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Abstract. The prevailing knowledge of ergonomics is not always taken into 
consideration while designing ships or introduced too late for it to be effective. 
Studies have shown that improvements of the working environment can be done 
with small efforts. Dissemination of research results is not always straight 
forward or effective due to failure to present research findings in appropriate 
and accessible forms for different audiences Research suggests that an 
interactive and explorative learning experience should be supported by 
technology like web resources. To reach the end users involved in the design of 
ships, the aim of the current study was to design and evaluate a prototype of an 
interactive multimedia module. The results showed good scores considering the 
usability aspects learning, understanding and meaningfulness. A Multimedia 
module like this can serve two purposes; create a learning situation and be used 
as a channel through which research results can be disseminated.  

Keywords: case study, ergonomics, education, maritime design, multimedia, 
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1 Introduction 

The expanding possibilities of new technology during the last decades have led to 
changes and development in the design of ships [1]. This has impacted the working 
environment and how working tasks are performed [2]. Traditional tasks involving 
heavy lifts and awkward postures is still a reality for crew members [3] and technical 
development has led to changes in performance requirements and new working tasks 
[4-6]. However, the design process seems to fail in meeting the consequences of 
technological changes in order to successfully design a working environment that 
supports the working tasks on board [3]. Ergonomics has a long tradition of research 
with extensive publications in literature and standards [7-10]. In addition, there are 
national and international regulations in ship design considering maritime safety and 
the design of working environments [8, 11, 12].  
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The prevailing knowledge of ergonomics is not always taken into consideration 
while designing the control centers on ships, or is introduced too late in the design 
process for it to be effective [2]. A design which does not support operational 
procedures and task performance risk inducing inappropriate behavior among the 
crew members as they are compelled to find alternative ways to complete their tasks 
[2]. Any changes made in the design of the ship is costly and time consuming once 
the ship is built and in operation. Thus, it is important to use a multi-disciplinary team 
approach for new ship design and involve naval architects, ergonomists and crew 
members in the planning of a new ship in order to utilize knowledge and resources 
from diverse perspectives. 

Studies have shown that considerable improvements of the working environment 
can be done with rather small efforts [3]. However, in general, the dissemination of 
research results to the industry is not straight forward or effective. Furthermore, 
research results and the knowledge within the area of ergonomics needs to be applied 
early in the design process in order to be cost effective and maximize design 
capabilities. Today, the research-practice gap is increasingly expanding [13, 14]. 
Often research does not reach beyond academic borders [15] and this can often be 
attributed to the failure to present research findings in appropriate and accessible 
forms for different audiences [16, 17]. Laurillard [18] suggests that an interactive and 
explorative learning experience should be supported by technology through CD and 
web resources. The learning experience should involve students in discussions which 
have a communicative media form supported by traditional seminar methods. Our 
research focuses on the development of appropriate educational material, derived 
from research results, that enhances students learning process and also takes into 
account today’s technology to support and facilitate the learning process. An example 
of a typical interactive media form is a web-based platform used in online distance 
courses. Students can gain control of the learning experience by freely pursuing 
information based on individual learning strategies and curiosity. In additional, 
traditional classroom teaching provides possibilities to apply different seminar 
methods in order to communicate and interact with a group of students. 

1.1 Aim of Paper 

Therefore, the aim of the current study was to design and evaluate a prototype of an 
interactive multimedia module. The module aims at being suitable for individuals, as 
well as collective exploration and education about specific design problems found in 
recent research in the engine department. Different design solutions related to 
working environment in the engine department on merchant ships is also addressed.  

2 Material and Methods 

The development of a suitable interactive prototype should emerge from the 
understanding of the learning problem and the users’ needs. Such a prototype should 
be developed by a multi-disciplinary team using a participatory design process 
involving researchers and potential users. 
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This, and other important aspects were met by applying Huang’s [19] 
recommended five-phased process for designing high-quality interactive multimedia 
learning modules: (1) understand the learning problem and the users’ needs; (2) 
design the content to harness the enabling technologies; (3) build multimedia 
materials with web style standards and human factors principles; (4) user testing of 
the module; and (5) evaluate and improve design. The application of the five phases 
in the current research is described in the following sections. 

