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Maintenance software solutions are not designed for the users but instead for 
experts. Things are too complex and the available information is not applicable to 
the actual maintenance tasks to be conducted. Research has shown that there is need 
for easy to use tools that can assist in maintenance planning, maintenance actions, 
and maintenance reporting. Due to financial and time constraints the maintenance 
process need to become more effective and efficient. By taking a human factors 
perspective, actions can be taken to minimize human error in maintenance work as 
well as to allow for an effortless work that is accomplished in the proper way. The 
goal of this project was to find out what human factors issues that can be addressed 
by a mobile tool for maintenance personnel in order to make the most out of 
maintenance planning, execution, and follow-up in a efficient and effective way that 
is adapted to the user of the tool. 

 

  Introduction 

  The need for maintenance 
An essential part of keeping aircraft in the air is proper maintenance actions. To 
assist the maintenance technicians in their work, systems have been adapted from 
other industries and further developed for aircraft specific issues and needs. While 
these systems are essential for assisting proper maintenance and maintaining a high 
level of airworthiness they can be developed to further assist the technicians in their 
daily task. Although improved technology has led to a reduction in aviation 
accidents attributed to mechanical failures, accidents attributed to human error have 
not reduced to the same extent (Wiegmann & Shappell, 2003). Unfortunately, 
automation, which has assisted in reducing flight crew mistakes, has not shown to be 
applicable for maintenance (Reason & Hobbs, 2003). It is true that maintenance 
tasks access critical areas where human error can result in serious accidents (Reason, 
1997). 50% of maintenance errors are directly related to human factors issues 
(Boeing, 2014; Suzuki, Von Thaden, & Geibel, 2008) and 15% of commercial 
airline crashes recorded up until 1994 were directly a result of maintenance error 
(Boeing/ATA, 1995). Although, air travel is one of the safest forms of transportation 
human error in maintenance functions plays a large roll in grounded and cancelled 
flights costing the industry and passengers lost revenue and time. Availability could 
be improved by addressing uncertainties concerning maintenance procedures, 
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incorrect parts, out of date documentation, technicians lacking proper certification, 
etc. and the delays that follow from them. 

 
  The complex nature of aircraft maintenance 

Maintenance is a fundamental process necessary for assisting personnel in the 
operation of aircraft. It includes all the technical, administrative and managerial 
actions necessary to retain, or restore its required function throughout the whole life 
cycle (Coetzee, 1998; ISO/IEC 90003, 2004). The processes involved in 
maintenance include resources, such as, documentation, personnel, support 
equipment, materials, spare parts, facilities, information and information systems 
(ISO/IEC 90003, 2004). The aircraft was developed from a Low Lifecycle Cost 
perspective and a high maintainability perspective, of which, the system complexity 
and the updatability of the aircraft led to a more complex airframe and greater 
demands on the maintenance organization (Sandberg, & Strömberg, 1999). The 
maintenance technician, is a central figure in the overarching maintenance process, 
which is described in six phases: Maintenance Management, Maintenance Support 
Planning, Maintenance Preparation, Maintenance Execution, Maintenance 
Assessment and Maintenance Improvement, see Figure 1 (Candell, Karim & Parida, 
2011). From the onset of maintenance management functions through execution and 
finally the task of improvement is this process complex, containing several levels of 
personnel and management. This is a risk for human error. 

 
Figure 1. Six phases in maintenance of JAS 39 Gripen (Candell, Karim & Parida, 2011) 

 

For flight to be safe all phases of the maintenance system and its actors must follow 
their roles and tasks stringently. If not, the risk for errors increases greatly and 
accidents resulting from human errors are very salient. These do impede 
productivity and the efficiency of aircraft operations, leading to inconvenience and 
increased costs for all involved (Latorella & Prabhu, 1997). Central to this study in a 
maintenance actor perspective, e.g., the maintenance technicians, is the need to 
interact with various types and formats of information through different information 
sources when conducting a maintenance action as illustrated in Figure 2. The aircraft 
consists of a hierarchical and very intricate configuration and item structure. For 
each system are many subsystems included with many sophisticated pieces of 
equipment and in turn consist of computer software and hardware components 
(Candell, 2009). 
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Figure 2. As a vivid example of a complex technical system, a modern combat aircraft has a 
hierarchical and very intricate configuration and item structure (Candell, 2009). 

