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AbstractIsaac Bonora
Advances in technology and the proliferation of connected 
services have pushed us into the fourth industrial revolution, 
industry 4.0. Industrial robotics have become more 
connected and more relied upon as we endeavour for peak 
efficiencies in our factories. The IW.HUB by Idealworks, a 
subsidiary of the BMW Group, has one such robot employing 
machine learning and advances in robotics to autonomously 
navigate complex situations. Classed as an autonomous 
mobile robot (AMR), the IW.HUB faces challenges 
similar to that of a human driven forklift, but without the 
human component. This report investigates advances 
in interface and interaction design found in literature as 
well as presents analysis from interviews conducted with 
industry professionals and researchers. We present design 
implications, opening discussion about the problems found 
and opportunities that may inform future design decisions. 
Solutions found by this report cover the micro-cultures found 
within a warehouse environment to fulfilling uncertainty 
found in an AMR.
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The industrial robotic industry has become a $13.8 billion 
industry, however many of new installations are still a part of a 
class of robotic arms where they fail to reach a common goal: 
mobility (International Federation of Robotics, 2020; Siegwart 
et al., 2011). Autonomous mobile robots (AMRs) are at the 
forefront of what is the cutting edge in the robotics industry. 
While still in their infancy, AMRs have proven to be an effective 
tool in a range of industrial categories such as logistics (Bogue, 
2016). This report, in collaboration with BMW Group and the 
QUT Design academy, takes a lens to Idealworks’ IW.HUB (Fig. 
1) and attempts to improve on the interaction and interface 
design. Presently the IW.HUB positions itself unique to its 
competitors not only in functional ability but also development 
possibilities. The use of VR and digital twins has enabled the 
IW.HUB to quickly adapt to its environment through the use of 
a few sliders in software (Soehmelioglu et al., 2021). 

However, the AMR as hardware remains barebones to 
components available only to fulfil its core function. Existing 
interactions available to the device are limited to just turning 
indicators and forward facing lights similar to those found 
on a forklift, but without the human component. The existing 
interface solution to the IW.HUB is a proprietary platform, 
called AnyFleet, that works as the hive mind for all AMRs in 
a company, and is used for operating daily tasks as well as 
diagnosing and providing tools to solve issues in the field. 
Problems found with both interaction and interface design 
lead to the main difference between an AMR and a traditional 

forklift: the human driver. While the AMR can pathfind by 
itself and problem solve just as a human would, the IW.HUB 
and other AMRs struggle to imitate interactions that a human 
would easily be able to convey. Simple concepts such as a 
forklift driver meeting eyes with you as a form of awareness 
and self-assurance that the vehicle won’t collide with you or its 
environment, is a frustration many have with AMRs. 

After a literature review and a discussion about primary 
research conducted with industry professionals and 
researchers working closely with the IW.HUB, this report 
outlines design implications and opportunities. The goal of 
which is to ultimately fill the human element found missing on 
the IW.HUB.

Figure 1. IW.HUB hero shot by Idealworks (Friedrich, 2021).

Introduction
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This literature review’s focus covers types of interactions and 
interfaces design either at the cutting-edge of research or being 
used today within industrial contexts. Limitations were found 
however when taking a lens to interaction design specifically as 
many studies have failed to investigate their uses inside of an 
industrial context, but rather takes a commercial or consumer 
context. With the manufacturing industry embracing the fourth 
industrial revolution, the need to integrate manufacturing 
processes with connected technologies and services has become 
a sought after solution to achieve higher industrial performance 
(Dalenogare et al., 2018; Kagerman et al., 2013). To improve 
efficiency by increasing productivity with integrated automation, 
industry 4.0 calls for increased flexibility across the manufacturing 
process (Villani et al., 2018). This is achieved through the 
intelligent use of autonomous manufacturing machinery, robots 
and warehousing systems capable of responding to situations 
in real time with knowledge backed actions (Kagerman et al., 
2013). Collaborative robots, also referred to as cobots, are at 
the forefront of the industry 4.0 revolution, by enabling direct 
interactions between a human and robot, the opportunity for 
increased productivity and thus efficiency can be achieved 
(Colgate et al., 1996; Villani et al., 2018). 

