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The use of collaborative robots in industries is growing rapidly. To ensure the successful implementation of these devices, it is
essential to consider the user experience (UX) during their design process. This study is aimed at testing the UX goals that
emerge when users interact with a collaborative robot during the programming and collaborating phases. A framework on UX
goals will be tested, in the geographical context of Portugal. For that, an experimental setup was introduced in the form of a
laboratory case study in which the human–robot collaboration (HRC) was evaluated by the combination of both quantitative
(applying the User Experience Questionnaire [UEQ]) and qualitative (semistructured interviews) metrics. The sample was
constituted by 19 university students. The quantitative approach showed positive overall ratings for the programming phase
UX, with attractiveness having the highest average value (M = 2 21; SD = 0 59) and dependability the lowest (M = 1 64; SD =
0 65). For the collaboration phase, all UX ratings were positive, with attractiveness having the highest average value (M = 2 46;
SD = 0 78) and efficiency the lowest (M = 1 93; SD = 0 77). Only perspicuity showed significant differences between the two
phases (t 18 = −4 335, p = 0 002). The qualitative approach, at the light of the framework used, showed that efficiency,
inspiration, and usability are the most mentioned UX goals emerging from the content analysis. These findings enhance
manufacturing workers’ well-being by improving cobot design in organizations.

1. Introduction

Robots are increasingly used in the industry, as a result of
the fourth industrial revolution. There are several reasons
for this. Firstly, these machines can take on the most danger-
ous, difficult, or monotonous tasks, as well as those that are
least ergonomic [1], thereby reducing both physical and cog-
nitive human efforts [2]. Such reduction is enabled by tech-

nological advancements, as in the realm of robotics, which
entail a decrease of the rate and cost of making a product
or delivering a service, while increasing the efficiency and
even the sustainability associated with aforesaid pro-
cesses [3].

Production [4] and customization [5] are core character-
istics of Industry 4.0, whereas the emergent Industry 5.0
focuses on personalization [5], emphasizing the role of
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humans. Nonetheless, they both acknowledge that the col-
laboration between humans and robots is a fundamental
aspect to fulfill their objectives.

Collaborative functionality is not always achieved. This
is because the tasks performed by human–robot teams are
typically either sequential or simultaneous [2], lacking a
shared purpose [6]. To effectively implement human–robot
collaboration (HRC), robotic systems must adopt a sup-
portive role in their interactions with humans, ensuring
the completion of a shared task [7]. This implies the exis-
tence of a common workspace, time, goal, and resources,
as well as direct physical contact between the user and
the technological device (e.g., [8]). Collaborative robot
(also so called cobot) is defined as a “robot designed for
direct interaction with a human within a defined collabo-
rative workspace” [9].

Cobots have built-in sensors that cause them to stop if
they become overloaded, for instance, by hitting a worker
(e.g., [10]), through the programming of their force and tor-
que [2, 11]. Even if a collision occurs, they do not cause sig-
nificant harm due to their typically rounded shapes, which
distribute the force over a larger surface area, thereby reduc-
ing the applied pressure. Consequently, cobots are able to
operate alongside humans without any additional safety fea-
tures, like a switch or fence [11]. Furthermore, their onboard
sensors and smart software even allow them to become self-
learners, denoting the ability to rapidly adjust [12]. Despite
these benefits, the adoption of cobots does not bypasses the
conductance of a thorough risk analysis, taking into account,
for example, the parts of the human body exposed to possi-
ble health and safety risks, the tools handled by the robot
and the loads it can carry, the situations that might lead to
the necessity of reducing its operating velocity, or even the
need to take safety strategies defined by the International
Organization for Standardization.

In the current industrial landscape, cobots are used in var-
ious applications, including improving assembly performance,
surface finishing operations, and soldering tasks. For instance,
Salunkhe et al. [13] concluded that using cobots in nut assem-
bly significantly benefits the assembly station, particularly by
eliminating issues related to quality and ergonomics.. Other
studies demonstrated that cobots can improve human talents
safely in the manufacturing context [14, 15]. Improve the
worker safety [16], intelligent communication [17], and pro-
duction efficiency [18] and flexibility [19] were also applica-
tions of cobots in industry explored by another authors.

In the HRC, the human contributes with extensive cog-
nitive and sensorimotor skills and the robot accounts for
force, accuracy, and endurance [20].

The more recent conceptual models or methodological
approaches to optimize the design of HRC include a holistic
perspective of collaboration integrating multiple key param-
eters as legal, technical, and psychological requirements as
well as the technological complexity, HRC relevance, bene-
fit/cost indicators, ergonomics, and safety and logistic inter-
faces [21–24].

