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Abstract - Background: Trust is recognised as a highly 

relevant issue for autonomous maritime operations. 

Increased agency of intelligent technologies enables 

interactions with humans to be bilateral, context- 

dependent and in result, more social. Research suggests 

that human autonomy teaming is a subject to similar 

psychological mechanisms as teaming between human 

actors. 

 
Research interest: Our study aims to identify trust issues 

linked to autonomous maritime operations and connect 

them with the existing concepts of trust and 

trustworthiness. 

 

Method: Qualitative analysis of group interviews and data- 

driven literature review. 

 
Results: The Human Autonomy Enable (HUMANE) 

workshops identified four meta-categories of trust issues, 

including operational trust, trustworthiness, organisational 

trust and social acceptance. Each category of trust issues is 

linked to existing concepts. The results point towards areas 

for improvement in maritime design and training: 

measuring perceived autonomy, application of explainable 

artificial intelligence, exploring linguistic and cultural 

aspects of communication, facilitating calibration of trust, 

supporting cooperation in instant teams, and responsible 

promoting of social acceptance. 
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Introduction 
The perspective of introducing autonomous maritime 
operations brings up a range of challenging questions 
regarding the human role in the sociotechnical 
system. In the regulatory scoping exercise, the 

International Maritime Organisation differentiated 
between four degrees of autonomy, including 
automated processes and decision support for 
seafarers (degree one), remote control of a ship with 
seafarers onboard (degree two), remote control of an 
unmanned ship (degree three) and a fully autonomous 

ship (degree four) (IMO, 2021). At least in the first 
three degrees of autonomy suggest that humas 
maintain their key role in decision making. The 
fourth degree of autonomy is defined by the ability of 
an operating system to make decisions by itself, 

without human intervention. However, the degree of 
autonomy of a ship could change depending on 
conditions. The same vessel could operate as fully 
autonomous, but under certain conditions be 
controlled by an operator on board or on shore. 

Introducing autonomous operations, independently 

of the degree, implies changes to the existing roles of 
maritime personnel. 

 

The IMO distinction includes automation, remoting 
and autonomy under a joint term autonomy. In this 
paper, we separate automation from intelligent 
technologies that are considered disruptive for the 
maritime industry. This separation is useful from 

Human Factors perspective because human- 
autonomy interactions are expected to be different 
than those between human and automation. 
Automation is an "execution of machine function that 
was previously carried out by a human" 
(Parasuraman & Riley, 1997, p. 231). To refer to 

autonomy, we use the umbrella term Robotic, 
Intelligent, Autonomous (RIA) technology, coined 
by the International Organization for Standardization 
(ISO). ISO uses the term RIA to describe different 
forms of technology with an ability to self-regulate 
and self-govern (ISO, 2021). These characteristics 

allow bilateral, context-dependent and, in result, 
social communication between RIA and humans. 
While automation is a tool for replacing human work, 
RIA can be viewed as something more – even as an 
assistant or a teammate. Therefore, trust appears to be 

even more relevant aspect of interaction between 

humans and technology. 
 

Introducing RIA to a sociotechnical system increases 
complexity by bringing in more interfaces, more 

information, and more interconnections. Dealing 
with this complexity remains in the human realm of 
responsibility. RIA systems can thrive in limited 
contexts, for example, within the structured 
environment of a factory. On the other hand, in 
complex, unpredictable environments, cooperation 

between humans and RIA can be more beneficial than 
using RIA alone (Kazerooni, 2005). 

 

ISO (2021) offers an open list of design paradigms 
for human RIA relationships, including augmentation 
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of human capabilities, remoting, replacement, 
teaming, or symbiosis. Among these paradigms 
teaming appears to receive the most attention from 
the Human Factors community (McNeese, Demir, 

Cooke, & Myers, 2018; Shively et al., 2017). 
Discussing autonomous maritime operations from the 
perspective of human RIA relationships helps 
overcome some of the weaknesses of the concept of 
levels (or degrees) of autonomy pointed out by 
Endsley (2018): lack of distinction between 

automation and autonomy and insufficient 
consideration of dynamic changes in operation 
modes. 

