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Abstract. In the last decade, the field of Human-Robot Collaboration (HRC) has
received much attention from both research institutions and industries. Robot
technologies are in fact deployed in many different areas (e.g., industrial processes,
people assistance) to support an effective collaboration between humans and robots.
In this transdisciplinary context, User eXperience (UX) has inevitably to be
considered to achieve an effective HRC, namely to allow the robots to better respond
to the users’ needs and thus improve the interaction quality. The present paper
reviews the evaluation scales used in HRC scenarios, focusing on the application
context and evaluated aspects. In particular, a systematic review was conducted
based on the following questions: (RQ1) which evaluation scales are adopted within
the HRI scenario with collaborative tasks?, and (RQ2) how the UX and user
satisfaction are assessed?. The records analysis highlighted that the UX aspects are
not sufficiently examined in the current HRC design practice, particularly in the
industrial field. This is most likely due to a lack of standardized scales. To respond
to this recognized need, a set of dimensions to be considered in a new UX evaluation
scale were proposed.
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Introduction

The research in Human-Robot Interaction (HRI) and the integration of robots in the
manufacturing industries to support human activities have seen exponential growth,
especially in the last ten years. This evolution in HRI research and application mainly
regards Human-Robot Collaboration (HRC) solutions, considered as a HRI subcategory.
HRC is characterized by the presence of human and cobots sharing the same space at the
same time while performing tasks to achieve a common goal.

The complexity of a HRC scenario requires a transdisciplinary team that involves
experts in robotics (e.g., software engineers, mechatronic engineers) and human factors
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(e.g. psychologist, cognitive ergonomist). The adoption of a transdisciplinary approach
is important to overcome the limitations of traditional engineering, by involving social
sciences and human factors in technical areas [1] that are more focused on human
aspects. Indeed, HRI is traditionally focused on technology, but poorly on people.
Merging human factors and robotics can leverage the applications to higher interaction
quality and better UX.

For the advancement of the HRC field, it is necessary to evaluate the quality of the
interaction between humans and robots. The scientific community has recognized the
need of increasing the evaluation practices and, in particular, of introducing standardized
tools (e.g., [2]). As stated in [3], “if we are to make progress in the field of human-robot
interaction then we shall have to develop standardized measurement tools”.

Many methods (e.g. interview, questionnaire, expert evaluation, user observation)
exist for the user experience and usability evaluation, particularly used in the Human-
Machine Interaction (HMI) field. Compared to other evaluation methods, the
questionnaire (or scale) allows to involve users and collect quantitative data in a
structured way. Moreover, the evaluation scale is one of the most widespread techniques
in the HRI field, and only few different techniques were applied (e.g. Heart rate
variability and Electrocardiogram [4], Electroencephalogram [5], Virtual Reality [6],
[7][8]). At the moment, the evaluation phase in HRI has been considered mainly by
looking at the robotics components (e.g. performance criteria, technological aspects),
especially in the industrial field. However, human aspects must be considered during all
the design phases, i.e. from research to testing [9]. In fact, when there is a direct
interaction between human and robot, and the robot work considerably impacts the
human actions, also the user satisfaction must be evaluated. This is directly related to the
concept of User eXperience (UX), defined as the perception and response that a person
has consequently to the use of a product/system/service [10]. As pointed out in [11], the
“successful evaluation of user experience is important for managing a technology,
offering design guidance and improving the way humans interact with the technology”.
Although the importance of the UX evaluation in HRC is already known (e.g. [3], [12]-
[16]), there is a recognized gap in the literature of standardized tools for the UX
evaluation [3], [4], [17], especially in the industrial field. In fact, there is a restricted
number of studies that have investigated the user perception during the interaction with
a cobot, proposing: frameworks of HRI classification (e.g. [18], [19]) or general metrics
(e.g. [20]) that can guide the initial testing phase setup; new evaluation scales (e.g. [21],
[22]) to collect the users’ opinion about different aspects (e.g. trust, robot perception).
The existing scales mainly regard social robots (e.g. assistant robots), which, however,
need to consider different aspects than a HRC task in industrial contexts. Moreover, most
of these researches are not recent and thus probably some considerations about the
newest evolution of the HRI field are missed, requiring a review of the proposed
framework or scales. The absence of standardized methods for the HRI evaluation from
a human point of view (i.e. UX, user satisfaction, usability) slows down the improvement
of robots performance to better meet human interaction needs and facilitate
collaboration. To respond to this exigence, this paper aims to lay the foundation for the
development of a standardized UX evaluation scale for HRC scenario in industrial
context (UX-HRC), where the user directly interacts with the cobot (i.e. physical and
haptic interfaces). The scenario that included the use of external interfaces (e.g. graphic
interfaces) to mediate the interaction were excluded because in that case other specific
scales are required (e.g. System Usability Scale).
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The remaining of the paper is structured as follows: Section 1 reports the applied
method used to conduct the research, Section 2 presents and discusses the resulting
evaluation scales. Lastly, the concluding remarks and considerations regarding the future
research directions are given in Section 3, based on the results of this survey.