Autonomous mobile robots (AMRs), a subset of autonomous 
guided vehicles (AGVs) are unique to the industrial format as 
they are able to freely adapt to their environment, navigating in 
real-time, responding to changing conditions (Dwyer et al., 202; 
Karabegović et al., 2015). This is an evolution over traditional 

Literature Review

Nonverble Interaction

Studies surrounding nonverble types of communication build 
on from spatial interaction, finding promising results. Mutlu et 
al (2009) discovered types of nonverbal leakage cues that can 
convey information about a subject’s emotional state as well as 
their implied intentions. Their study involved comparing two 
types of robots, one that was human-like in appearance and 
one that was abstract in character. Mutlu et al (2009) found that 
leaking human social cues through eye gazing was able to convey 
a wealth of information. They went on to find that the human-
like robot was more successful in conveying information than 
it’s abstract counterpart. However, it should be mentioned that 
there is a 10% difference between each type of interface (Mutlu 
et al., 2009). Bartneck et al (2020) also confirms these findings 
and goes on to discuss the use of mimicry and imitation as a 
form of nonverbal interaction. Finding that mimicry indirectly 
signals positive affection in a human to machine relationship. This 
is further affirmed by Wills et al (2016) where they had found a 
32% increase in positive human interaction through donations 
collected with a robot that manipulated behavioural cues over 
ones that did not.

AGVs where they would typically follow embedded guidewires 
dictating possible paths (Siegwart et al., 2011). 
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Spatial Interaction

Cheng et al (2018) discusses the need to consider the uncertainty 
of human behavior and the interaction found between humans 
and machines when robots navigate human environments. 
They find that to accommodate a single person interaction the 
improvement of human robot interactions must be considered 
(Cheng et al., 2018). Existing research in this space however 
is limited to domestic and commercial applications (Bartneck 
et al., 2020). Studies looking at spatial interaction have shown 
promising results, one study looks at how a drone’s movement 
and position in space can convey a myriad of social information 
(Cauchard et al., 2016). By adjusting the speed of movement and 
direction of the drone in space, Cauchard et al (2016) finds that 
they are able to accurately identify behaviours displayed by the 
drone and associated certain emotional states. 
Hall et al. (1968), discusses the concept of proxemics, describing 
the relationship found between people in shared spaces. 
Presented by 4 levels of space around an individual, Hall et 
al. (1968) tells us how the position between individuals can 
influence behaviors and attitudes. Hall et al (1968) finds that 
intrusion of one’s space occurs at different points across cultures. 
With some cultures finding a closer contact is more normal 
over others. Suggesting that cultural differences afford different 
requirements when investigating the best solutions for interface 
and interaction design. This is further expanded by Bartneck 
et al. (2020), suggesting that micro-cultures inside of an office 
environment require people to maintain social distances whereas 
a home environment can allow for socially accepted private space 
contact.

Public Space 3.7m - ∞

So
cia

l Sp
ace 1.2 - 3.7m

Pr
iva

te
 Sp

ace 0.5 - 1.2m
m

Intimate Space 0-0.5m

Figure 2. Public, 
Social, Private and 
initimate spaces 
defined by Hall et 
al. (1968)
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Interface Design
Typically interfaces created around industrial application are 
built with engineers in mind, with complicated diagrams and 
instructions to perform basic tasks (Nikolakis et al., 2021). While 
possible okay in situations where the robot is static in its position 
and interacts with a subset of people. The advent of AMRs comes 
with more opportunities to have a wider range of interactions with 
people of different levels of responsibility with the AMR (Dwyer et 
al., 202; Karabegović et al., 2015). Examples of existing interfaces 
continue to provide sub-par experiences without prior learnt 
knowledge. Kuka, a robotics company, continues to develop in 
this field, with a recently released interface, which has won an 
design award, yet continues to fail to appeal to a non-technically 
minded person (Follett, 2014; Red Dot Design Award: KUKA 
SmartPAD-2, 2018). 

Development outside of the industrial context has included 
interfaces that incorporate cutting edge technologies from 
gesture recognition to wearable devices (Liu & Wang, 2021; 
Xiong et al., 2021). Follett (2014, p. 140) reaffirms the concept 
that robots should be used in collaboration with humans, citing 
popular examples of cobots such as the da Vinci Surgical System 
as triumphs of interface design. Discussing the importance of 
clear and effective interface design as a component of success in 
human machine interactions (Follett, 2014).

