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Abstract: Robots are increasingly used in healthcare to support caregivers in their daily work
routines. To ensure an effortless and easy interaction between caregivers and robots, communication
via natural language is expected from robots. However, robotic speech bears a large potential for
technical failures, which includes processing and communication failures. It is therefore necessary
to investigate how caregivers perceive and respond to robots with erroneous communication. We
recruited thirty caregivers, who interacted in a virtual reality setting with a robot. It was investigated
whether different kinds of failures are more likely to be forgiven with technical or human-like
justifications. Furthermore, we determined how tolerant caregivers are with a robot constantly
returning a process failure and whether this depends on the robot’s response pattern (constant
vs. variable). Participants showed the same forgiveness towards the two justifications. However,
females liked the human-like justification more and males liked the technical justification more.
Providing justifications with any reasonable content seems sufficient to achieve positive effects.

Robots with a constant response pattern were liked more, although both patterns achieved the same
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The current global shortage of healthcare professionals [1], which is expected to in-
crease in the next years [2], is countered by the expanded use of technology and robotics.
Conventional social robots support caregivers in healthcare facilities by performing cog-
nitive and emotional stimulating tasks in interactions with patients. The social robot
Publisher’s Note: MDPI stays neutral ~ Paro, for example, is a great help when dealing with patients with dementia [3,4], and
with regard to jurisdictional claimsin  the human-like robot Pepper when entertaining patients [5]. Additionally, service robots
published maps and institutional affil-  support caregivers in functional tasks [6,7]. According to the International Standardization
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iations. Organization, a service robot is defined as a robot “that performs useful tasks for humans

or equipment, excluding industrial automation applications” [8]. Similar to industrial

robots, service robots support humans in physically demanding tasks and therefore have a
:)4

great potential for the healthcare sector as there are still not enough support options for
caregivers to compensate and reduce the serious health consequences they face. A few
example tasks that such robots can be used for in healthcare are disinfection, logistics,
monitoring, and moving patients (e.g., patient positioning) [7]. In contrast to social robots,
service robots’ primary interaction partners are caregivers, who hand over specific tasks,
Attribution (CC BY) license (https:// load the robo?, or.reposmon the patient togetber w1th the r'obot, the latt.er requiring a great
. ) deal of coordination. To ensure a successful interaction with the caregivers, no additional
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10/). (cognitive) demand should be placed on the care personnel, but certain requirements are
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placed on the robot. One of the most important, addressing the interaction itself, is that
the robot should adopt familiar social communication scripts grounded on human-human
dialogue strategies to simplify the human-robot interaction (HRI) for caregivers [9,10]. For
this reason, a verbal communication seems to be most appropriate. Verbal communication,
and more precisely, oral communication (speech), is a natural tool for humans, which
allows us to exchange information quickly and effortlessly at the same time. In robotic
systems, however, understanding and producing speech is very prone to failures. Robots
working in care facilities have to interact and communicate with very different users (e.g.,
caregivers, patients, visitors), which requires the robot to constantly adapt. This opens up
the possibility for failures that cannot be completely counteracted in advance. In particular,
the interaction with humans makes it impossible to identify all possible types of robotic
failures beforehand and complicates an error-free task execution [11]. Since robots are
expected to make mistakes, it is important to address how caregivers respond to faulty
robots and what is needed to achieve greater tolerance for failures.

This work aims to answer how tolerant caregivers are with failure-prone robots and
how communication failures influence caregivers’ behavior and perception towards them.
In the following, the advantages of an anthropomorphic communication (speech) are
given. Next, the influence of failures during communication and interactions with robots is
presented. For this, we follow the taxonomy of Honig and Oron-Gilad [11]. Since the study
was conducted as a virtual reality (VR) experiment, we provide a detailed examination of
this research method before presenting our research question and hypothesis.

2. Related Work
2.1. Anthropomorphic Communication

An anthropomorphic communication, usually referring to a verbal, spoken commu-
nication, represents a simple way for caregivers to interact with robots. Robots produce
speech by text-to-speech systems and even convey emotions by further including prosody
in the speech production [12]. According to the media equation theory [9], technologi-
cal devices with anthropomorphic features should automatically trigger already familiar
interaction schemes. An anthropomorphic communication thereby enables caregivers
to mindlessly recall familiar social scripts and transfer them to the interaction with the
robot. This in turn makes the interaction with the robot more intuitive. In addition, robotic
verbal communication is one of the most effective features when considering the positive
influence of an anthropomorphic design such as an increase in likeability and trust [13].
Since service robots are often restricted in their appearance and movement by their func-
tion, the implementation of an anthropomorphic communication is also the easiest way to
include anthropomorphic features into service robots. Interacting with spoken language
has even more advantages [10-12]. A few reasons are the fast and most efficient exchange
of information by speech [14], the real-time coordination of physical actions [14], the social
potential of spoken language [15], and that speech is the most preferred communication
channel by caregivers compared to communicating via sound or text [16]. Furthermore,
people expect the robot to speak as robots become more social and capable [14]. All these
advantages support the implementation of a verbal spoken communication by robots in
the healthcare setting.