 

Designing sociotechnical systems where RIA and 
humans cooperate requires Human Factors 
considerations on multiple levels: effects on 
individuals, teams, organisations and, in a larger 
scale, on society (ISO, 2021). Trust related issues can 

also be approached from this multiple-level 
perspective. In order to achieve that insight, there is a 
need for conceptual framework, or possibly many 
frameworks that can capture trust and address 
possible issues that emerge from humans RIA 
collaboration. 

 

This paper explores trust as an element of cooperation 
between humans and RIA on multiple levels, 

connecting findings from the HUMANE research 
project with existing knowledge about trust. Current 
conceptualisations come from applications of RIA 
technologies in other industries and focus especially 
human autonomy teaming (HAT). Trust is identified 
as an urgent issue for enabling autonomous maritime 

operations (Mallam, Nazir, Sharma, & Veie, 2018) 
and a key concern for remote operations and public 
acceptance of autonomous vessels (Lutzhoft, 
Hynnekleiv, Earthy, & Petersen, 2019). In this paper, 
we explore trust-related concepts relevant for 
autonomous maritime operations. 

Methods 
The Human Maritime Autonomy Enable 
(HUMANE) research project evaluates the 
implications of maritime autonomy from a human- 

centred perspective. The primary method of data 
collection is workshops that involve experts with 
work experience in the maritime domain and 
expertise connected to autonomous maritime 
operations. Workshops 1.-3. were organised in a 
focus group style and workshop 4. took place as a 

series of individual interviews (see Table 1.) 
 

The workshop participants represented shipping 
companies, classification societies, technology 
manufacturers, ship owners, communication 
companies, crew management companies, 
government agencies, insurance and law companies, 

research organisations and academia (see Table 2.). 
In total, the study includes data collected from 70 
experts. 

 
Table 1. HUMANE expert workshops 

 

1. System safety & cyber security October 2018 

2. Legal implications January 2019 

3. Skill sets, competence and 

knowledge 

November 

2019 

4. Organisational & job design 

issues 

March-June 

2021 

 
 

 
Table 2. Organisations represented by the HUMANE 

workshop participants. 
 

CIRM SINTEF Inmarsat 

Massterly BW Gas Wärtsilä 

Rolls Royce Bellona MTI-NYK 

DNV-GL Lloyd's Register Wilhelmsen Ship 

Management 

InterManager ABB Norcontrol 

Kongsberg 

Maritime 

Kongsberg 

Seatex 

Maritime 

Robotics 

F-Secure RISE Viktoria EXMAR 

Norwegian 

Maritime 

Authority 

Norwegian 

Coastal 

Administration 

Swedish 

Transport 

Agency 

European 

Maritime Safety 

Agency 

Danish Maritime 

Authority 

International 

Marine 

Contractors 

Association 

IMarEST's 

Maritime 

Autonomous 

Surface Ships 

Special Interest 

Group 

The International 

Transport 

Workers' 

Federation 

BIMCO 

Safe Marine Gard Møkster 

InterManager BW Offshore Solstad Offshore 

SIMAC SIMSEA BMT Global 

SeaBot XR Aboa Mare 

Maritime 

Academy and 

Training Center 

University of 

Gothenburg 

Norwegian 

University of 

Science and 

Technology 

University of 

South-Eastern 

Norway 

Western Norway 

University of 

Applied 

Sciences 

National 

Maritime 

College of 

Ireland 

University of 

Southampton 

Åbo Akademi 

University 
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During the workshops, the participants received a set 
of questions related to the workshop's themes. The 
discussions were audio-recorded and transcribed. 

 

The research procedure did not involve direct 
questions or regarding trust. However, the qualitative 

analysis of the data revealed trust as a reoccurring 
theme during all the HUMANE workshops. 

 

The result section includes a selection of quotes that 
guide the search for existing theoretical frameworks 

and the discussion of their relevance for maritime 
settings. 