Figure 3. Symbio-TIC Schedular GUI 
   (Nikolakis et al., 2021)

Figure 4. Kuka Robotics Interface.
(Red Dot Design Award: KUKA SmartPAD-2, 2018)
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Across two rounds, Interviews were conducted with thematic 
analysis methodology to discover friction areas within the 
context of this project.Aa range of experts that currently work 
or have worked with the IW.HUB, as well as researchers at the 
cutting-edge of human robot interactions (HRIs) thanks to the 
cooperation with the QUT Design Academy and the BMW 
Group this project afford. The interview format was favoured 
over survey or observational techniques as the robotics platform 
being discussed, the IW.HUB, is currently only being deployed 
in europe. Strict privacy policies and strong unions in European 
factories, where these devices are being deployed, also prevent 
surveys from being an effective option due to the short period 
of time available to conduct this project. Only two rounds were 
completed due to the constrained time from when industry 
contacts were made available. 

Each interview was conducted in a semi-structured format to 
ensure larger points were discussed but enabled the opportunity 
to discover new topics and ideas that were missed during the 
initial outlining period. After a transcription process using the 
Otter.ai platform, thematic analysis methodology was then 
used to yield meaningful and useful results from each interview. 
This qualitative research tool, thematic analysis, is an effective 
method to conduct data analysis in a precise, consistent manner 
(Nowell et al., 2017). Topics discussed with industry professionals 
included personal and second hand experiences with stories 
from warehouse workers and their interactions with the IW.HUB. 
Participant 1, a research associate close to the IW.HUB, was a part 

Research
of the interviewee cohort thanks to his deep knowledge in the 
cutting-edge human-machine interactions that’s being discussed 
in literature. Conversations with this participant afforded a unique 
insight into what the long-term development of advanced 
manufacturing robots could look like. 

Participant 1

Researcher associated with Idealworks, investigating the 
opportunities and challenges facing autonomous mobile robots.
Participant 2

Previous employee of the BMW Group, investigating the 
interfaces sounding industrial machinery including the IW.HUB.
Participant 3

User Groups Defined

Employee of Idealworks, apart of the digital design team based in 
Germany. Working daily with the IW.HUB.

Forklift Drivers
They are meant to maintain

 and run the IW.HUB.
Currently familiar with the AnyFleet app

 and will set jobs from A to B as 
directed by forklift drivers.

Those who are affected by a 
IW.HUB completing a delivery.

People in the warehouse not 
directly interacting with the IW.HUB.

IW.HUB
Customers 

Operators

Pedestrians

Figure  5. User groups identified by converstions with Participant 3.
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Gather general 
knowledge surrounding 
the subject.

Investigate findings 
further from previous 
discovery.

Implications
Round 1 Round 2

Research literature to 
inspire further discussion

Literature 

Design

Transcribe, Code & Review Transcribe, Code & Review

Research Timeline

Figure 6. Research process.
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After an exhaustive coding process using specialist coding 
software (Appendix 1.2) to achieve accurate and valuable results, 
data was then analysed through the use of spreadsheet software. 
A total of 30 sub-codes, 7 codes, and 3 categories were found 
in the coding process. The 3 core categories and their codes 
encompass the nuances found in a human to machine interaction. 

Analysis & FindingsParticipant 1

Participant 2

Participant 3
Participant 1

Participant 2

Participant 3

Figure 7. Spread of participant mentions across 30 sub-codes.
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Problematic
Each category tells us a story, problematic codes show us that 
there may be a division found between workers and the IW.HUB. 
Both participant 1 and Participant 3 have a strong affinity with this 
finding, whereas Participant 2 displays a small relationship with 
the result. Participant 3 quotes this divide as being “... very much a 
cultural aspect.”, this is also backed by Participant 1’s research who 
further refines the cultural divide as possibly being the “... micro-
cultures determining the behaviours you see towards (robots)”. 

The example Participant 1 gives for micro-cultures refers to two 
separate departments within the same organisation and building, 
where the primary difference is the speed of which people in 
their environment have to perform in; thus stresses on each 
department. Furthermore the lack of considerate interactions 
in stressful environments, leads to perceived rude behaviour 
Participant 1 discusses.  Another micro-culture that has been 
described by participants close to the IW.HUB is the difference 
between computer literate and illiterate warehouse workers. With 
Participant 3 citing that many warehouse workers are computer 
illiterate leading to frustrations and misunderstandings. 

Figure 8. Frequency of sub-codes in the Problematic category.
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Contextual
Participant 2 helps us understand the complexities within the 
warehouse environment thanks to their first hand experience. This 
affords valuable insights into the barriers found at the contact 
points between machine and human. 

I watch it every day, I know where it's going, which is fine, when 
there's a handful of robots in this hall. But at that time, they 
wanted 100 robots in that environment in three months. So I 
was like, you're not gonna know where that robot needs to go. 
When there's way more.

