner,
2014).

Previous studies have provided various implementations of automated simulation tools. For example, a
WoZ sketch recognition system was implemented using structured graphs and symbol alphabets (Bott
& Laviola Jr, 2015), and automated simulation modules were adopted to mimic language-technology
applications (Schlogl, Doherty & Luz, 2015). However, given the outcomes of these studies, there is
still a gap between the understanding of the relationships of automated simulation tools and the simu-

lator’s mimetic behavior especially in the process of end-user response.
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2.4 Requirements for the simulation by human simulators

WoZ configuration is relatively easy for the designer to use. However, WoZ has strict requirements for
the simulator, which involve not only the simulator’s experience and knowledge of the system but also
the simulator’s mimetic behavior throughout the use of automated simulation tools. These requirements
serve for: (i) indicating the simulator's overall performances during WoZ simulations and (ii) measuring
the mimetic behavior of simulators. Therefore, we reviewed the requirements based on a wide range
of WoZ applications and studies and used these as criteria to reflect mimetic behavior of simulators in
the following study.

The simulation using human simulators requires credibility (which refers to the level of how convincing
the simulated technology or system is to end users). In previous studies, the simulators ensured the
credibility by introducing intentional typos when mimicking a speech-recognition typewriter, so that
the end users would believe that the system is real and had minor flaws (Gould, Conti & Hovanyecz,
1983). To some current simulators still follow this requirement, for example, by responding to the in-
tentional speech recognition mistakes (Ashok, et al., 2014).

Credibility is fundamental to the WoZ study. It is because when the end users are aware of the simulated
illusion, their attitudes and activities are affected, thus destroying the reliability and validity of the study.
However, interestingly, the credibility is bound more to the end users than to the simulators (Schlogl,
Doherty & Luz, 2015). For example, when a simulator provides an improvisational operation that is not
sensed as such by the end users, the credibility of the simulation is not impaired. Even when a simulator
provides the strict simulations, in case the end users have any doubts about it, the overall credibility of
the simulation is low. The credibility is not an independent requirement; rather than it requires assis-
tance from other measures when examining the simulator's mimetic behavior.

Simulations using human simulators require rigorousness. Rigorousness refers to the extent to which
the simulator complies with the proposed system’s input and output functions (Markopoulos, et al.,
2008). It is challenged by increasing the cognition load in a simulation as well as the advancing tech-
nology levels that must be mimicked, such as the human-like robots (Hoffman, 2016). Basically, the
simulators' mimetic behavior need to reflect the intended system in terms of reaction speed and other
patterns (Bott & Laviola Jr, 2015). For example, a simulator must persist in responding with the same
mistakes throughout a simulation.

Rigorousness is concerned with two behaviors of the simulator. From a behavior perspective, rigorous-
ness involves how the simulator (as the desired computer system) uses simulation tools; from a percep-
tual perspective, it involves how the simulator (as an expert) interprets end users’ inputs (Dahlbéck,
Jonsson & Ahrenberg, 1993). Overall, rigorousness measures how accurately the simulator behaves in
the desired role.

The simulations using human simulators require consistency. Consistency is the most important - and
the most vulnerable - component in the WoZ study since it reveals the alignment of the responses across
multiple simulators and across the longitudinal simulation processes of simulator (Li & Bonner, 2011).
Consistency differentiates from the rigorousness: the former emphasizes the logical coherence across
the simulator on overall simulation performances as well as across mimetic behavior, while the latter

focuses on the accuracy with which the simulator mimics the desired system.
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Consistency is linked to specific simulation tasks, for example, when simulating a hand-gesture recog-
nition system, the simulator experiences less physical fatigue than when simulating a speech-recogni-
tion system due to the different response frequencies required (Forbes-Riley & Litman, 2011). Despite
the efforts involved in various physical demands, a simulator’s cognition load is consistently heavy.
One reason for this is that simulators must not only be aware of their current response but must also
consider their prior responses (Schlogl, Doherty & Luz, 2015). Another reason is when multiple simu-
lators facilitate individual simulation threads (Alce, Hermodsson & Wallergard, 2013). This simulator
separation reduces the complexity of simulation tasks, such as the ‘NEIMO’ project, which employed
three simulators for speech recognition, face recognition, and mouse control, respectively (Salber &
Coutaz, 1993). However, simulator separation also introduces challenges in coordinating multiple sim-
ulators’ simulations.

The simulator-enabled simulations require efficiency. WoZ studies involve many pseudo-functionali-
ties and simulation tools that are often undergoing iterative design-evaluation-design cycles. Therefore,
the simulator’s simulation needs to be well-organized and competent. The emergence of general WoZ
platforms and longitudinal simulation tools will cause an increasing emphasis on simulation efficiency
in future WoZ studies (Grill, Polacek & Tscheligi, 2012).

2.4 Lessons learned

The preceding review accentuates the lack of understanding of human simulators’ mimetic behavior
with the use of automated simulation tools in WoZ studies. Few previous studies have systematically
investigated the influence of automated simulation tools on human simulators with various simulation
experience. Additionally, previous studies usually adopted WoZ to probe advanced systems rather than
focus on the simulators while the difficulties they are confronted during simulation. For instance, the
simulator training and recruiting, study configurations and data collection techniques are good exam-
ples. In this regard, previous studies leave many questions unanswered: how the simulators can take
advantage of automated simulation tools to provide credible, consistent, rigorous and efficient simula-
tions regardless of simulation experience beforehand, and how the automated simulation tools would
affect simulator behavior when facilitating end users’ inputs in terms of simulation consistency and
rigorousness.

To draw insights into these questions, we developed a set of automated simulation tools and put these
in laboratory studies to investigate how the automated simulation tools affected simulators’ behaviours
of tool operations and end user response. The significance of the study is multi-fold. First, it uncovers
the correlations between the simulator and the automated simulation tools. Also, it would be useful to
understand the relationships between simulators and the end users. Secondly, the understanding of sim-
ulator's mimetic behaviours reveals how the spoken language interface-related features e.g. speech du-
ration, pitch and energy would affect simulators’ perception and responses. The features can indicate
simulators’ psychological and cognitive statuses. Finally, the study identifies both the strengths and the

weaknesses of the simulators in iterative simulations.

2.5. Hypothesis development
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Despite known benefits of automated simulation tools, state-of-the-art WoZ studies e.g. (Katz, Tepper
& Shtub, 2017, Katz & Shtub, 2016) indicate that the problems of inconsistency and non-rigorous-
ness remain in WoZ simulations. Taking account of the roles of human simulator and the use of auto-

mated simulation tools, we propose the study hypotheses as follows:

HI: Given the simulators’ experience levels, the automated simulation tools cannot provide the same
credible, consistent, rigorous, and efficient simulations.
H2: The automated simulation tools cannot fully support human simulators on end-user response and

tool operation similarly with respect to simulation consistency and rigorousness.

3. Method

The objectives of this study were to investigate human simulators’ mimetic behaviours when using
automated simulation tools. Because it is difficult to conduct an exhaustive study that directly examines
the simulator’s experience and characteristics, we adopted a comparative exploratory study using two
of the most common types of simulators (the amateur and the experienced simulators).