2.2. Robotic Failures

In HRI research, the term “failure” refers to “a degraded state of ability which causes
the behavior or service being performed by the system to deviate from the ideal, normal, or
correct functionality” [17] (p. 9). This definition includes both the actual and the subjectively
perceived failure [11]. Honig and Oron-Gilad have developed a taxonomy to structure
human-robot failures [11]. According to their taxonomy, failures can be divided into
technical and interaction failures. Whereas interaction failures include problems that are
caused by humans, social norms, or the environment, technical failures primarily include
problems that are caused by the robot. When adapting robots for use in care facilities,
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adjustments and countermeasures should be implemented on the robotic device’s side, and
it is necessary to focus on technical failures in particular. A main component of technical
failures is software failures, which are further divided into design, communication, and
processing failures.

Software failures are especially important in the verbal interaction with the user
and affect how the robot is perceived and evaluated by humans. Processing failures
reduce, for example, the perceived reliability, trustworthiness, understandability, and
competence of robots [11,18]. Salem et al. showed that processing failures that led to a
wrong robot behavior significantly decreased the robot’s trustworthiness [18]. Beyond
that, failures furthermore influence the behavior of users. In terms of communication
failures, unexpected answers from a voice assistant, for example, cause users to adjust their
responses by speaking louder, more clearly, rephrase the question, or repeat the question
with small modifications to vocabulary or grammar [19,20].

Mavrina and colleagues conducted a long-term study with five families on the use of a
voice assistant [21]. The number of requests made by the families was assessed and divided
by successful and failed requests. Furthermore, the satisfaction with the voice assistant
was queried. The authors found that satisfaction with the voice assistant was significantly
lower the higher the number of abandoned, failed requests was. However, satisfaction
was only surveyed once after the study. Thus, it cannot be concluded from the results
whether successful requests improved satisfaction after failed requests occurred or whether
the timing of failed requests affected the level of satisfaction. In addition to a reduced
satisfaction, failed interactions negatively affect the frequency of use [22]. However, this
seems to be modulated by the technical savvy of users, as the study by Luger and Sellen
showed that technically experienced users were more tolerant of communication failures
and aborted interactions with voice assistants after a greater number of attempts compared
to less technically savvy users [22]. The interviews by Luger and Sellen were, however,
conducted with only 14 participants, who additionally used different voice assistants. This
poses the question of generalizability of results.

To minimize such failure consequences, it is important to examine different recovery
strategies that can be applied after an occurred failure. Kim et al. have investigated whether
apologies are suitable as a recovery strategy [23]. More specifically, they examined whether
trust rehabilitation differs when failures are attributed either to internal (full responsibility
lies with the individual) or external causes (responsibility also lies with other persons).
They found that internal attributions rehabilitated trust better than external attributions.
However, the study was not conducted in the HRI domain. Instead, participants watched
videos of job applicants who were accused of incorrectly filing a tax return and whose
hiring was to be decided. It is thus unclear whether the results also apply to communication
with robots.

In addition to apologies, various recovery strategies, such as ignoring, blaming, justi-
fying/explanation, etc., have already been examined by researchers [24] within the field
of HRI [24-26]. Choi and colleagues compared apologies with explanations given by a
robot after a service failure [25]. The authors showed that both strategies had positive
effects on recovery. This effect was, however, only present for humanoid robots and not for
non-humanoid ones. Choi et al. concluded that the observed difference for different types
of robots was due to a lack of social capabilities by non-humanoid robots. To be successful
as a recovery strategy, other parameters are important. The purpose of an explanation
is to reveal the reason or cause for a failure [25]. The effectiveness of an explanation, for
example, is driven by perceived adequacy and the truthfulness of information [26].

2.3. Conducting HRI Research in VR

In recent years, VR has become a popular tool for conducting HRI user studies [27,28].
VR offers an alternative to provide visual cues that are similar to the real world and creates
realistic and immersive environments. Badia and colleagues stated that VR systems that
elicit a realistic feeling and appear to be plausible can even create the same behavioral and
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psychophysiological responses as a real-world interaction [29]. VR has several advantages,
but also raises new challenges [30]. Human safety, for example, is crucial when interacting
with robots [29]. VR can be used to explore new forms of interactions, as it provides a safe
tool for testing HRI without jeopardizing the safety of humans. Furthermore, VR allows the
testing of multiple virtual robots with different designs in various environments. This does
not have to be limited to existing robot systems, as hypothetical robot appearances and
behaviors can be implemented as well [29]. Overall, VR provides a less resource-consuming
tool (i.e., time and cost) compared to studies with real robots [28].