1. Method

This systematic review was performed on journal articles examining the use of scales for
the evaluation of HRI, in particular looking for whether and how the user experience is
assessed. In particular, the survey sought to answer the following research questions:

RQ1: Which evaluation scales are adopted within the HRI scenario with collaborative
tasks?
RQ2: How the UX and user satisfaction are assessed?

Records were retrieved from Scopus, Web of Science and Google scholar using the
Boolean operators (AND/OR) to combine the following keywords: human-robot
interaction (AND) user experience / user satisfaction / usability (AND) scale.

Given the specificity of the researched topic, temporal filters were not applied. The
selected documents are written in english language and contain one or more of the
following items:

e cvaluation scale of framework in HRI;
e UX, user satisfaction or usability in different HRI application fields (e.g.
industry, society).

On the other hand, were excluded:

e scale for the evaluation of not direct interaction (e.g., graphic interface,
gestures);
e no-collaborative tasks, especially if not regarding industry fields.

2.  Results and discussion

A total of 165 papers were identified from the research. After removing the duplicates, a
scan of the remaining 95 records by title and abstract was performed. Consequently, the
full text of the most pertinent papers was scanned, including other papers from references
and citations of the resulted papers.

For an easier reading, the main results were summarized in a table (accessible from
the Supplementary material section), which reports:

the publication year, to highlight the content updating;

if a general framework or a scale is proposed and which topic is discussed;

the research field, to indicate if it regards industrial or social robots;

the list of the considered factors, to make visible which are the most explored
in the current literature;

e an indication (green background, and *) of the factors that can be included in
the future UX-HRC scale.
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Looking at the items included in the review, five researches proposed a general
framework that can be useful to set up the HRI evaluation, while the others propose new
assessment scales to assess specific aspects related to HRC. These scales were mainly
developed considering social robotics scenarios, particularly for assistance application,
underlining how this sector is more focused on the quality of human and robots
collaboration than industrial ones.

2.1. General framework

The researches that propose a general framework or have identified factors for HRI
evaluation can be considered as primary attempts toward a structured way to evaluate
the HRC quality level taking into account the user satisfaction. From the HRI
classifications proposed in [18] and in [19], several aspects at the base of an HRI
evaluation can be extrapolated, like: robot typology (e.g. industrial robot, professional
robot, personal service robot), interface type (e.g. graphic, speech, gesture, physical),
human role and characteristics, context of use and task type (e.g. synchronous or not,
collocated or not).

In [20], a set of metrics to assess human-robot tasks execution considering the
performance of the system, operator and robot, are suggested. In particular, the operator
performance is measured by the situation awareness, the workload and the accuracy of
mental models of device operation. Although these parameters do not aim to investigate
the user perception, they all impact the user satisfaction and must be considered in a
proper UX evaluation tool for HRC. Moreover, it is worth noting that the HRC
performance is affected by different factors, such as: operational factors (e.g. tactics,
time on station), equipment factors (e.g., physical parameters, workspace layout), task
factors (e.g. complexity,repetitiveness), personnel factors (e.g., training, motivation,
stress), and external environmental factors (illumination, visibility).