The simulators usually mimic a human-like spoken dialogue system in this study. Here, the ‘human-
like spoken dialogue system’ is proposed for several reasons. One is that current speech-recognition
technologies are approaching natural human language capabilities; thus, prototyping a pseudo-system
that is slightly more advanced than current technologies appeared more convincing to end users. An-
other reason is that making simulators mimic a machine such as a computer does not capture the sim-
ulators on full perceptions and responses as human beings. In contrast, to successfully mimic a human-
like spoken dialogue system, the simulators had to behave as rigorously as a computer but also to mimic
the system as if it is a human. Thus, the simulators exposed activities that involved simulation task
perception, user interpretation, and self-operational awareness. An extra advantage of human-like spo-
ken dialogue interfaces is that they exert minimal influence on experienced and novice simulators on
spoken-language capabilities. That is, the simulators of greatest differences lay in their prior experience
with the simulation tools instead of their spoken-language abilities.

The automated simulation tools cannot be precisely manipulated in comparative studies. Thus, we set
the human simulators who come with different simulation experience as the pseudo independent vari-
able. In other words, we need to investigate the automated simulation tools by comparing their influ-
ence on the experienced and amateur mimetic behavior of simulators. The experience levels are con-
figured by recruiting and training simulators with different simulation experience. The dependent var-
iable is the mimetic behavior of simulators (or the simulation performance), which are being measured
with the metrics of credibility, consistency, rigorousness, and efficiency. Other variables, such as the
simulation tools, study tasks, study scenarios and procedures, are the same to all the simulators in the
study. This section describes the methodological details of the study.

The study involves multiple experiments to measure the variables. It aims to investigate two groups of
simulators (the experienced and the amateur), each group is measured with the credibility, rigorousness,

consistency, efficiency, and overall engagement, and satisfaction. The study planned to recruit 60
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simulators and 120 end users in total and each simulator needed to facilitate two individual end users.

Therefore, the study can compare the mimetic behavior between- and within-simulators.

3.1. Participants

The study evaluated the mimetic behavior of human simulators with the automated simulation tools.
The actual participants are the human simulators rather than the end users of the simulated system.
Overall, the simulators could be categorized into three general groups according to their simulation
experience levels from high to low: the experimenters, the trained experienced simulators, and the
amateur simulators. The WoZ experimenters and the trained simulators are expected to have the same
amount of simulation experience, therefore, the two participant groups are combined into the experi-
enced simulator group. Finally, we shaped two main participant groups: the experienced and amateur
simulators.

The scales to categories the simulators comprise (1) knowledge of the WoZ method and the role of
simulator (wizard), (2) experience of simulating a specific WoZ system and (3) skills of a simulation
tool operator. As such, the experienced simulators need to meet all scales simultaneously, while the
amateur simulators need to meet the scale (3) without the other two scales. We provided extraordinary
training and pre-study practice to the experienced simulators to ensure they met the scales (2) and (3),
respectively. In contrast, the amateur simulators only received the pre-study practice to ensure they
gained skills of tool operation.

Sixty participants are publicly recruited as the simulators. Specifically, eight of these simulators are
based in the United Kingdom, where the first half of the study is conducted, and fifty-two participants
are in China, where the second half of the study is conducted one year after the first study. The partic-
ipants could use Chinese in the study while they all reported similar English language abilities as those
in the first half study. To manage the cross-social-culture issue, we applied measures e.g. double-
checking the simulators’ dual language communication skills and proposing less cultural-dependent
task scenarios e.g. weather and shopping.

The simulators are selected against the same criteria and the cultural background is not the necessary
dimension of criteria. The bicultural backgrounds added diversities of the simulators. The details of

the simulators are summarized in Table 1.
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Table 1. The simulators and end-users in the study

In United Kingdom In China Payment
Experienced 3(1 male from the research 25(10 males and 15 GBP 10
simulators group and 2 females from females. 3 were from or RMB 100
the department faculty with  college administrative
beforehand WoZ simulation  office and 22 were
experience. M,,=39.3) doctoral students. All
received pre-study
training. M,,.=26.2)
Amateur 5(doctoral students, 3 males  27(12 male and 15 female.
simulators and 2 females. No 17 were second-third year
experience of WoZ undergraduate students, 10
simulation. M,,=27.5) were postgraduate
students. All with no WoZ
simulation experience.
Mag=25.2)
System users 16 third year undergraduate =~ 104 undergraduate GBP 5
students. 7 male and 9 students. 58 male and 46 or RMB 50

female. Map=22.5

female. Mag=21.8

None of the simulators self-reported any visual or physical impairments that would possibly constrain
WoZ simulations. Multiple scales are adopted to categories the simulators. It includes the recruitment

of the simulators which are justified for multi-fold reasons:

(i) Most of mimetic behavior of the simulators are anticipated to occur during the processes of inter-
preting user input and simulation decision making, which are independent of the number of participants.
In other words, end users’ interactions are largely confined within a predictable range with respect to

interactions and speeches. A larger number of end users would not significantly expand this range;

(i1) The simulation tools of simulators have predefined functionalities which means the mimetic be-
havior of simulators are limited to within a general range. The size of this range is not dependent on

the number of simulators but on the tasks they perform;

(iii) The responses of simulators are followed study scripts, which also makes a larger number of sim-

ulators unnecessary;

(iv) Training and recruiting a large number of highly experienced WoZ experimenters is time-consum-
ing, in contrast, a small number of carefully selected expert simulators can be equally representative
for an exploratory study. The selection criteria includes the following. (1) Experienced simulators who
had to have prior experience in mimicking natural spoken language systems. This requirement ensured
that the simulators would have a good knowledge of simulation systems. (2) Experienced simulators
must have had simulation experience in the prior half year. This requirement ensured that the simulators
would have fresh simulation skills and experience. (3) Amateur simulators must not have been involved
in any forms of WoZ simulations before. This requirement ensured that the amateur simulators had no
previous experiences. (4) All simulators, including both amateur and experienced, need to be capable

of intensive simulations such as responding over a long period. This requirement ensured that the
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simulators are capable of operations under stress. (5) All simulators received 5 min of pre-study prac-
tice time; any simulators who are unable to learn and operate the automated simulation tools during
that period are removed. This ensured that the remaining simulators would have a similar level of
familiarity with the simulation tool.

As described in Table 1, one hundred and twenty undergraduate students are recruited from the local
university to play the end users of the simulated system. They are not informed about or involved in
any means of system simulation but only to use the system and then provide feedbacks. These end
users needed the basic knowledge and experience of spoken language applications such as the Siri. The
requirements for the end users on the previous experience included (1) the familiarity to the form of
human-system interaction via natural spoken language and (2) using the spoken language-enabled sys-
tem to complete a mundane task such as weather information enquiries. The end users signed a consent
form before the study, but they are not informed about the simulation until the end of the study.

In addition, an instructor is presented during the study, passing and collecting task sheets and question-
naires and organising post-study semi-formal interviews. The instructor, unless explicitly requested by
the end users, does not interfere in the simulators' and the end users’ tasks. The instructor is allowed
only to provide technical support, without any forms of task completion guidance.

