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What are key results of design research
concerning onboard DSS
regarding EEO and CO_e emission reduction?
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Results

4 Challenges

1 Prototypical implementation

6 Design considerations
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Results Challenges

onboard DSS should accompany goal conflicts (cf. [5])
DSS need to keep workload and uncertainty at a minimum (cf. [6])

could be supported by automation, but this may conflict with already
1 constrained feelings of autonomy [7] — consult basic psychological needs
Addressing key human factors (BPN)

necessity and crucial factors for the integrative display of energy-efficient
metrics [7]

Context-sensitive integration of key challenge for the design of Energy-Efficiency-DSS

2 navigational and operational hierarchical task analysis [8] and cognitive work analysis [9] should
data accompany the design phase.
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Results Challenges

we emphasize call for explainability and algorithmic transparency in decision
support systems (cf. XAl [10], HCAI [11]).

we identify explainable and transparent information presentation as key
Transparency in data quality and | challenges for onboard DSS to strengthen crew’s autonomy [12] and mitigate
processing steps biases [13]

in concert with increasing transparency to strengthen crew’s perceived
autonomy in EE decision-making [12], we identify the mitigation of e.g.,
automation bias [14] as a key challenge for any onboard nautical DSS

manifestation in design is manifold; transdisciplinary development of design
4 proposals with domain experts from engineering psychology, nautical and ship
Mitigation of biases operations, software development and design proved beneficial
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Results Design Considerations

1 Design as opportunity-seeking [4]: Eco Score 4 Goal-oriented Decision Support

2 Integrated Navigational and Operational View 5 Ecology-aware Autonomous System

3 Decision Support instead of Decision Automation 6 Transdisciplinary Work and Participatory Design
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What are key results of
human factors research
with ship crews
on energy efficiency?
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Method Systematic Literature Search

Data used:

of the articles

Google Scholar & ScienceDirect

) Interim Forwards- Final Data
' +646 \ litle& Full Data Sele +15 Full Corpus
("ship?”) AND (*human factors” OR Abstract Paper Corpus e Paper
‘psychology”) AND (“energy Screening // Screening ; :p1 0 Search Screening N=17
efficiency” AND “IMQ")
-617 -19 -8
Duplicate, Not empirical Not empirical
not human factors, human factors,
maritime, not EEQ, no not EEQ, no
not journal  ship crews ship crews
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Results Thematic Analysis

Overview of Codes to Themes (N = 1102)
17 papers

identified

696 text segments

Stakeholder 201 Knowledge 153

assigned (multiple times)

35 c;)des

synthesised

Technical Communication 108 |Challenges 107
Implementation 137

v
1 2 themes Learning 65 -
Operative Safety 26
Attitude 88 | Planing 39

Implementation 130 Material 11
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Stakeholder 201 Knowledge 153

Technical Communication 108 |Challenges 107
Implementation 137

System
Properties
37

Learning 65

Operative Safety 26

,,,,, Implementation 130 Attitude 88 | Planing 39 Material 11
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Research Spotlight: Interviews

Participants (N = 22): all had spent months at sea (M =24.1, Mdn =18,
SD =27.7), and had previously planned a number of routes, either in the
classroom (M = 16.5, Mdn = 10, SD = 17.5) or on duty (M = 54.5, Mdn = 3,
SD =212.3)

Part of a larger study where P. were asked to plan thee routes in various
conditions in a professional ship bridge simulator, involving our prototype

Interviewed following semi- structured guideling;

After recounting their decision-making in the third condition, we asked P. sets
of questions eliciting positive and negative feedback

Interviewers were instructed to repeat the question until participants no longer
had anything to add; Results were summarized narratively
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Results Interview Discussion

Results highlight the value of a verification process post-route planning, e.g., via subsequent
validation via ECDIS and/or guided system handover/review. Furthermore, users may benefit from
well-calibrated expectations of the system’s capabilities.

To manage user expectations of the DSS’s capabilities, transparency in data retrieval and
processing, as well as the system'’s confidence in its suggestions, could be enhanced. Achieving
this transparency, aligning with trust calibration principles [18], could involve calculating a
confidence score and providing explanations [19].

The potential of automation to aid seafarers should be further researched to understand how it
might impact their sense of autonomy: Not all seafarers feel that they have influence on
energy-efficient operations onboard, despite being motivated to contribute [12]. Relating this to
basic psychological needs (e.g., [17]) should inform future design decisions.
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Background Energy Efficiency Onboard (EEO)

MARPOL Annex VI implemented policies to lower 70%
of emissions by 2050.M
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However, inconsistency between optimal and actual —~—
implementation, so-called ,Energy Efficiency Gaps”, I M O
exists.?

SEEMP Cll EEOI

Energy Efficiency = Technical Potential X Human Behaviour
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Background MariData

Decision Support System
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Research Activities through a MAPSE! lens
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Research Roles

Engineering-psychological research conducted can be described as contributing to research
and analysis phases.

included literature reviews with quantitative and qualitative analysis methods, cognitive work
analysis, hierarchical task analysis, as well as empirical evaluations of these with experts
and the user group

Media informatics was involved akin to design in all phases, but with a strong emphasis on
the realization phase. Focus: Study prototype, which could be used for evaluative feedback as
well as a demonstrator in the wider project context; sparring partner for design.

Design discipline acted as moderator and mediator throughout whole process. Diverse body
of methods and theory applied in design research, including co-production methods,
evaluation of theory-guided design guidelines, qualitative and evaluative research methods,
guided by psychological and design research theory, and UX prototyping.

Joint effort: Formative evaluation in a professional ship training simulator
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Outlook

Upcoming/current design research activities include
1) design-driven development of KPIs and their integration into a DSS,

2) Dedicated route and engine monitoring views allowing for en-route
comparison of prognosed versus actual metrics and

3) adata quality module enhancing system transparency and explainability of
the algorithms' routing proposals.

human factors revealed at least three topics of interest for further review of the
design proposals and new directions for design inquiry:

1) Seafarers’ motivation for EEO

2) Challenges in relation to automation and agency

3) Energy-efficiency-related collaborative learning
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Summary

Thank you for e i
. e conducted transdisciplinary researc
your attenthn! involving, i.a., EngPsy, Informatics and Design.

Key results so far are 4 challenges, 1
demonstrator and 6 design considerations.

External Stakeholders and Domain Experts
were involved throughout the course of 3yrs
Benjamin Schwarz, M.A. through a wide range of research methods.

benjamin.schwarz@uni-luebeck.de

https:/maridata.app

We see implications for future research,
T including consideration of operators’ BPN.
MARImeDATA
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