 

The maintenance actors (maintenance managers, maintenance planners, maintenance 
technicians, etc.) play a central role in the Saab JAS 39 Gripen’s airworthiness. They 
must navigate amongst several computerized maintenance management systems, 
databases, manuals, orders, work orders, regulations, certifications, etc. to conduct 
correct maintenance as shown in figure 3 (Candell, Karim & Parida, 2011). In each 
box in the diagram are a variety of tools found, ranging from separate binders or 
books to a major information security resource. Each of the information sources are 
produced by different providers from the aircraft manufacturer to its operator. This 
level of complexity shows that there must be a high level importance placed upon 
the coordination and harmonization of the whole organization, including the aircraft, 
and the human factors issues that deal with the whole interaction.  

Due to new Information Communication Technology new maintenance solutions 
have emerged (Muller, Marquez & Iung, 2008; Levrat, Iunga & Marquez, 2008). To 
assist the user, available information should tailor to specific tasks and roles in the 
maintenance organization. The need for maintenance to further develop the concept 
of “the right information to the right user with the right quality and in the right time” 
is essential according to a number of studies (Dey and Abowd, 2000; Lee et al., 
2006; Parida and Kumar, 2006).  
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Figure 3. The different sources of information that the technician and mechanics use when 
performing maintenance tasks (Candell, Karim & Parida, 2011).  

 
Maintenance tools 
 
Due to the high risk associated with failure, it is of utmost importance that 
maintenance functions are continuously improved. It is necessary to have the correct 
information, since it is essential in assisting the maintenance actor in the decision-
making process (Aljumaili et al., 2012). Inaccurate or poor data may influence the 
decision incorrectly, especially if the system using the data is not able to verify the 
quality (Tretten et al., 2011). Hence, it is important for maintenance tools to be 
aware of data quality issues and actively reduce them (Markeset and Kumar, 2003; 
Tretten et al., 2011). Several studies (Aljumaili et al., 2012; Labib, 2004) have 
shown that the quality of information available to the maintenance actors can play an 
important role in how the maintenance actions are conducted. A poorly designed 
system can actually promote human errors when the system is used (Norman, 1988; 
Reason, 1990). Even though computerized maintenance management systems are 
developed to assist the maintenance actors in conducting their tasks they often lack 
the functionality and usability found to be necessary by the maintenance actors 
(Tretten & Karim, 2014). This can result in human error, mistakes, data quality 
issues and other criticism (Aljumaili, 2012). As is shown by Norman (1988) and 
Reason (1990) many errors committed while operating a system are the result of bad 
system design or bad organizational structure rather than an irresponsible action. As 
systems become more advanced, due to e.g. increased automation and greater 
complexity, like in the case of aircraft maintenance and the surrounding systems, it 
gets harder for the users to keep track of the actions in the system and to fully 
understand the system capability (Reason, 1990). According to Reason (1997) the 
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primary cause of major accidents and incidents in complex systems, such as, nuclear 
power, process control and aviation is due to human error.  

A typical interface between maintenance solutions and the user of maintenance data 
is a Computerized Maintenance Management System (CMMS). The CMMS is a 
standalone system that is used anywhere larger maintenance operations are 
conducted. Operators, technicians, as well as, management may be typical users of a 
CMMS (Labib, 2004)., A CMMS can organize many different functions, such as 
work orders to plan and schedule inspections, preventive maintenance and 
maintenance of machine breakdowns. This includes assigning personnel, inventory 
control and reserving materials, recording costs, tracking information history, 
maintenance alarms, actions, data storage, completed tasks, status reports, asset 
management and integration towards other management systems.  

Unfortunately system defects created by poor user interface design, incorrect 
installation, faulty maintenance and bad management decisions result in the users 
producing errors (Reason, 1990). In general there is a lack of basic user-friendly 
design in many CMMS and this is a result of the systems being designed for 
accounting and/or IT users rather than for maintenance personnel’s specific needs 
(Labib, 2004; Tretten & Karim, 2014).A user-centred approach should be 
implemented, allowing the user a greater role in the design process, and most likely 
reducing the risk for errors and mistakes resulting from poor system design (Van 
Harmelen, 2001). This would also include the whole environment in which aircraft 
maintenance actors work in.  

A consequence of this approach, a complete study of the work environment, would 
be that the complexity of information sources and the need for maintenance actors to 
focus on the transfer of information would be minimized. The situation faced by 
Saab JAS 39 Gripen maintenance actors is a combination of information sources, 
technologies and physical tools where they must physically transfer maintenance 
data between objects and systems. However, the users should not focus upon the 
media or technology to transfer information but on what their primary task is 
(Jacobson, 2000). Although there are a few studies to discuss the possibilities of 
using mobile devices, replacing printed information (Candell e.t al., 2011; 
Jernbäcker, 2003), Drury (2000) showed that usability issues are more important 
than the media itself, although mobile device were mentioned as a viable option. 
CMMS need an improved interface which takes into consideration the needs of the 
users in the complete work environment, that is to say in order to reduce risks a 
holistic view of the system-of-interest needs to be implemented in the design phase 
(Candell et. al., 2011; Tretten & Karim, 2014). According to Latorella and Prabhu 
the future lies in “truly human-centred, integrated task aiding, automation, and 
training (p. 157, 1997). 