Complexity

Uncertainty

Under the contextual umbrella, this quote highlights the daily 
issue that workers may have. Based on departments and their 
environment, a worker may display positive outcomes to just a 
few robots. But, as mentioned previously, the impact of a high-
speed and potentially stressful environment filled with “100 
robots” could promote problematic outcomes. This crossover 
between categories is further enforced thanks to the proximity of 
the sub-code uncertainty with complexity. Looking closer at the 
codes extracted from the interview transcriptions, this finding is 
qualitatively affirmed thanks to a large amount of references to 
asking for awareness and understanding of a human machine 
interaction.Figure 9. Quote from participant 2, coded with proximity.

Figure 10. Frequency of sub-codes found in the Contextual category. (Friedrich, 2021)
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Tacit
Tacit, describes what is built knowledge around the human 
to machine interactions. Curiosity of warehouse workers 
was described by participants 2 and 3, referencing cases of 
personification of those robots; characterizing each IW.HUB 
with stickers and nicknames. Proximity however to problematic 
codes such as frustration, uncertainty and periods of division 
were described as close to moments of curiosity. Interviewees 
suggested that curiosity took place out of uncertainty in a human 
machine interaction (HRI). This negative form of curiosity was 
attributed to technology illiteracy, insecurities around labour 
replacements, and poor forms of communication conveyed by 
the IW.HUB itself at points of HRI.

Pr
o

xi
m

ity

IW.HUB

Insecurity

Curiosty

Damage

Divide

Frustration

Uncertainty

Divide

Collaboration
Figure 11. Proximity of “Curosity” to problematic codes.
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A detailed literature review identified several key opportunities 
and challenges that human robot interactions (HRIs) have for not 
only industrial applications but also the broader robotics field. 
However, the literature discussed lacked information regarding 
the industrial context to fulfil the research question. Primary 
research conducted was able to gather specific information 
related to industrial applications of autonomous mobile robots 
(AMRs), filling gaps in the literature. This discussion aims to 
comparatively analyse the literature from the research conducted.

Conclusions can be drawn from literature and tacit understanding 
from our primary research. Curiosity from warehouse workers 
highlights a need to understand the robot further, however the 
typical proximity of curiosity and problematic codes suggest 
a failure when that interaction occurs. Literature discusses a 
similar concept when investigating existing interface design. 
Highlighting that although these devices are getting better, 
interfaces between the human and robot are typically left for 
operators with technically proficient skill sets (Follett, 2014; Red 
Dot Design Award: KUKA SmartPAD-2, 2018). A failure identified 
between primary and secondary research, as the nature of 
an AMR is mobile, suggesting that the need to create better 
interfaces that require little to no prior knowledge is prefered 
going forward. 

Furthermore uncertainty promotes misunderstanding which is 
then found to be problematic. Whilst misunderstanding does only 
account for one third of problematic codes, the misunderstanding 

Discussion
of an interface or interaction can lead to many frustrations and 
divisions found by the primary research. The need to remove 
that misunderstanding and build expectations is of importance. 
Wills et al (2016) highlights this issue in literature, finding that 
human satisfaction was found to be lower with the uncertainties 
found from a static robot when compared with a responsive 
robot in a HRI. Mutlu et al (2009) discusses the intentions and 
emotional behaviours that leaking nonverble information can 
have, specifically through the use of eye gazing. Bartneck et al 
(2020) also affirms these findings, discussing opportunities to 
remove misunderstanding in HRIs. Further research has shown 
that movement of an object in space has improved similar 
communication in a human machine interaction (Cauchard et al., 
2016).

Participant 1 reveals to us problems found in existing applications, 
finding that HRIs that don’t take into account the needs of the 
human, fail to deliver positive outcomes. Lack of awareness, or 
perceived awareness leads to feelings of the robot being rude 
leading to frustration on the human part. This is then exacerbated 
by fast paced environments such as those of automotive 
manufacturing, Participant 2 tells us that frustrations appear 
between humans and robots during periods of robotic failure. 
However, literature argues for potential solutions, Bartneck et al 
(2020) discusses the benefits simple mimicry can have, explaining 
that mimicry by nature promotes positive affection in that 
relationship.
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The research conducted from interviews and literature discussed 
has been able to inform design opportunities surrounding the 
context of this report. By looking at interaction and interface 
design at a broader scope outside of the industrial sector, we are 
able to offer novel solutions that have exclusively been studied in 
domestic and commercial settings. The findings discussed have 
highlighted areas of attention that the IW.HUB should take into 
consideration when designing new solutions for the platform. 