Despite the promising results of the ongoing research, a
completely human-centered collaborative workstation, which
satisfies all the physical and cognitive ergonomic principles,

was not yet possible to design, due to the diversity of knowl-
edge fields involved in this process [6, 25].

Notwithstanding, as a result of their advantages, these
machines are usually considered as ideal coworkers for users
[10], as they favor human–cobot interaction, both while pro-
gramming and when collaborating, the two steps of the user
experience (UX) [26]. UX can be defined as the sum total of
all perceptions, emotions, and responses that users experi-
ence before, during, and after the interaction with some
technological tool [27].

Nonetheless, a common mistake is to confound UX with
mere usability. Usability is related to the achievement of
objectives, in an effective, efficient, and satisfactory way
[28]. For a positive UX, a product needs indeed to be usable,
but that is just one of the seven factors that the Interaction
Design Foundation (n.d.) has distinguished as influencing
factors of the experiences reported by users. Apart from that
one, the elicited UX shall include the characterization of a
product as useful (i.e., delivers benefits for the beholder),
findable (i.e., the product and the content within it is easy
to find), credible (i.e., users can trust in it), desirable (i.e.,
the user not only desires it, they also lead others to do so),
accessible (i.e., possible to use by operators within the full
spectrum of (dis)abilities), and valuable (i.e., brings value
for both the developers and the users).

Similarly, usability pertains to pragmatic attributes of a
product, which are usually prioritized [26]. Despite that,
Hassenzahl [29] declares that UX integrates both pragmatic
(i.e., fulfillment of a behavioral task) and hedonic (i.e., an
individual’s psychological state) aspects. The two types of
attributes should be utilized by designers [30], to guarantee
an experience-driven design [31]. In such a design, the
intended UX must be priorly defined [32] by identifying
UX goals [29]. These goals are the starting point of the
design [31], aiming for a resulting pleasurable experience
[33]. They can be classified by their pragmatic (i.e., do-goals)
or hedonic (i.e., be-goals) nature [30].

An example of a model that describes attainable inten-
tions for the interaction with a device is the one proposed
by Preece, Rogers, and Sharp [34] and Andren et al. [35],
comprising the 10 following goals: (a) satisfying, (b) enjoy-
able, (c) fun, (d) entertaining, (e) helpful, (f) motivating,
(g) aesthetically pleasing, (h) supportive of creativity, (i)
rewarding, and (j) emotionally fulfilling. These would char-
acterize a desirable UX.

Considering that HRC implies an augmented level of
interaction between human and robotic systems, interfaces
serve as pivotal conduits facilitating communication
between the involved entities. Thus, interfaces play central
roles as the main communication channels. According to
Goodrich and Schultz [36], human–robot interfaces can be
classified into four categories, (i) visual displays, (ii) gestural,
(iii) voice and natural language, and (iv) physical and haptic
interactions, and depends on the level of interaction, which
can be categorized in (i) human–robot coexistence, (ii)
human–robot cooperation, and (iii) HRC. In an HRC sce-
nario, there are three main elements: (i) agents (robots and
humans), (ii) the working environment (ambient light,
noise, etc.), and (iii) parts and operations [37]. According
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Apraiz, Lasa, and Mazmela [38], the interaction with a con-
temporary technological system goes beyond usability and
extends to the emotions before, during, and after using the
system. Additionally, these authors identified theoretical
frameworks that emphasized safety and risk perception as
the factors that determine individuals’ performance and
their emotions in a human–robot interaction (HRI) [39, 40].

Lindblom and Alenljung [41] presented a systematic
evaluation framework of action and intention recognition
between humans and robots from a UX perspective. This
framework is integrated within a methodological approach
known as ANEMONE (action and intention recognition in
HRI). It was suggested that the UX evaluation process for
HRI, from preparation to thorough identification of UX
problems, is comprehensively outlined. The overall proce-
dure is detailed for all, emphasizing the significant issue of
the importance of defining context to establish product goals
and select the appropriate type of UX evaluation. ANEM-
ONE focused on the evaluation procedure rather than the
evaluation measure level.

Prati et al. [2] proposed a structured UX-oriented
method to examine the interaction between humans and
robots, particularly during collaborative task execution, with
the ultimate goal of eliciting requirements for designing
meaningful HRI. Aligned with the human-centered design
approach, this method prioritizes placing the user in the
center and follows an iterative process. The initial step
involves gathering requirements, which entails collaboration
among a multidisciplinary team, user analysis (for which a
toolkit is suggested), activity analysis, and interaction visual-
ization. The subsequent step involves interface design,
followed by prototyping and, ultimately, UX evaluation.
Regarding the evaluation phase, the authors recommended
user testing; however, they did not present any specific pro-
cess, technique, or tool for conducting the evaluation.