When conducting a VR study, the main concern is whether participants respond
realistically or whether they are influenced by the virtual nature of the study. It is therefore
necessary to control if the interaction evokes a high level of presence (actually being
in the environment) [31]. In addition to the environment, the presentation of the robot
influences the perception and evaluation of robots and the effects on humans [13]. Badia
and colleagues have identified variables that can be manipulated and measured in a
VR experiment [29]. They concluded that HRI studies in VR offer the assessment of
subjective and objective metrics, thereby providing comparable options as real experiments.
With regard to the manipulating variables, a distinction was made on three categories:
collaborative robot (cobot), environment, and user. In the present study, the variation of
the robot (equivalent to cobot) is most relevant. A property mentioned by Badia et al. that
can be manipulated on the robot’s side is the degree of anthropomorphism [29]. A meta-
analysis by Roesler and colleagues examined the influence of anthropomorphism in social
HRI [32]. They analyzed embodied and depicted robots separately, with virtual robots
belonging to the latter group. Human-related outcomes such as robot perception (subjective
measure) or behavior (objective measure) were considered as dependent variables. They
found that anthropomorphism investigated via physically embodied robots positively
influenced subjective and objective measures whereas depicted robots failed to show a
positive effect on the objective outcomes. However, subjective outcomes such as perception
and attitude showed a consistent positive effect of anthropomorphism using depicted
robots. This suggests that behavioral data especially are more difficult to capture without
real robots.

Further empirical results on the comparability between VR and lab-based physically
embodied HRI studies provide mixed results. Weistroffer and colleagues, for example,
studied the co-presence of humans and robots and found no differences in questionnaire
answers between real and virtual situations [33]. The study was conducted within an
industrial setting, in which participants had to work side-by-side with the robot on a
car door. In contrast, Li and colleagues found differences in proxemics showing that
participants preferred a closer interaction with real robots instead of virtual robots [31]. For
their user studies, the social robot Pepper was used, once with the real Pepper and once
with its virtual counterpart. The authors suggested that one reason for the greater distance
in VR was because the virtual robot was perceived as more discomforting compared to the
real Pepper. To achieve the same results between a virtual scenario and laboratory setting
the basic requirements should not differ.

It can be assumed that the type of robot exposure in studies influences the observed
human-related outcome variables. Although this does not apply to all outcomes, it should
be considered when generalizing findings. Furthermore, the discrepancies between results
indicate that certain control variables (e.g., immersion) should be gathered to formulate
statements for transferability. Overall, advantages such as the ecological benefits and safety
aspects show that VR is a valid tool to obtain initial results related to HRI.

3. Research Questions and Hypotheses

Based on the presented literature, it was shown that VR is a less resource-consuming
and less risky research tool for conducting HRI user studies compared to studies with real
robots [28]. It is therefore a valid tool to investigate HRI-related questions. Although most
studies either investigate HRI in an industrial context [28,31] or with social robots [3,4,6],
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the use of service robots in healthcare is a new field that is just starting to be increasingly
researched [7]. With our study, we aimed to address this research gap. Moreover, service
robots in the healthcare sector provide great assistance in functional tasks (e.g., cleaning,
transportation tasks) [7]. As a result, caregivers become the primary interaction partners,
compared to social robots having the patients as primary interaction partners. Previous
studies, however, have included students as participants [23,24] or a random sample [25,26].
A major benefit of our study is the inclusion of caregivers. This allows us to derive
implications relevant to this specific target group. In studies with caregivers, previous
research revealed that robots communicating via speech are beneficial for a successful
interaction [14-16]. However, robotic verbal communication is prone to failures in terms of
processing speech input from various users in unstructured environments and providing
accordingly appropriate answers and actions [11]. Hence, it is necessary to consider
failure consequences (e.g., how caregivers respond to communication failures of robots)
and possible countermeasures (e.g., recovery strategies) to ensure the long-term use of
robots [11,24]. Accordingly, we investigated which type of explanation is more suitable
in care settings for justifying failures. According to the failure taxonomy of Honig and
Oron-Gilad, the narrated failures of the robot in our study belonged to processing and
communication failures [11]. In our study, the robot was equipped with a face and thus
human-like characteristics. It could therefore be assumed that recovery strategies did not
fail due to a lack of social capabilities [25]. We expected that justifications for processing and
communication failures should have a positive effect. We assumed, on the one hand, that
explanations based on human-like properties are more understandable and comprehensible,
because humans can apply these explanations to themselves and identify with them [9,34].
On the other hand, explanations that involve technical terms can create a more realistic
impression of failures caused by the robot, which is perceived as more truthful [26]. Our
exploratory research question was therefore:

R1. Which failure justification has a more positive impact on the evaluation of robots by caregivers?