Another three human-computer interaction researchers are publicly recruited to inspect usability of the
simulation tool before it is used in the formal studies. The researchers walk through the simulation
tool’s functionalities (e.g. text typing and operation clicking) and reported potential usability problems.
The simulation tool has improved through iterative designs until no more major usability problems are

reported.

3.2. Apparatus

The study implemented a distributed WoZ simulation system that consisted of two components in sep-
arate rooms: the automated simulation tools and the simulated applications (Figure 1). The two com-
ponents run on the separate host computers but are connected through intranet protocols and ports. The
distributed structure helped to circumvent the risk that end users would sense the simulators.

The automated simulation tools consisted of a set of control panels displayed on a 22-inch Wacom
Cintiq touch-sensitive monitor (Figure 2). The simulation tools and the monitor supported multimodal
inputs, including pen, keyboard, mouse, and speech recognition. The simulators, including the amateur
and the experienced, are instructed to use the pen and mouse to select the preset operations and use the
keyboard to type additional operation messages. And the speech recognition is the alternative to the
keyboard as it allowed the simulators to type the response message by speaking. The automated simu-
lation tools have speech synthesis capability for delivering the acoustical responses along with the

display of text messages.
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Intranet

Control room <:::> User room

Observer

Evaluator

Fig 1. Distributed simulation system of WoZ simulation

Fig 2. Multi-touch and pen-input capable monitor with mouse and keyboard

The automated simulation tools comprise a predictive typewriter, a calendar integrated with an appoint-
ment manager, and a customised web browser (Figure 3). These components are specifically optimized
for automatic operations. First, multimodal input methods are enabled. Each component is capable of
at least two input modalities. For example, the typewriter accept the keyboard input as well as the
spoken language speech. The calendar accepted pen and mouse input; and the browser accepted natural
language speech and all the other modalities. Second, automated operations are integrated after the
simulator selected a simulation decision. For example, when the simulator said the word ‘balloons’, the
typewriter transform the speech into text and showed a list of dynamic candidate simulation decisions
such as ‘make a new appointment to buy a balloon’. After a decision is selected, the simulation tools
automatically performed tasks such as launching the calendar and displaying the appointment interface
to the end user. Finally, simulators are able to customize the tools layouts for their preferences. A sim-

ulator can drag these components around the monitor.
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how about trying something new add I del I update ]
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how about buying something needed buy food for the party

26 April 2015:

how about searching something online plan weekend party

Fig 3. Components of the automated simulation tools

The simulated application is a smart spoken dialogue system projected on a coffee table by a ceiling-
mounted projector (Figure 4). A webcam affixed to the front side of the projector sends a live surveil-
lance video stream to the simulator in the other room. The simulated application is capable of speech
recognition and displayed simple graphics and texts according to the response of simulators.

The application took place in a simulated domestic scenario with one long sofa and a coffee table in
front of the sofa (Figure 1). The simulated application accepts end users speeches and displays visual
results on the coffee table. The application is introduced to end users as a system with human-like

speech-recognition capabilities.

Fig 4. Simulated application projected on the coffee table

3.3. Procedures

The study has consisted of one hundred and twenty simulations in total; each simulator (60 simulators,
including 28 experienced and 32 amateur simulators) simulated the spoken-language dialogue system
twice, each time with a single different end user (correspondingly, 120 end users in total). The “one
simulator and two end users” approach aims to reflect the simulator’s performances when simulation
experience increased. By contrast, arbitrary comparisons between the individual simulators are imprac-

tical because the simulators had various perception and motion abilities in simulation tasks.
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Pre-study configurations are conducted spontaneously in two separate rooms. In the control room, the
experimenter gave the simulators a brief introduction to the simulation tools and simulated applications
and guided them as they walked through the study scripts, which provided a list of simulations corre-
sponding to specific user inputs. The experienced simulators in both the first and second half of the
study received an extensive pre-study training. The training lasted approximately one hour, consisting
of simulation tool introductions and rehearsals. This training ensured that all experienced simulators
had a high level understanding and skills of the automated simulation tools.

Subsequently, each simulator underwent the practice session with the automated simulation tools. Dur-
ing the practice session, the simulators needed to learn to customise the layouts of the simulation tool,
use the pen, keyboard, mouse and speech recognition to operate the simulation tool, and use the inter-
action methods to control the simulated applications. The practice contents can be done multiple times
within the time limit.

The practice is for two purposes: practicing the simulation tool and inspecting its usability. The simu-
lators are asked to qualitatively report potential usability problems during the learning of simulation
tool. The inspection measured the overall usability of the simulation tool and it aims to prevent the
usability problem of the selected WoZ automated simulation tools influencing the study results. Also,
it ensures that the simulators’ performance is not affected by any usability problems that are caused by
the designs of simulation tools. The practice session involved no real end users, as it is intended only
to familiarize the simulators with the system. In the end user’s room, each user is seated on the sofa
and read through an introduction to the pseudo-system under the instructor’s supervision. The instruc-
tor played a 5-min video clip demonstrating the use of the system before the practice session officially

started. The overall configuration flows of both rooms are illustrated in Figure 5.

Control Room User Room
iven b i E iven b

® Brief Introduction « g V. ; g Y »| @ Brief Introduction

. supervised by E explained by ] ]
® Walked through scripts i i » o Readthroughinstructions

. . . ised by | 5
® 15-min practice session e tindeoststinkt ) L played by »| ® Video demonstration
§ signaled by

® Got ready for simulation

\ 4
A 4

e Start experiment

e Simulationand response ® |nteraction tasks

A 4

Fig S. Procedural flows of pre-study configurations in both rooms
The formal procedures after the pre-study configurations are as follows.
First, the simulator is required to finish the practice session before the end user’s learning session began;
thus, they would be prepared for the simulation. When the simulator is ready, he/she used the simulation
tools to signal the application to display the splash interface.
Second, the instructor noted the interface and then guided the end user to start the tasks. The tasks
consisted of:

(1) it asks the spoken dialogue system about the weather over the next weekend,
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(i1) it asks for the spoken dialogue system’s assistance in making a shopping list for a weekend party,
(iii) it asks the spoken dialogue system to invite friends to the party.

The three tasks had incremental complexity levels. As previous studies indicated, complex simulation
is more cognitively demanding, including longer response time and higher chances of improvisational
behavior (Deshmukh, et al., 2013). In this study, the influence of the complexity is mostly on the sim-
ulator’s end user response rather than on his/her automated simulation tools operations.

These are open tasks that are intended not only to encourage the end users to try different interactions
but also to remove unnecessary pressures on the end users. During the tasks, the end users talk to the
spoken dialogue system which inhabits in the coffee table and asked the system for technical assistance
to complete the tasks. At the same time, in the other room, the simulators are instructed to act as a
human-like spoken dialogue system by interpreting the end users’ speech and deciding how the system
should be responding to the end users. The simulators and the end users took part in the study in random
orders. The simulators have a 15min breaking after each simulation study.