Phase 1 – The Learning Problem  
The learning problem in the current research was to present different ergonomic 
challenges affecting the work environment in the engine department correspondent to 
the users’ needs. The concept was presented by using examples of different tasks 
which are performed by the engine crew. The ergonomic inaccuracies and its effects 
in the situation was highlighted and supported by speech and text. 

The challenge was to present this information in such a way that it would support 
the collective learning process among students and teachers. When presenting the 
information in the prototype, efforts were made to adjust and apply a simpler and 
more understandable vocabulary that suited a novice user group. 

Phase 2 – Content Design  
The second phase dealt with the problem of finding a didactic approach with 
supporting technology to present the information to stimulate and strengthen the 
students’ learning process. Since the research on ergonomical requirements often is 
based on task performance, it was rather easy to find illustrating examples from the 
working life in the engine department on board that could support the learners’ 
associations to their own experiences and thereby support their learning.  

Phase 3 – Build with Standards and Principles  
In this phase, the design ideas of the pedagogical concept were realized as an 
interactive prototype that met the users’ learning and needs: an interface with high 
usability. 

Nielsen [20] presents a list of ten important heuristics to evaluate interaction 
usability: visibility of system status; match between system and the real world; user 
control and freedom; consistency and standards; error prevention; recognition rather 
than recall; flexibility and efficiency of use; aesthetic and minimalist design; help 
users recognize, diagnose and recover from errors; help and documentation. In the 
current research, some of these heuristics were fulfilled by following established 
design standards from websites, such as symbols for navigation control and 
interaction with animations. The ‘error prevention’ and ‘help and documentation’ 
heuristics were easily fulfilled since the interface was a viewer where the users 
explored information by navigating and viewing, and not by making changes or 
adding information.  

Considering this research, the most interesting and challenging of these heuristics 
was ‘aesthetic and minimalist design’. Sharp et al. [21] recommend a design as simple 
as possible for users to accomplish tasks by removing unnecessary functionality, 
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process steps and visual clutter, but also an aesthetically pleasing and pleasurable 
experience. Jordan [22] also highlights the importance of pleasure of use that not only 
gives functional benefits but emotional ones. This position is clearly apparent among 
commercial multimedia products that strive for usage based on curiosity and 
attention. 

The scenarios in this study were animated as 2D cartoon characters showing 
obvious expressions of either happiness or disappointment, and the environments 
were generated with a minimum level of details. The prototype was built with a mix 
of commercial software.  

Phases 4 and 5 – Test and Improvements  
These phases include user testing and evaluations of the pedagogical concept and the 
interactive prototype to improve the design and evaluate the research study. During 
the earlier development phases of the prototype, testing, evaluation and improvements 
of the interactive module were made iteratively between the authors (who had expert 
knowledge about interface design, ergonomical requirements and the work 
environment in the engine department). 

2.1 Design and Performance of Testing Procedure and Evaluations  

Sharp et al. [21] present a general framework to evaluate usability according to six 
usability goals: effectiveness, efficiency, safety, utility, learnability, and 
memorability. But they stress the importance of also considering them together with 
user experience goals (e.g. to be aesthetically pleasing). User experiences are defined 
by the standard ISO9241-210 [23] as, ‘A person’s perceptions and responses that 
result from the use or anticipated use of a product, system or service’. Considering 
this study, the aspects of interest were:  

Usability  

• Effectiveness – is the content relevant and meaningful?  
• Efficiency and utility of the prototype – interactive and communicative media such 

as web material used in a classroom/seminar setting. 
• Learnability – understanding of how to explore the content of the prototype. 

User Experience  

• This was explored to clarify the participants´ impressions and attitudes of the 
interactive prototype.  

The data was collected by a questionnaire. 

3 Tests and Evaluations with Students 

The educational material was tested and evaluated in a class of 11 upper-secondary 
marine engineer students. The students had a mean age of 28 years ranging from 22 to 
45 years, only male. 
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3.1 The Prototype 

The information and knowledge of ergonomical requirement were visualized with 
scenarios of life on board, illustrations, photos, speech and animations (Figure 1). The 
starting page introduced and generally defined ergonomical requirements. The 
prototype was implemented into PowerPoint and visualized in the form of a slide 
show. The user navigated through the up and down keys on the key board and by 
clicking with the cursor on different headlines. The prototype was compiled of six 
slides. 