Background 
Trust is a concept discussed over many disciplines, 
especially psychology, sociology, political science, 
and economics. Multiple definitions of trust and 
related concepts can be found, including distinction 

between trust and trustworthiness. Bauer (2017) 
points out that the boundary between trust and 
trustworthiness in literature is often blurred and ill- 
defined. Especially in political science and sociology, 
trustworthiness is often considered a synonym for 
trust. Colquitt, Scott, and LePine (2007), in their 

meta-analysis linking trust with job performance and 
risk taking refer to trust as "the intention to accept 
vulnerability to a trustee based on positive 
expectations of his or her actions" while 
trustworthiness is defined by them as "the ability, 
benevolence, and integrity of a trustee" (Colquitt et 

al., 2007, p. 909). Trust is therefore a characteristic of 
a trustor and trustworthiness is a characteristic a 
trustee. Translating this distinction to human RIA 
collaboration, trust would be an intention to accept 
vulnerability to RIA based on positive expectation of 
its performance. Trustworthiness could be then 
defined as reliability of RIA technology. 

 

Conceptualisations of trust in an interpersonal 
context include single- and multidimensional models 

explaining psychological mechanisms of trust 
between humans. There are examples of a successful 
application of single-dimensional theories in 
technology-related domains, such as assessing IT 

acceptance (Gefen, 2002). Mayer, Davis, & 
Schoorman (1995) created a multidimensional model 
of organisational trust, including three components: 
integrity, benevolence, and ability. 

 

Integrity refers to the "trustor's perception that the 
trustee adheres to a set of principles that the trustor 
finds acceptable" (Mayer et al., 1995, p. 719) and has 
links to honesty and morality. This dimension can be 
used to describe RIA as long as it is designed to 
communicate in a social manner and to follow moral 

rules. 

Benevolence is "the extent to which a trustee is 
believed to want to do good to the trustor, aside from 
an egocentric profit motive" (Mayer et al., 1995, p. 
718). In other words, it is a perception of a positive 

attitude of the trustee towards the trustor. This can be 
extended to the entity behind RIA technology, 
especially the ethical aspects of processing the data. 
One of many concerns connected to disruptive 
technology is that in long term it will replace humans 
(Nautilius, 2018). 

 

Lastly, the multidimensional model of organisational 
trust includes ability - "that group of skills, 
competencies, and characteristics that enable a party 
to have influence within some specific domain" 

(Mayer et al., 1995, p. 717). A meta-analysis 

performed by Colquitt et al. (2007) suggests that all 
three trust antecedents: integrity, benevolence, and 
ability, have unique and significant links to trust. 

 

Kox, Kerstholt, Barnhoorn, and Eikelboom (2019) 
utilised the multidimensional model of trust in an 
experiment where a human participant interacted 
with a virtual teammate, which was either a human or 
a robot. The study indicated that the type of teammate 
(human/robot) did not affect the level of perceived 

trust. The experiment's outcome suggests that 
teaming human-human and human-autonomy are 
subjects to similar psychological and social 
mechanisms. 

 

There remains a question whether the knowledge 
about interpersonal trust can be utilised in research 
and practice for enabling collaboration between 
humans and RIA, especially in the maritime domain. 

Results 
A set of trust-related themes emerge from the 
qualitative analysis. The themes are grouped into four 

categories: trust as technology acceptance, 
organisational trust, operational trust, and 

trustworthiness (see Figure 1.). These categories 
reach beyond the interpersonal level, or in case of 
human RIA collaboration, beyond the level of 
interaction between human and technology. 

 

The categories that appeared in the data correspond 
with categories of human-RIA issues described by 
ISO (ISO, 2021) (see Figure 2.) Operational trust and 

trustworthiness belong to issues on the level of effects 
of humans and human-RIA interactions. 
Organisational trust connects a sociotechnical system 
and its organisational context, including elements 
such as forming instant teams and leadership, but also 
organisation’s policy and ethics. Finally, technology 

acceptance covers all the levels of issues, starting 
from affecting technology users to the society at large. 



69 

 

 

 
 

 

 
  

Calibrated trust 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
   

 
 
 
 
 
 

Figure 1. Trust-related themes identified in the 

thematic analysis of the data. 

Figure 2. Categories of human-RIA issues. Adapted 

from Ergonomics — Ergonomics of human/system 

interaction — Part 810: Human/system issues of 

robotic, intelligent and autonomous systems, by 

ISO/CD TR 9241-810. 

 

 
Operational trust 

"There is another dynamic into this, and that's trust. 
How can seafarers trust the information they 
receive?" 