Since a failed interaction reduces the frequency of use [22], we were also interested
in how tolerant caregivers are towards a robot that fails in communication. The failed
interaction was caused by the robot not being able to process the speech input (processing
failure) [11]. How long would caregivers try to interact with the robot? What was their
tolerance threshold?

R2. What is the tolerance threshold for caregivers to repeat voice prompts to a robot?

Studies have already shown that people adjust their response pattern in case of a
failed interaction [19,20]. We assumed that a robot that gives concrete suggestions for an
adaptation would be evaluated better than a robot that always answered the same way. We
therefore hypothesized that a greater variance in responses from the robot would lead to
a better evaluation and a greater tolerance among caregivers for robot failures and thus
higher repetition rates.

H1. A variable response pattern leads to more repetitions by the caregivers (higher error tolerance)
and a better evaluation of the robot as a constant response pattern.

4. Materials and Methods

The study was preregistered at the Open Science Framework (OSF) where the raw
data of the study are available. All subjects gave their informed consent for inclusion before
they participated in the study. The study was conducted in accordance with the Declaration
of Helsinki, and the protocol was approved by the Ethics Committee of the Humboldt-
Universitdt zu Berlin (2022-09). The study consists of six parts in total (1. front selection,
2. design selection, 3. proxemics, 4. failure justification, 5. error tolerance, 6. interview).
This paper focuses only on parts addressing robot communication failures (4. and 5.).
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4.1. Participants

Various care facilities within the area of Berlin were contacted via e-mail to recruit
participants. A prerequisite for participation was employment as a nursing/care specialist,
nursing/care assistant, everyday helper, service worker, or therapist in inpatient care. Fur-
ther prerequisites were not suffering from impaired gait or clinical balance disorders, legal
age, and meeting the requirements of the Coronavirus regulation (recovered from COVID-
19 or fully vaccinated with an additional negative test result). We recruited 30 participants
who worked in one of the aforementioned professions. The average work experience of
the participants was 17 years (SD = 10; ranging from 2 to 39 years). The mean age of the
participants was 40 years (SD = 9 years), ranging from 24 to 55 years, and the majority of
the participants were female (Ngae = 21; Nyale = 9). Only two participants stated having
previous experience with robots, but not with care robots. For taking part in the study,
participants were financially compensated with EUR 100.

4.2. Design

The study comprised two subsequent tasks that participants performed within the VR
environment. The first was the failure justification task. In this part of the study, we used a
within-subject design. During the task, the robot justified its failures with a human and a
technical reason, respectively.

The second task was the error tolerance task and was implemented as a between-
subject design. The robot asked the participants to repeat a previously posed question,
either always with the same request (constant response pattern) or with a slightly rephrased
request (variable response pattern).

4.3. Materials and Measures

The study was conducted as a VR experiment, created with Unreal Engine 4.7. The
VR environment resembled a kitchen in a care facility (see Figure 1). For tasks in which
the robot had to communicate, audios were recorded upfront with the Amazon Polly
(https:/ /aws.amazon.com/de/polly/; accessed on 22 February 2022) Natural Text-To-
Speech (NTTS) software. The full script of the audios is available at the OSE.

For the failure justification task, two audios were recorded upfront. In the audios, first
the robot introduced itself, then described its tasks and functions, and lastly described a
situation of a failed interaction. In this interaction, a patient had a request but the robot
made some mistakes (e.g., did not find the patient’s room again). In the human-like
condition, the robot justified its mistakes with the fact that it was new in the facility and
had difficulties remembering routes. In the technical condition, the justification was based
on a not fully calibrated map of the facility. The exact scripts are presented in Table 1.

For the error tolerance task, five audios were recorded upfront. When speaking with a
constant response pattern, the robot always said “Excuse me, I didn’t understand you. Could
you please repeat that?”. In the variable response pattern, instead of “Could you please repeat
that?”, the robot said “Could you please speak more slowly/loudly/clearly?” or “Could you please
rephrase that?”. All audios are included as supplementary materials.

To determine how caregivers evaluated the robotic communication, they were asked
to rate their attitude towards the use of the robot [35], their failure forgiveness towards
the robot (adapted from [36]), how reliable they perceived the robot [37], and how much
they liked the robot (Godspeed III; [38]). Except for likeability (semantic differential), we
measured all items on a 5-point Likert scale anchored from 1 (totally disagree) to 5 (fully
agree). A customized item was added to determine to whom the caregivers attributed the
failed interaction in the second task. The selection options were the robot, themselves, or
both. The Negative Attitudes towards Robots Scale (NARS; [39]) and the Igroup Presence
Questionnaire (IPQ; [40]) were further collected on a scale of 1-5 to control for factors that
might influence the results. The IPQ is divided into four subgroups: the spatial presence,
which measures the sense of being physically present in the VR; involvement, which
measures the attention devoted to VR; experienced realism, which measures the subjective


https://aws.amazon.com/de/polly/

Robotics 2022, 11, 106 7 of 16

experience of realism in the VR; and general presence, which assesses the general “sense
of being there”. The original items were presented in German. A detailed description
of the questionnaires in the failure justification task can be found in the supplementary
materials section.