Particularly in the domain of cobots, Chowdhury et al.
[26] identified the following four prominent UX goals: (a)
fellowship and sympathy, (b) inspiration, (c) safety and
trust, and (d) accomplishment. These goals are considered
as positive experiences; hence, designing for negative experi-
ences should not occur in HRC. In Duarte et al. [42], the sys-
tematic review of literature that supports this study
identified the following seven UX goals: (a) safety, (b) rela-
tionship, (c) usability, (d) inspiration, (e) flexibility, (f) effi-
ciency, and (g) accomplishment. These researchers further
distinguished these goals into do-goals (i.e., usability, effi-
ciency, and flexibility) and be-goals (i.e., relationship, inspi-
ration, and accomplishment), with safety being perceived
as both.

The present study is of an exploratory nature and
intends to empirically test if suchlike goals are evoked when
programming and interacting with the universal robot, while
testing if other UX goals arise. The final objective is to eval-
uate what UX arises during the interaction of a user with a
cobot, to assure that its design leads to a positive UX.
Accordingly, the main research question can be phrased as
follows: What UXs arise during the human–cobot interac-
tion with the universal robot? This research question can
be subdivided into the two following ones: (a) What UXs

arise while programming the cobot and (b) what UXs arise
while collaborating with the cobot. To properly answer the
aforementioned questions and in accordance with the vision
of Marvel et al. [6], a mixed-method, using a convergent
design, will be employed, as the combination of both quan-
titative and qualitative metrics providing more integrative
insight.

2. Method

2.1. Participants. The sample was recruited in Portugal and
was constituted of 19 subjects, all of which were university
students. This sample was chosen based on accessibility,
given that there are not yet many cobots in an industrial set-
ting in Portugal. The majority of the sample was feminine,
with only three male subjects, which can potentially lead to
robustness and generalizability limitations. Their ages
ranged from 21 to 28 years old (M = 23 05, SD = 2 09). None
of the participants had any previous experience with cobots,
but three of them did have some previous experience with
other kinds of robots. None of them reported having any
medical condition that prevented them from taking part in
our experiments.

2.2. Procedure. The present study sought ethical approval
from the Ethics Committee at the Faculty of Psychology
and Education Sciences of the University of Coimbra
(CEDI/FPCEUC:65/2) and with the Code of Ethics of the
World Medical Association (Declaration of Helsinki) for
experiments involving humans. Informed consent was
obtained from all participants prior to their involvement
in the study. Participants were provided with comprehen-
sive information regarding the purpose, procedures, poten-
tial risks, and benefits of the research, and they voluntarily
agreed to participate. To protect confidentiality, all data
collected were anonymized by removing any identifying
information that could link responses to specific individ-
uals. Furthermore, strict measures were implemented to
ensure the secure handling and storage of data, including
restricted access only to authorized research personnel.
These procedures were designed to safeguard the privacy
and anonymity of participants throughout the study. The
recruitment process occurred via direct contact with some
of the participants, who were also asked for referrals. Each
session—programming and collaborating—lasted approxi-
mately 45min.

Once participants entered the laboratory, the procedure
was explained and they were asked to give their consent to
participate and to answer a few sociodemographic questions.
Consent form and demographic questionnaire were accessi-
ble through its specific QR code, which means that partici-
pants were able to use their own devices to fill them in,
with some exceptions, using the online survey tool LimeSur-
vey [43]. Regarding the consent statement, which included a
request for audio recordings, participants were assured that
no harm would come to them and no malpractice would
be attempted at their data. Additionally, to maintain ano-
nymity, each participant was assigned a numeric code.
Regarding the sociodemographic information, it addressed

3Human Behavior and Emerging Technologies

 hbet, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1155/2024/7058933 by E

stsp Politecnico D
o Porto, W

iley O
nline L

ibrary on [11/09/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



age, gender, occupation, previous contact with cobots and
other kinds of robots, and potential motor or sensory disor-
ders. In the case of the participant being a student, three
more questions appeared, regarding their course, faculty,
and year.