 

"It's relatively easy to build a fully manual ship or a 
fully autonomous. If you have to have man and 
machine with human in the loop, that's difficult." 

 

"There are still a couple of things that we need to 
work out. The first is how to transfer information 
from the machine to humans and from human to 
machines (…) How do we ensure that we have the 
proper level of expectation management on both 
sides so that the machine understands what the 

human is capable and not capable of and vice versa 
also?" 

 

"One more was adaptive automation skills, the idea 

that you are not working with one level of 
automation, that it varies. And knowing how to team 
with an adaptive automation system. So, for example, 
when docking, it is more manual and hands-on, but 
when transiting, it is more towards autopilot and how 
to constantly be in the loop during various levels of 

automation." 
 

"And how do they trust the system when they switch 
between these levels? So do you trust the systems? 
Because you need to trust the systems if you are 
handing it over to automation. You are going to need 
the skills (...)" 

 

"How will it affect us or the person in that role in 
terms of being able to be on the line as both trusting 
the system and having its passivity and in terms of 

being on a monitoring function and all that 
framework would include" 

 

Trust is discussed in an operational context as a 
variable influencing decision making and the ability 
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of a system to stay in control. For the operator and 
RIA to be able to work together towards a common 
goal, the operator needs to understand a system's 
current state and predict future behaviour under 

current circumstances. What is more, RIA needs to 
understand the operator; hence, the operators' 
behaviour needs to be designed into the system. This 
additional loop makes the human-machine 
interaction different from using 'ordinary' 
automation, which does not have the capacity to self- 

govern or to sense needs of an operator. 
 

Switching between autonomy levels and handovers 

were discussed by the participants as a challenge that 

specific for autonomous maritime operations. The 
themes that emerged were generalised trust in ‘in the 
system’ working as a whole, not only as separate 
components. This connects to already existing 
challenge in the maritime industry, namely the 

integration of technological systems. Comments also 
highlighted the importance of RIA’s transparency. 

 

"Humans need to understand what the machine is 
doing. The machine has to show what it is going to 
do." 

 

"(...) the end user wanted information about how a 
particular algorithm worked and needed it explained 

in a way that operators would understand so that they 
would trust that the algorithm was giving them 
accurate and actionable information (...) " 

 

"The computer has to do what the second officer has 
to do, explain to the guy coming up, this is the 
situation, this is what I have observed, this is the 
problem I have, please tell me, I can't handle this 

myself. " 
 

ISO (2021) defines teaming as humans and RIA 
working together for a common goal. The standard 

also specifies that for effective teaming, RIA must 
follow the rules of social interaction. Therefore, the 
communication between humans and autonomy 
should be bilateral and performed with the use of a 
code that can be understood by both parties. 

 

Research conducted by Merritt and Ilgen (2008) 
suggests that trust in an automated system begins 
with dispositional trust of an individual and later 
develops as history-based trust connected to 
experience with this particular piece of technology. 
Understanding regular automation is challenging 

enough for humans (Hollnagel & Woods, 2005). 

When technology is self-governing according to a 
perpetually changing situation, the RIA must 
communicate and make itself understandable and 

transparent to a human operator. Understanding RIA 
connects to the concept of explainable artificial 
intelligence, which is "a set of processes and methods 
that allows human users to comprehend and trust the 

results and output created by machine learning 
algorithms" ("Explainable AI", 2021). Research in 
robotics shows how explanations impact human trust, 
which in turn decides reliance and use of robots 
(Dziandolet et al., 2003). 

 

"The machine could be speaking English. I could be 

speaking Chinese and it comes out the same. (…) I 
agree there has to be commonality, but how that’s 
achieved is a different question." 

 

"How will it affect the trust from a human perspective 
that if I’m speaking to a machine in Urdu and the 
machine is replying in translate?" 

The participants signalled the cultural and linguistic 
dimensions of communication between RIA and 
humans. The comments revealed the underlying 

assumption that RIA communicating in the native 
language of the operator would have a positive effect 
on trust. Also, there is a question whether automatic 
translation affects trust. 

 
Trustworthiness 

"That's very human thing. If it looks trustworthy, we 
will trust it. That is not a human fault. That is 
probably a system fault. Looking too good, too 
intelligent." 

