
MASTER'S THESIS

Aircraft Maintenance Technician's Device
Requirements of an Augmented Reality Headset for Daily Maintenance Work

Ida Aronsson
2015

Master of Science in Engineering Technology
Industrial Design Engineering

Luleå University of Technology
Department of Business Administration, Technology and Social Sciences



 

Master of Science in Industrial Design Engineering 
Department of Business Administration, Technology and Social Sciences 

Luleå University of Technology 

 

 

 

 

 

 

 

 

 

Aircraft Maintenance  
Technician’s Device 

Requirements of an Augmented Reality  

Headset for Daily Maintenance Work  

 
Ida Aronsson 

2015 

Supervisors: Phillip Tretten & Olov Candell 

Examiner: Dennis Pettersson 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Master of Science Thesis 

Aircraft Maintenance Technician’s Device 
Requirements of an Augmented Reality Headset for Daily Maintenance Work 

Master of Science Thesis in Industrial Design Engineering - Product design and development 

© Ida Aronsson 

Published and distributed by  
Luleå University of Technology 
SE-971 87 Luleå, Sweden 
Telephone: + 46 (0) 920 49 00 00 

Printed in Luleå Sweden by 
Luleå University of Technology Reproservice 
Luleå, 2015  



 

 

 

 

 

 

 

 

 

 

Thank you all. 

 

Luleå 18th of June, 2015 

Ida Aronsson 

 

 

 

  



 

  



 

Abstract  
 

Aircraft maintenance include actions that are complex and the systems used are often difficult due to poor 
usability. Several people in the personnel often work on the same aircraft simultaneously which can cause 
misunderstandings about who is in charge. The different sources of communication and information is 
an explanation of why the work situation can include human factor related error risks. However, an 
individual is seldom to blame exclusively for the actions of human errors. For example; a technician is 
following the manual where it says that the left screw should be tighten and not the right one. It reveals 
later on that it should have been the other way around, although, this it is not the technician’s fault. That 
manual was made on higher level management thus the organisation is to blame. In order to prevent 
errors from occurring we need to redesign the system according to the human, taking a human-centred 
approach in the design of environments, tools, systems and organisation.  

This work is presenting suggestions of how to improve aircraft technicians’ daily work operations, what 
the risks of human errors are and what actions can be taken to improve the situation. Product design 
development of an Augmented Reality headset has been done. Augmented reality technology lets the user 
view data and information as a layer on top of reality, similar to a hologram. Through this technology, all 
information and communication is gathered in one place, decreasing the cognitive workload on workers, 
thus helps preventing the situations of human factor error risks. This work was limited to the physical 
appearance and design, using technology available, implemented in the device. The users have been 
consulted during interviews for their opinions regarding this product and wishes have been considered 
and fulfilled. The requirements were; the headset should be comfortable thus lightweight, soft and 
hygienic. The material should be comfortable against the skin and the construction needs to be simple 
although robust enough not to break easily. The design of the device should be insignificant and discreet, 
not draw much attention. The methods used in this work are based upon principles and guidelines of 
ISO9241:210-2010, which describes human-centered design. It can be concluded that human factor error 
related risks are present in aircraft maintenance within the use of printed out paper, the way information 
is distributed and handled, the inconsistency in communication, the slow updates and the ergonomics 
and weather conditions.  

The final result is an AR-headset placed around the head over the forehead for a steady fit during the 
varied working positions of the aircraft maintenance technicians, it made of lightweight and smooth 
fabric, which features elasticity and comfort for the skin. It is adaptable to different head sizes, the 
construction is made all in one piece to be simple yet robust to handle. The headset is designed in a way 
where it is possible for testing in its realistic environment with the intended users in order to further 
develop the concept of implementing this kind of equipment in future aircraft maintenance.  
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Sammanfattning 
 

Flygplansunderhåll innebär komplexa arbetsuppgifter och systemen som används är ofta svåra på grund 
av dålig användbarhet. Flera olika personer i personalen arbetar ofta på samma flygplan samtidigt vilket 
kan ge upphov till missförstånd om vem som har högsta ansvar. De många olika kommunikations- och 
informationskällorna som finns till förfogande för arbetarna är en förklaring till varför arbetssituationen 
kan innebära risker för den mänskliga felfaktorn. Det är dock sällan man enbart kan skylla på en enskild 
individ när den mänskliga felfaktorn varit orsak till en olycka. Till exempel; en tekniker följer manualen 
där det står att man ska dra åt den vänstra skruven, inte den högra. Det visar sig senare att det skulle ha 
varit tvärtom, vilket inte är teknikerns fel. Den manualen skrevs på en högre nivå inom 
arbetsorganisationen, det är där problemet ligger. För att förhindra felhandlingar från att uppstå behöver 
man omforma systemet enligt människan, se från ett användarcentrerat perspektiv i konstruktion av 
miljöer, verktyg, system och organisation.    

Det här arbetet ger förslag på hur man kan förbättra flygplansteknikers dagliga arbetsuppgifter, vilka risker 
för den mänskliga felfaktorn som finns och vad man kan göra för att förbättra situationen. 
Produktutvecklingsarbete av ett Augmented Reality headset har utförts. Augmented Reality teknik ger 
användaren möjlighet att se data och information i ett lager ovanpå verkligheten, likt ett hologram. 
Genom den här tekniken kan man samla all information och kommunikation på ett och samma ställe 
och på så sätt minska den kognitiva arbetsbelastningen på arbetarna vilket reducerar risker för den 
mänskliga felfaktorn. Det här arbetet var avgränsat till de yttre attributen av produkten, teknik som fanns 
tillgänglig har använts och implementerats. Via intervjuer har användarna konsulterats för att ge sina 
åsikter angående produkten, önskemålen har tagits hänsyn till och uppfyllts. Kraven var; headsetet bör 
vara bekvämt det vill säga väga lätt, vara mjukt och hygieniskt. Materialet bör vara bekvämt mot huden 
och konstruktionen bör vara enkel men ändå så pass robust att produkten inte går sönder för lätt. 
Designen bör vara oansenlig och diskret, inte dra för mycket uppmärksamhet.  Metoderna som har 
använts i det här arbetet är baserade på principer och riktlinjer för användarcentrerad design, beskrivna 
enligt ISO9241-210:2010. Det kan konstateras att risken för mänskliga felhandlingar inom 
flygplansunderhåll ligger i användandet av pappersutskrifter, sättet att distribuera och hantera 
information, det inkonsekventa sättet att kommunicera och de långsamma uppdateringarna samt 
ergnomiska och väderrelaterade förhållanden.  

Det slutliga resultatet är ett AR-headset som är tänkt att sitta runt huvudet, över pannan, för en stadig 
passform under de varierade arbetspositioner som flygplanstekniker har i sitt dagliga arbete, det är 
tillverkat av mjukt tyg med liten vikt som är elastiskt och bekvämt för huden. Det är anpassningsbart för 
olika huvudstorlekar och konstruktionen är gjord i ett stycke för att vara enkel men ändå robust att 
hantera. Headsetet är utformat för att kunna testas av slutanvändarna i sin verkliga miljö för att ge 
möjlighet till vidareutveckling av konceptet att implementera den här typen av utrustning i framtidens 
flygplansunderhåll. 

 

 

NYCKELORD: Produktdesign, Augmented Reality, flygplansunderhåll, headset design.  
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1 Introduction 
 

Aircraft maintenance is an exceptionally difficult and complex field of actions (Latorella & Prabhu, 2000). 
There are different explanations of why it is such a complex environment, for example the operation of 
aircraft maintenance often proceeds over several days, including several different work shifts (Latorella & 
Prabhu, 2000). This makes the coordination of activities and information between every person involved 
very difficult. Further examples of the complexity of aircraft maintenance include the frequent removal 
and replacement of large number of varied components, often carried out in places with poor light and 
usually under severe time pressure (Ward, McDonald, Morrison, Gaynor, & Nugent, 2010). The authors 
also point out the fact that the manuals and descriptions are rarely written by those whom actually perform 
these tasks in real life. Furthermore, those who start a job might not be the ones who finish it and 
additionally, a large number of different groups might work on the same item or equipment either 
simultaneously or sequentially. 

The complexity of aircraft maintenance increases by the large number of different types and formats of 
information through various information sources that the personnel have to deal with (Tretten & 
Normark, 2014). The aircraft itself consists of a complex configuration and structure of items, each part 
has its own subsystem which deals with different tools and equipment. Accordingly, the maintenance 
technicians have to pay attention to several information sources systems such as databases, manuals, 
orders, work orders, regulations, etc. in order to perform the correct actions. Additionally, each source of 
information that is needed is carried out and produced by different providers. It stressed that the whole 
organisation need a high level of coordination and harmonisation in order to satisfy the whole interaction.  

Aircraft maintenance is a competitive industry and innovation of solutions to address process efficiency 
without compromising safety or quality is a need (Ward, et. al., 2010) and continuous development and 
improvement of systems design is necessary (Candell, Karim & Parida, 2011). Research have shown that 
easy to use tools and equipment are needed in order to assist maintenance planning and actions (Tretten 
& Normark, 2014). It has been concluded that these tools and equipment which serve as information 
products are facilitated through e-maintenance (Candell, et. al., 2011). It has also been stated that even 
though the system used today works well, it needs to be improved due to the high risk that is associated 
with the large number of unnecessary tasks that every maintenance situation requires (Tretten & 
Normark, 2014).  

 

1.1 Project objectives and aims 
The main objective of this work is to contribute to the improvement of aircraft maintenance in the context 
of reducing the human factor error risks. This project aims to investigate risks emerged from human factor 
errors and find what solutions of how to reduce them there are.  

A previous concept of such a solution will be investigated and improved as an iteration of a product 
development process as a suggestion of how to address these issues. The goal is to realise the concept from 
visualised model to working prototype to provide the possibility of testing the device in realistic situation 
for further development and investigation. The objective is that it will contribute to improvement of 
aircraft maintenance by reducing human factor error risks.   
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This work will be answering the following research questions: 

1. In what ways can aircraft maintenance technician’s daily aircraft maintenance operations be 
improved?  

a.     What are the most predominate error risks? 

b.     What types of improvements are asked for? 

2.     What solutions, based upon the learned risks and improvements, can be developed? 

3.     What technologies can be used to test new or unproven solutions for maintenance activities? 

1.2 Project scope and limitations 
This is the report of the Master Thesis project conducted as the course D7014A containing 30 credits at 
Luleå University of Technology during the spring semester of 2015. This thesis project is the final work 
of the education Master of Science in Industrial Design Engineering.   

This work is continuing the master thesis work "Airplane Field Support: Maintenance technician’s device” 
done by Miriam de Tomás Álvarez (2014). This means that in order to conduct this project, as much 
information as necessary will be provided from the earlier work. Things that is already done won’t be 
necessary to do again. The aim is to produce a working prototype ready for testing in real environment 
and situations. By the end of the project the prototype will be produced and delivered but the user testing, 
evaluations and conclusions of that are work that is lying outside the frames of this project.  

The design work in this project is aimed at the physical appearance and hardware of this product. There 
won’t be any considerations taken regarding the development of the technology and software that this 
product needs to contain. The purpose of this is that the technology today is not yet ready for 
implementation in the intended environment which is why the final concept won’t include technological 
solutions for the product itself. However, the final prototype of the product will use technology already 
available today for the reason of receiving an experience closer to a future reality. There are several other 
factors regarding the use of such a device. Issues concerning for instance the psychological and 
physiological aspects won’t be investigated.  

1.3 Context 
The product development process that was executed before this project delivered a final result of an 
augmented reality headset for aircraft maintenance technicians which was realised as a mock-up model. 
The earlier work was part of the background of where this project started, thus it is presented as the 
context of this work.  

1.3.1 Presentation of earlier work 

The result of the earlier work consists of an augmented reality (AR) headset which is intended to be used 
by aircraft maintenance personnel such as mechanics and technicians. The device is multifunctional, it 
has visual and audio communication capabilities and the AR-technology lets the user reach the 
information right in front of the eye, like a hologram. All other traditional advantages of a headset such 
as calling, speaking, recording video clips, taking photos and so on are included within the device. The 
idea of this headset is that it solves identified issues such as easier communication and availability of 
information for instance (de Tomás Álvarez, 2014). 
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The device is worn on the head across the forehead with one ear bud by each ear on the sides. The wearer 
can decide to use one, two or none of the ear buds in order to either communicate with the environment 
or communicate through audio with others. The ear buds are inspired by the “Bose Quiet Comfort 20” 
which allows a dual function. It means that it allows the user to completely disconnect from the 
environment and get full ear protection. When the wearer wants, it is possible to tune back into the 
environment called “aware-mode”, with a simple tap of a button. The device is tightened around the head 
with an elastic strap in the back, easy adaptable to different head sizes. It connects wirelessly via Bluetooth. 

Padding parts in the bridge between the 
eyes makes it more comfortable and the 
elastic strap in the back of the head lets the 
device fit firmly onto the head.  Speech is 
absorbed through a throat microphone that 
is attached around the neck and connected 
to the headset in the back of the head via 
elastic straps, see picture below. The throat 
microphone absorbs vibrations directly 
from the throat by sensors, especially 
convenient for outdoor spaces of wind 
disturbance. This device is made to fulfil a 
number of requirements that were 
established according to the development 
process that was executed then. The list of 
requirements and their fulfilment is seen in 
Appendix 1. 

1.4 Project stakeholders 
Primary stakeholder of this work is the company Saab Group which will take advantage of research 
findings within this report. Additional stakeholders are the users of the device as well as the client Luleå 
University of Technology.  The research information and results provided within this work will be valuable 
for, and contribute to, research conducted at Saab where they are working on how to improve aircraft 
maintenance. The device that is going to be designed is intended to be used by the aircraft technicians to 
facilitate their daily work of aircraft maintenance, they are the primary users and therefore they are highly 
affected by the result of this work. 

Figure 2: Result of earlier work, front view. Photo: I. Aronsson (2015). 

 

Figure 1: Result of earlier work, top view. Photo: I. Aronsson 

(2015). 
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1.5 Thesis outline 
The thesis outline narrowly describes the content of each chapter present in this paper.  

1.5.1 Chapter 1: Introduction 

The Introduction presents an overview of this project and the necessary background in order to 
understand its context. The objectives and aims are explained along with the research questions which are 
to be answered by this work.  

1.5.2 Chapter 2: Theoretical Framework 

The theoretical background that this project is based upon is presented within the Theoretical Framework. 
Different research findings and theories are presented and discussed against each other. The chapter 
explains aircraft maintenance, human factor errors and risks, interaction design and virtual and 
augmented reality.   

1.5.3 Chapter 3: Method and Implementation 

Methods used in this project are displayed in chapter 3. The theory behind the methods is explained along 
with how they were planned and executed in this project. 

1.5.4 Chapter 4: Result 

This chapter displays the result of each method used. It ends with a presentation of the Final Result of 
this project along with an explanation of its context of use and fulfilment of requirements.   

1.5.5 Chapter 5: Discussion 

This chapter discusses the theory that gives the answers of the research questions presented in chapter 1. 
Opinions and ideas are discussed according to each question. A discussion regarding the Final Result is 
shown as well as the relevance of this project, reflections regarding the work done and recommendations 
for future work.  

1.5.6 Chapter 6: Conclusions 

The conclusion regarding each research question is presented within chapter 6. The section ends with a 
final conclusion regarding this project’s objectives and aims.  
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2 Theoretical Framework 
 

The human plays a critical role in aircraft maintenance. Each and every step in the process of maintenance 
work is controlled, checked, double checked and authorised to reduce the chance of human factors being 
a cause for hazardous incidents. Even though the system contains these safe guards, errors do occur. Much 
work has been done to reduce or limit human error through task design, manuals, user studies and such. 
An example of a design issue that can lead to the technician making a mistake is the two similar wholes 
on the outer part of the wing of an aircraft. A lock pin is to be placed in one of them, hence the similarity 
between the two holes makes it severely easy to place the lock pin in the incorrect one. The result was that 
the lock pin got loose and fell to the ground during flight which caused danger for people underneath. 
Therefore, it is necessary to take several areas in the work process into consideration. It is important to 
look at it from the usability, human error and interaction design point of view. Industrial Design looks at 
both the user and the construction of the wing.  

 

2.1 Industrial Design Engineering 
Design as an area of competence has been present during a long period of time but it has been 
exceptionally used as a concept during the years from 1990 and forward (Johannesson, et. al., 2013). 
Traditionally, there has been a difference between the profession of construction and the one of design. 
Creation of a product’s inner, technical functions has been referred to as construction while the creation 
of a products outer, aesthetical qualities and user friendliness has been referred to as design. It is argued 
that product design have been divided between two different fields of expertise, Industrial Design and 
Engineering Design (Cross, 2000; Johannesson, et. al., 2013).  

These two roles have been in conflict with each other often mostly due to misunderstandings regarding 
the skills and qualities that they possess (Cross, 2000). For instance, it has been argued that a common 
misinterpretation is when the engineering designer sees the industrial designer as someone who only ads 
style and aesthetic exterior to the machine that he or she have engineered.  The industrial designers on 
the other hand might see the engineering designer as someone who only provide them with pure 
mechanisms which then has to be redesigned by them into usable products (Cross, 2000). However, a 
certain product might need more of either one or the other design work in order to be successful.  