Figure 1. VR environment and virtual robot. The yellow x shows the position of the participants.

Table 1. Script for the failure justification task.

Condition Script

Hello, my name is Kali and I am the new robot on the station since 5 days. My task is to bring support and

relief to your everyday care. One example is the use as calling system. Requests are recorded and forwarded to

you or carried out independently.

Three days ago, the following errors happened during task execution:

A patient had asked for sausage, so route navigation to the kitchen was started. Since my system was still
technical incompletely calibrated for localization in the station, the route back to the patient could not be calculated. Full

calibration was not completed for 96 h.

The current localization status is finalized, and a complete map of the station is saved.

The order sausage was also incorrect because the speech recognition system had categorized the word as

thirst. As a consequence, a bottle of water was taken from the kitchen. My speech processing system is still

error prone with some words. Software updates continue to improve my system.

Good day, I am Ali the new robot in the facility since one week. I try to support and relieve you in your daily

work. For example, you can use me as calling system.

Thereby I take requests and execute them independently or forward them to you.

Recently, the following mishaps unfortunately happened to me:

A patient had asked me for a piece of bacon, so I went to the kitchen. However, since I have such a hard time
human-like remembering directions, I got lost on the way back to the patient.

It took me a few more days to find my way around the facility. In the meantime, I already know my

way around.

By the way, I didn’t have any bacon with me then either, but a piece of pie. Instead of bacon, I heard pastry.

Due to the many new impressions at the beginning, I was mentally distracted and had probably

misunderstood. However, I'm always trying to improve

Note. Original script was recorded in German. The German words sausage and thirst (Wurst and Durst) and bacon
and pastry (Speck and Gebéck) rhyme. The words in bold were swapped between conditions and represent the two
versions of the scripts to avoid hearing the same story twice. The versions were balanced across the participants.
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4.4. Procedure

Prior to study participation, caregivers who met the study prerequisites were sent
the informed consent form, which could either be returned by mail or brought to the
study appointment, and a questionnaire, in which demographic data and the NARS were
collected. In the informed consent, participants were informed about the procedure and
the study’s purpose. However, they were not informed that their tolerance towards the
robot was assessed, to avoid influencing their behavior by that information. At the study
appointment, participants were again informed about their rights and risks before putting
on the VR equipment. The participants performed five tasks in the VR environment,
followed by an interview. The present paper only describes the two VR tasks, the failure
justification task and error tolerance task, in their exact procedure. In the failure justification
part, the robot stood in front of the participants and justified failures either with human-like
or with technical reasons. The order of justification type was balanced between participants.
After each failure justification, the attitude towards using the robot, the failure forgiveness,
the reliability, and the likeability of the robot were questioned. After this, the error tolerance
task followed. Participants were instructed to ask the robot for the current time. After
participants had asked the question, the experimenter pressed a button on the keypad so
that the recorded audio played and it seemed as if the robot had answered to the question.
Participants in the constant condition listened always to the same request to repeat the
question. In the variable condition, the different audios were played in random order. If
the participants did not stop the interaction themselves at some point, it was stopped after
15 repetitions. The error tolerance was therefore measured by the number of repetitions.
After the failed interaction with the robot, the likeability questionnaire was surveyed again
and a customized item was added to determine to whom participants attributed the failed
interaction. At the very end, participants were asked to answer the IPQ questionnaire, and
then the VR glasses could be taken off. The time spent in the VR was 45 min on average (all
five VR tasks).

4.5. Statistical Analysis

Mean (M) and standard deviation (SD) were calculated for all collected variables. For
normally distributed data, t-tests were calculated; otherwise, the Wilcoxon signed rank test
was applied. The significance level was set to p < 0.05. For analyses including more than
one factor, mixed analyses of variance (ANOVAs) were calculated. For tests with categorial
variables, the Chi-Square test of independence (x?) was used.

5. Results
5.1. Control Variables

Overall, the participating caregivers showed a medium negative attitude towards
robots (M = 2.7, SD = 0.6), which did not differ between gender (M,j0s = 2.7, SD 105 = 0.7;
Meemates = 2.7, SDfemates = 0.6; £(28) = 0.213, p = 0.833) nor experimental group (Mygrigbie = 2.9,
SDyarigble = 0.6; Mconstant = 2.5, SDeonstant = 0.6; £(28) = 1.612, p = 0.118). According to the IPQ,
the spatial presence was rated high with M = 4.5 (5D = 0.8) as well as the general presence
with M = 4.5 (SD = 0.8). The involvement (M = 3.1, SD = 1.0) and the experienced realism
(M =3.6, SD = 0.7) were rated on a medium level. All in all, participants experienced a
strong sense of presence in the VR, which did not differ between gender (all p > 0.05). When
checking for group difference in the error tolerance task, we found that the group with the
constant response pattern gave significant higher ratings in terms of experienced realism
(M =4.0, SD = 0.7) than the group with the variable response pattern (M = 3.3, SD = 0.7;
1(28) =-2.491, p = 0.019). No differences were found for the other subgroups (all p > 0.05).