Aim 
The aim of this project was to find out, from a user perspective, what human factors 
issues can be identified in the maintenance of military aircraft and how can they be 
addressed. Moreover, is there support for developing a mobile tool to address 
these human factors issues? 
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Methodology 

In order to take a user-centred approach in finding relevant human factors issues 
within the aircraft maintenance area a contextual inquiry approach was used. The 
study participants were observed during aircraft maintenance and interviewed with 
semi-structured interviews in their normal work environment. The unit of study was 
Air Force Norrbotten Wing (F21), one of the main units of the Swedish Air Force.  

Participants 
Ten current Saab JAS39 Gripen maintenance personnel volunteered to participate in 
separate one- to two-hour interviews. Six were maintenance technicians, three were 
maintenance managers, and one was head of maintenance. All personnel were well 
experienced in maintaining the aircraft both at base and field exercises. Nine of the 
interviewees were certified technicians with up-to-date training. All had 10+ years 
of experience of military aircraft maintenance and all had five or more years 
experience on the Saab JAS39 Gripen.  

Data Collection 
In each interview, the maintenance personnel were asked to ‘walk through’ the 
maintenance tasks from taxi, to debriefing of aircraft, from acute to preventive 
maintenance, to flight readiness, i.e. each event from start to finish. The instructions 
were to describe each step in their maintenance task. After the interviewees finished 
their account, the researchers probed for more detail and explanation about event 
causes and the interviewee's response. Two to three researchers participated in each 
interview.  

In conjunction with a technology demonstration, members of the research team 
observed non-confidential maintenance operations during four separate occasions at 
the maintenance personnel’s home base, together with a maintenance manager. 
Questions that needed clarification were answered by the maintenance managers and 
the maintenance technicians at the completion of each task. The observers took notes 
about the communications, activities, and discussions of the crew and personnel at 
the airbase. Observers recorded the technician’s actions, uninterrupted. By 
discussing areas that need improvement with all interviewees, the study was able to 
gain insight into factors and conditions that contribute to human factors challenges. 
In addition to the observations and interviews, an employee of the aircraft 
manufacturer who served as an expert met regularly with the research team to 
answer questions, review analysis products, and elaborate and fill gaps in data. 

Data Analysis 
Cognitive work analysis (Vicente, 1999) was conducted for the following situations: 
Reception of the aircraft; system failure (detection and response); maintenance 
(detection, prevention, and repair); communication; flight readiness. Data was 
treated in raw form as interview quotes and observation notes. Design inadequacies 
containing human factors issues that can lead to grounded aircraft were reviewed 
and grouped according to common themes.      
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  Results       

Preliminary analyses of the data show that maintenance technicians and maintenance 
leaders conduct a wide variety of tasks (Table 1). Many of the maintenance 
technicians were certified to use several systems and specialized on repairing several 
different systems. The design of the aircraft and its systems gave the maintenance 
actors greater responsibility in working on several different systems and the tasks 
could be conducted quicker and with more ease than with comparable aircraft.  

The maintenance workflow; receive aircraft, work orders, checklists, manuals, report 
problems, aircraft specifications, logbook, aircraft history and aircraft status, (Table 
1) shows what tasks the maintenance technicians and maintenance managers’ 
conduct. 

  



8 Phillip Tretten & Carl Jörgen Normark 

Table 1. Example of tasks conducted before actual maintenance operations 

Work flow Aircraft technicians Maintenance managers 
1. Receive 
aircraft 

· Download flight data 
· Upload data to maintenance 
system 
· View aircraft maintenance 
schedule 
· Visual check of aircraft 

· Plan maintenance based upon 
downloaded data, pilots report, and 
visual check 

2. Work 
orders 

· Check work orders both on 
paper and on the whiteboard 
· Check to see if the work 
order list is up to date 
· Ask maintenance managers 
for more detailed information 
on the work orders to be 
completed 

 

· Plan when tasks need to be 
completed and in what order 
· Verify completion of work orders 
· Distribute the work/tasks to the 
appropriate technicians 
· Confirm with the technicians what 
needs to be done and who is 
responsible for each task 

3. Checklists · Maintenance plans 
· Service schedule 

· Verify that each person is certified 
to conduct their respective task 
· Authorize each technician for their 
respective task 