 

Translating the division between trust and 

trustworthiness known from interpersonal literature 
to human RIA collaboration, trust is a human 
attribute. It is an intention to accept vulnerability 
based on positive expectations of technology 
performance. Trustworthiness is the property of 
technology and is a concept very close to reliability. 

 

One might expect that in ideal settings, human trust 
is directly linked to the trustworthiness of a particular 
piece of intelligent technology. However, the 
relationship between trustworthiness and trust is not 
always congruent. The possible moderators can be 

found both on the technology side and the operator 
side. Is the trustworthiness connected to what the RIA 
presents to the operator - how does it look, and how 
does it communicate? Does RIA look intelligent, 
advanced, reliable? Does it communicate in terms of 
presenting facts and certainty levels or more direct 

recommendations for the operator? Possible 
moderators of trust and trustworthiness relationship 
on the operator's level could be previous experiences 
with this or similar technology, level of 
understanding the mechanisms, confidence in hers or 
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his own professional skills, personal values, culture 
and so forth. Research conducted by Merritt and Ilgen 
(2008) suggests that trust in an automated system 
begins with the dispositional trust of an individual 

and later develops as history-based trust connected to 
experience with this piece of technology. 

 

"That's very human thing. If it looks trustworthy, we 
will trust it. That is not a human fault. That is 
probably a system fault. Looking too good, too 
intelligent." 

 

Advertising technology as innovative and 
autonomous can lead to a situation where the 

perceived autonomy of RIA is higher than its actual 
capabilities. ISO (2021) points out that "a result 

behaviour that is perceived by a user as autonomous 
is a more common phenomenon than an autonomous 
agent" (ISO, 2021, p. 5). This effect was described 
much earlier by Woods (1996). The author points out 
that automation is often seen as autonomous (even 
when it is not), which alters the team composition. 

The new, advanced piece of technology becomes an 
agent or a teammate. What is more, when complex 
technologies with high autonomy are combined with 
insufficient feedback for the user, they can be viewed 
as agents independent of the operator (perceived 
animacy) (Woods, 1996). Therefore, the degree to 

which RIA system behaviour is perceived as 
autonomous is an important measure that should be 
addressed in the design process. 

 

"And then you got this human trust, over-trust, under- 
trust problems..." 

 

"A lot of seafarers trusted a defective GPS then they 
trusted their own skills to handle the ship manually 
(…) so not over trusting the system is is equally 
important as it has always been but it might be more 
stressed when it comes to even more fancy, flashy 

systems that look very cool and very smart." 
 

"The issue of trust in automation arose because the 
technology didn't provide enough information to 
operators that a particular job or task was in process 
or being worked on, which led to a lot of repetition in 
tasks and general frustration that it wasn't working." 

 

"I've been on a ship not very long ago where (…) 
they've got a fully functioning or supposedly fully 
functioning automation system. They never switch it 

on because they don't trust it. Because they believe it 
wasn't properly wired when it came out of the yard." 

 

ISO (2021) points to potential hazards if Human 
Factors principles are not applied to designing RIA 
systems. One of them is the inappropriate levels of 

trust in the system, namely under-trust or over-trust. 
Under-trust would result in unwillingness to operate 
the system, only fragmentary use of the RIA's 
functions and consequently not integrating the RIA 

into the larger system, as well as increased workload 
due to excessive supervisory actions. Over-trust, on 
the other hand, could result in the operator being 
disengaged with the task, staying out of the loop, and 
becoming complacent. 

 

In the over-trust and under-trust approach, trust is 
seen as a continuum. The preferred values of trust 
would be situated in the middle of this continuum. 
However, such an approach brings challenges in 
defining the optimal level of trust. 

 

Calibrated trust is a positive representation of the 
under-trust and over-trust continuum presented in the 
section above. Fallon, Murphy, Zimmerman, and 
Mueller (2010) view the calibration of trust as a 
process of sensemaking. Sensemaking is defined as 

"a deliberate process that decision makers rely on to 
improve their awareness of uncertain and ambiguous 
situations" (Fallon et al., 2010, p. 3). In this case, the 
RIA's behaviour is uncertain and ambiguous. The 
operator, by interacting with RIA, actively makes 
sense of its functioning and identifies possible 

weaknesses and performance under different 
circumstances. We suggest that calibration of trust 
can be achieved by promoting sensemaking through 
design as well as offering familiarisation with RIA in 
different settings. Such training would allow 
developing a mental model of how RIA operates. 