Need to note, the simulators and the end users recruited in China are allowed to use Chinese in the stud,
and the system commands and related spoken dialogue responses are translated accordingly. This meas-
ure ensured the naturalness of the interaction between the simulator-mimetic system and the end users.
Furthermore, it circumvents unnecessary risks possibly incurred by language barriers. The study data
are translated back to English in the analysis. Also, previous studies such as (Fraser & Gilbert, 1991)
had proved the effectiveness of WoZ simulations in multilinguistic context.

Finally, after completing all tasks, the end users are instructed to fill a 5-point Likert-scale questionnaire
(Appendix A) and then the study instructor conducted semi-formal interviews (the questions are pro-
vided in Appendix B). All the simulators and the end users followed the similar procedural flows. In
each study, they include the pre-study configurations — which is done for only once at the beginning of
the study, simulations tasks, post-study questionnaires and interviews, took approximately 7-min (M

simulation time=6.54, SD simulation time=2.10).

4. Analysis

The study collected 120 questionnaires, interviews, end-user surveillance videos, and simulator surveil-
lance videos, respectively. The simulators does not take part in the questionnaires or interviews because
they are often unaware of their mimetic behavior during the simulation (Alce, Hermodsson & Waller-
gérd, 2013). To measure the simulators' mimetic behavior, we adopt the four WoZ simulation require-
ments — credibility, consistency, rigorousness, and efficiency — as the criteria, as these requirements are
the direct indicators of simulators' mimetic behavior (Steinfeld, Jenkins & Scassellati, 2009).

The study data are processed as the following. Firstly, the hard copy questionnaires are transferred to a
database for the later statistical analysis, and the interview feedbacks are manually annotated by the
experimenters and organize in the form of keywords. Secondly, both the end users and the simulators
surveillance video footages are processed by a speech-to-text programme that implemented the Google
cloud speech API, so to transcribe all the ‘simulator - end user’ conversational interactions into texts
ordered by ascending video time stamps. And then, ten experimenters manually inspected the tran-

scribed texts, corrected recognition errors (unrecognizable speeches are marked as ‘guess’), and
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inserted additional annotations into the texts (see the contents in double brackets). Finally, 87730 trans-
actions (each transaction is annotated with a number, as shown in the following example) are collected.
The study analysis used descriptive statistics and non-parametric tests e.g. normality distribution test
and Mann-Whitney test to depict the overall study results and the differences between the experienced
and amateur simulator groups, respectively.

A transaction is seemed as an individual line of simulators’ and end users’ spoken dialogues as follows,
each of which lasts for several seconds and has a specific intent. The structures and marks of the trans-
actions followed the conventional conversation analysis formats such as in (Matthews & Heinemann,

2012, Seedhouse, 2004). One of the transactions captured in the study is shown below.

Tl 1[29:05-29:14] uU: Therefore, it would be something such as dry food, [.]
T2 Like pizza, [.2] snacks, hangle (guess)

T3 2 [29:15-29:29] E: ((starting to add the food shopping appointment))

T4 Outputting the contents as ‘dry food—pizza, snacks’ [.2]
TS ((then directly confirmed this input)) [.10]

T6 3 [29:30-29:43] uU: so maybe such as pizza, burgers,

T7 And some [.5] biscuits

T8 4[29:42-29:44] E: ((typing new food as ‘pizza, burgers, snacks’))

T9 5[29:45-29:51] u: er [.3] close enough [.2]

T-transaction, U-end user, E-simulator (evaluator)

The simulators for surveillance videos are not transcribed because the previous transcriptions already
include the simulators’ speeches. These videos are used to validate the findings from the end users on
the conversation analysis.

The above study data are analyzed with multiple methods. The questionnaires are quantitatively ana-
lysed through statistical analysis. The interview notes are qualitatively analysed to extract the end users’
feedbacks. The speech transcriptions are analysed using the conversational analysis method, which is
a proven method of conversation analysis (Matthews & Heinemann, 2012, Seedhouse, 2004). The for-
mats and symbols in the speech transcriptions mostly complied with this method. In addition, the sim-
ulators’ surveillance videos are analysed by the expert-walkthrough method. The requirements for ex-
pert-walkthrough include: (1) comparing the responses of simulators with the end users on the inputs
and (2) analysing the behavior of the simulators according to the study script and (3) validating the
simulators’ performances against the end users’ qualitative feedbacks. Table 2 summarises the criteria

for the simulators' mimetic behavior.

Table 2. The criteria for the simulators’ mimetic behaviour
Criteria Measures Methods

*End users’ awareness of simulation . .
Credibility of sim- Questionnaires,

*End users’ feedbacks on how convincing of the system

ulation Interviews

functionalities
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*Simulators’ mean response speed(behave)

Rigour of simula- |*Simulators’ response styles Conversation analysis, Ex-

tion *Overall conformity with presumed system defined by study pert-walkthrough

scripts

. Simulators’ behaviours in long- and short-term simulations | (onversation analysis,
Consistency of . .
*Simulators’ behaviours in predicting end user input time Questionnaires, Expert-

and patterns walkthrough

simulation

*Simulators’ and end users’ overall response speed through-

Efficiency of sim- Conversation analysis,

out simulations
ulation Questionnaires, Interviews
*Response rhythms made by the simulators

Overall engage- *Overall engagement perceived by end users

ment and satisfac- Questionnaires, Interviews

L . |*Overall satisfaction perceived by end users
tion in simulation

4.1. The credibility of the simulations

Credibility is the foundation of the WoZ simulations because it has a direct influence on overall relia-
bility and validity of the study. Therefore, we firstly analysed the credibility of the simulators’ responses
as it is perceived by the end users. Given the analysis results, the simulations that did not have sufficient
credibility are invalid and therefore removed from the next analysis.

The credibility cannot be directly measured by analyzing the simulator responses because the simulators
on the self-report could be unwittingly biased. Oppositely, the study adopted questionnaires and semi-
formal interviews to collect the end users on the feedbacks on the overall simulation credibility. Two
questions (Appendix A, Questions 1 and 2) and one interview question (Appendix B, Question 1) are
used to reflect the credibility in the study.

On questionnaire A Question 1, 81.7% (98 out of 120) end users gave the pseudo-system a 5-rating and
the rest gave it a 4-rating (M=4.30, SD=0.46). On questionnaire A Question 2, 70.80% (85 out of 120)
end users gave a S-rating and the rest gave a 4-rating (M=4.18, SD=0.39). The results indicate very
positive results of the credibility.

The results of the questionnaire A Question 1 and 2 are not in normality distributions (one-sample K-S
test denied normality distribution, pQ1=0.00, pQ2=0.00). Therefore, we use non-parametric Mann-
Whitney test to compare the results between the amateur and the experienced simulators. As Figure 6
shows, the results reported no significant differences between the two simulator groups (Question 1:
U=1088.00, Z=-5.52, p=0.10. Question 2: U=672.00, Z=-7.48, p=0.07), indicating that the simulators’

experience levels had no influence on the end users’ perceptions of the credibility.
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Fig 6. The results of credibility between the experienced and the amateur simulators

(no significant differences in Question 1 or Question 2)

The results of the credibility between the two simulator groups are generally high while most end users
gave the highest rating. For those who gave low ratings, the semi-formal interviews revealed some
reasons. First, none of the end users doubted the simulated system. Secondly, some end users give low
ratings because they thought the spoken dialogue system should have had more advanced functions
such as “[the end user] using the system to control smart home devices”. Overall, the results showed no
clues that the end users are aware of the simulation, therefore, the reliability and validity of the study

are ensured.