2.1.1 Industrial Design 

In Europe, Industrial Design developed as a category of design that emphasized the importance of 
designing products from the inside and out (Ulrich & Eppinger, 2004). European designers focused on 
for instance geometry, precision and simplicity in the design of products and they usually came from the 
architecture or engineering field. In the United States on the other hand, most industrial designers came 
from the theatre design field and the product’s exterior appearance was all that mattered to the industrial 
designers, no consideration was taken regarding function. Although, by the 1970s Europe had influenced 
America with its philosophy of product design to the extent that competition in the marketplace forced 
the companies to accept that industrial design had to deal with more than just the outer parts of a product.  

Industrial designers are typically studying form and sculpture (Ulrich & Eppinger, 2004). They usually 
possess skills of model making and drawing or sketching. Other knowledge that is typical is the basics of 
understanding materials and manufacturing techniques. Industrial design is about the interaction between 
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user and product (Johannesson, et. al., 2013; Ulrich & Eppinger, 2004). It has been stated that here are 
psychological aspects that regulate how we interact with products, hence interaction design between user 
and product has to be studied psychologically as well (Norman, 2002). Furthermore, Industrial design 
usually contain knowledge about colour, product identity and user adaptability (Johannesson, et. al., 
2013).  

2.1.2 Engineering Design 

It has been argued that the most essential design activity is the making of the description of how to 
manufacture or produce a certain design or product (Cross, 2000). It is also stated that the most widely-
used form of communicating a design between the designer and the producer is to use drawings and 
sketches. However, in some cases when a design is specifically complex or unusual, the designer is required 
to produce a 3D mock-up or prototype in order to communicate it sufficiently. A designer is a person who 
proposes the form of a product followed by the materials that the product may be produced of. 
Successively, an analysis needs to be done. If a designer is going to design a building for instance, the 
analysis would include investigation of whether or not the structure will be reliable enough not to break 
according to the loads that will be placed on it. To analyse the loads the designer will be required to apply 
various engineering skills (Cross, 2000). It has been argued that the skills of Engineering Design focus on 
the engineering parts of product design, hence the measurable or technical qualities of a product such as 
geometry, material science and manufacturing techniques (Johannesson, et. al., 2013). It is stressed that 
in a product development team with both industrial designers and engineers, the industrial designer would 
focus mainly on the aesthetics and ergonomics of the product whilst the engineer most likely will focus 
on the technical aspects/features. A typical process is also that the industrial designer produces a large 
variety of proposed designs and then cooperates with the engineer to decrease the number of concepts 
which is usually done over several evaluation steps (Ulrich & Eppinger, 2004). 

2.1.3 Industrial Design Engineering 

Today it has become increasingly important for these two concepts to work parallel and cross-functional 
(De Vere, Melles & Kapoor, 2010; Johannesson, et. al., 2013). It is stressed that the growing competition 
in today’s market of consumer products has led to increasing insight that successful product design only 
can be reached when combining industrial design skills and engineering design skills with each other 
(Cross, 2000). Hence, a product that is well-engineered is of no value if it is difficult or unsafe to use, -it 
is not a well-designed product. Likewise, an attractive product that proves to be difficult to maintain or 
reuse is neither qualified as good design. A possible conclusion is that good product design needs an 
Industrial Design Engineer with skills and knowledge from both industrial design and engineering design 
respectively (Cross, 2000; Johannesson, et. al., 2013). There is a globally increasing need for a profession 
that understands both engineering design and industrial design in combination (De Vere, et. al., 2010).  

Hence, a new category of profession has developed that emerges from both industrial designers and 
construction engineers. The design engineers are focused on the border between design and construction, 
the area of profession is called Industrial Design Engineering (Johannesson, et. al., 2013). This is a rather 
wide area of knowledge and subsequently there are a lot of aspects regarding the skills and abilities of the 
profession. Nevertheless, the overarching purpose for the industrial design engineers is the view of 
industrially, serially manufactured products distributed to large populations of people. One of the many 
important subjects for the designer will accordingly be the understanding of the connections between the 
product and its user.  
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2.2 Human factors 
It is stated that errors rarely occur due to human factors but most commonly due to design errors (Lidwell, 
Holden & Butler 2010). Errors made by humans come in two different categories, slips and mistakes 
(Lidwell, et. al., 2010; Norman, 2002), while others prefer to categorise it in three basic error types, which 
includes lapses (Reason, 1990).  

Slips are errors which result from automatic behaviour, subconscious behaviour that is intended to fulfil 
a need or action but does not get the whole way through (Lidwell, et. al., 2010; Norman, 2002). The 
difference between slips and lapses is that slips are classified as attentional failures such as omission and 
mistiming while lapses are described as memory failures such as omitting planned items or forgetting 
intentions. Both slips and lapses are the result of the unintended actions (Reason, 1990). The mistakes 
on the other hand are errors that result from our conscious or intended actions (Lidwell, et. al., 2010; 
Norman, 2002; Reason, 1990). Thus, there are two different forms of errors, they result either from our 
unintended actions, or our intended actions. Another way of separating these two forms is to describe 
them as planning failures which result in mistakes, and execution failures which result in slips and lapses 
(Reason, 1990).  

It is further on discussed that it is extremely hard to classify and distinguish different errors from each 
other, the situation is more complex and several aspects need to be considered. The described classification 
above works as a first approximation (Reason, 1990) although the system includes an extension of a large 
number of subcategories and varieties in addition to what have been mentioned here.    

2.2.1 Human factors in design 

There are a lot of ways for designers to deal with human errors, but it is argued that the designer should 
approach the topic by seeing the whole interaction between person and machine (Norman, 2002). It is 
useless to divide it sharply between the correct behaviour and the error behaviour. The philosophy of user-
centred design goes; think from the user’s perspective, - assume that every possible fault will occur and 
protect against it (Norman, 2002). The author gives some advice regarding how to design to prevent or 
protect against human errors; use the required information, don’t expect the user to keep it all in the 
head. Do use the strength in natural and artificial constraints, use forcing functions and natural mapping.  

Other actions that can be implemented to prevent slips are; provide clear feedback on actions, error 
messages should be clear, consequences of the errors should be included, use confirmations to interrupt 
the flow and verify the action, consider the use of affordances and constraints (Lidwell, et. al., 2010). 
Mistakes can be minimised by increasing situational awareness and reducing environmental noise. Key 
indicators and controls should be visible within one eye span whenever possible, reduce the auditory and 
visual noise to prevent stress and cognitive load (Lidwell, et. al., 2010). The authors also argue that there 
should be enough feedback, but not too much, only enough to accomplish warnings and other functions. 
Furthermore, always incorporate the principle of forgiveness into a design, it refers to usage of design 
elements and reduction of the frequency and severity of errors and it enhances the safety and usability of 
the design.   

2.2.2 Human factors in aircraft maintenance 

Traditionally, the human factors in aviation has mainly focused on the air crew, pilot error or cockpit 
environment situations (Gramopadhye & Drury, 2000). However, an increase of maintenance and 
inspection errors has changed the situation towards human factors research in this area. Human factors 
research brings a wide focus on the capabilities and limitations of humans such as psychological and 
physiological aspects about how much we can remember or how much we can lift. It is possible to conclude 
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that the human factors perspective considers the human as the centre of the system (Gramopadhye & 
Drury, 2000).  
 
The maintenance process can be described by many different stages that contain several levels of 
maintenance technicians and personnel, this makes the whole process severely prone to human error risks 
(De Crescenzio, et. al., 2011; Tretten & Normark, 2014). It is argued that in order to increase air-
transportation, it is of absolute necessity to reduce the human errors’ impact on operations (De 
Crescenzio, et. al., 2011). The authors state further on that the industry should firstly address the human 
factors related to people in stressful work situations in order to reduce such errors. Aviation maintenance 
personnel in particular do work frequently under extremely stressful situations.    

The most important risks of human errors in aircraft maintenance are obviously the severe accidents, 
however there are many other important consequences (Latorella & Prabhu, 2000). Examples of such 
consequences are; air turn-backs, delays in aircraft availability, gate returns, in-flight shut-downs, diversions 
to alternate airports, maintenance rework, damage to maintenance equipment and injury to maintenance 
personnel (Latorella & Prabhu, 2000). These consequences altogether negatively affect customer 
satisfaction as well as both productivity and profit of airline company (Latorella & Prabhu, 2000). An 
analysis shows that 35% of all the closed actions of enforcement between 1999 and 2008 were the result 
of maintenance violations and that maintenance related accidents have had a higher fatality rate than 
accidents overall in general (Marais & Robichaud, 2012).  It is also argued that when the critical failures 
that lead to fatal accidents occur, it is most likely that maintenance was involved in one or another way.  

2.3 Failure and error reduction 
It is argued that there are two different types of errors in the context of human factors within aircraft 
maintenance: active failures, which are the ones that lead directly to the incident, and latent failures, which 
are the underlying cause and reason why the active failures occur (Drury, 2000; Reason, 2000). Different 
factors that together causes accidents in maintenance failures are; design errors, mechanical failures, 
software errors and organisational or user errors (Marais & Robichaud, 2012). These factors can then be 
classified into active and latent failures.   

The active failures are the kind of failures that usually are easily discovered since they are performed close 
in time to the incident. These failures are caused by those who have direct contact with the action and 
aircraft, such as the mechanic (Drury, 2000; Drury & Wenner, 2000; Reason, 1990; Reason, 2000). The 
definition of the active failure is that it has a direct effect on the system (Drury & Wenner, 2000; Reason, 
1990; Reason, 2000). However, these errors are usually discovered and corrected by the mechanic instantly 
due to barriers and safeguards built in the system which result in that the system rarely has to deal with 
the consequences of the active failures (Drury & Wenner, 2000).  

The latent failures, on the contrary, are usually committed by those who do not have direct contact with 
the action that is to be made (Drury & Wenner, 2000; Reason, 1990; Reason, 2000). These people are 
most likely supervisors or managers that write instructions of how a task should be performed, even though 
this person might not actually have the full knowledge since he or she is separated in time and place from 
the actual scene. The decisions that cause a latent failure or condition are usually made by top level 
management such as designers or builders (Reason, 1990; Reason, 2000). One small mistake in an 
instruction is easily made and will lead to the mechanic being encouraged to commit an error (Drury & 
Wenner, 2000). Thus, latent failures can be lying on standby mode in the background for a considerable 
time until they are detected (Drury, 2000; Drury & Wenner, 2000; Latorella & Prabhu, 2000; Reason, 
2000). When enough latent failures have gathered, an incident will eventually occur, this   



9 
 

makes it hard to distinguish which failures led to a certain accident (Drury, 2000; Latorella & Prabhu, 
2000). Delayed feedback reduces the ability to learn from errors (Latorella & Prabhu, 2000) and if we can 
reduce the latent failures, the active ones will be prevented (Drury, 2000; Reason, 1990; Reason, 2000).  

It is argued that we usually try to reduce the impact of the latent failures by providing barriers (Drury, 
2000). A barrier to error propagation would be, for example, to train the mechanic or technician to check 
every component extra carefully every time he or she performs a task before signing it off. This would be 
a fairly weak barrier though, since it is not reliable to train people in performing unnatural or uncommon 
acts.  Such a barrier is characterised as porous (Drury, 2000). Logically, if enough barriers where too 
porous, a certain event could propagate through them and lead to different levels of accidents. The aim 
in aviation is to provide barriers that prevent such propagation (Drury, 2000). Aviation safety is relying 
on the struggle to minimising error occurrences (Drury, 2000; Latorella & Prabhu, 2000). 

It has been stated that it exists two different types of approaches when consulting the human errors, the 
person approach and the system approach (Reason, 2000). The person approach addresses the errors 
committed by individuals, blaming them of inattention and forgetfulness, for instance. The system 
approach concerns the whole situation, dealing with the conditions that exist around people’s working 
situations. The system approach consider errors more of being consequences rather than causes and argues 
that errors emerge from systemic factors rather than the matter of human nature. It relies on the system 
defences, when an accident occurs the question is about how and why the defences failed and not who 

there is to blame. The defences, barriers 
and safe guards are the core of the system 
approach. Usually, high technological 
systems have a large number of defensive 
layers such as alarms, physical barriers, 
automatic shutdowns and so forth. The 
purpose of these defensive layers is to 
protect the organisation and its content 
and prevent eventual accidents. Usually 
they work most efficiently but nothing is 
ever perfect and there are always defects. In 
theory, one would like to consider each 
defensive layer as complete and intact, in 
reality however, this is never the case. It is 

possible to see the situation as slices of Swiss cheese, the defensive layers are the slices and the holes are 
the defects (Reason, 1990; Reason, 2000). Only with the difference that the holes swift positions, open 
and shut themselves continually. One or a few single holes in any slice does not normally cause any trouble, 
but it is when they all of a sudden line up and allow a path through the whole system that a hazardous 
accident occurs. These holes in the defensive layers have two explanations, the active and latent failures. 
Reason (2000) uses an analogy where he explains that active failures are like flies, it does not matter how 
many you swat they still keep coming. The only way of making them disappear is to drain the swamp from 
where they derive by developing more effective defences. The always present latent conditions are referred 
to as the swamps.  

Equipment used is also becoming more advanced and complex and the workload of the technicians and 
others that work in this environment is increasing. It has been stated that human error control concerns 
the fact that some human errors in aviation maintenance emerge from poorly designed interfaces of the 
increasingly advanced equipment and information sources (Latorella & Prabhu, 2000; Lidwell, et. al., 
2010). Research lead to the suggestion that there is significant potential to improve aviation safety by 
reducing maintenance errors. It is stated that due to the high proportion of maintenance related incidents 

Figure 3: The Swiss cheese model of how defences and 

barriers are being penetrated by an accident trajectory. 

Illustration: I. Aronsson (2015) with inspiration from Reason 

(2000). 



10 
 

involving mechanical failures, there may be issues surrounding both the enforcement and design of 
maintenance plans (Marais & Robichaud, 2012). This could be done by organisation and transference of 
data into a mobile device that would instantly give a better overview of the whole situation (De Crescenzio, 
et. al., 2011; Drury, Prabhu & Patel, 2000; Isevall Holmlund, 2014).  

2.4 Gripen maintenance 
Workers that perform aircraft maintenance on JAS 39 Gripen are technicians and mechanics. Some 
technicians are in higher positions and are called maintenance leaders (de Tomás Álvarez, 2014). They 
have the authority of distributing maintenance tasks between workers, they also take care of 
troubleshooting and functional checks (de Tomás Álvarez, 2014; Pousette & Wiik, 2014). The main tasks 
that are included in the daily work of a technician or mechanic are preventive maintenance, service, 
inspections and repair.  
 
The usage of printed out paper is huge. It is common with documents such as work orders that need to 
be signed by hand in order to always ensure that somebody is in charge for the intended action (Tretten 
& Normark, 2014). The signed paper can also be the documentation for whom has a certain tool for the 
moment. This action of signing by hand makes the system rather slow, especially when the person who is 
to sign is not available at a specific moment. In order to understand how maintenance personnel is 
working on JAS 39 Gripen and what situations there are of human factor error risks, the tools and 
equipment that they use daily has been studied, below is a description of them.  

 

Figure 4: JAS 39 Gripen. Photo: I. Aronsson (2015).  

2.4.1 Manuals 

The manuals are available both digitally and printed, stored in folders (Brorsson-Pierre, Eriksson, 
Forsgren, Högbom & Sund, 2011; de Tomás Álvarez, 2014; Pousette & Wiik, 2014). The manuals provide 
the workers with the necessary information about how to perform a certain task. Even though a technician 
knows how to execute a certain repair action, he or she prefer taking a look in the manual anyway, to be 
absolutely sure of doing it correct. It is usual to print the manual documents in order to bring it to the 
aircraft to keep it close in hand when performing the actual task.   
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2.4.2 Logbook 

Every fighter aircraft is equipped with a logbook containing data about what changes has been made on 
the plane recently (Brorsson-Pierre, et. al., 2011; de Tomás Álvarez, 2014; Pousette & Wiik, 2014). Every 
time a repair or change is made, the technician responsible of performing it has to sign. It also contains 
information and a signature from the pilot. The logbook always goes with the plane stored in the cockpit, 
available for example in case of emergency landings.  
 

2.4.3 Fenix 

The logbook is also stored digitally in a computerised internal network called Fenix (de Tomás Álvarez, 
2014). The information from the logbooks is transferred into Fenix every day. Fenix is central in control 
of maintenance planning and follow-up, it includes all information about the aircrafts and their history, 
the only thing it doesn’t include is spare parts. Fenix is a Swedish variant of the product “Maintenix” from 
the company Mxi (www.mxi.com) and it features a number of capabilities for simplifying aviation 
maintenance control.  

2.4.4 The black book 

The black book is a small book that every technician carry with them (Brorsson-Pierre, et. al., 2011; de 
Tomás Álvarez, 2014). It is a small version of the most important aircraft maintenance such as checklists 
and different kinds of useful instructions. The black book also serves as a notebook where the technician 
can add personal comments and notes.  

2.4.5 Whiteboards 

The whiteboards are displaying all the aircrafts in the fleet with information about plane number, current 
status, comments, restrictions and other information. The information on the whiteboards is frequently 
changed, updated and easily visible for all workers (Brorsson-Pierre, et. al., 2011; de Tomás Álvarez, 2014).  

2.4.6 Memory stick  

A memory stick is used to download data from the plane about the current flight. It is also used for 
updating the plane’s software (Brorsson-Pierre, et. al., 2011; Pousette & Wiik, 2014).  The memory stick 
is oversized to be able to handle when wearing winter gloves. 

2.5 Problem identification 
As the present situation of workflow executed on JAS 39 Gripen was learnt, a following investigation 
about what situations there are of erroneous actions could be done. This chapter presents a compilation 
of the most frequent problems and issues identified. However, every situation comes with both positive 
and negative features, which makes this a subject of discussion.  