However, it is important to note that the process of 
sensemaking is cognitively challenging and time- 
consuming. This should be taken into account when 
introducing RIA and designing training programmes 
for maritime personnel. 

 

Calibration of trust is recognised by Sanneman and 
Shah (2020) as critical for human RIA teaming, and 

is supported by providing explanations about RIA’s 
purpose, process, and performance. The authors 
recommend that the impact of explanations on human 
trust should be measured using a trust scale and 
behavioural metric, such as reliance or compliance. 

 
Organisational trust 

"Political stress. I think is a major one. Internally, it 
is a major problem. And that sounds strange, but I 
genuinely believe one of the biggest problems our 
masters and chief engineers have is working their 

way through the politics of the organisation. They 
spend more time doing that than they do driving 
ships." 
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The participants discussed the problem of ‘political 
stress’ understood as ambiguous and tacit rules of the 
organisation that influence and obstruct decision 
making onboard. This theme connects to 

organisational trust components: integrity, reliability 
an openness, that influence safety-related actions like 
whistleblowing (Binikos, 2008). Tsspecific for 
maritime industry, s Organisational trust is felt by an 
individual comparably to interpersonal trust, however 
the mechanisms of forming and maintaining trust 

may differ (Luoma-aho et al., 2012). 
 

Trust was discussed as a current issue in the maritime 

industry, independent of technological change. 

However, the introduction of RIA is expected to have 
effects also on organisational level. A study of AI- 
driven services showed that building trust in 
technology requires organisational efforts and 
increased visibility of management, especially in 

cases of low transparency of AI decision making. 
(Pan, Chakkol, & Selviaridis, 2020). It seems that 
transparency and trust within organisation structure 
can produce positive outcomes on the quality of 
human RIA collaboration. 

 

"(…) organisational design is a major issue which is 
not being managed. (...) thinking about what is 
leadership about? What is people management 
about? What do we actually want at the end of the 
day? Do we want the bosses controlling him and her 
or do we empower them to get on with their job and 

trust them and provide the skill set for them so that 
they can be effective? We make sure we pick the right 
person to go into the place, the job, in the first place." 

 

The participants also mentioned leadership as one of 
the components of organisational design that need to 
be addressed in the context of autonomous maritime 

operations. The comment touched upon hierarchy 
and a choice between directive or empowering 

leadership. In research, leadership relationship was 
identified as a mediator of organisational trust 
(Pucetaite, Novelskaite, & Markunaite, 2015). 

 

"They are still teaching the students celestial 
navigation (…) I don't think that they will get 
proficient enough to actually do it. But yeah, and they 

have to know everything you in case of a system 
failure. So they are kind of training that students to 
be backup for the technology." 

 

"One of the big trends in the oil and gas industry is 
verification of competence. (…) in order to operate, 
you have to prove that you're competent (…) there's 

a complete lack of trust in the people's ability." 

"It's (…) always problematic to assess competence. 
And, the major solution is to reduce the subjective 
impact of the instructor (…) I think that it's a matter 
of trust between humans and technologies." 

 

Another reoccurring theme during the HUMANE 

workshops was competence assessment. The 
competence of maritime personnel is expected to 
increase in connection to autonomous operations. 
Trust in competence is recognised as a determinant of 
the effectiveness of risk communication (Twyman, 
Harvey, & Harries, 2008). 

 
Instant teams 
“I have (…) issue that is about trust. How do you 
build up trust between these guys if they are not 
teams? It’s just the guy on the call, it’s like calling 
911" 

 

Autonomous maritime operations, especially 

remote will increase the human interactions 

occurring in physical distance, possibly assisted, 

or facilitated by RIA. Studies of teamwork between 

human actors in the maritime traffic system, such as 
masters, pilots and VTS operators suggest there is 
room for improvement (Mansson, Lutzhoft, & 

Brooks, 2017). The main challenge for these 
maritime professionals is establishing common 
ground, which is essential for coordination. When 
engaging in teamwork, efforts are focused on 
adaptations that go beyond procedures and prescribed 
roles, Collaboration within instant teams formed 

between human actors is a situation with high 
uncertainty and time limitations. There is no 
opportunity for developing trust based on experience. 
While forming instant teams between human actors 
requires more consideration, research interest is also 
needed for exploring design approaches for adding 

RIA to the instant team equation. 