Human perception is more considered in [22], where the authors proposed a human-
centered evaluation framework (i.e., USUS) for HRC with humanoid robots in a working
environment. With the aim to better understand how to improve robot design, the USUS
includes four factors that impact the interaction between humans and robots: usability,
social acceptance, user experience, and societal impact. In particular, for the user
experience factor the authors identified five dimensions to be evaluated: embodiment,
emotion, human-oriented perception, feeling of security and co-experience with robots.
Moreover, for each defined dimension are proposed methods for their evaluation, but
without a precise explanation of how to apply them, limiting the framework use to no-
expert.

2.2. Scales to assess specific aspects of HRC

In the specific domain of social robot interaction user satisfaction toward the service of
the robot [3] is often considered the result of multiple aspects, specifically: acceptance,
anthropomorphism, trust, but also users’ personality and individual functioning.

In robot perception, acceptance is a fundamental topic in the design and evaluation
of robots thought to socially interact with humans. For example, in [23] are investigated
the variables that influence the acceptance of social robots by potential users, identifying
six variables: usefulness, adaptability, enjoyment, sociability, companionship and
perceived behavioral control. For sure, acceptability is an important aspect to consider
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also in new industry 4.0 scenarios, where operators are asked to accept robots as work
partners, impacting the work quality and operators’ experience.

The robot acceptance is influenced by anthropomorphism (humanlike) aspects,
increasing the robot’s familiarity [24] and infecting the HRI [25]. Its influence in human
perception is mainly investigated in social robots until now. Anthropomorphism is a
social phenomenon that corresponds to people’s tendency to attribute human-like
characteristics (e.g. shape, facial expression, natural communication) to objects [24]. As
pointed out in [24], several measurements (e.g. physiological benchmark, gaze cues) and
methods (e.g. questionnaire) have been proposed for the anthropomorphism evaluation
in social interaction. A relevant research about HRI evaluation is described in [3], where
authors propose five questionnaires with the intent to develop a standardized tool for the
HRI measurement. Being mostly related to social robots, the questionnaires (called
Godspeed) consider five factors: anthropomorphism, animacy, likeability, perceived
intelligence, and perceived safety of robots. Each factor is evaluated by multiple items
using 5-points semantic differential scales. Thanks to its simplicity of use and its
multilingual translation [26], the scale has a widespread use. Although this, the scale
presents several structural problems [16], [27]. A further analysis of the Godspeed scale
was conducted in [16], where authors have considered also a novel set of attributes
focused on social judgment. From these analyses they developed the Robotic Social
Attributes Scale (RoSAS) to measure social perception of robots, composed of three
factors (warmth, competence, discomfort) and 18 items.

A more recent scale, reported in [2], evaluates how people perceive robots and
attribute human characteristics to them. The Human-Robot Interaction Evaluation Scale
(HRIES) consider four factors and their items: sociability (warm, likeable, trustworthy,
friendly), animacy (alive, natural, real, human-like), agency (self-reliant, rational,
intentional, intelligent), disturbance (creepy, scary, uncanny, weird). Using a 7-point
Likert scale (1= not at all, 7= totally), it is asked to answer the question “How closely are
the words below associated with [the item]?”. The identified items can be a good starting
point also for the anthropomorphism investigation in collaborative industrial robots. All
these researches demonstrate that perception, analyzed through anthropomorphism and
acceptance aspects, is an important point to be taken into account in HRI evaluation.

The trust plays a central role in teammate tasks [28], as could be a human-cobot
scenario. As stated in [29], “trust is necessary for humans to fully realize a robot’s
benefits to human-robot teams, but gaining trust is one of the most difficult challenges
in design and implementation”. The trust impact in the interaction outcomes is well
known, and it is influenced by many factors. In [29], a human-robot trust model
structured in three categories and dimensions is proposed: i) Robot characteristics
(Performance-Based: behavior, dependability, reliability of robot, predictability, level
of automation, failure rates, false alarms, transparency, Attribute-Based: proximity/co-
location, robot personality, adaptability, robot type, anthropomorphism), ii) Human
characteristics (Ability-Based: demographics, engagement, expertise, competency,
operator workload, prior experiences, situation awareness; Personality-Based:
personality traits, attitudes towards robots, comfort with robot, self-confidence,
propensity to trust) and, iii) Environment characteristics (Team Collaboration: in-group
membership, culture, communication, shared mental models; Tasking: task type, task
complexity, multi-tasking requirement, physical environment).