2.5.1 The use of paper 

A lot of printed paper is used in daily maintenance work (Brorsson-Pierre, et. al., 2011; de Tomás Álvarez, 
2014; Pousette & Wiik, 2014; Tretten & Normark, 2014). This can be a slow and inefficient way of 
handling the data, the workers need to move between their workstation and the manuals several times to 
gather the correct information. The signing of logbooks and other document can be an inefficient way of 
workflow when the person who has to sign is not available at the time and signing is required before 
proceeding to the next step. However, there are both negative and positive aspects regarding the use of 
paper. In case of technology failure these are of absolute necessity. In case of emergency when a plane has 
to land somewhere and the pilot does not have internet connection, the logbook has to be available 
without power or internet access. Furthermore, the availability of printed manuals can come in handy 

http://www.mxi.com/
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when the technician is looking for something but does not have the correct keyword to use for searching 
in a database, in this case it is easy to riffle through a folder (personal communication, J. Josefsson, 2015-
04-21). Additionally, one is quite efficient with a single sheet of paper during ongoing work operations, it 
is easy to carry it with you, place it somewhere, turn it, move it and then throw it when it is not needed 
anymore. If this ability is taken away it has to be replaced by something that is enough simple to use not 
to induce distractions instead.  

2.5.2 The use of information 

The spreading of information is done in many different ways (personal communication, O. Candell, 2015-
05-18; Tretten & Normark, 2014). Different sources are used and the same information is sometimes 
available at different places at the same time. Different systems are used to handle the information and 
there are deficiencies and weaknesses in the usability of these systems that can be related to risks (personal 
communication, O. Candell, 2015-05-18). For instance, there are both whiteboards and logbooks, black 
books and manuals. The information on the whiteboards are changed frequently and thus difficulties 
occur when trying to figure out who knows what and if the right person has got the latest update of 
information (Brorsson-Pierre, et. al., 2011; de Tomás Álvarez, 2014; Pousette & Wiik, 2014). The orders 
from the maintenance leaders are distributed amongst different work teams printed on paper or written 
on whiteboards. Further on, repair information is gathered from manuals stored in data bases, from the 
aircrafts logbook and also through the pilot (Tretten & Normark, 2014). Gathering required information 
stored in many different places can be an inefficient way of organising the system since the workers need 
to pay a lot of attention not to commit errors along the way (Tretten & Normark, 2014). The information 
is difficult to access and requires a lot of knowledge and experience from the worker to be used in a correct 
and efficient way (personal communication, O. Candell, 2015-05-18). However, this way of handling 
information is inspected and approved by the authorities, Swedish Armed Forces, and is therefore used 
within the maintenance processes of the Swedish Air Force. Otherwise, it would mean that there is a crime 
against the rules of authorities which would lead to notifications and remarks and that is very rare. 
Moreover, even if there are concerns within the system, the Swedish Air Force have internationally 
relatively good statistics of incidents and deviations in maintenance.  

2.5.3 Inconsistency in communication 

There are several channels used for communication. Usually they use mobile phones, intercom or radio 
to communicate auditory. Problems occur when technicians are working on the same parts 
simultaneously, it’s hard to determine who has got the largest responsibility and who is actually to sign off 
the task when completed (Brorsson-Pierre, et. al., 2011; de Tomás Álvarez, 2014; Tretten & Normark, 
2014). Personal notes are good referring to the ability of always learning when something unusual 
happens. The problem is that every note, picture or experience of interesting potential never reaches all 
involved, they stay in the personal black book or next to the text in the printed manuals (Tretten & 
Normark, 2014). 

2.5.4 Slow updates  

The printed manuals that are stored as a backup in case of technology failure are only updated three to 
four times a year which makes the system unreliable (Brorsson-Pierre, et. al., 2011; de Tomás Álvarez, 
2014; Pousette & Wiik, 2014; Tretten & Normark, 2014). Sometimes there are also software difficulties 
when updating information to and from the aircrafts, this leads to the result that the technicians won’t 
be certified to conduct the required maintenance on time which can cause delays and other issues (Tretten 
& Normark, 2014). Another severe problem with having many different systems is that the data won’t 
most likely be consistent and up to date which troubles the process when for example spare part are in a 
separate system than the tools needed.  
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2.5.5 Ergonomics and weather conditions 

Technicians are required to perform their tasks in all weather conditions which can affect both the 
performance as well as the result of the work (de Tomás Álvarez, 2014; Tretten & Normark, 2014). In 
addition to this, they also use heavy tools and inconvenient protective wearing such as ear protection or 
gloves. The environment is also quite loud and noisy at times and every now and then the workers need 
to remove their ear protective equipment to communicate (de Tomás Álvarez, 2014; Tretten & Normark, 
2014).   

2.6 Suggested solutions 
The problems and issues that are presented above has been addressed with a number of previously 
suggested solutions of how to improve the situation. These solutions have been studied in order to take 
advantage of the investigations and findings to get a proper understanding of what developments are 
applicable. Each concept is described below along with its advantages and disadvantages respectively.   

2.6.1 Flight Community Information Center 

One possible solution of the mentioned above problems is the implementation of a “Flight community 
information center”. It is in fact a set of four different products that work together; a headset, a digital 
paper, a workstation and a Flight Community Information Center, FCIC (Brorsson-Pierre, et. al., 2011).  

The headset, is a product that consists of a microphone, a camera and earplugs that provide hearing 
protection, the headset is intended to be used by aircraft maintenance personnel. The microphone and 
earplugs enable easy communication between staff and the camera provides a possibility of others to see 
the same thing as the technician, from the exact same point of view. The earplugs should give good hearing 
protection and yet enable communication with the people around. 

The digital paper is a bendable, handheld touch screen that also possesses the benefits from a regular paper. 
The technician will have access to all the necessary information from the digital display and the screen 
can easily be attached to the plane or around an arm which gives the technician the ability of using both 
hands freely when working.  

The workstation is a macro version of the digital paper. The extended size makes it possible for more than 
one person to work on it at once. Just like the digital paper, the workstation is fully bendable and easily 
rolled together or folded for easy transportation.  

The FCIC itself is the core of the set of these four products. The FCIC relies on the three categories of 
history, access and communication. The FCIC is like a social community that will connect aircrafts, 
workstations, pilots, technicians, spare parts suppliers and everybody else that need to be informed within 
the system. Information shared within the community will be for example information about people, 
showcasing of pictures or videos, locations of staff or equipment and much more. The idea is that if 
everyone involved is connected to one same system that provides all information possible, it will easily 
allow everyone of being aware of changes, adjustments or new information. The FCIC manages data and 
history while it also lets the user interact with the system. One way of interaction is the ability of listing 
and searching information according to any subject of interest. Features such as automatic stock statuses 
and direct supplier connections simplifies maintenance planning and action, maintenance work will be 
traceable and possible to review in each step.  

2.6.2 Interface design and information presentation realised with tablets 

If the idea of a tablet would be realised it would need a reliable graphical user interface in order to perform 
satisfactorily. A graphical user interface for implementation in a tablet has been developed (Pousette and 
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Wiik, 2014). A tablet with this graphical user interface implemented is intended to be used in the daily 
work performed by aircraft maintenance technicians and mechanics. The work is a concept produced and 
visualised in photo shop environment and provides information presentation with visual clarity in a 
structured way based on theory about interaction design, design theory and human factors. The concept 
contains first of all a log-in page where the technician access their personal account. This increases the 
security of the system and lets it know who performs what and when. While inside the application the 
user can choose what plane he or she is going to work on and the home page of that plane appears. Here 
it is possible to choose from a set of pages; manual, report, work order, history, specification or flight info. 
Overall it is an application with all information that is needed in order to perform maintenance tasks and 
operations in an efficient way, features such as signing and reporting are also done directly through the 
tablet.  

2.7 Interaction design 
Interaction design is about the development of interactive products, systems, technologies, environments 
and further that are from the user’s perspective easy, effective and enjoyable to use (Sharp, Rogers & 
Preece, 2007). By interaction design the authors mean the design of products (systems, technologies and 
further) to support the way people communicate and interact in their daily and working lives. Some 
universal areas that define interaction design can be described as human factors, human-computer 
interaction; HCI, human-machine interaction; HMI, human-centred design, user interface, ergonomics 
and cognitive aspects and finally the user experience which has become a central part of interaction design 
today (Sharp, et. al., 2007). Interaction design is increasingly being accepted as the umbrella term for all 
these concepts.  

2.7.1 User centred design and user experience 

User centred design is as described and defined, knowledge about design based on the needs and interest 
of the user (Norman, 2002). It is also described as the user experience, how people feel about a product 
and their pleasure and satisfaction, when using it, looking at it, and overall interacting with it, two areas 
of knowledge which are most connected to each other and emerge from the knowledge of interaction 
design (Norman, 2002; Sharp, et. al., 2007). It has been argued that it is of great importance to evaluate 
the work that has been done, or the product that has been built, ensuring that the product is in fact usable, 
addressed through a user-centred approach of design (Sharp, et. al., 2007). User-centred approach of a 
design lies within the involvement of the user throughout the whole design process. There are many ways 
of how to achieve this, for example; observing users, talking with them, interviewing them, asking them 
to fill in questionnaires or even asking them to become co-designers.  

2.7.2 ISO 9241-210:2010: Human-centred design for interactive systems 

This ISO-standard contain requirements and recommendations for human-centred principles and 
activities regarding computer-based interactive systems. It provides a framework of process for those 
involved in human-centred design and development. The definition of human-centred design according 
to ISO 9241-210:2010 is: 

“Approach to systems design and development that aims to make interactive systems 
more usable by focusing on the use of the system and applying human 
factors/ergonomics and usability knowledge and techniques” (SS-EN ISO 9241-
210:2010, p.2) 

In this part of ISO9241 the term “human-centred design” is preferably used instead of “user-centred 
design”. It is in order to emphasise that it addresses other stakeholders as well, not just the ones that are 
normally referred to as users. Nevertheless, these terms are used synonymously in practice. The 
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requirements and recommendations described in this standard are complementary to any design 
methodologies. The human-centred perspective that is provided, can be involved in varied design and 
development processes in different ways according to diverse contexts. However, the following list of 
principles, described in ISO 9241-210:2010, should be followed in any design process where a human-
centred approach is desired: 

a) The design is based upon an explicit understanding of users, tasks and environments.  

b) Users are involved throughout design and development.  

c) The design is driven and refined by user-centred evaluation.  

d) The process is iterative.  

e) The design addresses the whole user experience.  

f) The design team includes multidisciplinary skills and perspectives.  

Here, the term “user-centred evaluation” is used in order to emphasise that the evaluation is from the 
actual user’s perspective. These principles are briefly described below (ISO 9241-210:2010):  

a) How much products are considered usable and accessible depends on their context. For example, a 
system that provides good user experience according to a young person might not be usable at all for 
persons above a certain age. Therefore, the characteristics of the users, their tasks and the environment 
need to be described in a context of use. The context of use is a valuable document referred to as an 
information source when for example establishing requirements.                            .  
 

b) User involvement in the design process is essential in human-centred design, for example it provides 
valuable knowledge about the context of use. The involvement of users should be active, it can done 
through letting users act as a source of relevant data, evaluate solutions or provide feedback through 
testing of the proposed design solutions.                                       .  
 

c) The user feedback is a critical source of information in human-centred design and should be provided 
in order to minimise the risk of a product or system not meeting user or organisational needs. Evaluations 
of such, let early design solutions be tested in their actual situations or scenarios and the results thereby 
contributes to refined design solutions. In the final step of design, user-centred evaluations should also be 
held in order to accept the final product and to confirm that the requirements have been met.                                                                
.   

d) Without iteration, one cannot achieve the most suitable design for an interactive system. In the context 
of this principle, iteration means repeating an activity or sequence of steps until the desired result is 
reached. Human-centred activities can be iterated for minor components of the system and then again at 
a higher level over the entire product or system. Iteration assures refinement according to new data and 
thereby eliminates uncertainty during the design process.                                    .  
 

e) The design should address the whole user experience in terms of considering wider perspectives of for 
example the user’s prior experiences, skills, attitudes, habits and personality. A common misconception is 
to interpret usability only as something that refers to making products easy to use. However, the concept 
of usability is more deeply explained in ISO 9241-11 where it is described that when interpreted from the 
user’s perspective, usability can include the perceptual as well as emotional features that typically are 
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associated with user experience.                                                                 . 
 

f) Teams working on human-centred design do not have to be large but they should be satisfactorily 
diverse. It is argued that team members should have different skill bases in order to collectively share 
creativity and ideas when interacting with each other and in this way the team will have a larger field of 
expertise together. This is something that projects will benefit from extensively.  

2.7.3 Activities for human-centred design 

Development of any interactive system should according to ISO 9241-210:2010 include the four linked 
human-centred design activities listed below.  

a) Understanding and specifying the context of use.   

b) Specifying the user requirements. 

c) Producing design solutions. 

d) Evaluate the design.  

These activities are briefly described below:  

a) The context of use includes information about, amongst other, the users, their environment, and their 
tasks. Aspects of the current situation will give information about such issues. Information about the 
current context is supposed to be gathered and analysed in order to understand and then specify 
requirements for design.  

b) Specifying the requirements is about identifying the user needs and specifying the functional 
requirements of the product or system that is going to be developed.  

c) Design solutions are supposed to answer the functional requirements established for the product or 
system. Producing design solutions should include consideration of the whole user-experience, making 
the design solutions more concrete by using early models or mock-ups which enables the designer to 
communicate their proposed designs. Further on, it should include the altering of the design solutions 
according to user-centred evaluation and feedback and finally communication of the design solution to 
those responsible for their implementation.  

d) User-centred evaluation is an activity that is required in order to obtain a human-centred design 
approach. All the way through the project, a design should be evaluated in order to understand the user-
needs. However, it is not always practical nor cost-effective to perform user-evaluations at each and every 
stage of the project. In these situations, design solutions should be evaluated in other ways which still 
implies how users will experience the system even though the users themselves don’t participate directly.  

2.8 Usability 
Usability can be described as the quality of the user experience (Sharp, et. al., 2007). Again, two areas of 
knowledge, usability and user experience, that are inextricably connected to each other. Hence, good user 
experience indicates a high quality of the usability and conversely, aspects of the user experience are 
directly linked to how usable the product is (Sharp, et. al., 2007). Usability is generally regarded as the 
insurance that interactive products are easy to learn, effective and enjoyable to use, from the user’s 
perspective (Sharp, et. al., 2007). The emphasis is on making products usable and understandable 
(Norman, 2002). Usability can be broken down into different goals; effective to use, efficient to use, safe 
to use, having good utility, easy to learn and easy to remember how to use. 
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2.8.1 ISO 9241-11: Guidance on usability 

This standard gives a definition of usability and provides guidance in the context of general principles and 
techniques on how to specify and evaluate usability of products. The definition of usability within ISO 
9241-11 is as follows:  

“Extent to which a product can be used by specified users to achieve specified goals with 
effectiveness, efficiency and satisfaction in a specified context of use.” (SS-EN ISO 
9241-11:1998, p.4) 

Usability as a part of the development of a product needs systematically defined demands for usability. 
Definitions of how to measure these demands need to be included and in addition, a verifiable description 
of the context which the product is intended to be used in. The demands represents the goals of 
construction and will also form a foundation of verification of the results of the development work.  

The validation of a product’s usability is divided into three categories describing different types of 
measurements. The three categories are effectiveness, efficiency and satisfaction. A measure of 
effectiveness provides information about the relation between the goal of a task and how well it is 
accomplished. A measure of efficiency indicates the level of effectiveness in relation to the consumption 
of resources. At last, a measure of satisfaction is defined as a measure that tells on what level the user is 
having absence of discomfort as well as the user’s attitude towards the product.  

It is argued that at least one type of measure from each category generally is needed to be provided. It is 
described that a product’s usability can’t be studied and analysed when it is taken out of its context. 
Therefore, there is no general rule of how to choose or combine certain measurements from the different 
categories since a product can show large differences in level of usability when it is used in different 
contexts and under different circumstances. It is further on explained that in order to decide the level of 
usability of a product it is essential to measure the performance and the satisfaction of the user.  

If it is not possible to obtain the level of effectiveness and efficiency with an objective kind of 
measurement, it is applicable with a subjective measurement instead. The subjective measure can be based 
on the user’s experiences when interacting with the product in order to give an indication of the result of 
effectiveness and efficiency.   

2.9 Design principles 
How should information be presented to us? Such examples can be described in terms of design principles. 
Principles of how to achieve a more usable, understandable and user friendly design (Lidwell, et. al., 2010).  

Design principles can be described in many different ways and they appear in different hierarchies 
(Wikforss, 2008). They can be described as guidelines and tips of how an interface should be designed to 
be usable and support the cognitive processes as perception, memory and attention. Work have been done 
on development of usability in the cockpit environment of JAS 39 Gripen (Wikforss, 2008).The work 
resulted in five different principles of designing for usability; 1. The principle of design consistency, 2. 
The principle about supporting the user’s mental models, 3. The principle of redundancy, 4. The principle 
about keeping it simple, and 5. The principle about the use of colours. Design principles work as guidelines 
to help designers construct products or systems towards good user experience (Sharp, et. al. 2007). One 
can see it as dos and don’ts of interaction design. It has been explained that the design principles are not 
intended to tell the designer how to design something, rather trigger him or her in thinking of the design 
from different perspectives in order to achieve a more successful design (Sharp, et. al., 2007). The most 
common ones are; visibility, feedback, constraints, consistency and affordances. The number and 
variances of design principles are huge. However, through the literature review done within this project 
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there are some of these that occur more frequently and seem to be more general and well known than 
others. Below follows a review of the most frequently occurring design principles that have been reviewed. 