Afterward, the subjects performed a task with the uni-
versal robot, which involved programming the cobot
beforehand (see Figure 1). The task consisted of picking
polystyrene squares from a pallet and placing them in a cen-
tral pallet. The robot and the user had their own pallets filled
with squares, and they both have the purpose of filling the
same central pallet. For that, part of the experience was
already programmed, specifically the location of the robot’s
pallet and the opening of the grip. The participants still
had to teach the robot to move its arm to the central pallet,
the locations for placing the squares, and how to open the
grip to land the squares in the assigned positions. During
the programming phase, the participants were assisted by a
video that explained the steps to follow and by occasional
comments from the researcher. Subsequently, the program
was initiated, and both the cobot and the participant would
perform the task simultaneously, continually sharing their
working space.

The exemplar used was the Universal Robot UR5, a
lightweight collaborative industrial robot. It is flexible and
highly adaptable, enabling a balance between size and power
(Universal Robots, n.d.). It weighs 18.4 kg and has a payload
of 5 kg and 850mm of reach [44]. It has six rotating joints,
with a speed of 180°/s. The robot requires an installation,
being a component of it, and not a complete machine per
se [45]. The 15 advanced safety functions it includes allow
contemplating as safe. It can be programmed to move a tool
alongside a designated trajectory and communicate with
other machines through electrical signals. Its polyscope
graphical user interface is on 12-in. touch-sensitive screen
with mounting and allows running existing programs or cre-
ating new ones easily. UR5 consumes approximately 200W
using a typical program, working in a temperature range
from 0°C to 50°C. It is suitable for a number of different
functions, especially for pallet operations similar to the one
previously described, for which it has a preprogrammed
sequence of motions in a set of places given as a pattern.
The pick and place tasks were executed in a low speed, which
was also preprogrammed, to assure the safety and comfort of
the users during the interaction.

After programming and after interacting with the robot
to complete the assigned task, the Portuguese version of
the User Experience Questionnaire (UEQ) [46] was applied
as a quantitative approach, also using LimeSurvey [43] and
accessing it with a QR code. This questionnaire was trans-
formed and validated for the Portuguese language in 2014,
and that was the version used in the experiments. This
instrument is a comprehensive measure of UX, consisting
of 26 items assessed on a seven-stage scale, ranging from
−3 as the most negative answer to +3 as the most positive.
Six scales distribute the items: (a) attractiveness, (b) perspi-
cuity, (c) efficiency, (d) dependability, (e) stimulation, and
(f) novelty. Attractiveness is purely a valence dimension
and comprises six items, whereas all the others are consti-

tuted by four items and relate to pragmatic (perspicuity, effi-
ciency, and dependability) or hedonic (stimulation and
novelty) aspects of UX. To fulfill it, 3–5min is required,
which indicates that, at most, its fulfillment took up 10min
of the overall session, once it was answered twice.

Finally, qualitative data were also collected by means of
semistructured interviews that proceed the interaction with
the cobot. A deeper understanding of the accomplished
UX was unveiled at this stage, through participant’s
responses towards their overall HRC experience, the positive
and negative aspects of it, how convenient was operating the
interface and the cobot per se, the expectations they had
throughout the session, their description of the learning
experience, and, lastly, if they felt any safety concern while
collaborating with the robot. The questions that constituted
the structure of the interview were based on the ones
inquired in the experiences conducted by Chowdhury et al.
[26]. These interviews were conducted by one person, who
asked these questions, maintaining eye contact during the
conversation. So, following the recommendations from the
[47], the interviews’ audio was recorded, to prevent the
researcher from having to take notes of all the relevant
details and getting distracted from the interviewees. Each
interview lasted for approximately 5min.

2.3. Statistical Analyses

2.3.1. Quantitative Approach. For the quantitative data, sta-
tistical analyses were computed using Microsoft Excel sheets
provided by the authors of UEQ [48]. Descriptive statistics
of the demographic information were obtained with IBM
SPSS Statistics for Windows, Version 25.0, so as to provide
an accurate description of the sample. Then, the means for
each scale of the UEQ were calculated over the total sample
to get the general tendency and compared to the standard
values proposed by Schrepp [48], both for the programming
and the collaborating phases, using the Data Analysis Tool
sheet.

A positive evaluation of the UX elicited during the inter-
action with the universal robot is considered for values supe-
rior to 0.8, whereas if the mean values are inferior to −0.8,
the experience can be classified as negative. These thresholds
were defined by the UEQ authors based on their studies, but
it is important to highlight the need to conduct more longi-
tudinal studies to accurately classify UX as positive or nega-
tive, given that UX can evolve over time [49]. Lastly, two
sample t-tests assuming unequal variances were computed
for each UX goal to examine if there were significant differ-
ences between the two phases (i.e., programming and collab-
orating), with the use of the Compare Scale Means Tool.