4.2. Rigorousness of the simulations

The rigorousness of the simulators of responses is measured by the simulators of response speed and
styles. The former refers to the time between the simulator receiving the end user’s input and giving a
response, and the latter refers to the simulators’ utterance styles. We calculate the speed based on the
time stamps in the transactions, as the simulators’ every individual response is logged with the time.
Furthermore, we analysed the questionnaire results to understand how the rigorousness of simulation
is perceived by the end users. In the meantime, we adopted expert walkthrough method to identify the
differences between the simulators of responses and the study scripts. The expert walkthrough exam-
ined the accordance of the simulators interpreting and responding to the end users’ inputs.
First, we analyze the simulator speed of simulation (seconds per simulation, a simulation is defined as
a collection of transactions between the simulator receiving the end user inputs and giving a response)

between the simulator groups which is calculated using the following equation:

_XLT.n)
N

S , (D«
where S is the mean speed, N is the total number of simulations which might have multiple transactions,
T is the duration of individual simulations, and n is the number of simulations that are manually counted

by the experimenters.
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We compared the amateur and the responses of experienced simulators with the first and the second
end users, so to understand whether the current experience of simulator levels will affect the simula-
tions. The simulators’ average response speed is M=1.52, SD=0.64. To be more specific, the amateur
simulators’ response speed was like the overall speed (M=1.89, SD=0.44) and the experienced simu-
lators’ response speed was faster than the overall speed (M=1.14, SD=0.61). In Figure 7 shows, the
results reported no significant differences between the amateur and the experience simulators when
simulating with the first end user, (tested with no normality distribution, non-parametric Mann-whitney
test U=50.40 p=0.15). Similarly, there were no significant differences between the amateur and the
experienced simulators in the simulations with the second end user (tested with no normality distribu-
tion, non-parametric Mann-Whitney test U=14.00 p=0.38).

However, the simulators’ response speed had significant differences between the simulations with the
first and the second end users (tested with no normality distribution, non-parametric Mann-Whitney
test U=69.2 p=0.032). This result indicated that the simulators’ simulation efficiency had significant
improvement when they gain more simulation experience. According to the results, we presumed that
the simulators’ interpreting the end users’ input and making response decisions were improved when
their simulation experience grew.

5

~

[

Amateur Simulators' Speed Experienced Simulators' Speed

Fig 7. The results of response speed between the two simulator groups in the first and the second
simulations (the simulations with the first and the second end users had significant differences)

To further understand whether the inherent simulation experience may influence the mimetic behavior
of simulator, we analyze the two simulators of groups response speeds by measuring the end users
questionnaire feedbacks. The questionnaire results (see Appendix A, Question 3) show that the end
users’ perception of different simulator groups’ response speeds. The overall (M=3.75, SD=0.86, pro-
vided only for reference), the amateur (M=3.62, SD=0.85), and the experienced simulators’ response
speeds (M=3.87, SD=0.91) were compared (see the results in Figure 8). Independent-samples T-test
reported no significant differences between these groups (tested with normality distribution, p=0.28).
The results indicated, despite the significant differences in the simulators of response speeds between

the first and second simulations, the end users are not sensitive to the speed changes.
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Fig 8. The results of the simulators’ response speeds as perceived by the end users (no significant
differences were reported between the amateur and experienced simulator groups)

Second, we analyze the simulator response styles among the simulator groups. The response styles of
simulators specifically refer to three aspects in the study: the response speech rhythms, the preferred
speech utterances, and the response speech pitches. The instructor explicitly explains these aspects
when the end users answer the questionnaire Question 4. The questionnaire results, as shown in Figure
9, reveal no significant differences in any of the aspects of response styles (tested with normality dis-
tribution, independent-samples T-test p=0.33).

The interview analysis (Appendix B, Question 2) shed light on the understanding of the above results.
Since the end users only participated in the study once, they cannot compare different simulators’ re-
sponses. In addition, the end users felt that “the system’s speeches quite adaptive and easy to under-
stand”. This quote indicates that: the end users understood and adapted to the system’s speech styles

and the system adapts to the end users of input speeches.

6

S-Likert ratings
w IS
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Amateur Evaluators' Styles Experienced Evaluators' Styles

Fig 9. The results of the simulators’ response styles (no significant differences between the amateur and
the experienced simulators)
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Finally, to understand whether the simulators would adapt to the end users of speech utterances, we
develop a program to automatically take random transaction samples out of individual simulators’ re-
sponses. Each sample is 30sec long. By adaptive mimetic behavior, we mean that the simulators re-
sponded with the same speech phrases and utterances as directly derive from the end user input. We
removed the transactions that do not contain essential dialogues, and finally extracted 2551 transactions.
We then ask seven experts (experimenters) to re-visit these transactions to validate if the simulators
really leaned the end users speech for utterances in the simulations. The expert examination found

several examples of non-rigorous mimetic behavior and the details are reported below:

(1) When facing unexpected user inputs such as ‘OK, could you show me an example of what I am
supposed to shop for’, both the amateur and experienced simulators tend to respond with ‘Sorry, I do
not understand, please say that again’. The study scripts allowed such responses when the simulators
encountered difficulties in understanding the end users’ input. Within the selected data, 278 transac-
tions included such "unrecognised input" responses (Nexperienced simulator=202, Namateur simula-
tor=76). Independent-sample T-test reported significant differences in the numbers of the “unrecog-
nised input” response between the amateur and the experienced simulators (tested with normality dis-
tribution, p=0.038).

(2) When the instructor is asked to demonstrate the use of speeches during the simulation, the simula-
tors did not respond. For example, when the instructor explained how to add a shopping list appoint-
ment using speeches such as “to create an appointment, for example, you can use speech commands

299

such as ‘new appointment’, or you could use ‘make a new appointment’”, the simulators are expected
to respond un-discriminatively, but the selected transcriptions showed that no simulators responded to

the instructor’s speeches.

(3) The simulators adapted to the end users on the interactions. The experts analyze the selected tran-
scriptions and noted several changes in the simulator of responses. These changes include both speech
utterances and response rhythms. For example, when the end users spoke slowly, the simulators re-
spond in a more flexible way, and vice versa. The experts find that all (28 in total) experienced simu-
lators and 21 (out of 32) amateur simulators exhibited such instinctive adaptations. However, in this
regard, no significant differences are found between the amateur and the experienced simulators (tested
with normality distribution, independent-sample t-test p=0.61).

In the following parts, we provide two examples of the simulators’ instinctive adaptations. The non-

rigorous behavior are highlighted in boldface.
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Example 1:

U — user, I — instructor, E- simulator(evaluator)

1/[10:05-10:11] U: then, er [.2] how can I add this to the calendar?

2[10:12-12:58] I: well, first of all, you need to give a command to
launch the calendar, such as this [.3],
calendar-add event (...)