2.9.1 Affordance 

The principle refers to providing strong clues to the operations of things (Norman, 2002). Examples are; 
a knob is made for turning, a plate is made for pushing and a ball could be used for bouncing or throwing. 
Thus, the affordance of a design refers to an attribute of an object that is commonly known to the user 
(Sharp, et. al., 2007). When the designer uses affordances the goal is to make the user knowing what to 
do just by looking at an object without label, instruction or pictures. It is stressed that when a design does 
need labels etc. the design has failed (Norman, 2002). The design will perform more efficiently and will 
be easier to use when the affordance of the object corresponds to its intended function (Lidwell, et. al., 
2010).  

2.9.2 Consistency  

Consistency refers to creating a design such that when things looks the same, they act the same, when they 
require the same action, they give the same result (Wikforss, 2008). Consistency of a design meaning that 
similar parts are expressed in similar ways will improve the usability (Lidwell, et. al., 2010; Sharp, et. al., 
2007). Consistency can be applied in different ways, there are for example aesthetical consistency that 
refers to consistency in style and appearance and it helps to enhance recognition, communicates 
relationship and sets emotional expectations. Functional consistency refers to the consistent meaning of 
meaning and function (Lidwell, et. al., 2010). The consistent use of already known symbols, like the 
symbols for power on or off, play, rewind and such, will enhance the usability and learnability of a design 
by the fact that people will be able to use already gained knowledge about how a device works (Lidwell, et. 
al., 2010; Sharp, et. al., 2007). 

2.9.3 Visibility 

As many functions as possible should be visible, if so, it is more likely that users will know what to do next 
(Sharp, et. al., 2007). In contrast, when functions are out of sight, the user will probably have more 
difficulties using them. It can sometimes be difficult for people to know how to control a system when its’ 
functions are hidden, like the automatic faucet, the design does not tell where to put your hands in order 
to make water come out of it and the user will have to guess it (Sharp, et. al., 2007). The principle of 
visibility is based on the fact that people are better at recognising solutions when choosing from a set of 
options than recalling solutions from memory (Lidwell, et. al., 2010).  

2.9.4 Mapping 

Regards the relationship between two things, for example the controls and their answering movements 
(Norman, 2002). When turning the steering wheel in a car to the right, the wheels turn right and 
eventually the car will start going the right direction, the mapping is somewhat natural and it is easily 
learned and always remembered. A good relationship between a control and its’ effect result in greater 
ease-of-use (Lidwell, et. al., 2010). The mapping is considered good or natural when the effect corresponds 
to the expectation, pushing a button and the device turns on or flipping a switch and a dark room gets 
lighten up for example. The position is important, the location and behaviour of the controls should 
correspond to the layout and behaviour of the device (Lidwell, et. al., 2010) in order to achieve good 
mapping. 

2.9.5 Colours 

Colours are used in design for many different purposes. They can be used to attract attention, indicate 
meaning and enhance aesthetical elements (Lidwell, et. al., 2010). Use colours carefully, too many will 
destroy a design. Don’t rely completely on colours when indicating different functions since a large 
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amount of the population have trouble seeing colours. Achieve aesthetical colour combination by using 
the help of the colour wheel, complementary or analogous colours for example. Generally, bright colours 
associates to friendly and professional features while dark colours are interpreted as more serious and 
professional, saturated colours are found more dynamic and exciting (Lidwell, et. al., 2010). Be careful 
not to achieve eye fatigue by bad combination of colours. Other recommendations are; use no more than 
five colours (plus minus two), white is good for periphery, green and red can be used in the middle of 
attention, avoid blue for small symbols or details, consider the contrasts between foreground and 
background.  

2.10 Virtual and augmented reality 
This project treats technology that is important to know in order to fully understand the context of the 
product that is developed. This chapter includes an introduction to the most important facts regarding 
virtual and augmented reality.   

The similarity between virtual reality (VR) and augmented reality (AR) is the goal of immersing the user 
and create an extended experience in different ways (Designingenjörerna, 2015; McKalin, 2014; Sharma, 
2012). AR allows the users to stay in the real world while interacting with virtual objects around them 
(Designingenjörerna, 2015; McKalin, 2014). VR compels the users to isolate from the real world while 
immersed in a virtual world which is complete fiction (McKalin, 2014; Sharma, 2012).   

AR could be described as a combination of reality and a layer of visual data. There are three important 
features that define augmented reality; 1. Impression will come from both reality and the virtual world at 
the same time, 2. The two worlds will match each other geometrically, 3. It will occur in real time 
(Designingenjörerna, 2015). Augmented reality is described as the blending between the virtual and real 
world (Designingenjörerna, 2015; McKalin, 2014). The users are able to interact with virtual contents in 
the real world and they are able to tell the two worlds apart.    

VR is the technology that allows the user to experience the virtual world through the usage of computer 
hardware and software (McKalin, 2014; Sharma, 2012). The simplest way of describing how the virtual 

reality technology works is to apply an example of the 
game “Counter Strike” (Sharma, 2012). The software 
program for the game is the core element. It runs with the 
interfaced input output devices and a computer system.  
Codes give every character and environment within the 
game information about how they will act and behave. 
The code provide interaction between characters and 
environment controlled by the input devices. The 
processor then interprets the code and handles the input-
output devices jointly. VR on the other hand is when the 
user completely steps into another, virtual, world and is 
able to interact with it (McKalin, 2014; Sharma, 2012). 
VR environments are designed in a way that makes it 
difficult for users to tell the difference from what is real 
and what is fiction.  

2.10.1 Augmented reality in aircraft maintenance 

There are both positive and negative aspects regarding the idea of bringing in AR as a tool in the aviation 
maintenance technology. It has been argued that this is a very promising technology (De Crescenzio, et. 
al., 2011). With wearable visualisation it would be possible to build advanced interfaces that would be 

Figure 5: Virtual reality device Google 

Cardboard. Photo: I. Aronsson (2015). 
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interactive and it would enable implementation of new methods of displaying documentation as digital 
data. The technology provides efficiency because it is user-centred and keeps interaction simple and easy 
(De Crescenzio, et. al., 2011). AR technology implementation in aircraft maintenance has been made in 
a case study investigation and the results showed that the participants that were able to try a prototype of 
this kind were positive about the outcome (De Crescenzio, et. al., 2011). They appreciated the prototype’s 
implementation and the reason for that was described as the successful way of showing the workers that 
it actually improves the task’s efficiency. Another study that investigated the possibility of implementing 
smart eye glasses as an AR-technology device for service technicians in the car industry found the same 
results (Isevall Holmlund, 2014). The conclusion that was stated from the results of the research was that 
an AR-technology device would be very much appreciated by the service technicians of today, it would 
facilitate their daily work and thereby make it more efficient. 

However, some have other experiences about the AR-technology. AR-technology devices such as the 
Google Glasses and similar need to be investigated further through a human-interaction design perspective 
(personal communication, L. Riliskis, 2015-02-23). How should the communication between man and 
machine occur, how should information be presented without interfering with the thought and mind 
process of the person? There are psychological and physiological aspects that need to be considered in the 
context of implementing it in the industry. For instance, it is stressed that frequent usage of such devices 
gives nausea and headache.   
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3 Method and Implementation 
 

This project was executed using methods that comply with the specific challenges that are present in a 
Human Factors design project for maintenance technicians. Challenges were for instance the issue of 
confidentiality, safety and control functions. Methods regarding the gathering of data and information 
has been necessary in order to receive the knowledge that was needed and finally reaching the results that 
were desired. The chapter starts with an explanation of how the project was planned followed by a 
definition of its approach. Every chapter represents a certain phase of the project and the methods used 
are divided into its corresponding phase chronologically. The methods are defined theoretically, then a 
description of their implementation in this project is presented.  

 

3.1 Process and planning 
During a product development process there are several stages and goals that are planned and documented 
in different ways (Ulrich & Eppinger, 2004). Different techniques and methods should be categorised in 
a way that suits the project in particular and should be used as tools when reaching goals.  

One popular way of planning and organising the different components in a development process is the 
Stage Gate Process (Cooper, 2008). The process is described by a set of stages that contain different 
activities according to where in the project the stage is located. Each stage is then concluded with a gate. 
The gate is a stop where the product development team can evaluate the results and outcomes of the 
relating stage and make sure that objectives and goals are kept. The gate also serves as a tool to help 
following the schedule in order to deliver on time.   

There are many examples of product development processes that can be used as inspiration when 
conducting a particular project plan (Boghard, 2008; Johannesson, et. al., 2013; Ulrich & Eppinger, 
2004). The processes are quite related to each other and can be summarised as follows; A beginning phase 
consisting of a pre-study such as background research and need-finding. After enough knowledge have 
been gathered there is a planning phase that is followed by a compilation of requirements usually referred 
to as product specifications. Next step is to develop concepts, followed by a detailed development and 
finally prototyping, testing and adjustments are performed.  

A simple way of visualising the project and its’ planning over time is to create a Gantt chart (Bohgard et. 
al., 2008). Usually the Y-axis represents the activities and the X-axis represents the time line. The chart is 
then filled in with bars that gives information of what activity is to be performed, when and for how long. 
The Gantt chart is a simple way of distributing the time provided in a project.  

3.1.1 Implementation 

The process in this project is a summary of the product development processes described above and the 
phases have been chosen and specified according to suit this project’s objectives and aims. This project 
includes the development of a product which made these processes a suitable foundation for the planning 
and execution of this work. The process was then implemented into a stage gate format and visualised in 
a Gantt chart to simplify follow-up and evaluation and to make sure that the project delivered on time. 
Every phase represented a stage that finished with a milestone which represented a gate. Every phase 
contained several activities and every milestone represented a partial goal of reaching the final goal in the 
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end. The milestones helped keeping track of time and made sure that the project proceeded to the next 
phase when needed. The different phases can be seen in figure 6. 

Several phases was completed within this project. The picture shows the amount of weeks that every phase 
consists of and what week it is. Every different colour box is represented by a new phase except for the 
lower blue boxes that represent the writing of reports that is continuing and ongoing constantly 
throughout the project. The time plan is overlapping due to its organic nature. Thus, the phases don’t 
have to change from one day to another but over a certain time.  

3.2 Approach  
The methods used in this product design development process have been based upon the principles of 
human-centred design given in the standard ISO9241-210:2010 to validate the work as human-centred 
design. Below follows a description of how these principles were fulfilled.  

a) The design is based upon an explicit understanding of users, tasks and environments. 

The understanding of the users have been gathered through the comprehensive literature review within 
this project, as well as information about their tasks and the environments that they operate in daily. The 
context regarding today’s situation, issues and problem areas have been described in chapter 2.4 Gripen 
maintenance, and 2.5 Problem identification.  The context of use regarding the product that was 
developed is described in chapter 4.5.2 Context of use. Knowledge about the context regarding 
environment and tasks have been strengthened through validation from the users during the visit to F21 
Norrbotten Wing.  

b) Users are involved throughout design and development. 

The involvement of users have been ensured through the observations and interviews performed by other 
students in earlier projects. The results from these actions have been thoroughly reviewed and are an 
important part of the underlying base of knowledge in this project. Furthermore, these observations, 
interview results and established requirements have been validated as well, through interviews during the 
visit to F21 Norrbotten Wing executed in this project.  

Figure 6: Gantt chart. Illustration: I. Aronsson (2015). 
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c) The design is driven and refined by user-centred evaluation.  

Evaluation of the earlier work have been done both individually within this project and by the users as 
well as with the help from different experts of relevant fields. Evaluation through discussion in a focus 
group has also been executed as well as in a simulation test. The results from the evaluations were 
considered and thereby generated refinements of the design solution.    

d) The process is iterative.  

This project is part of a process, the first loops of iteration were performed in earlier projects and this 
project is a continuing iteration of earlier work. This is done though the action of returning to the users 
and presenting the earlier design solution followed by user evaluation in order to validate how the 
requirements were fulfilled. This gained deeper understanding, new requirements and possibility of 
further refinements. The process has then been iterating itself in order to make deeper refinements to 
reach more satisfying results. Thus, the process is iterative on a macro level. The process is iterative on a 
micro level due to the fact that the project has been going back and forth, redoing steps of idea and 
concept development several times according to new input and feedback that has been gained at different 
moments throughout the project.     

e) The design addresses the whole user experience.  

The interviews with the users both prior to this project as well as within this project have given subjective 
input and feedback regarding the use of the product, the perceptual experience of it and the emotional 
thoughts and feelings regarding the product itself and its context. Thus, wider perspective of the user 
experience have been addressed.   

f) The design team includes multidisciplinary skills and perspectives.  

The design team consists first of all the student and the supervisors. Both with different base of knowledge 
and fields of expertise. Further on, the experts that have been consulted as well as exterior groups of people 
that have been a part of the design development such as the interviewees at F21 and the participants in 
the focus group for example. 

3.3 Background research 
The background research phase consisted of the information gathering that was necessary in order to carry 
out this project. It was necessary to investigate the current situation to understand the context and the 
problems and issues that was to be addressed. The theoretical research questions were set up in the 
beginning of this stage as a foundation of what knowledge this work would contribute to when finished. 
When all necessary information was provided, an analysis was made in order to review the information 
gathered.  

3.3.1 Pre study 

The pre study phase consisted of research in order to understand and identify the task that was given, 
sorting out the project and conducting a complete project plan with corresponding time plan. Literature 
such as earlier reports and articles within the subject was reviewed. The pre study phase ended with the 
submitting of the project plan for approval by supervisor.  

3.3.2 Literature review 

Information about what previously had been done within the field, both concerning earlier master thesis 
projects and work concerning the product, was gathered. The theoretical background such as knowledge 
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about aircraft maintenance, human factor issues, prevention of human factor risks, interaction design and 
further have been reviewed through scientific articles, ISO-standards, books and websites.  

Scientific articles have been searched for and found through the website www.ltu.se, which belongs to the 
library at Luleå University of Technology, or provided by the supervisors. Books have been provided from 
the library at Luleå University of Technology and the databases used for browsing were; Google, Google 
Scholar, Youtube, SiS-eNav, and Primo. 

3.3.3 Analysis  

The background research ended with an analysis of the theory that had been learnt. The analysis was made 
through a written summary of the most important facts. The purpose of analysing the data before 
proceeding to the next phase was to get an overview of the theory and information that had been gained 
in order to summarise what was of most importance for this work.  

3.3.4 Product Design Specification, PDS 

In order to plan and construct the development process of a product or service it is essential to compile 
the requirements that are to be accomplished (Johannesson, et. al., 2013; Pahl, et. al., 2007). This 
document is supposed to be designed in a way such that the information can be used as the starting point 
in the search of design and construction solutions. It should also be used as a reference of evaluation in 
the end of the project in order to sum up the requirements that have been fulfilled (Johannesson, et. al., 
2013). The information in this document is under constant development throughout the project as more 
knowledge about the problem, solution and product itself is gained (Johannesson, et. al., 2013; Pahl, et. 
al., 2007). Checklists are common ways of putting this kind of information together (Johannesson, et. al., 
2013). The list of such requirements can be referred to as a Requirements List or Product Design Specification 
list (Pahl, et. al., 2007; Ulrich & Eppinger, 2004).  The different requirements on the checklist can be 
defined as demands or wishes (Pahl, et. al., 2007). The demands are the kind of requirements that are 
absolutely necessary to fulfil, otherwise the product won’t be accepted. Wishes are requirements that could 
be taken into consideration when it is possible since it is only positive if they get fulfilled but they are not 
of absolute necessity (Pahl, et. al., 2007).  

In this project, the first list of requirements that was treated was the one corresponding to the earlier work 
(Appendix 1). This document was used to evaluate the earlier concept in order to conclude and suggest 
improvements for further development. A Product Design Specification (PDS) was then conducted. PDS 
1, consisted of an extraction from the list of requirements concerning the earlier concept and was made 
in the end of the idea generation phase. It was suitable to draw a line of what to focus on, the purpose 
was to choose a number of requirements to concentrate on, go deeper with, evaluate and develop further. 
It also contained requirements that had been learnt during the literature review of other works (Brorsson-
Pierre, et. al., 2011; Pousette & Wiik, 2014) in the same field as this project. During the visit at F21 
Norrbotten Wing, a validation of PDS 1 could be made. This resulted in PDS 2, which was a refinement 
of PDS 1 according to feedback from the visit. This document, PDS 2, of the final product was also 
revalidated after the visit, with people at F21 in order to make sure that the correct opinions had been 
understood (personal communication, J. Josefsson, 2015-04-24). The PDS 2 became the foundation of 
evaluation of the final results of this project. PDS 1 and 2 are presented chronologically amongst the 
results in chapter 4.  

3.4 Idea generation 
This is the creative development phase which aimed at being convergent hence generating quantitative 
ideas and designs. The chapter explains the creative methods that were used, along with actions that 
provided more information about the product such as benchmarking and evaluation of earlier work.  

http://www.ltu.se/
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3.4.1 Mood board 

Since the idea generation phase is meant to generate creative ideas, it is a good start to begin with a method 
that opens up for creativity and playfulness. A Mood board is a presentation of an amount of different 
images, can even contain several pieces of different material samples or texts (Johannesson, et. al., 2013). 
The purpose of a mood board is often to provide the designer with inspiration by giving hints of features 
from a specific situation, place or design. It is all about gathering the visual impressions which the designer 
needs and uses when performing design work.  