 

 
Trust as social acceptance 

"(…) and how can the public at large trust how things 
are going, as they should?" 

 

"(…) society at large needs to trust that these systems 
are functional and that we can actually do them and 
use them." 

 

"(…) we are supposed to have a system in place that 

generates trust." 

 

"You need to have it being a little bit safer. As safe as 
is kind of the thing. " 
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"(…) it is trust for the people that operate the ships, 
but it is also the trust of society in general that the 
safety of people and certainly the environment these 
days is being looked after on their behalf." 

 

"It could possibly be because the technology is there, 
kind of, but we have some way to go for the social 
acceptance and for other different kinds of things as 
well." 

 

"It is a wider question for society as a whole because 

it is the same with cars and the same with aircraft or 
anything: how do we make that differentiation 
between the machine that can make its own decisions 
and can change its mind and the human being 
responsible for it?" 

 

Maritime autonomous operations are also discussed 

on the level of impact on society at large. Trust is 
connected especially to the concept of technology 
acceptance by the potential users, but also by the 
wider public. A similar issue is the subject of a broad 
discussion concerning autonomous driving, public 
transport, and medical devices (Fraedrich & Lenz, 

2016; Hulse, Xie, & Galea, 2018; Waytz, Heafner, & 
Epley, 2014). Technology acceptance is linked by the 
HUMANE participants to other issues like liability 
for maritime accidents and environmental concerns. 

Discussion 
The vision of the autonomous maritime future 
includes humans and RIA working together and 
forming dynamic relationships. Designing 

sociotechnical systems sustaining human RIA 
cooperation requires extensive reflection on the 
issues of operational trust, transparency, 
organisational trust, and social acceptance. 

 

Operational trust is conceptualised as a continuum in 
which extreme values should be avoided. However, it 
is challenging to define what an appropriate or correct 

level of trust would be. A possible answer is a 
correspondence or equivalence between the objective 
capabilities of technology and the operator's 
representation of thereof. The optimal level of trust 
can be linked to the concept of calibrated trust, which 
is reflected by a strong correlation between the 

human's trust and the trustworthiness of the 
technology. Therefore, the goal of design and training 
interventions should not be to increase human trust, 
but to calibrate trust with RIA’s capabilities. 

 

The mental representation of capabilities of 
technology could be built not only by familiarising 
users with the technical specifications but on 

providing superficial cues – how advanced and 
intelligent does this artefact appear to be? 
Technology can be perceived as more autonomous 

than it really is when it provides insufficient feedback 
to the user. Therefore, the degree to which RIA 
behaviour is perceived as autonomous is an important 
measure that should be addressed in the design 

process. 
 

The relationship between humans and RIA does not 
happen independently of the broader context. There 

is evidence suggesting that organisational trust plays 
role of a moderator of trust in human RIA 
collaboration. Tackling organisational trust is already 
relevant for conventional operations, due to 
unfavourable factors specific for the maritime 
industry, like physical distance and frequent 

reorganisation of the crew. 

Conclusions 
The Human Autonomy Enable (HUMANE) 

workshops identified four meta-categories of trust 
issues relevant for MASS: operational trust, 
trustworthiness, organisational and trust understood 
as technology acceptance. The data-driven literature 
review recognised a number of trust-related concepts 
that apply to human RIA collaboration in the context 

of autonomous maritime operations. Developing and 
applying these trust related concepts in the maritime 
setting creates an opportunity to improve design and 
training. More research is needed to provide 
guidelines for such tasks as measuring perceived 
autonomy, exploring linguistic and cultural aspects of 

human RIA communication, facilitating calibration 
of trust with trustworthiness, building common 
understanding within instant teams, and promoting 
social acceptance of RIA in a responsible way. 
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