5.2. Failure Justification

The results of the failure justification tasks can be seen in Table 2. Overall, we found no
significant difference between the technical and the human-like failure justifications for any
surveyed questions (Wilcoxon signed rank test, all p > 0.05). A descriptive examination of
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the results, including gender, revealed differences. Females rated the human-like justification
higher on all variables than the technical failure justification. For males, the opposite pattern
appeared. They rated the technical justification higher than the human-like condition.

Table 2. Mean and standard deviation in brackets for the two failure justifications divided by the
participants” gender.

Failure Justification

Factors Gender Technical Human
tud female 3.68 (0.91) 3.71 (0.94)
attitude to use male 430 (0.87) 3.67 (1.32)
eailure foraivencss female 3.79 (0.98) 3.86 (1.11)
& male 4.03 (1.21) 3.75 (1.35)

. female 3.23 (0.83) 3.31 (0.95)
reliability male 339 (1.02) 3.23 (1.09)
N female 4.23(0.79) 4.58 (0.44)
likeability male 460 (0.78) 3.91 (1.03)

Note. Female: N =21, male: N =9.

To test statistically for gender effects, a mixed ANOVA was calculated. With regard to
reliability, forgiveness, and attitude, no main effect nor interaction effects were found. With
regard to the attitude towards using the robot, the interaction just missed the conventional
level of significance (F(1,28) = 4.021, p = 0.055, 1> = 0.126). For the likeability ratings, a
significant interaction was found (F(1,28) = 9.266, p = 0.005, n? = 0.249). Females liked
robots with human-like justifications more; males liked robots with technical justifications
more (see Figure 2).

Justification

[Jhuman-like
M techinical

T
€

—

Mean likeability (+/- 25E)

female male

Gender
Figure 2. Likability results for the two failure justifications divided by the participants” gender.

5.3. Error Tolerance

Overall, 19 participants stopped the interaction with the robot by saying something
similar to “For how long should I continue doing that?”. This stop criteria was labeled as self-
determination. Participants who stopped with self-determination repeated the question on
average seven times (SD = 3) and rated the likeability of the robot as M = 3.5 (5D = 0.9). The
remaining eleven participants continued until the experimenter stopped the interaction after
participants had repeated the question 15 times. In this group, participants rated the robot’s
likeability as M = 3.4 (SD = 1.1). No significant difference on likeability was found between
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the different stop criteria (#(28) = —0.220, p = 0.827) nor between gender (#(28) = 0.327,
p = 0.746). However, a significant difference between the response patterns was found
(#(28) = 2.151, p = 0.040). The constant response pattern was liked more (see Figure 3).

Mean likeability (+/- 25E)

variable constant

Response pattern

Figure 3. Likability results for the two response patterns.

As we found differences with regard to the experienced realism, we included this
subscale in a further analysis as a covariate. This caused the significant difference in
likeability between the two response patterns to disappear (F(1,27) = 3.127, p = 0.088,
n? =0.104).

In Table 3, the number of participants and the rated likeability of the two response
pattern groups divided by the used stop criteria are shown. In terms of the distribution of
participants, we found no significant relation between response pattern and stop criteria
(x*(1) = 0.741, p = 0.389, @ = 0.157).

Table 3. Number of participants and likeability results for the two response patterns divided by the
used stop criteria.

Response Pattern Stop Criteria No. of Participants (%) Likeability (SD)
. _ max. repetition 7 (44%) 3.17 (1.17)
variable (N =16) self-determination 9 (56%) 3.16 (0.89)
_ max. repetition 4 (29%) 3.90 (0.81)
constant (N = 14) self-determination 10 (71%) 3.84 (0.76)

Note. N = 30.

With regard to the failure attribution, we found that either the robot or both the robot
and the participant were considered responsible (see Table 4), which was independent of
the response pattern (x%(1) = 0.386, p = 0.534, @ = —0.115; note: the cell “participant” was
excluded for the calculation).

Table 4. Distribution of the failure attribution divided by the used stop criteria.

Response Pattern

Attribution to Variable Constant
robot 8 (50%) 8 (57%)
participant 0 (0%) 1 (7%)
both 8 (50%) 5 (36%)

Note. N = 30.
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6. Discussion

The aim of our research was to investigate how caregivers respond to communica-
tion failures of robots and whether there are ways to positively influence the caregivers’
perceptions and behaviors towards an erroneous robot.