Design Implications

MUST
Consider any user who may have the 

chance to interact with the IW.HUB.

Allow for users to understand its cur-

rent status and mission goals.

SHOULD
Reduce function of the IW.HUB.

Require large documentation to un-

derstand.

MUST NOT

Consider social norms found in 

human to human interactions.

Consider cultural requirements.

Consider failure modes and what 

they might convey.Be suited for an industrial application



16

Part A: Capstone Research Report Isaac Bonora <N10177001@qut.edu.au>; Qld, Australia

Micro-Culture Considerations
The current version of the IW.HUB has shown to divide people 
working close to the device with coding suggesting that 
teach-illiteracy being cited as the contributing factor. As such 
considerations should not only take into account cultures 
internationally but also the micro-cultures found within a 
warehouse environment. Hall et al. (1968) and Bartneck et 
al. (2020) confirm these findings from primary research. The 
micro-culture within a warehouse have requirements that must 
be adhered to, taking into account proximities the IW.HUB has 
with people in its environment as well as defining its own social 
space. Curiosity has also been a contributing factor to many 
frustrations, with examples of curiosity surrounding the IW.HUB 
leading to problematic experiences. While people working with 
and around the IW.HUB can become curious, those interactions 
can sometimes lead to frustration causing potential for damage 
to the IW.HUB or the environment. These usually are as a result 
of misunderstanding or insecurity of the IW.HUB which typically 
are the cause of a negative type of curiosity. Opportunities arise 
from this curiosity however, lending to design implications such 
as those discussed in literature related to mimicry described by 
Bartneck et al (2020). Interventions that could mimic or reflect its 
surroundings could instill confidence that the IW.HUB is aware of 
its surroundings, building expectations and satisfying curiosity. 

Further information can also be conveyed via mimicry, using 
common cultural signifiers based on colour to add another 
dimension of interaction. Through the existing use of sensors 
available on the IW.HUB, options to not only mimic the position 
of an user, but the distance they are from the IW.HUB could 
be conveyed. Examples could be using red as an index that 
the object being mimicked is close and needs to consider my 
presence. Strobing effects could be used to gain attention. 
Whereas, the colour green would indicate that you are at a safe 
distance. Technology allows us to change these colours based 
on location to suit cultural context, for example Japan uses blue 
as a signifier of go/proceed instead of green for traffic lights 
(Backhaus, 2013).

Warning Distance

IW.HUB

Danger Distance

Safe Distance

Figure 11. Example of mimicry in a design intervention.
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Expectations
Building on this idea of curiosity, the means to build and manage 
expectations are critical to the IW.HUBs perceived performance. 
Problems exist in the current system where participants have 
agreed that displaying intent is an important behaviour to 
convey. Both Cauchard et al (2016)  and Mutlu et al (2009) 
attempt to solve this issue through the use of devices that can 
affect physical space, whether spatial or non-verble. Building 
on Mutlu et al (2009)’s research, the use of non-verble signifies 
such as eye gazing to convey intent has proven to be effective. 
Backed by Bartneck et al (2020), eye gazing techniques could 
be used in an addition to the IW.HUB platform to enable a 
human robot interaction that could build a relationship in 
a shared space. Examples include the direction of an “eye” 
pointing at a warehouse worker to gain attention and create 
a link of understanding that both entities are aware of each 
other’s presence in an environment. This tacit understanding is a 
powerful tool, thanks to its ability to cross cultures internationally 
as eye contact can be assumed as a form of non-verble awareness 
of each party.

IW.HUB

I SEE YOU!

AHH GOOD THAT 
ROBOT SEES ME

Figure 12. Example of eye gazing.
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Uncertainty
Expanding briefly on the uncertainty discussed by participants 
across the primary research phase. It was discussed by Participant 
3 that operators can have a hard time maintaining these devices 
in the field. 

Uncertainty 

Complexity

So yeah, it's like, from robot becoming stuck, to I'm in the app, 
diagnosing what the problem is, is quite a long chain of 
events, like yeah , get your laptop, get your phone out, Enter 
your credentials, try and find the robot on the map, and then 
identify what the problem is.