2.3.2. Qualitative Approach. The audio recordings of the
interviews were transcribed into an electronic text format
to facilitate analysis, except for one participant, whose
recording was damaged. Initially, relevant comments from
each of the 18 participants were outlined to identify emerg-
ing themes. The statistical analyses for the qualitative data
were performed using Microsoft Excel.

4 Human Behavior and Emerging Technologies
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In this study, conventional content analysis was used.
This method is the most commonly applied for analysis in
studies aimed at describing the properties of text and phe-
nomena [50]. This method is considered an integrative view
of text and its related contexts in order for the researcher to
understand social phenomenon in a subjective yet scientific
manner [51]. Numerous key steps were required and neces-
sary to support valid and reliable inferences derived from the
data. These steps included (a) preparing the data (transcrip-
tion of interviews), (b) reading transcripts repeatedly to
achieve immersion and obtain a sense of the whole [52],
(c) making notes on the transcripts listing the different types
of information found in the text, (d) defining the unit of
analysis using themes (representing expressions of ideas or
an issue of relevance [51]) as the unit of analysis versus lin-
guistic units, and (e) developing a coding scheme to organize
data in a comprehensible way. Data can be coded before
beginning analysis or categories can emerge during analysis,
such as with grounded theory methodology: (f) code all text,
(g) make conclusions from coded data, and (h) describe and
interpret findings [53].

This program allows conducting a content analysis,
derived from the semistructured interviews’ input, in a sim-
ple and cost-effective way [54]. The data retracted from the
interviews were categorized into the UX goals evoked in
Duarte et al. [42] study, while simultaneously searching for
more possible categories. For that, the data was compiled
into one Microsoft Excel spreadsheet, which allows the com-
parison of the excerpts and the consequent better under-
standing of the definition and comprehensiveness of each
code [55]. Only one of the researchers was responsible for
the coding, avoiding interrater reliability [56], even though
all the authors revised the final categorization. Aforesaid cat-
egories shall be as exclusive, homogeneous, and exhaustive
as possible.

To enhance the validity and credibility of our findings,
we applied an investigator triangulation. Two researchers
were involved in the data analysis process to reduce indi-
vidual bias and enhance the validity of the results. Each
investigator independently coded and analyzed the data,
identifying themes. This approach ensured that diverse per-
spectives were considered and that no single researcher’s
bias dominated the interpretation. Following the indepen-
dent analyses, the research team held consensus meetings
to discuss and reconcile discrepancies in their findings.
These discussions allowed the researchers to combine their
individual insights and reach a cohesive interpretation of
the data. Each investigator brought their unique perspec-

tive, contributing to a more balanced and nuanced analysis
[57, 58].

3. Results

3.1. Quantitative Approach. For the quantitative approach,
to determine the reliability, we calculated Cronbach’s alpha
for the different dimensions of the UX with cobots. The
two studies (with Amazon and Skype) conducted by Cota
et al. [46] revealed sufficient reliability values for the six sub-
scales, with Cronbach’s α ranging from 0.51 to 0.86 in one
study and from 0.64 to 0.85 in the other. In our study, dur-
ing programming, we obtained Cronbach’s α ranging from
0.37 to 0.89 and, during collaboration, from 0.48 to 0.95.
Specifically, the reliability values for programming were as
follows: attractiveness: 0.77, perspicuity: 0.89, efficiency:
0.57, dependability: 0.37, stimulation: 0.86, and novelty:
0.52. For collaboration, the values were as follows: attractive-
ness: 0.88, perspicuity: 0.95, efficiency: 0.48, dependability:
0.53, stimulation: 0.87, and novelty: 0.51.

The UX of the programming phase was overall rated as
positive (see Figure 2). It should be noted that in this study,
we considered the fact that 3 students had experience with a
different type of robot, whereas 16 students had no prior
experience with robots. This distinction was applied to each
analyzed UX goal, encompassing both programming and
collaboration. To address this, a t-test was performed, yield-
ing significance values consistently greater than 0.05
(p > 0 05), suggesting no discernible differences between
the two groups examined.

The average value for attractiveness was 2.21 (SD = 0 59
), 1.22 (SD = 1 06) for perspicuity, 1.90 (SD = 0 70) for effi-
ciency, 1.64 (SD = 0 65) for dependability, 2.14 (SD = 0 82)
for stimulation, and 2.08 (SD = 0 68) for novelty. Compared
with the benchmark set by the authors [48], attractiveness,
stimulation, and novelty results were classified as excellent
(i.e., in the range of the 10% best results), efficiency and
dependability were good (better than 75% of the results),
and perspicuity was below average (better than 25% of the
results). Grouping the scales by their pragmatic or hedonic
quality, the former one was evaluated with an average of
1.59, whereas the latter’s value corresponded to 2.11.