4. Manuals · Search service manuals for 
information concerning each 
task 
· Check other maintenance 
manuals and compare the 
information for each 
respective task 
· Consult short version of 
general maintenance routines 

· Report necessary updates 
· Contact supplier/ manufacturer for 
more detailed maintenance 
information if necessary 

5. Report 
problems 

· Contact those who possess 
the right information 
· Record to logbook 
· Note information in writing 
and with pictures 

· Contact supplier/ manufacturer for 
more detailed maintenance 
information if necessary 

6. Aircraft 
specifications 

· Consult information panel 
on aircraft body 
· Consult flight data 
information for aircraft 
specifications 

· Contact supplier/ manufacturer for 
more detailed maintenance 
information if necessary 

7. Logbook · Consult aircraft logbook 
· Note information in writing 
and with pictures 

· Transfer information from the 
logbook/⁄paper into the CMMS and 
vice versa 

8. Aircraft 
history 

· View history data in 
maintenance software and 
logbook 

· Check aircraft history 

· Verify that each person is certified 
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· Determine if there is a need 
to gather more information 

to conduct their respective task 
· Back up all information in a paper 
copy 

9. Aircraft 
status 

· Bring all necessary 
information necessary for the 
task at hand to the aircraft 
· Consult and communicate 
with pilot with radio and 
gestures 
· Perform visual check 

· Find out what has been done to 
the aircraft 
· Find out what tasks need to be 
conducted 
· Verify status 
· Sign off each work order 
· Sign tools and keys 

10. Spare 
parts 

· Verify what parts that need 
to be ordered 
· Replace spare parts 

· Prepare a spare parts list for the 
aircraft 
· Check available spare parts 
· Order necessary spare parts 
· Find correct part number 

 

Analyses indicate that within each task there are a number of human factors issues 
where the needs of the maintenance technicians are not directly satisfied..These 
issues were compared and categorized under a number of general topics where the 
need of the maintenance personnel is emphasized. 

Many information sources need to be consulted 
The maintenance actors must deal with many information sources that demand 
attention and need to be organized by the maintenance technicians so that they can 
be used correctly. First, the maintenance leaders give each workgroup their work 
orders that is distributed, printed on paper and written on whiteboards. Secondly, if 
only routine maintenance is to be conducted a short version of routine maintenance 
is consulted..Thirdly, before each repair the maintenance personnel; search for 
information regarding the tasks in manuals, print the relevant pages on paper, and 
bring them to the aircraft. Also, there is necessary repair information found within 
the aircraft, conveyed through the aircraft logbook, the information panel on the 
aircraft, data extracted by the maintenance computer, and also through the pilot. . 
The computerized maintenance management system can also be experienced as slow 
and difficult to use, with inconsistencies in the user interface and dead links to other 
documentation. 

The use of paper is widespread 
The use of paper is crucial for the daily maintenance work. Information coming 
from the maintenance leaders, such as work orders and documents signed by hand is 
common. For example, a signature on paper indicates who is in possession of a key 
or a tool. Signing of paper can be a slow task when the authorized person to sign the 
documentation is not readily available. Another non-electronic means of organizing 
and spreading up to date information is through a whiteboard, which change 
information frequently. Information necessary for maintenance technicians are found 
in one of the many databases and manuals, of which are printed and taken to aircraft.  
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  Information is inconsistent  
The current systems can, for example, attest that a task has been completed. 
However, the maintenance technicians state that they, in general, have poorly 
designed user interfaces and lack some functionality that is deemed as important. 
For example, there are some inconsistencies in maintenance instructions It is 
necessary to always double-check the information because different stakeholders 
have different databases for spare parts and the spare part numbers differs  
Documents can be vague and in some cases the links are inconsistent, missing or 
point to another link or location. One time-consuming issue is that the maintenance 
personnel have to move back and forth between the computers in the offices and the 
actual aircraft in order to search for information to complete their work. Information 
stored in repair manuals are in many cases almost entirely in text, no diagrams or 
pictures, which can make it more difficult to relate to the actual tasks at the aircraft.  

Hierarchy 
There are strict hierarchies that dictate who is authorized to perform specific actions. 
The maintenance actors need to have up to date certification for each type of task to 
be conducted. It needs to be very clear on who is to do what in the maintenance 
organization. However, many different individuals are involved in signing off 
different papers. If technicians are unable to solve a problem by consulting the 
manual, they can in some cases decide by themselves what to do. However, if the 
problem might lead to new risks the maintenance leader needs to become involved. 
If the maintenance leader doesn’t know then he/she calls another person higher up in 
the hierarchy, for example a maintenance engineer. As a last step, the aircraft 
manufacturer might be contacted. For each step in this process, the shift in 
responsibility needs to be recorded and signed off. 