Quoted in figure 13, it appears the existing process may be 
complex in how one can diagnose and resolve an issue related 
to an IW.HUB. Proximity of uncertainty to complexity tells us 
they are able to feed off each other. The quote tells us that this 
is a process problem: get your laptop out, get your phone, find 
your credentials, identify and locate that robot on a world map, 
and then you can finally identify problems. As mentioned, this 
is quite a long chain of events to solve, what sometimes could 
be a simple solution. Opportunities arise around this process 
of diagnosis and resolution with the aid of design solutions. As 
previously discussed, interfaces typically are poorly designed 
when it comes to industrial equipment and the IW.HUB is as 
equally guilty of this in its own way (Follett, 2014). Thus, solutions 
looking at streamlining this process are necessary not only to 
improve operator satisfaction, but also reduce the overhead 

1A

9L

6H
OBSITCLE DETECTED

Figure 13. Quote from participant 3, talking about the diagnosis process.

Figure 14. AR example of devices used to display AnyFleet data.

incurred to affected users in the warehouse who may have to pick 
up after a disabled IW.HUB. Investigations into augmented reality 
(AR) devices or identification systems could be used to solve the 
described problems with relative ease. Examples of AR systems 
could include mixed reality elements through the use of portable 
devices to display important information and provide controls 
over a given IW.HUB such as: status, current mission, intended 
path, etc. Indefications systems on the IW.HUB may be also 
implemented to speed the process, enabling quick referencing to 
broken AMRs in the field by not just operators but also warehouse 
workers.
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With industry 4.0 on the horizon, and technology in the process 
of transforming how we perceive the modern industrial factory. 
The success of many of these technologies will be dependent on 
the effective deployment of conscious interaction and interface 
design. Thus the research presented here was conducted to 
identify the factors that can both make a successful design and 
highlight what may cause a design to fail.

Primary research was conducted with industry professionals and 
researchers on the cutting edge of what human robot interactions 
(HRI) could look like for the future. Analysis of over 300 minutes 
of transcribed interviews afforded vast breadth and depth 
of rich information that has informed design implications for 
future product concepts and interventions. Secondary literature 
research opened discussions about what is possible with existing 
technology and revealed the impact HRI can have to either 
improve or deteriorate human behaviour.

Design implications presented, however brief, open opportunities 
for discussions into how various uses of novel interactions can 
signal positive affection towards industrial autonomous mobile 
robots (AMRs). Future work should consider opportunities 
of research available in wearable technology and its use in 
the industrial context as a method of interactions per-human, 
reducing complexity on already complex AMRs.

Conclusion

(Friedrich, 2021)
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Appendix

1.0 - Interivew Transcripts

1.1 - Interview Coding Frequency Table

Raw transcripts from interviews were chosen by the QUT Design 
Academy and the BMW Group to be protected by a non-
disclosure agreement. Permission to receive transcripts will need 
to be done with prior approval from Academy Lead.

COUNTA of Sub-Code Interviewee Real
Category Code Sub-Code  Ashleigh Meintjes Dylan Sheppard James Dwyer Grand Total

Tacit Considerate Empathy 1 1
Priority 1 1
Polietness 2 2
Pleasent 3 3
Trusting 3 3
Purpose 4 4

Considerate Total 1 13 14
Projection Attribution 1 2 3

Curiosity 3 3
Personify 1 3 13 17

Projection Total 1 7 15 23
Collaboration Movement 1 8 9

Collaboration 8 9 17
Collaboration Total 1 8 17 26

Tacit Total 2 16 45 63
Contextual Complexity Computer-Illiterate 1 3 4

Barrier 5 5
Complexity 2 3 5

Complexity Total 1 7 3 3 14
Perceptual Planning 1 3 4

Social Norm 6 6
Expectations 1 8 9
Understanding 1 3 15 19
Awareness 3 19 22

Perceptual Total 3 6 51 60
Contextual Total 1 10 9 54 74
Problematic Misunderstanding Apprehension 2 2

Unawareness 2 2
Misunderstanding 5 1 6
Uncertainty 7 4 11

Misunderstanding Total 7 7 7 21
Irreverence Abnormal 1 1

Failure 2 1 3
Rudeness 3 3
Damage 1 1 2 4
Insecurity 2 5 4 11
Frustration 3 7 4 14
Divide 1 7 10 18

Irreverence Total 9 20 25 54
Problematic Total 16 27 32 75
Grand Total 1 28 52 131 212

1.2 - Coding Software, NVivo



21

Part A: Capstone Research Report Isaac Bonora <N10177001@qut.edu.au>; Qld, Australia

Admoni, H., & Scassellati, B. (2017). Social Eye Gaze in Human-
Robot Interaction: A Review. Journal of Human-Robot 
Interaction, 6(1), 25. https://doi.org/10.5898/JHRI.6.1.Admoni