In the beginning of this project, a mood board was made to gather samples of ideas from products within 
the field. The mood board was made by hand with printouts, a pair of scissors, tape and twine to resemble 
a crafted look, the piece was then posted on a wall. Many of the digitally made graphic designs of mood 
boards usually give a rather stiff impression, the goal in this case was to give the physical working 
environment of where this project was executed a creative atmosphere which was intended to be achieved 
with the crafted look of the design.  

3.4.2 Benchmarking 

Benchmarking refers to studying the market for already existing products in the range of the one that is 
to be developed (Johannesson, et. al., 2013; Ulrich & Eppinger, 2004). It is a method that aims to 
contribute to the potential improvements that follow the systematic comparison of performance in 
different types of organisations (SS-EN 15221-7:2012). It is argued that one of the most intelligent ways 
of improving the performance of the own company, organisation or what it might be is to compare oneself 
to the best company or process within an industry of interest (SS-EN 15221-7:2012). Comparison between 
competitor practices which is typically used for evaluation of performance against peers within a market 
sector, is called competitor benchmarking and may be used for example for identification of competitive 
advantages. It is argued that the method of benchmarking can reveal solutions of problems that already 
have been solved and how they were solved (Ulrich & Eppinger, 2004). In order to proceed and develop 
with new innovations it is essential to know what already exists. Additionally, important information 
about the product in particular will be gained which will contribute to a better understanding of both the 
product and its context.  

The benchmarking study in this project was conducted partially through internet. Information about 
different products in the range of virtual and augmented reality respectively was gathered from websites 
such as www.youtube.com and articles accessed from different search engines such as Google. The other 
part of benchmarking in this project was made through reality testing of the actual products. The products 
that were available were Google Glass, Meta 1 Developer Kit and Oculus Rift.  

Figure 7: Creating the Mood board. Photo: I. Aronsson (2015). 



26 
 

3.4.3 Lotus Flower Blossom Technique 

The Lotus Flower Blossom Technique is a 
sketching method used for producing a large 
amount of ideas (Vullings, 2013). It starts in the 
middle of the chart seen in figure 8, with the 
central theme or problem. Next step is to generate 
a total of eight ideas referring to the theme in the 
middle and place them around the middle in circle 
A to H. Each new idea is then moving outwards 
and creates the central theme in the outer square 
referring to the same letter, A to H. A set of eight 
new ideas surrounding each of the first eight ideas 
is now possible. These are the “petals” of the lotus 
flower. The idea is to trigger the idea generation 
process when constantly coming up with new 
themes to work with, although they are all 
connected. The advantage of using this sketching 
method is that it is a fast way of producing 
quantitative data which is preferred in the 
beginning of a design process. It also gives the designer a good ability of organising the ideas in a structured 
way, it gives the ability of being able to go back and follow the mind process and see how ideas developed 
and from where they emerged.  

In this project three different Lotus Flower charts where filled in with three different main topics. The 
three topics where seeing, hearing and speaking referring to traditional ways of communicating. When the 
three charts were filled in, they became a source of quantitative ideas.   

3.4.4 Evaluation of earlier work 

A mock-up model of a design solution was provided in the beginning of this project (Figure 1 and 2). In 
order to continue where the first work ended, an evaluation of the earlier concept needed to be done. The 
evaluation of the earlier concept in this stage of the project was made in two ways, individually and with 
the help of a focus group. The individual evaluation was necessary in order to investigate what had been 
done, to understand the product and its context. The focus group provided discussion possibilities about 
the subject, giving aspects another point of view. The evaluation was aimed towards the list of 
requirements that corresponded to the earlier design (Appendix 1).   

3.5 Concept generation 
The concept generation phase is the middle of the idea generation and detail development. The goal of 
this phase was to decrease the number of ideas and eventually form a lower number of defined concepts. 
The phase aimed to compile the sketches and ideas developed in the idea generation and form concepts 
out of that.   

3.5.1 Sketching 

The concepts were generated through picking ideas from the three Lotus charts that had been filled in. 
Combining different ideas with each other in multiple ways gave a set of concepts. The concepts were 
sketched with pen and paper. Material used were ordinary lead pencils, black ink-pens, fine liners, 
coloured drawing pens and markers.   

Figure 8: Lotus Flower Blossom chart. Illustration: I. 

Aronsson (2015). 
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3.5.2 Concept board 

The concepts that had been sketched were disorganised and needed to be structured before executing an 
evaluation and proceeding the development process.  The sketches were all cut out and organised in 
different categories according to features. When a satisfying clustering had been done by moving the 
images around, the concepts were presented on a board, further on referred to as concept board 1. The first 
concept board consisted of a coloured paper in size A2 and the images were glued on top of the paper in 
the decided structure. In order to further clarify the concepts, some explaining words were put on top 
with post-its. Again, a crafted look was desired to resemble the idea of the concepts not being completely 
done or ready, only a set of suggestions.  

3.5.3 Focus group 

A focus group is a group discussion lead by a moderator (Bohgard, 2008; Johannesson, et. al., 2013). The 
moderator is deciding the topic of the discussion and may ask questions but is not taking part in the 
discussion itself. When the participants have the ability to associate to each other’s experiences and 
thoughts through discussion the result will get multidimensional which is one of the benefits from the 
focus group as a data gathering method. The questions are supposed to be asked in a way that the 
discussion opens up to spontaneity and creativity when treating issues that are to be investigated and 
solved.  

Data collected from a focus group will be of complete subjective nature (Bohgard, 2008; Johannesson, et. 
al., 2013). Qualitative data such as the participants’ own thoughts, impressions, concerns and likes are the 
result. Usually it is enough with quite a few people taking part in order to get sufficient information about 
such things. Due to the fact that they are few, quantitative data is not applicable in this situation. It is also 
of great use to record the session in some way, audio or video, for being able to investigate and analyse the 
data later on (Bohgard, 2008). 

Positive features that comes with a focus group instead of separate interviews are the ability to get creative 
and unusual ideas due to the group dynamics (Bohgard, 2008; Johannesson, et. al., 2013). The focus 
groups are also cheap and easy to conduct and saves a lot of time when it is possible to in a short amount 
of time get a lot of valuable information at once. It is ideal to perform a focus group in the beginning of 
the development process and use it as an evaluation tool and a source of inspiration.  

However, there are also negative features. The participants may not be even when it comes to the ability 
of expressing their own opinions, people that are more dominant tend to make themselves more heard 
which is not preferable when those opinions are not representative for the rest of the group (Bohgard, 
2008). Another concern may be a situation when the group is on beforehand positively or negatively 
addressed to the topics due to different circumstances, for example if they have a relation to the product 
or company that will take advantage of the results from the session.   

The focus group in this project was performed during a two hours session with different tasks to perform 
and topics to discuss. The participants were somewhat spread in the context of age and profession 
although they knew each other well and were therefore comfortable with the constellation. Three people 
participated, all female between the ages of 21 and 26. All the participants were outside of the field of the 
project and did not have any earlier knowledge about the topics or products that they were about to 
discuss. The purpose of using people that were entirely unaware of the subject was to get a different 
perspective of the situation and to gather unusual ideas to enhance the further developing process. 

The session was divided into two parts, the first part aimed at opening the minds of the participants and 
encourage them to be more creative, it was performed through a brainstorming session. The purpose of 
the first part of the focus group was to gather raw data as inspiration for further development. Three 
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different brainstorming sessions were held. The second part was about evaluation, both earlier and new 
concepts. Features like usability, appearance, ergonomics and such were all discussed thoroughly. The 
earlier concept was evaluated with the help of the mock-up model that was provided in the beginning of 
this project and the new concepts were evaluated from concept board 1.  

3.6 Detail development 
The detail development phase aimed to developing the product more in detail and ended with decision 
of the final design. Essential information and feedback was gained from the visit at F21 Norrbotten Wing. 
The prototyping was performed during this part of the project and a simulation test was held in order to 
test the prototypes.  

3.6.1 Further development  

The concepts that had been generated so far would preferably have been evaluated by the actual users, 
unfortunately this was not possible at this moment. Instead, the overall result from the focus group was 
processed and used as a foundation when creating a second concept board, further on referred to as concept 
board 2. This second board was created as further development of one line of concepts from concept board 
1, based upon the result of the focus group. 

3.6.2 Visit to F21 Norrbotten Wing 

F21 Norrbotten Wing (Norrbottens Flygflottilj 
– F21) is part of the Swedish Armed Forces and 
is situated just outside of Luleå, Sweden 
(www.forsvarsmakten.se). They have one of the 
largest air exercise areas in the world and their 
main mission is to monitor and protect 
Swedish airspace. At F21 they operate two 
divisions of JAS 39 Gripen thus it is a place 
where aircraft maintenance is planned, 
executed, developed and evaluated. The 
maintenance personnel such as the one 
working at F21 is the target group of this 
project and a visit was planned in order to gain 
information and learn more.  

The visit was executed by the student and 
supervisor of this project, 21th of April, 2015. 
The visit was of highest importance to this 
project since it was essential to hear the 
opinions of the actual users. The visit also 
made it possible to validate the situation and 
its features which had so far only been learnt 
from theory. Thus, a deeper understanding of 
the circumstances was given through 
observations and interviews with personnel. 
Valuable material of user opinions and user evaluations occurred through a group discussion among 
maintenance personnel as well as through an interview with the head of maintenance at the facility. The 
results from the visit was then used as a support for decisions of how to refine the PDS and served as an   

Figure 9: JAS 39 Gripen in the hangar at F21. Photo: I. 

Aronsson (2015). 

http://www.forsvarsmakten.se/
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inspiration source of how to meet those particular requirements. After PDS 2 had been conducted it was 
also revalidated towards F21 (personal communication, J. Josefsson, 2015-04-24).  

3.6.3 Prototyping  

There are many definitions of what a prototype is. It has been argued that any unit of a product which 
shows at least one aspect that is of interest for the development can be considered a prototype (Ulrich & 
Eppinger, 2004). It can be on any form, examples are concept sketches, mathematical models, or pre 
productions of the product. However, others have chosen to define it more specifically, dividing different 
kind of prototypes according to their qualities (Johannesson, 2013). A mock-up is for example a model that 
exhibits form, texture and colours, it does not necessarily have the functioning qualities of the final 
product.  

During the project several primitive models have been built to realise the shape and fitting of different 
ideas that have been considered. It started with the very simple ones made out of straw and other cheap 
materials to understand the object in three dimensions. Continuously, these grew in the same pace as the 
development of the design since more features and qualities were added along the process. 

After the visit at F21 Norrbotten Wing, when the PDS had been refined and revalidated it was possible 
to develop the product in detail. Based upon the ideas from concept board 2 together with the input from 
the visit, the first model made of textile was created. By this time, the technology that was going to be 
implemented arrived and it was possible to make another model right after to try the implementation and 
investigate the details.  

3.6.4 Simulation 

A simulation without a simulator is a test created in a laboratory environment in order to simulate the 
real world scenario in a simple way (personal communication, J. Alfredsson, 2015-04-09). The simulation 
is a good way of testing a service, scenario or product in order to get valuable information about how it 
works, and what needs to be improved. Additionally, when developing physical products, it is of utmost 
importance to try them on physically to know for sure whether they are performing satisfactorily or not. 
It is also a cheap, quick and efficient method of data gathering that is useful in the detail development of 
a service or in this case, a physical product.  

The purpose of carrying out this test was to gather information about how the headset device performed 
in its realistic use. In other words, evaluating how well the last model of the product met the requirements 
established in the PDS 2. In order to adjust and develop the product in detail it was necessary to involve 
users to try it on and evaluate any shortcomings or dissatisfactions. The simulation test was performed 
with a setup of four simple tasks held outdoor with access to a private car. Afterwards there was a group 
discussion, treating topics regarding the experience of using the product that was under development. Six 
people participated, two male and four female all between the ages of 23 and 27. Answers about the 
following matters acquired from the PDS was to be obtained from this test: 

Comfort: 

 Does it feel comfortable? 
 Does it feel hygienic? 
 Easy to put on/off?  
 Adjustable to different users? 
 Is the material comfortable against the skin? 

Construction: 

 Does it feel robust to handle? 
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 Is it stabile? 
 Does it fit firmly to the head without sliding off during usage? 

Design: 

 How does it look?  
 How about the colour? 

Other: 

 Does the headset work well together with the technique used?   
 How about the earbud construction around the ear? 
 How does it feel to wear the ribbon across the forehead? 

The participants got to wear the model of the headset with the mechanism of Google Glass implemented 
during the test. The assignment consisted of a series of pictures within the glass device showing four 
different locations around the car. The corresponding picture of every location showed the same location 
but with one difference, indicating the task that was to be executed there.  

This test was performed as a simplified simulation of the daily work of an aircraft technician which is the 
context of where this device is going to be used. The technicians use a lot of written manuals to obtain 
information about how to perform operations on the aircraft in the correct way (personal communication, 
J. Alfredsson, 2015-04-09). They work a lot with pictures and step by step checklists which is why the test 
is performed in the described way. Their work also includes a lot of inconvenient working positions when 
accessing different locations on the aircraft which also was a feature that was desirable to simulate in this 
test. It was planned from inspiration of an authentic manual that was acquired during the visit at F21 
Norrbotten Wing. The goal was to let the provisional users move around and do simulated everyday work 
of an aircraft technician to obtain information about the user experience as close as the real scenario as 
possible. The most desirable situation would have been to return to the authentic users to hear their 
opinions, however, when this is not applicable due to time and restriction constraints, using simulated 
users is second best (personal communication, J. Alfredsson, 2015-04-09).  

3.6.5 Final prototyping 

The goal of this phase was to create and construct 
the final prototype. It was intended to be made 
through 3D-printing hence a CAD-model was 
needed. However, the process of development 
showed that it was not necessary to 3D-model in 
this case. Instead, the technique used when 
producing the final prototype was sewing with the 
help of a sewing machine. Accordingly, the main 
material of the final prototype was fabric, other 
materials were thread, elastic band, foam padding, 
and Velcro.  

 

  
Figure 10: Materials used during prototyping. Photo: I. 

Aronsson (2015).  
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4 Result 
 

Implementation of new ideas and the realisation of innovative concepts has been essential to this project. 
Each interaction gave results in terms of feedback that led to development of the design. Each method 
generated a result that could be analysed and used in order to constantly advance the project. This chapter 
shows the design needs of the intended user and explains how the final design fulfilled the requirements 
for a maintenance technician’s headset.   

 

4.1 Background research 
The background research focused on the literature review which mainly resulted in the theoretical 
framework, chapter 2. Other facts that were the result of the literature review are seen in the benchmarking 
results and the results of the PDS documents that were conducted.  

4.1.1 Analysis 

A significant part of improving and making aircraft maintenance more safe and reliable today is to 
minimise or reduce the impact of human errors in the context of maintenance actions. The consequences 
of making failures can sometimes be severe. In every case it results in negative consequences such as delays 
or equipment and spare part breakdowns. In the most severe cases the failures can result in personnel 
being harmed through accidents of different levels.  

There are different ways of addressing the human factors in order to minimise the risk of human errors. 
By taking a human-centred perspective one will be able to develop products that better correspond to the 
needs of the users which in this case are the maintenance technicians and mechanics. Better usability and 
human-centred design of utility equipment products will enhance the interaction and thus reduce the 
impact of making errors.  

4.2 Idea generation results 
The idea generation phase consisted of different kinds of methods thus the results come in various ways. 
The results of the creative methods consist mainly of sketches and pictures while the result of the 
benchmarking study and evaluation of earlier concept could be compiled in text and bullet lists. The first 
PDS could be done in the end of this phase.  
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4.2.1 Mood board  

The mood board was made by hand and posted on a wall.  

 

4.2.2 Benchmarking 

Below follows a review of today’s market regarding similar products of the one that was to be developed. 
Technological products in the field of virtual (VR) and augmented (AR) reality were analysed. The results 
of the benchmarking study concerned both was learnt from literature and what was learnt during reality 
testing of the products that were at disposal.  

Google Glass 

Google Glass makes it possible to 
take photos and record videos 
without using your hands. Other 
features of the Google Glass are 
the ability to go online, see 
walking directions, search the web 
by voice command and use the 
language translation tool. Internet 
is accessed with Glass through Wi-
Fi or Bluetooth. It has a small 
screen attached on one side in 
front of the eye, the screen looks 
small but appears much bigger from the wearer’s perspective (Cain Miller, 2013). Google Glass doesn’t 
contain much hardware. The frames are detachable from the device mounted on one side of the eyeglass 

Figure 12: Google Glass mechanism. Photo: I. Aronsson (2015). 

Figure 11: The Mood board. Photo: I. Aronsson (2015). 
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frame. Interaction with Google Glass occurs through speech, touching the frame or moving the head. The 
first explorer version of Google Glass cost around 1500 USD and got public availability in May 2014 
(Anthony, 2014). However, from January 2015 the device is no longer available for individuals to buy. 
Google ended the distribution of the device due to development work. Google claims that a new version 
of Google Glass is going to be released during year 2015 and will have improved sound and display quality 
along with longer battery life (Barr, 2015).  

From personal experience using the Google Glass, it is possible to conclude that the device works 
surprisingly well. The features above have all been tried and they work most sufficiently. Text is easily seen 
and read on the holographic screen that appears. Negative aspects of the glasses are that it is difficult to 
read the screen when outside in sunny weather, the screen could be bigger and the battery time is quite 
short. Other desirable assets would be for instance better quality of pictures and sharper touchpad.  