3[10:12-12:58] E: (responding with nothing)

4[12:59-13:01] u: OK [.1], I see

Example 2:

U-user, E-simulator(evaluator)
1 ((having completed the party food reminder list task))
2 [04:46-04:49] E: ((prompting different ideas based on the current
conversation))
fancy adding some pink balloons for the party?
3 [04:50-04:51] U: Yes, [.1] make some balloons.
4 [04:52-05:01] E: ((adding balloons to reminder list))

(4) Therefore, the simulators made different decisions after making unintentional mistakes. The expe-
rienced simulators tended to return an unrecognized response when the end users attempted to repeat
the speeches. In contrast, the amateur simulators appeared more likely to provide correct responses after
the end users on the retrials. Given the limited transcription samples, no direct evidence is captured to

prove any significant difference between the simulator groups.

Overall, the above analysis indicates that the amateur and experienced simulations of simulators include
non-rigorous mimetic behavior with automated simulation tools and that, in several aspects, these be-
havior are significantly different. However, from the end user perspective, the non-rigorous mimetic
behavior are not easily noticed, therefore, they have no significant influence on the end users percep-

tions.

4.3. Consistency of the simulations

By consistency in this study we mean how strictly the simulators could mimic the desired system. To
understand the consistency of the simulators on the mimetic behavior, we analyze the simulations from
individual simulators and simulations across multiple simulators. The former is measured through the
questionnaires and interview analysis and the latter is measured through the conversation analysis. In

addition, the expert walkthrough is adopted to validate the results.
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First, we analyze how consistent the simulations of simulators are between the first and second end
users. The questionnaire analysis (Question 5: Moverall=3.95, SDoverall=1.12, provided for reference;
Question 6: Moverall=3.90, SD overall=1.05) showed some deviations across the simulations of sim-
ulators (see detail data in Figure 10) but reveal no significant difference consistency between the first
and second simulations (Question 5: independent-sample T-test Pfirst and second simulation=0.48;
Question 6: independent-sample T-test Pfirst and second simulation=0.09). The interview analysis
(Appendix B, Question 3) show no hard evidence that supported any form of inconsistency, because
all the end users are satisfied with the system. To sum up, we assume that the end users do not sense

inconsistencies in the individual simulators’ simulations.

6

5
4
3
2
| I I
0

Amateur Simulators Experienced Simulators

5-Likert Ratings

B Simulations with the first end user Simulations with the second end user

6

5
4
3 I I
2
1
0

Amateur Simulators Experienced Simulators

S-Likert Ratings

B Simulations with the first end user Simulations with the second end user

Fig 10. Top: results of simulation consistency perceived by the end users (questionnaire A Question 5);
Bottom: results of simulation consistency perceived by the end users (questionnaire A Question 6)
(no significant differences were reported between the first and second simulations and between the

amateur and experienced simulator groups)

Secondly, we analyze how consistent the simulators’ simulations are across multiple simulators,
namely, the amateur simulators and the experienced simulators. Given the simulators on the non-rig-
orous responses (as mentioned in Section 4.2), we extract 1530 transactions from the simulation tran-
scriptions. All these transactions included the "unrecognizable input" response and those that are in-
curred by technical failures are removed, finally, 1031 transactions are selected. The experienced sim-
ulator group responded more often with "unrecognizable input" responses than did the amateur simu-

lator group (Nby experienced simulators=625, Nby amateur simulators=406); however, independent-
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sample T-test reported no significant differences in unrecognizable response numbers between the am-
ateur and experienced simulator groups (p=0.09).

To determine the overall consistency of simulations across all the simulators, we examine how con-
sistently the simulators interpreted the end users of speeches and how consistent their response deci-
sions are. Due to the difficulties of analyzing all the transactions, we used two experts to traverse the
simulators’ surveillance videos and extracted short clips that contained predictive interpretations. Pre-
dictive interpretation means that the simulator understood the end users on the intentions and prepared
a response beforehand. We counted the number of these clips across all the simulators in their simula-
tions with the first and second end users, respectively (Figure 11), and found significant differences in
predictive interpretation frequency between the amateur and experienced simulator groups (independ-
ent-samples T-test p=0.044). This confirmed the influence of simulator experience on the process of
interpreting user input.
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Fig 11. Results of the simulators on the predictive interpretations (significant differences between the
amateur and the experienced simulators)

The expert walkthrough analysis reveals several reasons for the results. Given the support of automated
simulation tools, simulator responses are faster than those of the end users; therefore, the simulators
had time to make predictive interpretations. In addition, during end user pauses, experienced simulators
appear more likely to prepare subsequent operations.

Overall, the analysis shows that the mimetic behavior of individual simulators (e.g., interpreting user
input) are consistent, regardless of the increase of simulation experience in the study. In contrast, the
analysis results also show significant differences in simulation consistency (predictive interpretation
and frequency of "unrecognised input" responses) across the two simulator groups. However, the in-
consistencies in the simulations of simulator are not sensed by the end users, as indicated by the ques-
tionnaires and interviews. Given these results, we can not only confirm the inconsistency of simulation

in this study but also report that such inconsistency did not influence the end users.

4.4. The efficiency of the simulations
Efficiency is an aspect of the consistency of a simulation because the simulators might have different

qualities in their ability to simulate the expected responses. This aspect reflects the simulator overall
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productivity with the simulation tools. To measure the efficiency within and between the simulators,
we analyze the questionnaires and interviews. In addition, we use an expert-walkthrough (one expert
in this case) to examine the simulators on the surveillance videos to validate the analysis results.

To measure the individual simulation of simulator efficiencies (with the first and the second end user,
respectively), we analyze the questionnaires with independent-sample T-test (Question 7: M=3.62,
SD=1.20; Question 8: M=3.29, SD=1.07); the results are shown in Figure 12. Neither Question 7 nor
Question 8 reported significant differences in simulation efficiency between simulations with the first

and second end users (independent-sample T-tests, PQuestion7=0.71, PQuestion8=0.54).
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Fig 12. Results of individual simulators’ simulation efficiency with the first and the second end users
(top: Question 7, bottom: Question 8, no significant differences were reported in these questions)

To obtain a quantitative understanding of the simulators’ simulation efficiencies in the simulations
with the first and second end users, we refer to the analysis results discussed in Section 4.2 (the simu-
lators’ response speeds) and found that both types of simulator groups gained efficiency during the
simulations. However, we note that such efficiency improvements are subtle, because no evidence is
captured in the study to demonstrate that the end users sensed the changes in efficiency.

As mentioned in Section 4.1: the Credibility of the simulation, the study found no significant differ-
ences in overall simulation speed between the two simulator groups. It indicates that the efficiency
between the simulator groups are similar. Moreover, the interview data analysis (Appendix B, Question
4) reported no obvious differences in system responses. The responded participants that they ‘feel the

overall system responses are instant and acceptable’ and that they ‘understand that the system would
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have different response speeds with different speeches’. Taken together, we can claim that there is no

significant difference among the simulator groups.