Aryania, A., Daniel, B., Thomessen, T., & Sziebig, G. (2012). 
New trends in industrial robot controller user interfaces. 
2012 IEEE 3rd International Conference on Cognitive 
Infocommunications (CogInfoCom), 365–369. https://doi.
org/10.1109/CogInfoCom.2012.6422007

Backhaus, P. (2013, February 25). The Japanese traffic light blues: 
Stop on red, go on what? The Japan Times. https://www.
japantimes.co.jp/life/2013/02/25/language/the-japanese-
traffic-light-blues-stop-on-red-go-on-what/ 

Bartneck, C., Belpaeme, T., Eyssel, F., Kanda, T., Keijsers, M., & 
Šabanović, S. (2020a). Nonverbal Interaction. In Human-Robot 
Interaction: An Introduction. Cambridge University Press. 
https://doi.org/10.1017/9781108676649 

Bartneck, C., Belpaeme, T., Eyssel, F., Kanda, T., Keijsers, M., & 
Šabanović, S. (2020b). Spatial Interaction. In Human-Robot 
Interaction: An Introduction. Cambridge University Press. 
https://doi.org/10.1017/9781108676649 

Bogue, R. (2016). Growth in e-commerce boosts innovation in the 
warehouse robot market. Industrial Robot: An International 
Journal, 43(6), 583–587. https://doi.org/10.1108/IR-07-2016-
0194

Cauchard, J. R., Zhai, K. Y., Spadafora, M., & Landay, J. A. 
(2016). Emotion encoding in Human-Drone Interaction. 

2016 11th ACM/IEEE International Conference on Human-
Robot Interaction (HRI), 263–270. https://doi.org/10.1109/
HRI.2016.7451761 

Cheng, J., Cheng, H., Meng, M. Q.-H., & Zhang, H. (2018). 
Autonomous Navigation by Mobile Robots in Human 
Environments: A Survey. 2018 IEEE International Conference 
on Robotics and Biomimetics (ROBIO), 1981–1986. https://doi.
org/10.1109/ROBIO.2018.8665075 

Colgate, J. E., Wannasuphoprasit, W., & Peshkin, M. A. (1996). 
Cobots: Robots for collaboration with human operators. 58, 
433–439. Scopus. 

Dalenogare, L. S., Benitez, G. B., Ayala, N. F., & Frank, A. G. (2018). 
The expected contribution of Industry 4.0 technologies for 
industrial performance. International Journal of Production 
Economics, 204, 383–394. https://doi.org/10.1016/j.
ijpe.2018.08.019 

Drury, J. L., Scholtz, J., & Yanco, H. A. (2003). Awareness in 
human-robot interactions. SMC’03 Conference Proceedings. 
2003 IEEE International Conference on Systems, Man and 
Cybernetics. Conference Theme - System Security and 
Assurance (Cat. No.03CH37483), 1, 912–918 vol.1. https://doi.
org/10.1109/ICSMC.2003.1243931 

Dwyer, J., Gomez, R., Donovan, J., & Brophy, C. (n.d.). The Future 
of Human-Robot Interfaces in Factory Settings. 2. 

Dwyer, J., Gomez, R., Donovan, J., & Brophy, C. (2021). 
Autonomous Mobile Robots: Opportunities and challenges. 
BMW Group + QUT Design Academy, 3. 

References



22

Part A: Capstone Research Report Isaac Bonora <N10177001@qut.edu.au>; Qld, Australia

Follett, J. (2014). Designing for Emerging Technologies: UX for 
Genomics, Robotics, and the Internet of Things. O’Reilly Media, 
Incorporated. http://ebookcentral.proquest.com/lib/qut/
detail.action?docID=1839834 

Friedrich, J. (2021, July 6). Idealworks gewinnt IFOY AWARD 
2021 in der Kategorie „Automated Guided Vehicle“. https://
www.press.bmwgroup.com/deutschland/article/detail/
T0337138DE/idealworks-gewinnt-ifoy-award-2021-in-der-
kategorie-„automated-guided-vehicle“?language=de 

International Federation of Robotics. (2020). Executive Summary 
World Robotics 2020 Industrial Robots. International 
Federation of Robotics. https://ifr.org/img/worldrobotics/
Executive_Summary_WR_2020_Industrial_Robots_1.pdf 

Kagerman, H., Wahlster, W., & Helbig, J. (2013). 
Recommendations for implementing the strategic initiative 
INDUSTRIE 4.0: Securing the future of German manufacturing 
industry; final report of the Industrie 4.0 Working Group 
(p. 84). Industry-Science Research Alliance. https://www.
din.de/blob/76902/e8cac883f42bf28536e7e8165993f1fd/
recommendations-for-implementing-industry-4-0-data.pdf 