6.1. The Impact of Justifications

Our first research question addressed the impact of failure justifications. We assumed
that justifying failures either in a human-like or a technical manner would be assessed
differently by caregivers. To our surprise, we found no difference in the results of the
two failure justifications and, furthermore, that both justifications provided relatively high
ratings. An effective explanation should provide truthful and adequate reasons [26]. We
believe the high scores obtained for the technical justification were because it fit well with
the nature of the agent—as robots are technical devices—and was therefore plausible.
However, the human-like explanation, which also scored high, fit very well too. The
provided human-like justifications were applicable to one’s own experiences and therefore
seemed credible.

However, when including gender as a factor in the analyses, we found some dif-
ferences. Females rated the human-like justification higher and significantly liked this
type of justification more. Males showed the opposite evaluation. The technical failure
justification was favored. These stereotypical findings indicate that males seem to be more
attracted to technological terms than females. In a literature review by Widder, it was
shown that people of different gender react differently towards robots [41]. More generally,
it was stated that males tend to like and engage more with robots than females. However,
some contrary findings were mentioned, too. For example, females showed more positive
attitudes towards the idea of robots having emotions. These findings are in line with our
results, which likewise indicate that men tend to prefer technical traits and women tend to
prefer human-like traits. These preferences could result from a matching effect of gender
and gender-specific characteristics. However, it should be noted that some studies have
proven this effect, while others have found the exact opposite [42,43]. Since the existing
body of research is still ambiguous, further research is needed on this topic. Independent of
the different gender preferences, it should be considered whether they should be included
in the robot design at all, or whether it should explicitly be omitted. Wefsel and colleagues
have analyzed ethical problems of gender stereotyping in social robotics and identified
possible solutions [44]. Two of the solution strategies they mentioned were neutralization
and queering. In this context, neutralization refers to a gender-neutral behavior (speaking
and acting). In contrast, queering proposes a certain level of gender fluidity, rather than fol-
lowing a binary concept. With regard to the current study, using both types of justifications
simultaneously might accordingly create a mixed or somehow neutral response behavior.
In this way, stereotypes can be avoided even with different justifications.

Comparing the likeability results from the failure justification task with the error
tolerance task showed that the first task with explanations (justifications) led to higher
likeability results than the second task without giving an explanation. In the failure
justification task, the robots’ likeability was rated with an average of 4.3. In the error
tolerance task, which did not include an explanation or any other recovery strategy, the
same robot was only rated with 3.5. This indicates that regardless of the particular type, it is
generally beneficial to provide an explanation. Our results are therefore consistent with other
studies that found a positive influence of recovery strategies on robot perceptions [23-26].

To answer our first research question (R1), we can conclude that a recovery strategy is
useful to reduce failure consequences. Regardless of whether human-like or technical justi-
fications were provided, both justifications yielded overall good results. Small differences
in the type of justification only resulted from different preferences among men and women,
which, however, were only found in relation to likeability.
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6.2. Tolerance Threshold of Caregivers

Our second research question (R2) aimed to address how tolerant caregivers are
with robots in a failed communication and whether there is a threshold for repeating a
prompt. With regard to the error tolerance of caregivers, we revealed that the threshold for
repeating a request was around seven repetitions when caregivers stopped the interaction
self-determined. Seven repetitions still seem very high and are not feasible in the daily
nursing practice. It should be noted that, due to the study situation, the participants
probably interacted with the robot for a longer time than in real life. Caregivers usually
are under time pressure and have to cope with all kinds of demands. Of course, this was
not given in the study. Nevertheless, it was interesting to observe what limit emerged in a
relaxed situation.

The interaction between caregiver and robot is always mutual. The question is there-
fore not only how long the user is interacting with the robot but also how long the robot
tries to interact with its counterpart before stopping on its own accord. This should not
happen too early in the interaction. If the robot aborts the interaction by itself, it takes on the
leading part. However, robots should serve caregivers more as a tool [45]. This implies that
the decision-making power should remain with the humans. In this way, the distribution of
roles between humans and robots can be ensured with a clearly assigned responsibility [46].
A maximum repetition rate of about seven times before the robot independently aborts
the interaction seems therefore appropriate. Luger and Sellen reported a similar amount
(2-6 repetitions) for users to set their expectation about a system [22]. Overall, it can be
stated that the tolerance range for failed interactions lies within the single-digit range and
expectations are quickly established. It is important to be aware of this low threshold.
Systems or robots that are highly error-prone should prepare solution approaches and
recovery strategies to overcome set expectations and support ongoing interactions.