4.5 Engagement and satisfaction

We analyze the overall engagement and satisfaction of the end users in the study. This served two
purposes. First, the analysis data are useful in validating other measures, especially the credibility and
consistency of the simulations. Secondly, the analysis examined the end users’ interaction status which
ensured the overall reliability and validity of the study.

To reflect end user engagement with the simulated system, we designed one specific question to meas-
ure the overall usability of the simulation system as perceived by end users (Appendix A, Question 9).
Due to the multiple facets of usability in different contexts (Hertzum, 2010), we adopt the extended
usability definition based on the widely-accepted usability definition of ISO 9241 (Bevan, 2001). The
usability definition comprises five main characteristics: effectiveness, efficiency, error tolerance, ease
of learning and overall user engagement. Because the first four characteristics are already well ad-
dressed through the WoZ structure, the characteristic of engaging is adopted as the major indicator of
usability. The analysis results show that the end users generally perceived highly positive engagement
in the study (MQuestion9=4.54, SDQuestion9=0.55; MQuestion10=4.36, SDQuestion10=0.92). The
analysis results showed no significant differences between the simulations of simulators with the first
and second end users or between the amateur and experienced simulator groups (independent-sample
T-tests, P first and second simulation=0.48, P amateur and experienced simulator groups=0.36).
Additionally, we analyze the end user overall satisfaction with the study. The instructor’s observations
of the end users report good task completion, as all the end users successfully accomplish the study
tasks without encountering serious difficulties. The questionnaire results (Appendix A, Question 10)
showed high satisfaction ratings (M=4.58, SD=1.30), but do not report significant differences between
the simulators’ simulations with the first and second end users or between the amateur and experienced
simulator groups (independent-sample T-tests, Pfirst and second simulation=0.24, Pamateur and expe-
rienced simulator groups=0.065).

During the interview analysis, we capture the end users’ comments concerning their overall experi-
ences using the spoken dialogue system (Appendix B, Question 5). A few end users complain about
the uncertain versatility of speech vocabularies because these end uses felt ‘unsure about whether [the
end users’] speech could be successfully recognized and responded to, especially after some speeches
are rejected’. In addition, the end users mention the overall use of the system as being ‘a little bit

strange when talking to a desk (the coffee table) as if it’s a human being’.

5. Results

The analysis findings are classified according to the four major requirements for WoZ simulations,
plus the additional aspect of overall user engagement and satisfaction. Table 3 provides a summary of

these findings.
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Table 3. Summary of the results

Measures Criteria of measures Results
*High convince level perceived by end users
. . *No significant difference in end users’ perceived credibility
Credibility of *Awareness of simulation
redibtitty . ) . *No significant difference in amateur and experienced evalu-
. . *Perception of system functionali- ] o
simulation ator groups’ perceived credibility

ties(convince)

*Experienced levels have no significant influence on the

overall credibility

Rigour of sim-

ulation

*Evaluators response speed and

styles

*Evaluators’ user input interpreta-

tion accuracy

*Simulator’s dependency on evalua-

tor’s inherent experience

*Evaluator’s accordance with pre-
sumed system as defined in study
scripts (likeness of presumed sys-

tem)

*No significant differences in the evaluators’ gained experi-

ence between the amateur and experienced evaluator groups

*No significant differences in the simulation with the first
and second end users between the overall, amateur, and ex-

perienced evaluators

*No significant differences in evaluator’s inherent experi-

ence between the first and second simulation

*No significant differences in evaluator’s response styles be-

tween the amateur and experienced groups
eIdentified evaluator’s adaptive simulation behaviours
eIdentified evaluator’s instinctive(unintentional) response

eIdentified non-rigorous response in both amateur and expe-

rienced groups

Consistency of]

*Long-term simulation consistency

*Short-term simulation consistency

*Prediction times: significant differences between evaluators

*Prediction patterns: found different patterns between evalu-

simulation |. Lot vities, i ;
Prediction activities, including ators
times and patterns
*Response speed *No significant differences in simulation speed between the
. . . simulation with the first and second end users
Efficiency of *System reaction rhythms perceived
. ) by users *No significant differences in simulation rhythms and re-
simulation .
sponse speed between the amateur and experienced evaluator
groups
*End user’s perceived engagement |*High level satisfaction reported
fint ti .. . .
o1 tnteraction *No significant differences in engagement between the ama-
Engagement , . . . .
d *End user’s perceived satisfaction |teur and experienced evaluator groups
an
ing the int ti . . .
i ) during the interaction *High level satisfaction reported
satisfaction

*No significant differences in satisfaction between the ama-

teur and experienced evaluator groups
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Of these findings, credibility of the simulation is the foundation of this WoZ study. Rigour of simula-
tion provides evidence to H2 and consistency of simulation provides a direct answer to H1. In addition,
the efficiency of simulation helps to reflect the effects of automated simulation tools on simulators’
overall simulation productivity, and engagement and satisfaction help to validate the overall quality of
task interactions. The tests of H1 and H2 are explained as follows.

HI is supported because from the end user of aspect, no significant differences are reported throughout
all the five criteria. However, from the simulator aspect, there is significant differences in consistency
of simulation. Specifically, prediction time and the patterns between amateur and experienced simula-
tors are different.

H2 is supported because non-rigorous mimetic behaviours such as adaptive response styles and instinc-
tive responses were reported from the hard evidence gathered during the study. In this regard, there is

a significant difference between amateur and experienced simulators.

6. Discussion

Modern Wizard of Oz studies include many measures that support human responses of simulators.
These measures are effective in hindering most improvisational operations and being of help to main-
tain consistent mimetic behavior. This study confirmed the advantages of adopting automated simula-
tion tools in WoZ simulations. However, the most important contribution of this study is not to repeat
the merits of the automated simulation tools in the context of spoken dialogue system simulations;
instead, the intent of this study is to explore how automated simulation tools affected the mimetic
behavior of simulators. The study results add new understandings to the existing knowledge since WoZ
studies are conventionally believed to be more reliable. It is equipped with carefully designed auto-
mated simulation tools facilitate by experienced simulators. However, one important study value is that
both amateur and experienced simulators can provide non-rigorous and inconsistent responses, yet such
responses caused little harmful to the overall simulation.

The automated simulation tools cannot prevent the instinctive mimetic behavior. This study provides
evidence that the human simulators are not strictly capable of impersonating advanced computer sys-
tems even when they are equipped with automated simulation tools. This evidence is useful for a wide
range of designers and researchers who employ novice or experienced or hybrid simulators to present
pseudo-functionalities. Additionally, the results call for more future research in simulators’ non-rigor-
ous mimetic behavior during simulation responses. For instances, showing how these instinctive mi-
metic behavior occur for what circumstances they occur, and whether pre-study training or other
measures can be implemented to reduce the chance of instinctive mimetic behavior. Future research in
this direction could lead to improvements in the reliability and validity of WoZ studies when they are
used as tools to iterate design.