Regarding the collaboration phase, the ratings of the
UEQ were all positive as well (see Figure 3). Attractiveness
had an average of 2.46 (SD = 0 78), perspicuity of 2.38
(SD = 1 09), efficiency of 1.93 (SD = 0 77), dependability of
2.05 (SD = 0 79), stimulation of 2.18 (SD = 0 89), and nov-
elty of 2.12 (SD = 0 72). These six values can be interpreted

(a) (b)

Figure 1: Photographs of the experiments showing students (a) programming and (b) performing a task with the universal robot.

5Human Behavior and Emerging Technologies
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as excellent (i.e., in the range of the 10% best results) when
compared with the benchmark defined by the question-
naire’s authors [48]. In what concerns the pragmatic and
hedonic categorization, 2.12 was the average for the prag-
matic quality, and 2.15 was the average for the hedonic one.

By simply comparing the means of the two phases, it is
possible to observe that the collaboration stage had slightly
higher values, possibly denoting a more positive UX (see
Figure 4). Two sample t-tests assuming unequal variances
were used to assess the significance of such differences. Signifi-
cant differences were observed for perspicuity (t 18 = −4 335,
p = 0 002) only. The differences respecting attractiveness
(t 18 = −1 455, p = 0 280), efficiency (t 18 = −0 243, p =
0 870), dependability (t 18 = −2 121, p = 0 091), stimulation
(t 18 = −0 220, p = 0 889), and novelty (t 18 = −0 318, p =
0 863) were nonsignificant.

3.2. Qualitative Approach. A total of 88 comments were cut
out from the transcribed data and thematically analyzed.
This analysis enabled to match each of the comments with
one of the UX goals defined by Duarte et al. [42] (see
Table 1). No other additional goals were identified in this
case study.

Each participant pointed to an average of three UX goals
(SD = 1 14). Specifically, efficiency, inspiration, and usability
were the three most mentioned UX goals, being referred by

13, 12, and 11 of the total number of participants, respec-
tively. Safety was spoken of by six subjects, whereas relation-
ship and accomplishment were both cited by five people.

Flexibility was the least mentioned goal, with only two
participants referring to it.

In what relates to the pragmatic nature of these catego-
ries, it was noted that all the participants mentioned do-
goals. Two participants did not refer to be-goals; all the
others contributed to the hedonic categories. Safety was cited
by six of the 18 individuals.

Considering quantitative approach and qualitative
approach, the most prominent factors were attractiveness
and perspicuity (collaboration), attractiveness and stimulation
(programming), efficiency, and inspiration. There should be
a greater concern with the following UX goals: perspicuity
(in programming) and efficiency (in collaboration), both
related to pragmatic aspects. The UX goal efficiency appears
in both methods used (quantitative and qualitative).

4. Discussion

The industry is progressively adopting cobots in its opera-
tions [9]. For the successful adoption of these robots, they
must offer a positive UX [27], not only during the perfor-
mance of a collaborative task but also while programming
the device before the collaboration [26].
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Figure 2: Means of UEQ scales for programming a cobot.
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Figure 3: Means of UEQ scales for collaborating with a cobot.
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One aspect we considered in the quantitative approach
regarding UX goals was to examine whether there were dif-
ferences between participants with prior robot experience
and those without. In contrast to the findings of Hwang
et al. [59], our study did not observe significant differences
between the two groups, even though it involved social robots.
The perceptual consistency among users in both interaction
phases, along with the sample size [60], may explain our
results. Despite the lower Cronbach’s alpha values in some
dimensions, such as efficiency and dependability in program-
ming and collaboration, the results still provide valuable
insights. These lower alpha values can be attributed to several
factors, including, for instance, the context in which the scale
was applied (cobots) may differ significantly from previous
studies (with Amazon and Skype). Additionally, some items

on the scale might not be as relevant or appropriately worded
for the context of programming and collaboration with cobots,
leading to inconsistent responses.