Microsoft HoloLens 

HoloLens is a product from Microsoft that is intended to be released in fall 2015. There are no external 
cameras nor wires and it is going to run with Microsoft HoloLens headset which allows users to view 
augmented reality as holograms (Santus, 2015). HoloLens is a device that is targeted for certain actions. 
For example, it will be possible to work simultaneously through augmented instructions via other people 
situated at other places during activities such as fixing the pipes or cooking a meal. Thus it is meant for 
wearing during a specific task and then you will want to take it off. Unlike Google Glasses, which was 
meant for wearing during longer periods of time, everywhere, and during everyday activities, like a smart 
phone but mounted in front of the eyes (Warren, 2015).  

Oculus Rift 

The Oculus Rift is a head mounted VR-display that was made for immersive gaming (www.oculus.com). 
It started in 2012 when the project raised over 2 million USD on Kickstarter and in 2013 the company 
gained over 91 million USD in venture funding (Warren, 2014). In 2014 Facebook acquired Oculus VR, 
the company behind the Oculus Rift, for about 2 billion USD.  This head mounted display gives a fully 
immersive 3D experience, it feels like one is actually inside the virtual world of the current game (Murphy, 
2014). The 360 degree view lets you look around you and experience the virtual environment from all 
angles, depending on the game’s premise.  

The personal experience of the Oculus Rift is that the device has got much potential in the future. It gives 
a fully immersive experience, it really feels like one is actually inside the virtual world. However, the 
graphics could be crispier and it was a shame that after only a few minutes of playing, nausea and sickness 
emerged. 

Meta 1 developer kit 

Meta 1 is a pair of augmented reality glasses which intend to bridge over the gap between the fully 
immersive virtual reality head mounted display Oculus Rift and the slightly more wearable devices such 
as Google Glass. Meta started their distribution for reaching customers in summer 2014 to a cost of 
approximately 3000 USD. The Meta 1 glasses can for example be used as a CAD tool and the user will be 
able to work on the design with his or her own hands through augmented reality. Meta is a relatively small 
company, around 50 employees, specialised on devices with augmented reality technology (Taylor, 2014).  

The Meta 1 developer kit was at disposal in this project as well and was tried out. At first, the technology 
seemed extraordinary since it was actually possible to grab holographic objects in the air in front of you 
and then place them elsewhere in the room by a drag and drop interface. Webpages could be used for 
searching the web with the virtual key board that appeared. However, the glasses themselves are quite big 
and heavy and they require cable connection to a computer. It is clear that this device has got future 

http://www.oculus.com/
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potential if developed further because even though these features are existing, they do not work 
particularly well and need to be refined in order to run satisfyingly.  

Atheer 

Atheer glasses is a device that is focused on the industry of health care, energy and warehouse to name a 
few. The user interface of Atheer is called AiR, - Augmented interactive Reality. The software is based on 
Android and incorporates motion gestures into the software. It detects the movements of the user’s hands 
and enables the user to interact with an application by pointing or swiping for example. The Atheer 
technology today runs on a Wi-Fi-connected device that is connected to the smart eye glasses. In the future, 
developers will be able to use the Atheer software to layer into their own hardware (Sullivan, 2015).  

4.2.3 Lotus Flower Blossom Technique 

The Lotus Flower Blossom Technique resulted in the filled in charts displayed in Figure 13, 14 and 15.  

  

Figure 13: Lotus Flower Blossom chart “speaking”, being filled in. Photo: I. 

Aronsson (2015). 
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Figure 15: Lotus Flower Blossom chart “seeing”, filled in. Photo: I. Aronsson (2015). 

Figure 14: Lotus Flower Blossom chart “hearing”, filled in. Photo: I. Aronsson 

(2015). 
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4.2.4 Individual evaluation of earlier work 

Below is the summary and result of the individual evaluation, made by the student, of the earlier concept 
which this project began with. A bullet list of aspects has been compiled when studying the earlier concept, 
based upon the literature review as well as investigating the physical model.  

 

 

 

 

 

 

 

 

 

 

Concerns: The throat microphone 

 Too small. 
 Uncomfortable (should be curved according to neck/shoulders on the down side). 
 Unclear how it would fit with winter clothes.  
 Unclear how to put it on.  
 Unclear if steady or fixed position during work.  
 Neck piece 90 degrees, uncomfortable.  

Concerns: Other 

 Unclear if one strap around the head is enough for steady fit.  
 Unclear if the ear buds fit firmly to wearer’s ears. 
 The device does not provide eye protection. 
 Unclear if the device provides sufficient ear protection.  
 Small details in the context of handling with gloves.  
 Suggestion of Velcro instead of buckle for tightening head strap.  
 Supposedly fragile, more robust structure desired.  
 Reflection about ergonomics. 
 Reflection about user-centred approach.  
 Reflection about usability. 
 Further user testing suggested as recommendation for future work.  
 Unfulfilled requirements; possibility to handle with gloves, provide sufficient information, 

possibility of documenting personal notes, wireless.   
 Reflection concerning the colour.   

Figure 16: Headset of earlier work. Photo: I. 

Aronsson (2015). 
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4.2.5 Product Design Specification 1 

Below is the compilation named PDS 1. These requirements were used as a foundation in the following 
design process.  

Table 1: PDS 1. Illustration: I. Aronsson (2015).  

USABILITY 

 
Wish or Demand 

Possible to handle with gloves  W 
Hand free usage W 
Compatible to the rest of the equipment D 
Possibility of taking notes D 
Possibility of taking photos W 
User – centred design approach D 
Easy to use D 
Easy to learn W 
  

ERGONOMICS 

 

 

Comfortable D 
Protective D 
Easily adapted to different users D 
  

RELIABILITY 

 

 

Sustain weather conditions D 
Water resistant W 
Shockproof W 
Chemical and oil resistant W 
Stabile W 
Dustproof W 
Wireless W 
  

DESIGN 

 

 

Innovative and modern W 
Light weight W 
Durable construction W 
User appealing W 
Pleasant usage D 
Multitasking possibility W 

 

  



38 
 

4.3 Concept generation results 
The concept generation phase started with the making of concept board 1. It was then evaluated through 
a focus group. The results from the concept generation phase gave feedback in terms of what decisions to 
make in order to proceed the process in the desired direction.  

4.3.1 Concept board 1 

The first concept board was the gathered impression of the methods executed, and their corresponding 
results gained, so far in the project. The ideas were picked from the result of the Lotus Flower Blossom 
Technique, combined and organised. Concept board 1 was the first step in the design development to 
approach the requirements that had been established in PDS 1. 

 

Usability 

The possibility of handle with gloves was interpreted as the necessity of not having too small details, rather 
a robust and slightly larger volume. This was answered by the concepts to the right in the board with post-
its such as “bulky”, “over-ear”, “on-ear” and “neck”. As well the “helmet” concept to the lower left. The 
requirements such as hands free usage and the possibility of taking notes and pictures were requirements that 
had a lot to do with the technology and so they were only assumed in this stage. The user – centred 
approach can be verified through a number of stages which have been described earlier, that requirement 
along with easy to learn and easy to use was also taken care of later when it was possible to verify these issues. 
Compatibility with the rest of the equipment was also hard to distinguish in this stage since it was prior to the 
visit at F21 and thus it was hard to know what was needed in that sense.  

Figure 17: Concept board 1. Photo: I. Aronsson (2015). 
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Ergonomics 

The requirement of comfort was answered to by the suggestion of a variety of different constructions that 
could have potential of being comfortable, it would anyway be necessary to try them on in order to know 
for sure. The different types were named according to associations of similarity, these were the “crown”, 
“tiara”, and “loop” for instance. The concepts are protective referring to the shades and the earplugs or 
protections seen in many of the concepts, and of course the helmet idea. Easily adapted to different users 
were dealt with by the usage of elastic headbands mainly.  

Reliability 

The reliability in PDS 2 had a lot to do with the materials used which not yet had been addressed here, 
thus it was a matter for later stages of development.  

Design 

The overall design of the concepts seen in concept board 1 was aimed at a futuristic and modern look by 
using inspiration from space and science fiction related items and equipment. Materials and colours were 
not greatly considered in this stage but the resemblance of shiny textures felt both durable and futuristic. 
Multitasking possibilities were features that would make the user execute several different tasks at once 
while using the product, again this was something that mainly had to do with the technology. The concepts 
that were thinner are marked with “thin” and represents the concepts that should be more light weight. 
Whether the product is appealing to the actual users as well as if the product will be pleasant to use was hard 
to determine this early, although a variety of styles to try and choose from were represented to cover the 
requirement. 

4.3.2 Focus group 

The following chapter presents the most important facts from the focus group session.  

Part I: Brainstorming 

Since the brainstorming session was divided into three parts, it generated three different boards with ideas. 
The three topics were all related to communication, the topics were “how to hear?”, “how to see?” and 
“how to speak?” in all imaginable ways.  The session was successful in the context of number of ideas and 
the width of imagination. It was clear that the longer that the group went on, the more relaxed the 
participants became, thus innovation and creativity increased.  

Part II: Evaluation of earlier work 

One main issue that the participants reacted on was the throat microphone. It seemed too heavy and 
bulky to wear on the shoulders. Ideas of solutions were to make it smaller in some way, lighter, thinner or 
similar. Maybe of some softer material, even elastic. They also discussed if the throat microphone had to 
be attached to the rest of the equipment, could it be separate? The ring (throat microphone) made it quite 
unclear of how to wear the product. But, when knowing how to wear it, it would probably be comfortable 
to have some buttons or controls on it or in relation to it since it is placed in a comfortable distance from 
the user’s hands. Other reflections were for example that the product needs to be symmetric in order to 
be comfortable to wear in the context of weight. 

Regarding the head mounted headset device itself, a lot of ideas emerged. Questions arose such as, would 
the device fit an entire personnel? How about the hygiene? How about the protection? When trying the 
model the group realised that the device would not be perfectly sized for an entire personnel. And most 
likely not comfortable at all. If wearing the device for a long time, it would probably hurt in the forehead 
even though there was a foam or silicone padding in the front centre. If the crown was mounted too tight 
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it would supposedly be warm and sweaty underneath. Again the idea of making the whole device much 
softer and using an elastic material throughout the entire design in some way came up. It would most 
likely not be comfortable at all with plastic against the skin.  

The device would probably work well together with the use of winter wearing on the head, but they were 
questioning how to use the throat microphone when wearing winter jackets. Again, the problem would 
be solved with a larger diameter of the throat microphone, hence comfortably worn on top of any clothes. 
The device needs to be simple, as little amount of buttons and controls as possible. It should be thinner 
and lighter all together, it should be quite insignificant and not be paid much attention to when wearing 
it.  

It would be great if one could turn the device on, look for the information and such, and then put it on 
standby mode in order to continue the work and in the meantime not having to remove the device from 
the head. That is why it needs to be discrete, in order not to be disturbing when wearing it, but not actually 
using it. The buttons should not be too near each other because it would probably be easy to hit the wrong 
button when wearing protective clothes or gloves for example.  

At first, the participants agreed on that it would be very effective for this headset to have visual protection 
in terms of some kind of glasses or shades regarding the environment they are working in. But, after several 
suggestions, maybe it would be even better if it didn’t have built-in glasses, because what if the user wears 
his own eyeglasses? He would be forced to take his own off and not see properly, or simply wear contact 
lenses. Additionally, it is not very comfortable to wear ear protection cuffs either when wearing your own 
glasses. The question if the device really had to be visually protective were discussed. The group considered 
the best solution would be to make the device as small, thin and light as possible not to interfere with any 
other wearing, equipment or similar.  

Regarding the aesthetic expression of the device, the group considered the colours to be a good choice. 
The group generally considered the combination of green and white as calm and unisex. Although, some 
associations lead to other areas, for example the old TV series from the 80s called Power Rangers. Unclear 
if that was a positive or negative aspect. However, they thought that black would probably be a good colour 
for the device in general. It is a colour that suits electronic equipment well and it is insignificant as well 
as unisex.  

Part II: Evaluation of new concepts 

The concept board showed almost only devices that had something covering the eyes, like before they were 
questioning this feature. They were interested in the concept that was called “no straps” since it looked 
quite comfortable without the risk of squeezing too hard on any part of the head. Unclear if it would be 
enough with just the ear piece going around the ear for having it stay in place during work. Probably a 
good idea to take away the shades and then have a small ribbon or piece of the device crossing the forehead. 
It looked quite light and comfortably worn. Maybe it could be strengthened with a strap around the back 
of the head if it would not stay in place on its own. 

The group did not like the “over ear” or “on ear” concepts, they seemed too uncomfortable and warm to 
wear all the time. The “crown” would not possibly fit many people since it had an already decided size. 
The “tiara” with adjustable head strap seemed, like with the earlier concept already presented, too stiff 
and uncomfortable for the forehead at least when made of plastic.  

Other 

Other subjects that were discussed were for instance features regarding the technological solution of the 
device that could be valuable. Aspects of that was for example to be able to charge it through induction 
surface and the ability to call or even chat internally with colleagues.  
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Summary of earlier work: 

 Less ”bulky”, should be more insignificant or discreet. 
 The ring around the neck feels uncomfortable, probably too heavy, should be thinner and more 

discreet, wider, bigger diameter.  
 The “crown” does not look comfortable.  
 It will probably be sweaty in the forehead during usage, hygiene? 
 Softer and more elastic material desired.  
 Plastic against the skin is probably not comfortable. 
 The eye protection is relevant, but how would it work with eye glass wearers? 
 Probably better without eye protection, if the product is going to be worn during long periods of 

time without being disturbing it should be as invisible as possible.  
 The group did not like the “on-ear” or “over-ear” concepts, they seemed uncomfortable.  
 The headset should not be too stiff, otherwise it would probably be uncomfortable. 
 It should be symmetric and lightweight.  
 The choice of colours seem calm and unisex. Black is otherwise a colour that suits electronic 

equipment well and feels fresh, unisex and discreet.  

Summary of concept board 1: 

 Does it need eye protection? 
 Concept of “no strap” looked nice, comfortable because limited pressure on the head. 
 Take away the shades maybe, and then just have a small/thin/light ribbon across the forehead. 
 It looked light and easy. 
 It could be strengthened with a strap around the back of the head if it would not stay in place 

on its own. 
 They did not like the “over ear” or “on ear” concepts, they seemed too uncomfortable and warm 

to wear all the time. 
 The “crown” would not possibly fit many people since it had an already decided size. 
 The “tiara” with adjustable head strap seemed, like the earlier work already presented, too stiff 

and uncomfortable for the forehead at least when made of plastic. 
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4.4 Detail development results 
The detail development results starts with the presentation of concept board 2, followed by the results 
from the visit at F21 Norrbotten Wing. After the visit, the final PDS could be made, which is presented 
next, along with the results of prototyping and the simulation test.  

4.4.1 Concept board 2 

Concept board 2 was made after the finishing of the focus group with the intention of answering some 
of the requests that had been announced there. The concept from board 1 called “loop” had potential of 
already answering many of the aspects that had been concerned, thus it was chosen for a deeper 
investigation. 

The question about the construction of the headset going in front of the face or in the neck still remained, 
it was concluded that this matter needed to be tested before it was possible to determine which one was 
better. Some different constructions of the headband were suggested. Ideas were visualised regarding the 
question if the device should go all way around the head or just half way from ear to ear.  

This concept seemed undoubtedly to be less “bulky” then its precursors. The material in the concepts 
named “forehead” to the left in concept board 2, intended to resemble something in the field of rubber 
or silicone in order to feel soft and pliable. The next step was the idea of making the whole headset in 
textile or elastic rubber band, visualised to the right named “soft/elastic”. However, it was never sure that 
any of these ideas were going to be applicable with technology implemented and still answer the 
requirements but they felt innovative. The eye protection was left for a while, there were still many 
questions that needed to be either validated or evaluated from the actual users.  

  

Figure 18: Concept board 2. Photo: I. Aronsson (2015). 
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4.4.2 F21 Norrbotten Wing 

This list is a compiled bullet list of the aspects discussed with the group of maintenance personnel during 
the visit at F21. Eight technicians, one woman and seven men, were participating with their opinions.  

Group evaluation of earlier work: 

 The device needs to be very smooth, easy and lightweight. 
 Do not want it around the neck. 
 Want to be able to pull the microphone away when not speaking.  
 One of them considered this device to be a good idea for an external flight base somewhere they 

might not have as good accessibility to computers as they have at F21.  
 They considered this technology to be in the far future.  
 They could understand the good use of it, if it only worked well.  
 Skepticism prevailed about the idea of implementing new and untried things. 
 Positive attitudes about the idea of new technology as something interesting and exciting. 
 They seemed not to believe the concept since this kind of technology was something which they 

were not yet familiar with.  

A summary of the aspects discussed with Deputy Service Manager Jens Josefsson at F21 Norrbotten Wing 
during the visit there, April 21st, 2015 is presented below. 

Communication needs to occur very smooth because there is a lot of communication going on both with 
the coworkers around, and the ones that needs to be reached in other ways, via phone for instance. The 
manuals are a source of information that can be exhausting to use when it does not work properly, tablets 
are desired. Other equipment they use that does not work satisfying is the unmodern intercom radio 
headsets which they are required to wear outside on the flight lane where the planes get ready for take-off 
and landing. The noise is extremely high thus they are required to use the ear protections. What is not 
satisfying is the intercom communication that the ear protections have built-in, they work quite 
inefficiently, low volume and the sound is not clear. They would like to have better ones, but it takes too 
long time before new equipment can be implemented, which is why they still have the old ones. 
Technological equipment needs almost 15 years to get through the system and be implemented, this is 
why they have such antique technological instruments around. Technology gets old before it can be 
implemented and used.    