The evidence revealed by this study is also useful in the broader context of design methods that employ
human beings to mimic system components. For example, experimenters might be concerned with
unnoticeable non-rigorous sorting behavior in a card sorting design, although critical psychological
and cognition studies will be required to identify related effects. Similarly, the design methods that

involve humans such as cognition walkthroughs and heuristic evaluations are the same non-rigorous
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behavior might also be encountered regardless of the designers’ backgrounds and expertise. In this
regard, this study yields generalizable evidence of simulator roles in human-participatory design activ-
ities. This information is helpful to both designers and evaluators in future emerging automated-inter-
action user interfaces and tools through intentional human experimenters and instinctive behavior
which are reflected in iterative design processes. More implications are discussed below.

This study focused on the mimetic behavior of simulators rather than on end user task performances.
Consequently, the automated simulation tools—the major medium for simulations—received extraor-
dinary attention. Several roles are extracted from this new understanding. For example, the simulation
tools functioned first as an efficient toolkit to support the simulators’ responses. Automated tools save
simulators from having to perform trivial operations and improve the speed of sequential responses. In
addition, the tools act as filters that reduce occurrences of the most inconsistent operations. The simu-
lators are forced to follow modularised procedures to return responses. Finally, the tools are acted as a
"translator" to transform the instinctive behavior of simulators into intentional operations. Considering
the above mentioned, we can confirm the effectiveness of increasing the automation levels of simula-
tion tools. However, despite their important roles in WoZ simulations, simulation tools by themselves
cannot eliminate the simulator non-rigorous behavior. Moreover, pre-study training does not seem to
have a strong impact in this regard. We foresee an increasing adoption of integrated and automated
simulation tools in future WoZ studies that will gradually change current WoZ study structures and
conditions. For example, when using such tools, simulators no longer need to rush to type a response
as they did in three decades ago rather than simulators can respond only a few clicks and their responses
are more concise and consistent. Given those changes, simulators are likely to become interpreters
instead of operators—that is, the simulators surveille end users’ activities, decode their input and de-
termine the response strategies rather than being preoccupied by operational minutiae.

Finally, and most importantly, we classify mimetic behavior of the simulators into two types: the in-
tentional and instinctive. The former reflects the simulators’ interactions with the automated simulation
tools, which are mostly convincing, consistent, and efficient. This result provides new evidence that
supports the findings in previous WoZ studies. The latter reveals the simulators in non-rigorous mi-
metic behavior, which are instinctive and unwitting. This result adds new understanding to the current
knowledge of simulators’ mimetic behavior with automated simulation tools. Moreover, it clarifies the
correlations between such behavior and simulation performances. Given the increasing desire for
speech interaction to mimic human emotion and exhibits personality, the findings indicate that the
instinctive response would also influence the evaluation of mimetic behavior in WoZ method.

This exploratory study has several limits worth mentioning. First, this study is not a strict exploratory
study because it does not intend to follow the typical avenues of such exploratory studies. Specifically,
the authors consider this study as more of an empirical and exploratory hybrid study. The main reason
it is termed an exploratory study is due to its main contributions: the study explores a specific topic
and raises questions for future research. In this regard, admittedly, the understanding of how automated
simulation tools affect the simulators’ mimetic behavior is incomplete because more research is re-
quired to clarify the rationales and the related influence factors. In addition, quantitative analysis is

used in this study, which serves as a convincing foundation for the questions raised in this study.
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Secondly, this exploratory study is clearly not an exhaustive traversal of the mimetic behavior of all
simulators to reveal related influence factors. Instead, it started with the problem that simulators pro-
vide inconsistent responses—a problem that has been of common concern in massive WoZ simulations.
Given the observations concerning of the simulators in interactions with automated simulation tools,
this study then hypothesised potential relationships between automated simulation tools and human
simulators’ mimetic behavior. In addition, we conducted partial empirical experiments to validate the
hypothesises. As mentioned, for example, there are several reasons for selecting a small sample group
in these experiments, as listed below.

1) There are practical difficulties in recruiting as many simulators as possible to reach a sense of ‘sig-
nificant’ participant numbers. The philosophy behind the WoZ method is to use fewer simulators to
mimic more system components; however, this introduces challenges in recruiting numerous simula-
tors who have experience with other specific system simulations.

2) Despite these practical difficulties, we gave careful methodological consideration to the sample size
before conducting the study. It is a significant challenge to traverse every single mimetic behavior. An
alternative approach is to use an exploratory study which observes simulator mimetic behaviors
throughout specialized simulations and then extracts features that violate conventional criteria. More-
over, the results from the strict experimental procedures and statistical analyses should be reliable,
because these findings indeed exist in simulators’ mimetic behavior. Furthermore, the study results are
self-explanatory since the given instinctive non-rigorous mimetic behavior are largely simulation task-
and tool- independent. From this base, we believe it is not unreasonable to recruit a carefully selected
group of simulators, extract typical features from their mimetic behavior, and then classify these fea-
tures into a complete taxonomy. In addition, we have had special awareness of the potential impacts of
cross-social-culture on the study results, as the first and the second half of the study are conducted in
different countries. We revisited the study results and found few clues of such impacts. For instances,
the simulators and end users comply with the study scripts and their spoken dialogues are relatively
short, which can prevent misunderstandings during long speech interpretation.

3) The study included some measures to constrain the simulators’ activities, thus making these activi-
ties not as free as in open tasks. For example, the study scripts defined what the simulators could and
could not do. Considering these restrictions, including a larger number of simulators would be unlikely
to enrich the varieties of simulated interactions.

Third, this study uses undergraduate students as end users. The students have good learning abilities
and are open to novel interactive systems. These are positive impacts. Changing the end users to elderly
people, for example, might have possible effects on the results. However, the end user’s interactions
are not measured in any way in this study. It is only their feedback concerning the performances of the
simulated system is considered.

Fourth, this study is not intended to provide a direct solution to the problems of inconsistent and non-
rigorous simulations. On the other hand, the study contributions are intended to benefit a wide range
of future designers using WoZ simulations. An enhanced understanding of automated simulation tool-
related determinants and impacts are expected to be helpful because human-simulator-based simula-

tions may remain useful for a variety of purposes and in a variety of scenarios.



88 e R TIPS 2019 7 H

Finally, because information and communication technologies (ICT) are improving rapidly as well as
new possibilities are likely to arise in which multiple simulators may work collaboratively and remotely
to mimic an interface. Although this study does not address the topic of multiple simulators, a better

understanding of the behavior revealed here is likely to be applicable to multi-simulator studies as well.

7. Conclusion

In this work, an exploratory study is conducted to investigate the mimetic behaviors of a simulator with
automated simulation tools. It raises generalizing considerations on the role of human simulators when
mimicking rigid computer systems. The study compares the performances of the experienced simula-
tors with those of amateur simulators from the perspectives of credibility, consistency, rigor, and effi-
ciency. The study found significant differences between the two groups of simulators in simulation
consistency and rigor, but no significant differences in the other metrics. Furthermore, the study reveals
two different characteristics on mimetic behaviors of simulator: the intentional and the instinctive. The
latter characteristic, as explained in the Discussion section, is less affected by WoZ measures such as
intense simulation training or advanced simulation tools. As a part of study values, these findings give
implications that are generalizing to wizard-of-oz researchers and users. Moreover, the study discusses

the influence of such non-rigorous mimetic behavior.
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