Karabegović, I., Karabegović, E., Mahmić, M., & Husak, E. 
(2015). The application of service robots for logistics in 
manufacturing processes. Advances in Production Engineering 
& Management, 10, 185–194. https://doi.org/10.14743/
apem2015.4.201 

Liu, H., & Wang, L. (2021). Latest Developments of Gesture 
Recognition for Human–Robot Collaboration. In L. Wang, X. 
V. Wang, J. Váncza, & Z. Kemény (Eds.), Advanced Human-
Robot Collaboration in Manufacturing (pp. 43–68). Springer 

International Publishing. https://doi.org/10.1007/978-3-030-
69178-3_2 

Mocan, B., Fulea, M., & Brad, S. (2016). Designing a Multimodal 
Human-Robot Interaction Interface for an Industrial Robot. In 
T. Borangiu (Ed.), Advances in Robot Design and Intelligent 
Control (pp. 255–263). Springer International Publishing. 
https://doi.org/10.1007/978-3-319-21290-6_26 

Mutlu, B., Yamaoka, F., Kanda, T., Ishiguro, H., & Hagita, N. (2009). 
Nonverbal leakage in robots: Communication of intentions 
through seemingly unintentional behavior. 69–76. https://doi.
org/10.1145/1514095.1514110 

Nikolakis, N., Alexopoulos, K., & Sipsas, K. (2021). Resource 
Availability and Capability Monitoring. In L. Wang, X. V. Wang, 
J. Váncza, & Z. Kemény (Eds.), Advanced Human-Robot 
Collaboration in Manufacturing (pp. 155–181). Springer 
International Publishing. https://doi.org/10.1007/978-3-030-
69178-3_7 

Nowell, L. S., Norris, J. M., White, D. E., & Moules, N. 
J. (2017). Thematic Analysis: Striving to Meet the 
Trustworthiness Criteria. International Journal of Qualitative 
Methods, 16(1), 1609406917733847. https://doi.
org/10.1177/1609406917733847 

Rahman, S., & Wang, Y. (2015). Dynamic Affection-Based Motion 
Control of a Humanoid Robot to Collaborate With Human in 
Flexible Assembly in Manufacturing. V003T40A005. https://
doi.org/10.1115/DSCC2015-9841 

Red Dot Design Award: KUKA smartPAD-2. (2018). https://www.
red-dot.org/zh/project/kuka-smartpad-2-24199-24199 



23

Part A: Capstone Research Report Isaac Bonora <N10177001@qut.edu.au>; Qld, Australia

Siegwart, R., Nourbakhsh, I. R., Scaramuzza, D., & Arkin, R. C. 
(2011). Introduction to Autonomous Mobile Robots, Second 
Edition. MIT Press. http://ebookcentral.proquest.com/lib/qut/
detail.action?docID=3339191 

Soehmelioglu, B., Krambergar, R., & Shwarz, S. (2021, April). 
BMW’s Approach to a Holistic Digital Twin Using NVIDIA’s 
Omniverse | NVIDIA On-Demand. NVIDIA. https://www.nvidia.
com/en-us/on-demand/session/gtcspring21-s32398/ 

Villani, V., Pini, F., Leali, F., & Secchi, C. (2018). Survey on human–
robot collaboration in industrial settings: Safety, intuitive 
interfaces and applications. Mechatronics, 55, 248–266. https://
doi.org/10.1016/j.mechatronics.2018.02.009 

Whittaker, S., Rogers, Y., Petrovskaya, E., & Zhuang, H. (2021). 
Designing Personas for Expressive Robots: Personality in the 
New Breed of Moving, Speaking, and Colorful Social Home 
Robots. ACM Transactions on Human-Robot Interaction, 10, 
1–25. https://doi.org/10.1145/3424153 

Wills, P., Baxter, P., Kennedy, J., Senft, E., & Belpaeme, T. (2016). 
Socially contingent humanoid robot head behaviour results in 
increased charity donations. 2016 11th ACM/IEEE International 
Conference on Human-Robot Interaction (HRI), 533–534. 
https://doi.org/10.1109/HRI.2016.7451842 

Xiong, J., Chen, J., & Lee, P. S. (2021). Functional Fibers and 
Fabrics for Soft Robotics, Wearables, and Human–Robot 
Interface. Advanced Materials, 33(19), 2002640. https://doi.
org/10.1002/adma.202002640 