A restriction that regards the tools and equipment used inside or around the plane is that they need to 
manage a fall from the sky without being a danger for people or objects on the ground. It is not desirable 
to have too many loose things, it is easy to forget them around and they might hurt people or equipment 
in some way if they are tossed around unintendedly.  

Fenix is a good system since it contains everything that one need to know about the planes and their 
history regarding maintenance. The fact that it is impossible to change or edit any submitting is both 
positive and negative, when a mistake is done and can’t be changed there might be problems. However, 
no one can change it to sabotage for example.  

Expert evaluation of earlier work: 

 It looked too futuristic, thus not satisfying to wear.  
 The headset needs to be very light in order not to be uncomfortable to wear. 
 The throat microphone looked uncomfortable, too small.  
 It would feel safe to have a microphone “stick” in front of the mouth, then you would know for 

sure when it recorded your speech or not, if you could pull it back. 
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 Maybe the throat microphone would be too clumsy and awkward to wear when crawling 
underneath the plane for instance, which is required in order to perform certain tasks.  

 Eye protection is not highly important, they rarely use them. 
 The biggest issue is the ear protection. They need to be approved and sustain really high levels 

of noise. The way the headset is designed now it is not applicable for outdoor use.  
 They use gloves a lot, it would be a good idea to consider it to be able to handle with gloves. 
 It needs to be really easy to use in order for the device and technology not to disturb the work 

going on.  
 The device needs to be as robust for it not to have any loose parts coming from it or accidently 

break and small parts such as screws and similar goes away in inappropriate places. Loose things 
anywhere near the aircraft can be extremely harmful for the plane itself or anyone around it.  

4.4.3 Product design specification 2  

After the visit at F21 Norrbotten Wing a second, refined version, of a PDS could be made according to 
what had been learnt there.  

Table 2: PDS 2. Illustration: I. Aronsson (2015).  

COMFORT 

 

Description 

Light weight Easy to wear long term without being physically 
harmful.  

Soft Flexible and elastic rather than stiff and 
inadaptable 

Hygienic Possible to wear long term, by different personnel 
without causing dissatisfaction 

Comfortable wearing Not hard to put on/off, no need for taking 
on/off frequently to communicate smoothly. 
Easily adaptable to different users.   

Material Comfortable against the skin.  

CONSTRUCTION 

 

 

Simple One-piece, no loose ends, no parts accidentally 
falling off. 

Robust Possible to handle with gloves, not break easily, 
stabile, not fragile, not too small details. 

Fixed Steadily fastened to the head, no sliding around 
during usage.  

DESIGN 

 

 

Insignificant/discreet Not draw attention, not too futuristic looking, 
discreet. 

Colour Black or white or something in between suits 
electronic equipment well, is unisex, timeless and 
discreet. 

Aesthetic Delicate combination of features together in the 
design, satisfactory appealing.   
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4.4.4 Models and prototypes 

This chapter presents the models that were made throughout this project. It started off with two very 
primitive ones which purposes were to understand the device 3-dimensionally instead of 2D sketches. As 
the project went on, more thorough models were constructed. The first straw model (Figure 19) went from 
ear to ear across the forehead and the second one (Figure 20) went from ear to ear across the neck.  

 

 

Figure 19: Straw model, forehead. Photo: I. Aronsson (2015). 

 

 

Figure 20: Straw model, neck. Photo: I. Aronsson (2015). 
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Next step was to investigate the idea of creating the headset in a soft material. Lycra was chosen as textile 
because it resembled silicone or rubber the most, it was also a material that was easy to work with due to 
its elasticity. Inside was a foam padding to make it thicker and to get more volume (Figure 21). At this 
point is was still a question if the device should be modelled in CAD and then 3D-printed. The possibility 
was investigated and contact was made with a prototyping company that could provide 3D-printing in a 
material that resembled silicone. However, it was rather expensive and it would take at least 2-3 weeks 
after receiving the CAD-file to produce it. Nevertheless, it would still have been a considerable solution if 
it was not for the second textile model that was made (Figure 22, 23 and 24). 

 

 

By this time, the technology that was going to be implemented arrived. It was then possible to make 
another version of the last one to see how it would work with the technological mechanism. The Lycra 
model had potential, it was comfortable, light weight and innovative thus it was interesting to discover 
how it would work with technology as well. The second textile model was made of denim thus it had 

another feel to it. It was still stuffed with the foam 
padding to gain more volume. Denim is a material 
that has got more strength in itself thus the model 
got a more robust character. Left out is the piece that 
is intended to go around the ear with an ear bud in 
the end, this model was only for trying it out with the 
technology thus no further work was laid on the 
earpiece. There were a lot of questions that needed 
to be answered when this model was finished. For 
instance, how would it fit on other persons’ heads? 
How would it perform during actual working tasks? 
Was it really as good as it was found initially? In order 
to know whether this model had potential or not it 
needed to be tested. 

 

 

 

 

Figure 21: First textile model, made of Lycra. Photo: I. Aronsson (2015). 

Figure 22: Denim model with technology. Photo: I. 

Aronsson (2015) 



47 
 

 

Figure 23: Denim model, from outside. Photo: I. Aronsson (2015) 

 

Figure 24: Denim model, from inside. Photo: I. Aronsson (2015) 
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4.4.5 Simulation 

Below is the summary and result of the simulation test that was held to evaluate the denim model.  

Comfort: 

 Does it feel comfortable? 
 Does it feel hygienic? 
 Easy to put on/off?  
 Adjustable to different users? 
 Is the material comfortable against the skin? 

The participants of the simulation test concluded that the headset was comfortable to use regarding the 
softness and flexibility. They group were suspicious about the metal D-rings, if the person wearing the 
headset got something accidentally hitting or touching the head it would be both painful and harmful if 
it occurred on the metal pieces. Some participants also got the metal pieces in uncomfortable places such 
as too close to the ears. They thought that the hygiene would not be a problem since many work stations 
require equipment that is shared amongst the coworkers and one cannot require them being perfectly 
cleaned in this context.  

The headset was a bit hard to put on and off, it felt like the electronic mechanism was going to detach too 
easily. The group suggested that it would be a good idea if it was possible to open the headset in the back 
and then attach it with Velcro. In this way one would not have to pull it over the head from above.  This 
would also simplify the calibration of the electronic mechanism since it required easy on and off putting 
in order to establish on-head detection. Every user needed to recalibrate the device otherwise it could not 
detect when it was placed on the head and thus went in screensaver mode constantly. The group pointed 
out that it needed an adjustment clasp in the back for better fit to different sizes since some of the 
participants thought it was too tight around the head.  

The material was discussed thoroughly and the answers were somewhat divided. Some thought denim 
made the device more stable and robust, it also generated a feel of worker’s equipment since that is the 
origin of this material. Nevertheless, the majority of the participants liked the black Lycra better. The Lycra 
material was much more elastic and seemed ever more pliable and smooth against the skin, according to 
the group.  Some also stated that Lycra suited the purpose of the device much more than denim. This 
conclusion regarded the fact that the group associated the Lycra with material used in many wearable 
technological devices used for example in sports. These kind of products usually feature materials more 
similar to plastic than cotton.  

Construction: 

 Does it feel robust to handle? 
 Is it stabile? 
 Does it fit firmly to the head without sliding off during usage? 

The group thought that the headset felt robust when it was as thick as it was, it felt as if someone was to 
drop it in the floor, -it would not brake. They associated the headset with a case for a mobile phone, 
protecting the device inside. The denim headset felt firm and stabile since it was not too elastic and thus 
kept its shape even still being soft and flexible.  

The group concluded that the headset fitted firmly to the head without sliding off during usage. The 
electronic mechanism made it a bit tricky to adjust in place but when it was set it stayed firmly during the 
assignment. 
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Design: 

 How does it look?  
 How about the colour? 

The goal was to make the headset device not looking too futuristic, however the group stated that this was 
a high technological product that was not yet implemented in our everyday lives and therefore it will look 
futuristic anyhow. The denim made it look like an attempt of making something high technological 
looking friendly which was not accomplished for the reason of the electronic mechanism. On the contrary, 
the other material (Lycra) made it look less salient and thus more suitable.   

Regarding the looks the group did not feel that the device felt peculiar or bizarre to wear. They stated that 
in a working environment it would not be inconvenient to wear something like this as an equipment in 
the daily work. The group thought that black was a suitable colour, other suggestions were something 
military green to match the rest of their wearing or made something beige or skin coloured to make it 
discreet. Another suggestion was to pick something from the SAAB logo, the marine blue for example.  

Other: 

 Does the headset work well together with the technique used?   
 How about the ear bud construction around the ear? 
 How does it feel to wear the ribbon across the forehead? 

The group thought that the headset would be a good solution of wearing this kind of device if it got the 
right adjustments. The idea of having the earbud construction around the ear felt like a possible solution 
according to the group. They discussed the kind of sports headset for music that looked the same and 
concluded that it is a good way of achieving a firm fit even with different users. The group did not like 
that the ribbon went across the forehead as low. It was uncomfortable when it disturbed the facial 
movements and it pressed down onto the eyes. It would be much better if the ribbon could be placed 
higher in the forehead, closer to the hairline, it would cause less dissatisfaction.  

A reflection that was also made during this test was that the technology mechanism needed to be 
recalibrated for every new wearer according to the different head sizes and dimensions. This action 
required the wearer to put on and take off the device in a simple and effortless way which was not possible 
with this closed construction. If it was not recalibrated it would go off in screen saver mode every other 
second because it did not know whether it was worn or not.   

Summary: 

 No metal D-rings. 
 Adjustable clasp or similar for different sizes. 
 Reconsider the material.  
 Adjust the ribbon in the forehead to fit closer to the hairline for better comfort.  
 Adjust the fitting of the electronic mechanism in the headset.  
 Easier/smoother way of putting the headset on/off the head.  
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4.5 Final result 
This chapter presents the final prototype made in this project. It has been thoroughly improved from the 
earlier versions and the last feedback that was received from the simulation test has been considered and 
fulfilled. The chapter ends with a description of requirements fulfilment, according to PDS 2.  

4.5.1 Presentation of final concept 

The final prototype was adjusted in the front for a more comfortable fit across the forehead, it is now able 
to place closer to the hairline. The technological mechanism, Google Glass in this case, has got a pouch 
on the inside of the headset for a firmer fit. It is now more safely secured to the headset during usage and 
when putting it on or off. The metal D-rings are removed. The problem with the ability of taking the 
headset on and off the head smoothly was solved with Velcro in the back hence the headset got the 
possibility of being fully opened which made it much easier to perform such actions without causing harm 
or dissatisfaction. Additionally, it made the span of different head sizes much bigger. The material was 
considered thoroughly, the opinions were divided. In the end, the black Lycra was chosen since was a 
more lightweight material and it appeared softer against the skin than denim. The texture and appearance 
of Lycra also seemed more discreet and suited the purpose of a holder for technology better than denim. 
The C-curved ear piece on the right side is the demonstration of an ear bud where hearing is provided. 
The hearing is made only on one side, this is all that is needed when for instance speaking with someone 
on the phone. It is also made without cords or loose parts that could easily break. 

 

  

Figure 25: Final result. Photo: I. Aronsson (2015). 
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Figure 26: Final result, from inside. Photo: I. Aronsson (2015).  

 

 

Figure 27: Final result, from right. Photo: I. Aronsson (2015).  

 

 

Figure 28: Final result, from left. Photo: I. Aronsson (2015).  
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4.5.2 Context of use 

This device is intended to be used by aircraft maintenance technicians or mechanics during their daily 
maintenance operations performed in an inside facility, such as, the hangar or workshop. It is possible to 
use outside but only when ear protection is not needed. It is made for long term wearing, meaning it is 
intended to be used during an entire working day without being disturbing or harmful, providing all 
information needed in a more interactive, efficient and easy way.  

This device should result in no need for paper print outs, such as, the manuals and checklists, since 
information will be provided seamlessly though the device as well as hands free usage. Additionally, it will 
provide more consistent communication between staff. It also lets people that are not present interact 
with the person who wears the headset and see the same things as the user which let them work 
interactively on the same issue. This augmented reality device fulfils all the needs for better 
communication between technicians, thanks to the possibility to use both audio and video in order to 
explain different situations and problems in an easier and faster way.  
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4.5.3 Fulfilment of requirements  

The final prototype is designed to fulfil the requirements that were established in PDS 2. All of the 
requirements have been fulfilled satisfactorily.  

Table 3: PDS 2 with description of fulfilment. Illustration: I. Aronsson (2015).  

COMFORT 

 
Description Fulfilled 

Light weight Easy to wear long term without being 
physically harmful.  

Yes, materials as light weight as 
possible has been chosen.  

Soft Flexible and elastic rather than stiff 
and inadaptable 

Yes, the headset is soft and 
elastic.  

Hygienic Possible to wear long term, by 
different personnel without causing 
dissatisfaction 

Yes, the electronic piece is easily 
removed from the headset which 
can be washed often. It is also 
easily replaceable with a new one 
due to cost efficiency.  

Comfortable 

wearing 

Not hard to put on/off, no need for 
taking on/off frequently to 
communicate smoothly. Easily 
adaptable to different users.   

Yes, firm fit without 
dissatisfaction. Continuous and 
intact connection with both 
environment and technology 
simultaneously.   

Material Comfortable against the skin.  Yes, the softest considered 
material has been chosen.  

CONSTRUCTION 

 

  

Simple One-piece, no loose ends, no parts 
accidentally falling off. 

Yes, the construction is one-piece 
and encapsulates the technology 
entirely with no loose or 
detachable parts.  

Robust Possible to handle with gloves, not 
break easily, stabile, not fragile, not 
too small details. 

Yes, it is soft thus does not break 
when dropped. Details are not 
too small for gloves. The headset 
is foam padded on the inside 
which protects the technology.  

Fixed Steadily fastened to the head, no 
sliding around during usage.  

Yes, The headset is firmly 
attached to the head during usage 
due to elasticity with Velcro.  

DESIGN 

 

  

Insignificant Not draw attention, not too futuristic 
looking, discreet. 

Yes, the headset is as small, thin 
and insignificant as possible on 
every aspect that has been 
considered.  

Colour Black or white or something in 
between suits electronic equipment 
well, is unisex, timeless and discreet. 

Yes, black was chosen instead of 
white because it is easier to keep 
it clean.  

Aesthetic Delicate combination of features 
together in the design, satisfactory 
appealing.   

Yes, the design has been 
developed according to the wishes 
of the users.  
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5 Discussion 
 

This chapter includes a summary of what has been read, done and learnt during this project. Theories 
and opinions are set against each other and a discussion between them has been held. The literature is 
discussed according to each research question. Looking back at the work that has been done, the following 
discussions treat the final result and the project overall to provide a foundation to the conclusions of this 
work. 

  

5.1 Research questions 
The following chapter repeats the research questions that were stated in chapter 1 and summarises the 
theoretical background of each question in order to answer the question with a conclusion.   

5.1.1 Research question 1 

In what ways can aircraft maintenance technician’s daily aircraft maintenance operations be improved?  

a) What are the most predominate error risks? 

It has been argued that there are risks for human errors within the system of handling printed papers 
(Brorsson-Pierre, et. al., 2011; de Tomás Álvarez, 2014; Pousette & Wiik, 2014; Tretten & Normark, 
2014). There are many steps that has to be followed stringently according to security. The more steps there 
are the easier it can be to detect an error before it propagates to an accident, but, it also increases the risk 
of committing the failures in the first place. A lot of attention has to be paid on the fact of not doing 
wrong. It works well when everybody involved are doing everything correct, but it cannot be foreseen that 
failures are easily committed and will occur due to one or another reason. The system of printed paper 
allows the workers to commit human errors along the way but it is questionable if these risks are inevitable, 
if the system was to be changed we could risk to lose the positive features within the system and induce 
new ones instead.  

The same thing goes for the handling of information, many different information sources and systems are 
used (personal communication, O. Candell, 2015-05-18; Tretten & Normark, 2014). It takes much 
knowledge and experience for workers to navigate efficiently through this workflow and it can be a 
question if the cognitive workload is in fact too heavy and could be decreased in order to reduce risks of 
human error. However, the system is approved by authorities and it is known that there are good statistics 
of deviations in maintenance within the Swedish Air Force (O. Candell, 2015-05-18).  

Furthermore, the complex system of communication allows many failures since several channels are used 
and confusion and misunderstandings have potential of occurring (Brorsson-Pierre, et. al., 2011; de 
Tomás Álvarez, 2014; Tretten & Normark, 2014). It is argued that notes and other information of interest 
are not widespread and easily accessed by all persons involved (Tretten & Normark, 2014). Actions should 
be taken to reduce the inconsistency in communication in order to reduce the risks that follows the result 
of such misunderstandings and confusions.  

Other issues that have been identified that can lead to the risks of failure are the slow updates of the 
printed manuals and difficulties regarding software updates (Brorsson-Pierre, et. al., 2011; de Tomás 
Álvarez, 2014; Pousette & Wiik, 2014; Tretten & Normark, 2014). These are factors that are related to 
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the handling of information and thus underlying reasons of why it can be easy to commit human errors. 
These factors can be considered as risks and therefore need to be paid attention to.  

The performance and result of the work executed by the maintenance technicians can be negatively 
affected by the fact that they need to be able to perform operations in all weather conditions and 
additionally they use heavy tools and sometimes inconvenient protective wearing (de Tomás Álvarez, 2014; 
Tretten & Normark, 2014). This situation has potential of being erroneous if it affected the work in a 
largely negative way which could lead to devastating consequences in worst of cases. Improving the 
ergonomics of the work environment as well as the tools and equipment used, would most likely improve 
the error risks. It is easy to conclude that if we were to improve the equipment used, the human error risks 
would be reduced, however, it has been learnt that the management of these organisations have quite a 
conservative attitude towards new implementations of such things. Thus, it would probably be difficult to 
find, investigate, develop and eventually implement something that would beat today’s system according 
to the organisation that would have to adopt the idea.  