The perceived trust is strongly correlated by anthropomorphism [30], impacting the
user's understanding of how to interact with a robot [31], [32] and increasing the sense
of trust, acceptance and enjoyment. Van Pinxteren et al. [30] conducted an experiment
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about trust in humanoid robots for services marketing and have defined a questionnaire
to collect the users’ perception. The five measured aspects were based on other studies,
and regard: perceived anthropomorphism, perceived interaction comfort, trust, perceived
enjoyment and intention to use.

A specific scale to evaluate trust in industrial HRC was proposed in [21]. The authors
developed a psychometric scale composed of 10 statements that the user has to rate after
the interaction with an industrial collaborative robot.

The number of research around the trust topic and the aspects that influenced it,
underline the importance of trust consideration in a scale that aims to evaluate the whole
user experience during a collaborative task.

2.3. Users’ personality and individual functioning

In [33], a post-experimental questionnaire was developed for the evaluation of a human—
humanoid collaborative physical interaction in an assembly task. The questions aim to
acquire the user’s impression about the task, the general interaction experience and the
physical interaction with the robot. To the best of our knowledge, the questionnaire has
not been validated before the use but can represent a significant starting point for the
development of a new UX-HRC evaluation scale. The work of Ivaldi et al. suggests that
the users’ individual factors (i.e. social attitudes and personality traits) influence the
engagement sensation and the interaction perception. The study shows that the user’s
behavior (e.g. exchange of gaze, the temporal dynamics of speech) observation is at the
base of the most common metrics to evaluate the engagement during HRI tasks.
However, the behavior depends also on individual factors (e.g. extroversion and negative
attitude toward robots) and, for this reason, the researchers have used two scales: NEO-
PIR (Revised Personality Inventory) [34] and NARS (Negative Attitude towards Robots
Scale) [35]. The latter is composed of three subscales (Negative attitude toward
situations and interactions with robots, Negative attitudes toward social influence of
robots, Negative attitudes toward emotions in interaction with robots), adopting a 5-
point scale (from ‘Strongly disagree’ to ‘Strongly agree’). The NARS is used to measure
the users' attitudes towards robots and how it changes over time as a result of prolonged
interactions to better understand the user behavior [36]. From Syrdal et al. [37] research
emerged that cultural differences may impact how participants evaluate their interaction
with a robot as well as the robot’s behavior. For this reason, a good option could be the
combination of NARS with other scales for a better data interpretation based on the
specific participant. For example, in [36] the NARS have been associated with the Robot
Anxiety Scale (RAS) [38] for human behavior prediction in HRI. In particular, the RAS
was developed to measure the anxiety level that may be evoked by robots. It is composed
by three subscales (Anxiety toward communication capacity of robots, Anxiety toward
behavioral characteristics of robots, Anxiety toward discourse with robots) and each
item is scored using a 6-point scale (from ‘I do not feel anxiety at all’ to ‘I feel very
anxious’).

Regarding the issue of how users judge their interaction with a robot, a Self-Efficacy
in HRI scale (SE-HRI) was proposed in [14]. The scale was developed and validated in
German and English versions, proposing a long version (18 items) and a short version
(10 items), obtaining a good model fit and a satisfactory construct. Reasoning on the self-
efficacy evaluation, it is possible to notice how it is connected to the user’s expectations.
The latter strongly affects the user’s opinion about a product or an experience [39]: the
more the result exceeds the expectations, the more the evaluation of the UX by the user
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will be positive. On the contrary, if the expectations are disappointed, the UX is evaluated
more negatively.