6.3. The Influence of the Robot’s Response Pattern

We hypothesized that robots speaking with a variable response pattern would be liked
more and achieve a greater number of repetitions by the caregivers (H1). Interestingly and
against our expectation, we found that the constant response pattern was significantly liked
more than the variable pattern. However, this effect disappeared when the experienced
realism was included as a covariate. Furthermore, both patterns revealed the same number
of repetitions. We therefore have to reject our hypothesis. A reason why the variable
response pattern did not achieve better results might be the uncertainty aroused in the
participants by providing several options for the failed request. Speaking more slowly,
loudly, clearly, or completely rephrasing the question might have resulted in not knowing
what really mattered. The results of the IPQ questionnaire indicate that the variable pattern
was considered less realistic. Randomly issuing different reasons seemed unlikely for
the participants. Overall, the results showed that it is not necessarily worth the effort
to implement a variable response behavior in the robot. However, if the reason for a
misunderstood communication is indeed, for example, that a person is speaking too quietly,
that should be addressed in the request.

We additionally queried who was responsible for the failed interaction. Except for
one participant, the majority did not hold themselves solely responsible for the failed
interaction. Nevertheless, about half of the participants felt that both parties, i.e., themselves
and the robot, were responsible for the failed interaction. Similar attributions have been
found in other studies [21]. Mavrina and colleagues found that participants attributed
communication breakdowns least to themselves and then to the voice assistant [21]. In their
study, an option to attribute the breakdown to the programmer was included, to whom
the errors were most frequently attributed. Badia and colleagues stated that the degree of
robot autonomy is decisive for how much blame is assigned to the robot in work tasks [29].
With a higher autonomy, more blame is assigned. To get a more detailed understanding
of failure attributions, future studies could repeat our study but include further options
such as the VR setting or the experimenter. Although in our study the participants were
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not responsible for the failure, it is important to note that they also blamed themselves.
When designing HRI, this should be considered. In situations where the reason for a failed
interaction is known, concrete and transparent feedback should be provided (e.g., stressing
the real sources of misunderstanding). Human-, robot-related, and environmental factors
can be considered (e.g., [29,47]). This would allow the user to estimate whether the error
was caused by him-/her-self (e.g., because of the used voice volume), by the robot (e.g.,
because of a lack of vocabulary), or due to environmental conditions (e.g., because of
ambient noise). This would encourage the users with greater confidence in their actions.
Otherwise, blaming oneself unfounded could elicit feelings of being stupid or lacking in
technical savvy [22].

6.4. Limitations, Strengths and Future Studies

The VR experiment brought many advantages compared to studies with depicted
robots [13,30]. The size of and the proximity to the robot could be sensed, and the spoken
words could directly be assigned to the robot by lip movements. Nevertheless, the study
lacked a true interaction. In the failure justification task, the failures were only narrated by
the robot. Caregivers did not experience the failures themselves. This could be one reason
why our participants rated the robot, in general, very high in the failure justification task.
In the error tolerance task, participants experienced the failure, but the given answers were
initiated by pressing a button operated by the experimenter. Of course, the participants
were not aware of that, but this was the reason why the interaction was in general very easily
structured. This assumption is supported by the IPQ results. We found an overall high
perceived presence in the virtual environment, but the score for involvement was the lowest
compared to the other subscales. The results should be replicated with self-experienced
failures and in a real interaction.

In the present study, we focused solely on failures. Caregivers did not experience any
successful verbal interaction with the robot. Extending the failure-prone with successful
sessions would create a more realistic interaction. For future studies, it would be inter-
esting to see what influence failures have when successful interactions have already been
experienced. In the study by Mavrina and colleagues, satisfaction was queried after a com-
bination of failed and successful requests [21]. However, not only is the overall assessment
important, but also the evolution of specific effects (e.g., satisfaction, trust, forgiveness).
Future studies could therefore examine whether the timing of occurring failures has an
influence (e.g., failures in the beginning vs. failures at the end of an interaction).

In order to conclude statements on communication patterns of care robots, it is ad-
vantageous that we specifically surveyed the group of caregivers. This allowed us to
make explicit predictions for this target group. However, this group was highly occupied,
especially in times of the pandemic, and the acquisition of participants was difficult. Thus,
a disadvantage is the small sample size and the not evenly distributed gender of the par-
ticipants. Future studies should seek for a greater sample size and acquire more male
caregivers as participants.

In conclusion, this study gave an initial insight into how caregivers in particular
react to robotic communication failures. Robot designers should generally ensure that
justifications are provided in the event of a failed interaction, as the satisfaction with the
robot will be less reduced, and due to a transparent explanation, users will become more
confident in their behavior.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/robotics11050106/s1, Table S1: Script for the failure justifi-
cation task.; Table S2: Used questionnaires of the failure justification task; Audio S1: failure
justification_human-likel; Audio S2: failure justification_technicall; Audio S3: request_louder;
Audio S4: request_more clearly; Audio S5: request_repeat; Audio S6: request_rephrase; Audio S7:
request_slower.
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