Finally, risk is a more complex issue than just the potential human error related ones. It is possible that all 
of these activities are in fact not potential risks when treated separately, but could lead to increased risks 
for human error when added together, through for instance high cognitive workload.  

b) What types of improvements are asked for? 

It has been stated that it is possible to reduce human error risks in aircraft maintenance work by taking a 
human factors perspective (De Crescenzio, et. al., 2011; Latorella & Prabhu, 2000; Tretten & Normark, 
2014). However, it has also been argued that errors rarely occur due to the human factor alone, errors are 
most commonly due to design errors (Lidwell, et. al., 2010) and that a designer can follow guidelines 
which will ensure protection and prevention against human errors. First of all, it is useless to divide work 
between correct and incorrect behaviour, it is important to see the whole interaction of people and the 
information or machines that they are interacting with (Norman, 2002). The type of actions that are 
referred to are the ones described by “user-centred design” which forces the designer to think from the 
user’s or human’s perspective in all stages and in this way prevent that the person is at all encouraged to 
commit a certain erroneous action (Norman, 2002). This philosophy is very promising theoretically, it 
would mean that as long as it is simple enough to perform a certain act, it would mean that the risk of 
committing an error most likely would be gone. Many restrictions, guidelines and advice are given of how 
to simplify the interaction between man and machine such as the usage of constraints, affordance, 
mapping and feedback amongst others. All the principles that are given are most likely to reduce the 
impact of committing human errors since they are in fact making it harder to do “wrong”. However, these 
are very general statements and recommendations that mostly address slips and lapses. The general advice 
on how to reduce the mistakes are for instance to reduce any kind of environmental stress and noise 
(Lidwell, et. al., 2010). This refers to the fact of reducing the cognitive workload, we cannot hold too much 
information in our heads at once. It has been stated that since aircraft technicians are working under 
exceptionally stressful situations, we should firstly address the human factors related to those errors (De 
Crescenzio, et. al., 2011). The current situation in aircraft maintenance clearly shows that workers need 
to pay a lot of attention, energy and concentration on the fact of performing tasks in the correct way and 
not commit any failures. Thus, the cognitive workload gets severely heavy which instead increases the risk 
of errors.  

It has been argued that there are many different factors within maintenance failures that together causes 
accidents, for instance; design errors, mechanical failures, software errors and organisational or user errors 
(Marais & Robichaud, 2012). These factors causes errors that that can be classified into either active or 
latent failures. It has also been argued that many failures that are accused of occurring due to the human 
factor, cannot be blamed on the technician that executes the final act that propagates an error. The active 
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failure is in this case just the propagating reason and would most supposedly occur any time soon anyway. 
These active failures are risks that will keep coming unless the latent conditions are not dealt with (Drury, 
2000; Reason, 1990; Reason, 2000). In other words, we need to address the latent conditions and failures 
in order to improve the whole situation of error occurrence. One suggestion of doing so would be to 
develop and strengthen the defences and barriers in the system, additionally developing more effective 
defences and barriers as well (Reason, 2000). In addition to this it is also explained that even how much 
we try to fill the holes in the defensive layers, there will always be some imperfections that may line up 
and allow an accident to pierce through. However, to reach complete perfection in the defensive layers is 
only theoretical but is a condition that should be strived for.  

Hence, we need to address the system approach and see the whole organisation since these latent 
conditions usually are committed on higher level management such as in design or building and planning 
of maintenance actions (Reason, 1990; Reason, 2000). Instead of training a human being to reduce or 
completely erase the abilities of inattention and forgetfulness it is more effective to redesign the equipment 
and environment of which they operate in to prevent and protect against and those issues.  

5.1.2 Research question 2 

What solutions, based upon the learned risks and improvements, can be developed? 

There are many ways of addressing the problems that have been identified. Below follows a review of a set 
of suggested improvements of solutions that can be developed to address these issues.  

The FCIC 

This concept is answering many of the presented problems and would theoretically work most 
satisfactorily. However, this is a futuristic concept that only exists in theory. The technology implemented 
is not yet developed and therefore there are many concerns that not yet have been addressed. Nevertheless, 
it is a concept of ideas with great potential whose main purpose is to represent guidelines for a more 
detailed solution in the future.  

Airplane field support: maintenance technician’s device  

This is yet another quite futuristic but potential concept. The technology is in fact present today but is 
still under development and thus not yet ready for this context of use. Aside from the technological 
development, there is a need for broader user testing of the product itself. The concept is developed and 
visualised by a model, but it is unclear how it would actually work before testing could be done, preferably 
by the end users, to verify its result.  

Tablets 

From the visit at F21 there was an expressed desire of the implementation of tablets in the daily work of 
maintenance technicians (personal communication, J. Josefsson, 2015-04-21). A tablet would easily 
substitute the handling of printed out paper, it would give digital access to different databases with useful 
information and the tablet itself would be easy to carry around and handle due to its size and weight. A 
lot of information would be able to be stored within one device and thus hold information gathered at 
one place. Additional positive features are that the device is present in today’s market, easily available and 
neither is it particularly expensive. When it breaks or when it is not useful anymore due to damage or age 
it would be easy to throw it away and invest in new ones.  

A negative aspect would be that the current situation at F21 Norrbotten Wing and overall within the 
Swedish Armed Forces is that it is a rather slow system when it comes to implementing new equipment 
or ideas. That is a reason why they for example use very old fashioned intercom radio headsets outside on 
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the flight line, it takes so long time before new technology reaches actual implementation that when it 
does, that technology is in fact already old.  

Interface design and information presentation 

This work is a concept of how human error risks could be reduced by easier access, communication and 
flow of information. However, this is stated theoretically since the concept is not yet developed in reality 
hence not ready for user testing. An idea of future work would be to develop software and realise this 
concept through implementation in a tablet as well as in a headset device with such technological 
possibilities.  

Finally 

It can be concluded that all of these suggested solutions have certain things in common; they are aimed 
at simplifying the communication hence they are addressing the inconsistency that have been announced, 
the up to date information is gathered and stored in one place easily distributed, spread and accessed by 
all personnel easily accessed, hence reducing the cognitive workload on personnel, they reduce the use of 
printed paper and they defy different weather and environmental conditions. Thus, all of them have 
potential of reducing the human error risks. However, it is also known that they are quite futuristic and 
further development is needed in order to reach reality. They are also high technological which means 
that they come with a range of features and capabilities that analogues solution do not offer, however, this 
also means that they lack the positive features that comes with traditional solutions.   

5.1.3 Research question 3 

What technologies can be used to test new or unproven solutions for maintenance activities? 

Augmented Reality (AR) is a new and upcoming technology that have not yet been reached by the masses. 
This technology is still not ready and further improvements are necessary before this can happen. 
However, there is potential in the idea of implementing AR-technology in aircraft maintenance since the 
cognitive workload on workers would decrease with the more interactive way of handling data and 
information visualisation (De Crescenzio, et. al., 2011). The technology provides capabilities that have not 
been addressed before. Wearable visualisation makes it possible to build advanced interactive interfaces 
which enables new techniques of displaying documentation. The technology provides efficiency because 
it is user-centred and keeps interaction simple and easy (De Crescenzio, et. al., 2011). It would be an easier 
and more efficient way of performing daily maintenance operations (Isevall Holmlund, 2014) and thus 
human error risks would be reduced. Such a device would reduce the use of printed paper considerably 
and as well as provide better consistency in both communication and information (de Tomás Álvarez, 
2014). When considering these facts the implementation of AR-technology seems to be the answer of all 
problems. Nevertheless, the solutions of using this technology does not come without a negative side. 
There are many aspects that need further investigation such as the psychological and physiological issues 
(personal communication, L. Riliskis, 2015-02-23). We do not know the reactions of using such 
technology yet and there is a risk of introducing new risks on the way but with the ability of trying it and 
testing it in the real environment with actual users and tasks it would be possible to investigate further.   

5.2 Final result 
The result of this work is an improved version of a futuristic product that has potential of being 
implemented as a tool for improving aircraft maintenance operations and actions. The goal was to develop 
the idea of the AR-headset from being a model without no other function than visualisation, to an actual 
working prototype. It is now possible to try the headset in its real environment to investigate whether the 
users would actually find it useful or not. The opinion is that this is the case, but it is not possible to know 
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before it has been tested physically. Furthermore, this is one possible solution of how it could be designed, 
if other methods were used, or if another point of view had been taken from the beginning, the result 
would most likely be different from this particular one. A consideration is that this project would most 
supposedly reach another solution from the very same starting point if it was done by another person. 
This project happened to take this turn, according to in this case both the focus group results and the 
users opinions, but if different results would have been gained, other choices would have been made. And 
so the conclusion is that the final result is most reliable to this project with these particular methods and 
results but if another approach would have been taken, the project would have reached another result.  

This project is one iteration of many yet to come, it has been a loop that followed previous loops. Future 
iterations of this project, including a step closer to actual implementation, would reveal new issues thus it 
would be probable to develop this concept of solution much further. The downside is that since it has 
been learnt (personal communication, J. Josefsson, 2015-04-21) that implementation of new technology 
is very slow in this context, it is difficult for these kind of ideas to come the whole way through the system. 
This led to the insight that a possible implementation of this kind was much farther in the future than 
what was first imagined. Additionally, the impression after meeting the users was that this particular kind 
of product is not specifically in demand today. The reason for that was mostly due to unawareness of the 
existence of this technology or suspicion towards new and unproven solutions. Nevertheless, the future is 
yet unpredictable thus along with technological development this solution would most likely stand a 
chance.  

The first intention that was held on to for major part of this project was to visualise the final prototype in 
CAD and then 3D-print it as a method for producing the prototype. However, after this product 
development process, it turned out that this was not needed in the end. The project took a turn and 
investigated the possibilities of making a headset in a softer material. Accordingly, the ideas of 3D-printing 
the prototype in a material that resembled rubber or silicone arose. Although, through the prototyping 
methods it was discovered that it was possible to actually produce the prototype in fabric, which came up 
as an unexpected solution and the final result still reached the requirement of being made of a softer 
material than plastic. This unexpected way of dealing with the prototyping of the model made the result 
more innovative which felt motivating. It is also clear that if another turn would have been taken at that 
point, other knowledge than the one brought up in this project would reveal.  

The product design specifications list that has been conducted in this project correspond to the final result 
completely. The product fulfils every requirement. However, this is a list that has been compiled according 
to what needs have been found using these specific methods. If the development process went further, 
new obstacles would reveal which would lead to increased number of requirements. Nevertheless, at some 
point it is necessary to declare the list complete, in order to proceed the project. Even though the final 
result of this project fulfils all the requirements that have been set here, the headset is most likely not 
perfect in every aspect, there is always room for improvement. Many requirements that this headset would 
need are not yet known thus, these have not been fulfilled.   

5.3 Relevance 
The final result of this project will improve the way aircraft maintenance is performed today. The intention 
is that it will help reducing the human factor error risks in the daily operations of technicians and 
mechanics. When reducing deviations such as mistakes and errors, better efficiency in workflow will occur, 
preventing for instance air turn-backs, delays and in-flight shut-downs. With fewer accidents, the costs will 
decrease along with an increase of security for everyone involved. The reduction of paper printouts are 
better for environment. It is also relevant for the society to have a fleet of fighter aircrafts even more 
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qualified, since they are used within in the military field with the purpose of protecting the country’s 
borders, thus the people that live inside.  

5.4 Reflections  
Most of the facts that were needed in order to execute this project was learnt theoretically. The idea from 
the beginning was that in order to be able to do a follow up on the work that had been done previously, 
it was necessary to take advantage of those facts, results and conclusions to proceed. The methods that 
had been executed and the results that were found regarding the context, the present situation and the 
problem identification were facts that were gathered and compiled. This provided the information that 
was needed in order to understand the situation and sort out the project and its purpose. However, it 
took a lot of time to do this in the beginning and it was difficult to actually understand everything only 
by reading about it instead of seeing it with the own eyes.  

The work that was executed as a product design development process in this project followed the approach 
of human-centred design verified against ISO9241:210-2010 of human-centred design. The principles 
which define human-centred design according to the internationally verified standard were verified, hence 
it can be concluded that the final product is in fact human-centred.  Nevertheless, the principles were 
fulfilled, but it can always be done more thoroughly. For instance, the users were in fact involved through 
the design process even though they were not encountered until later, since the information that was 
started with was information that came from them. Preferably, they would have been encountered in 
person both in the beginning and in the end of the project. However, it was not possible due to time 
limitations.  

Other reflections that were made during this project was for example the fact that it was managed to keep 
the time schedule and reach the milestone set up in the beginning throughout the project almost entirely. 
Hence, the planning of this project was most successful. Furthermore, a major effort in this project was 
laid on the compilation of requirements, hence the final PDS is amongst the most important findings 
from this project. Hopefully it will come to good use in the future.  

5.5 Recommendations 
It has been stated that this concept is of futuristic nature and is not a fully developed product. The 
technological mechanism is in reality already old, it was a developer’s version and it is not available on the 
market any longer. It would be interesting to see what technology will be released next and if there are any 
possibilities of implementing them with this idea of a headset. The natural next step would be to 
investigate if this concept is relevant as a tool to improve aircraft maintenance practically by testing this 
prototype towards other similar products. This headset was tested only once and in a simulation of its 
realistic use, thus in order to know more, further user testing is required. However, the simulation test 
executed in this project was a cheap, less time consuming and easy way of making the final improvements 
in order for it to work satisfactory at all. 

It is also possible to take a more psychological point of view in a further project, which have been out of 
scope in this one. For instance, interviewing a psychologist for a more psychological perspective on the 
use of this product. Another wish is to develop the software components that this product needs. It is also 
something that has been out of scope for this project. A possible idea is to program an application that is 
able to run with either Google Glass or another technological solution available in the future.  
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6 Conclusions  
 

The most predominate error risks can be concluded as the use of printed paper, the way information is 
spread and handled, the inconsistency in communication, the slow updates of manuals and software, the 
ergonomics and weather conditions. The design of the work situation of aircraft maintenance technicians 
should follow guidelines of human-centred design and principles to prevent and protect against human 
errors. It is necessary to see the whole interaction between human and machine and simplify it in order 
to address failures such as slips and lapses. It is necessary to reduce mistakes through reducing stress and 
cognitive workload. Furthermore, deal with the latent conditions in order to prevent the active failures of 
gathering and eventually propagate. Improve the latent conditions through strengthening the barriers and 
defensive layers, and taking a system approach thus consider human factors on all management levels.  

Solutions that are addressing the learned risks and improvements are such products or equipment that 
provide easy and consistent communication, gather and store information in one place easily accessed 
hence reducing the cognitive workload on personnel. Furthermore reduce the use of printed paper and 
defy different weather and environmental conditions. Examples of such solutions that have potential of 
being developed could be the FCIC, tablets with user-centred graphical interfaces, or smart eye glasses 
headset using augmented reality.   

According to the findings in this project it is possible to conclude that augmented reality is a technology 
that can be used to test new and unproven solutions for maintenance activities. However, since the 
technology is not ready for implementation yet, this work provides possibilities for further user testing 
and future refinement and development of this kind of solution which has got much potential of 
improving aircraft maintenance work and activities.  

The aims were to investigate the risks emerged from human factors and present solutions of how to address 
these issues. This has been thoroughly discussed and concluded, hence it can be stated that the main 
objective about contribution of improvements to aircraft maintenance is fulfilled. The final result presents 
a model of a headset with AR-technology implemented thus it is a working prototype that allows 
interactive user testing and further investigation. Thus, it can be concluded that this work has been 
fulfilled regarding its objectives and aims.  
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PDS Earlier work 

 

 

Fulfillment of requirements of earlier work, made by de Tomás Álvarez (2014). 

COMMUNICATION 
 

FULFILLED 

Provide visual communication YES 
Provide communication through audio YES 
Provide communication through voice YES 
Easier way to share information YES 
Reduce the need for paper handling YES 
Easy to share data YES 
Faster system of communication between 
staff 

YES 

  
USABILITY  
Have an intuitive interface   YES  
Possible to hadle with gloves POSSIBLE IMPROVEMENT 
Greater freedom in the use of hands YES 
Provide all the information needed POSSIBLE IMPROVEMENT 
Useful in the different air force bases YES 
Compatible with the rest of the user’s 
equipment 

YES 

Be possible to write his own notes POSSIBLE IMPROVEMENT 
 

RELIABILITY 
 

 

Be able to sustain all the weather’s 
conditions 

YES 

Be waterproof  YES 
Be shockproof  YES 
Be chemical and oil resistant  YES 
Be stable  YES 
Rechargable battery  YES 
Be dustproof YES 
Be wireless POSSIBLE IMPROVEMENT 
  
SECURITY 
 

 

Verify the user YES 
Make data backups YES 
Register times and dates YES 
Protect information YES 
Check the tasks YES 
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DESIGN 
 

 

According to the user YES 
Comfortable to use YES 
Easy to use YES 
Give feedback YES 
Innovative and modern product YES 
Be an enduring product YES 
Have good value for money YES 
Not be a complex design YES 
Have a light weight YES 
Provide a way to undo errors YES 
  
ERGONOMICS 
 

 

Protect the user from possible damages YES 
Can be adjusted easily YES 
Easily transportable YES 
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