To evaluate the UX that arose while programming the
cobot, the participants answered the UEQ right after com-
pleting the designated program using the interface. Answer-
ing the programming-related research question, this initial
part of the experiment was positively rated by the partici-
pants. Interestingly, the hedonic side of the UX had a slightly
higher ranking than the pragmatic one. This is a notable
result, especially given the tendency to prioritize the prag-
matic aspects [26]. In this case, more consideration was
attributed to the hedonic aspects of programming. A possi-
ble explanation for that concerns the sample used, which
was constituted by students instead of professionals, who

0,00

0,50

1,00

1,50

2,00

2,50

3,00

3,50

Attractiveness Perspicuity Efficiency Stimulation NoveltyDependability

Figure 4: Comparative analysis of UEQ scores for programming and collaborating with a cobot. Note. The programming score is indicated
in blue for each scale, while the collaboration score is indicated in red.

Table 1: UX goals evoked during the interaction with a cobot.

Participant Safety Relationship Usability Inspiration Flexibility Efficiency Accomplishment Score (participant)

JD31071992 0 0 + 0 0 + + 3

TS30111995 0 0 0 0 0 + 0 1

IB24011999 0 0 + + 0 0 0 2

AS01041997 0 0 0 + 0 + 0 2

ES21091999 0 + + 0 0 + 0 3

RS22051998 + 0 0 + 0 + + 4

ML27061998 + + + + 0 + 0 5

OS10101999 0 + 0 + 0 + 0 3

SF24041998 0 0 + + 0 0 0 2

MR20052000 0 0 + 0 0 0 + 2

AS07101993 + 0 + + 0 + 0 4

BM12012000 0 0 + 0 + 0 0 2

SP16071996 + 0 + 0 0 0 + 3

RS13012000 + 0 + + 0 + 0 4

DS25111999 0 0 + + 0 + + 4

CR06061998 + + 0 + + + 0 5

SM24031998 0 0 0 + 0 + 0 2

AM30081995 0 + 0 + 0 + 0 3

Score (item) 6 5 11 12 2 13 5

Note: The reference of each UX goal by the participants is represented by the symbol “+,” whereas its lack is represented by “0”.
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might have different motivations, while lacking a realistic
perception of the industrial contexts [31].

To address the subsequent research question, the partic-
ipants were administered the same questionnaire after col-
laboratively completing the assigned task with the robotic
device. Similarly, the evaluation of the UX yielded positive
results, with identical ratings for both the hedonic and prag-
matic attributes. This finding aligns with the perspective of
Raskin [30], who advocates for designers to consider both
types of attributes. When comparing these two phases with
the benchmark set by Schrepp [48], it was observed that
the six scales that measure UX were classified as excellent
for the collaboration stage, while only three of them had
the same classification for the programming stage, with the
remaining scales having lower classifications. One possible
explanation for that could be that the people who partici-
pated in the present study were not students of the engineer-
ing field, most of them not familiar with this type of
technology. Students might exhibit different attitudes towards
technology based on their different backgrounds [61].

No differences were found between programming and
collaborating phases for UX goals, except for perspicuity.
Considering the human-oriented design studied by Fogli
et al. [62] and Papetti et al. [63], in the field of programming
and HRC, respectively, it is possible to verify that both men-
tioned that it is essential to have knowledge about the envi-
ronment (e.g., available space and constraints), task (e.g.,
task sequence), user characteristics (e.g., user preferences),
robot capabilities (e.g., flexibility), design suitable collabora-
tion (e.g., safe user–robot collaboration), and interface (e.g.,
language). Therefore, it can be concluded that these phases
present similar user requirements.

Alongside this quantitative approach, qualitative data
was obtained from interviews conducted after the question-
naireswere completed. This qualitative datawas then compared
with previously reviewed data to assess its correspondence
with the seven UX goals identified in the study by Duarte
et al. [42]. The results indicated that the subjects’ comments
fitted the categories of safety, relationship, usability, inspira-
tion, flexibility, efficiency, and accomplishment. These goals
constitute the response to the main research question
regarding the UXs that arise during human–cobot interac-
tions with the universal robot. Including two investigators
in the interpretation process of qualitative data ensured that
a different of perspectives were considered [64].

Specifically, efficiency was the most prominent UX goal,
denoting the need to comprehensively combine the best
competencies of robots and its users, when performing a
shared task. This goal was followed by the goal of inspira-
tion, the requirement to feel motivated, challenged, and
engaged in the interaction. Usability was ranked third and
comprised all the specific requirement that might enable a
task to become easier and more effortless to complete. After
these top three goals, safety was ranked next, including fea-
tures such as trust and comfort. Relationship (i.e., the crea-
tion of a bond and multiple relationships between the user
and the cobot) and accomplishment (i.e., the feeling of suc-
cess in the collaboration) came after safety in the ranking,
with equal importance attributed to them. The least cited

UX goal was the flexibility to handle the robotic device. All
the participants mentioned at least one of the categories that
correspond to do-goals. The ones corresponding to be-goals
were only not mentioned by two participants. Regardless of
this slight difference, it is conceivable to note a relative bal-
ance between the two kinds of aspects.