Another key human centered aspect considered relevant to assess the quality of
HRC in literature is the one individual functioning, for instance when robots are
collaborating with people with disabilities or when robots are used by elderly with and
without health issues or comorbidities. In [40], three scales for the user satisfaction
evaluation of a mobility assistant robot have been used for people with disabilities or
under rehabilitation: the QUEST 2.0 (Quebec User Evaluation of Satisfaction with
assistive Technology) [41], the ATD PA (Assistive Technology Device Predisposition
Assessment) [42] and the PYTHEIA (A Scale for Assessing Rehabilitation and Assistive
Robotics) [43].

In another study regarding the use of a humanoid robot for the monitoring and
training of older adults under rehabilitation [44], the UX during the interaction was
evaluated considering three factors based on existing scales: perceived usefulness [45],
the control [46] and the enjoyment [47]. In the experiment, a graphic interface (i.e. tablet)
and a humanoid robot (i.e. NAO) were compared, however the items used to investigate
the HRI are quite general, but this set could represent a starting point for the formulation
of the new UX-HRC scale.

A wide questionnaire was developed in [48] by measuring the perceived utility
during the interaction with an assistant robot (i.e. Pepper). The dimensions and items
were based on existing frameworks [49], [50] and study [51] about elderly people's
expectation of the interaction with a robot. The questionnaire is composed for the most
of a list of closed questions (yes/no) regarding: functionality, safety, appearance, mutual
care, perception and affect, privacy, control and initiative, friendly relationship and
complicity, social relationship, concerns about status. Some of these dimensions can be
taken in consideration in the development of the new scale, while the used questions are
very specific of elderly people and assistant robot scenarios.

3. Conclusion and future works

The evaluation of the interaction between humans and robots represent a fundamental
phase for the HRC evolution in industry and especially for HRC scenarios it is important
to consider the user point of view regarding the perceived quality of interaction. The
present review shed some light on the factors that are considered by researchers as the
most relevant to assess HRC, by also highlighting items and scales that are currently used
in the UX and user satisfaction assessment in the HRC scenario. Moreover, the analysis
indicated that the urgency of assessing in a systematic and comparable way the HRC is
a priority in the social robotics community, while this seems less of a priority for the
community around industrial robotics.

Currently the UX aspects are not sufficiently considered during the testing phase of
a HRC design process. In particular, it emerged that:

e there is a general absence and need of standardized tools (e.g. scales) for the
HRC evaluation;

e UX and user satisfaction were considered in few studies, but mainly in the social
robot sector;

e several proposed frameworks and scales were developed many years ago and
would need to be adapted to the more recent technologies;
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These research outputs make it evidence that there are not appropriate and ready-to-
use scales for the UX evaluation of an industrial HRC scenario, and the existent ones
require a significant revision. In particular, it would be necessary to better consider the
typology of the task and the characteristics of an industrial environment that can impact
on the UX. On the other hand, all the existing research around the evaluation scale topic
represents a valid starting point for the development of a new UX-HRC scale. In
particular, some of the factors emerged from the survey may result useful to investigate
the UX within the industrial field, e.g.: Robot's behaviour, Self-efficacy (intended as user
preparation), Acceptance, Perception about the performance, Physical interaction,
Safety, Control, Comfort, Trust, Task factors, Environment factors. Another important
factor to be considered is the User expectation, especially for evaluations conducted after
the implementation of a new HRC scenario. For a comprehensive analysis and data
interpretation, the future UX-HRC scale should be used together with the already
existing NARS scale.

For the development of a UX-HRC standard scale for the industrial sector, several
future research activities will be necessary. For example, HRC experts and end users
must be involved in interviews and focus group sessions, and a literature review of the
UX evaluation in different fields is to be performed. Next, application testing phases
must be conducted for a proper validation. The development of a proper UX-HRC scale
is a strongly interdispliplinary process which requires the involvement of experts in
different disciplines from both the human sciences and the engineering areas.

Supplementary material

A comparative table of the reviewed papers is available at:
https://drive.google.com/drive/folders/1j7vh500gqmN 1CXhuLRMdx_QY lcuopVL?usp=sharing.
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Appendix

Comparison table of the main research results.
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