 

Fig. 1. Six screenshots of the interactive prototype showing paths to specific design examples 

The test leader first gave a demonstration of the prototype using a computer and 
slide projector. The participants did then get the opportunity to try the prototype. 
After the demonstration and trial the participants filled in a questionnaire.  

3.2 Questionnaire  

A questionnaire embracing 10 questions were used were the students were asked 
about the usability and user experience. Questions like “What do you think about this 
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way of learning?” were asked but also questions like “How would you like to have 
this kind of information presented?” where the participant were asked to choose 
among different given alternatives. 

4 Results 

The usability and user experience aspects represented in the questionnaire are 
summarized in Table 1. 

Table 1. Results from the questionnaire  

Questions Answers 

What do you think about this way of learning? Good (100%) 
 

What do you think about the design of the 
interface? 

Good (100%) 
 

How would you like the information presented?   Web page (37%) 
Application for smart-   
phones or tablets (26%) 
Large screen (37%) 

Is the subject meaningful? Yes (100%) 

Did you understand the content of the prototype? Yes (100%) 

Would sound improve the presentation? Yes (100%) 

What type of sound? Sound effects (15%) 
Speech (46%) 
Music (8%) 
Recorded interviews (31%) 

What do you prefer, real photos or drawings? Photos (50%) 
Drawings  
(50%) 

5 Discussion 

This paper reports on the development and evaluation of an interactive prototype 
presenting research findings about the design problems on board and suggesting 
alterations which could improve the work environment in the engine department. 
Early changes in the design process are cost effective [2, 3]. A supportive design with 
focus on how tasks are being performed reduces the need for the crew having to adapt 
to less optimal design solutions and thus mitigating unnecessary risk taking [2]. 
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However, previous research gives evidence that ergonomic knowledge is sparsely 
used in the design process and if used introduced to late in the design process to be 
effective [2]. There is also evidence of an increasing gap between researchers and 
practice [13, 14]. Making research results easy accessible for end users within the 
shipping domain could enhance the awareness of ergonomic matters and bring 
research-practice closer together. This can in turn have a positive effect on the design 
process through increased knowledge of ergonomics among the end-users involved in 
the design of ships. Not being able to reach beyond the academic border when 
disseminating research results is said to be attributed to failure to present result in an 
appropriate and accessible form [16, 17]. Thus, this approach to visualize research 
findings in combination with relevant knowledge as a multimedia tool could aid the 
strive to adapt the presentation of research results to the target group [18]. 

This evaluation showed that the multimedia prototype had good scores considering 
the usability aspects learning, understanding and meaningfulness. The design was also 
considered good. However, the users preferred photos equally to drawings and would 
like to increase and add different kinds of sound to the prototype. The results also 
indicate that a development of the prototype into a full functioning module should 
present the information with different kinds of visualizations and multimedia effects. 
These findings are in part contradictory to previous findings were a design as simple 
as possible is recommended [21]. Sharp et.al. [21] recommend a removal of process 
steps and visual clutter. The results from this study indicating an equal preference of 
photos and for adding of sounds could be attributed the high recognition of the 
different situations as they are directly derived from common tasks executed on board 
by the crew members. 

This study also indicates that adjustments and presentation of new and further 
specific information should be done with a participative and iterative approach as in 
this study. The users also had different preferences to how the information should be 
presented; web-page, application for smartphones and tablets or via a large screen as 
was the case in this study. It would therefore be preferable and a challenge to design 
the information suitable to all three distribution channels.  

6 Conclusions 

A Multimedia module, as suggested in this study, can serve two purposes; it can 
create a learning situation for student but also to be used as a channel through which 
research results can be disseminated and presented. The module can not only be used 
for students. By using different channels of presenting the information e.g. web page 
and applications for smart phones and tablets the module can be made easily available 
for other end-users like crew members and shipping companies.  

Future work will include further development of the module and tests of the 
learning objectives. However, the shipping business is a highly international and thus 
the module need to be tested in a multi-cultural context to ensure that the learning 
objectives are being fulfilled. 
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