Many are the UX goals that positively influence effective
collaboration between a human and a cobot (e.g., [26]). In
this study, when comparing quantitative and qualitative
studies, the most prominent were attractiveness, perspicuity
(collaboration), stimulation (programming), efficiency, and
inspiration. Similar to other studies (e.g., [65]), it was found
that the UX goal of attractiveness, in terms of quantitative
analysis, stands out among all others. It is also noted that
there was a greater need for attention regarding certain UX
objectives, specifically perspicuity in programming (it is nec-
essary to have greater clarity and understanding of the inter-
face and instructions provided during the programming
process) and efficiency in collaboration (it is necessary to
ensure more robustly and effectively that tasks are per-
formed more quickly, accurately, and seamlessly). The
UX goal efficiency is a common UX goal in both approa-
ches—quantitative and qualitative—which is not surprising
given that it is a fundamental driver that is always aligned
with a company’s strategic objectives [66]. According to
Meshcheryakov [67], the effectiveness of HRC is signifi-
cantly influenced by how humans perceive the robot, as
well as their emotional and cognitive responses. Efficiency
of use is an integral component of the concept of “usabil-
ity” that implies the need for systems to be equally usable
for all users, adapting to accommodate the unique abilities
and characteristics of each user [68].

5. Conclusion

The present study stands out as one of the few that examines
the UX goals arising from the complete interaction with a
collaborative robot. It also represents the first empirical test
of the seven-goal framework identified in the systematic lit-
erature review conducted by Duarte et al. [42]. This research
is aligned with the recommendations of various authors
(e.g., [69]) advocating for the application of mixed-method
approaches, particularly employing a convergent design that
combines questionnaires and interviews, to explore UX in
depth. By integrating quantitative and qualitative methodol-
ogies, this mixed approach provides a more comprehensive
and detailed understanding of users’ perceptions of their
interaction experience with collaborative robots. Conse-
quently, this study offers valuable insights for the successful
design and deployment of collaborative robots in industrial
settings. By identifying the UX goals associated with collab-
orative robot interaction, organizations can enhance their
design processes to improve the overall UX. Additionally,
the study highlights the importance of leveraging these find-
ings to inform the development of guidelines and regula-
tions aimed at promoting the safe and effective design and
implementation of collaborative robots. This proactive
approach not only protects the health and safety of workers
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but also promotes increased productivity and innovation
across the industry.

6. Limitations of the Study

Despite that, a number of limitations might reduce the reli-
ability and generality of the presented results and conclu-
sions. First, some of the questions could induce the
answers, by containing a reference to some UX goal. That
was the case of asking for safety concerns, which was also
done in previous studies (e.g., [26]), but that could possibly
be rethought. Another limitation was that the sample size
was small, and it was entirely constituted of students, two fac-
tors which might affect the results. The limited sample of 19
university students may not accurately represent the general
population that would typically use cobots in an industrial
setting. This lack of representativeness is crucial because stu-
dents’ experiences, skills, and perceptions might significantly
differ from those of industrial workers. For instance, factory
workers may have different levels of familiarity with robotic
technology, varying usability expectations, and distinct safety
concerns. Additionally, the academic context of the partici-
pants could bias their responses. Students, particularly those
in technical or engineering fields, might be more inclined to
adopt new technologies and may have a different learning
curve compared to industrial workers with established work
habits and routines. This could lead to an overly positive
perception of HRIs that does not fully reflect the potential
challenges faced by workers with less technical training. Fur-
thermore, the homogeneity of the sample is a notable limita-
tion. A sample entirely composed of students fails to capture
the demographic diversity present in typical workplaces,
where factors such as age, gender, professional experience,
and educational background significantly influence technol-
ogy interaction. These limitations suggest that the study’s
findings should be interpreted cautiously. While providing
valuable insights into HRI within the studied context, gener-
alizing these results to a broader and more diverse popula-
tion could be problematic.

7. Future Research

Future studies could employ more specific questions, to bet-
ter distinguish the UX goals that are present in the distinct
phases of the user–cobot interaction (i.e., programming
and collaborating), not mentioning actual UX goals in its
formulation. In addition, subjects from different populations
that are not students, with diverse backgrounds, could be
sampled in order to better support the conclusions.
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