Ergonomics and weather conditions 
Maintenance technicians are working in all weather conditions. On top of that they 
also work in noisy a environment, operate heavy tools, and they use heavy and bulky 
protective gear, Due to these conditions special demands are placed on tools used by 
maintenance personnel. In some cases they need to remove their gloves to complete 
a task or remove hearing protection to communicate with others.  

Communication 
Maintenance technicians need to communicate with each other, back office 
personnel, the pilot or other maintenance actors in order to complete their tasks.  
There are several means of communication, such as, intercom, radio, or mobile 
phones. However these are only auditory. Since several technicians often work on 
the same task it can be difficult to determine who took the largest responsibility to 
complete a specific task. The maintenance personnel take notes and pictures of the 
work being conducted to document the maintenance process when unusual situations 
are faced. Although notes can be added to the printed manuals the majority of the 
notes and pictures end up being used only on the individual technicians workbook 
and does not contribute to the general knowledge of the area.  

Long lag time between updates 
Documentation is not updated often enough. Manuals are only updated three or four 
times a year. In some cases software and hardware will be installed in the aircraft 
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and the technicians will not have certified documentation to conduct repairs. This 
approach has led to aircraft being grounded, not because they are not airworthy but 
because the documentation is not complete.  

Discussion 

The goal is to reduce human error from the maintenance organization since 
maintenance related errors are a large factor for flight delays (Latorella & Prabhu, 
1997). Research has shown that there is a need for easy to use tools that can make 
the most out of maintenance planning, execution, and follow-up in an efficient and 
effective way that is adapted to the user of the tool (Candell, Karim & Parida, 2011). 
The whole process needs to be considered from a human factors perspective to 
reduce error (Reason, 1990). A holistic approach was used to learn how maintenance 
of Saab JAS 39 Gripen is undertaken. It should be considered that the correct person 
gets the correct information, that is, the correct information, delivered in a timely 
manner, and in the correct quality to the correct person (Parida & Kumar, 2006). 
Moreover, the tool must provide a good interaction with the system (Aljumaili et.al., 
2012; Labib, 2004). The CMMS used with the Saab JAS 39 Gripen needs to be 
improved based upon user needs (Tretten & Karim, 2014) and these results show 
that, even though, many of the systems used work well there are too many 
unnecessary tasks associated with each maintenance situation.  

The right information, at the right time 
The results show that maintenance actors have a complex situation with high 
demands on their usage of documentation, for example, organizing printouts and 
using the right document. If all paper handling is minimized or eliminated, by 
organizing and transferring paper to a mobile tool, a better overview of the whole 
situation could be reached and a large number of human factors risks could be 
reduced. It was found earlier that there is basically no difference between paper and 
a mobile solution on specific tasks (Drury et.al., 2000); however, this paper problem 
is much larger today. A reasonable solution would allow the maintenance actors to 
carry with themselves all the necessary documentation, or be able to quickly obtain 
the information when needed, so that they can focus on the task itself and not the 
media (Jacobson, 2000). A larger study needs to be conducted studying the aircraft 
maintenance operation, in which, all steps of the maintenance operation, info about 
aircraft, work tasks, info regarding who is doing what, follow up, are gathered into 
the same system and analysed. 

The right information to the right person 
Today’s procedures are based on a common database where maintenance personnel 
search for information manually on a one to one basis. Some confusion arises in the 
maintenance tasks, concerning who is the responsible technician, the one that should 
sign off the work order. Sometimes others in the hierarchy get involved and they 
become responsible for tasks, which can cause confusion in the recording of tasks 
and also the signing off of work orders. Finally, it is not easy to keep track of which 
technicians have up to date certification for specific tasks.  

What is needed is a method or tool that allows for the registration of each user in the 
system with their personal credentials. If this system is carried at all times, 
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information could be delivered automatically to the correct person while work orders 
and tasks could be traced to that person.This way one could see whether someone 
already investigated a certain aspect contributing to the general knowledge in the 
area. Finally, authorization for tasks, tools, or keys can be made much more efficient 
if this procedure is shifted from paper into an electronic tool.  

Correct information delivered with the correct quality 
Since aircraft are constantly upgraded, the manuals and information also need to be 
updated at the same rate. By transferring all storage of data into one single electronic 
system (Candell, 2009) that can be accessed by a mobile tool (Karim et.al., 2009) 
with a higher level of data quality (Aljumaili, 2012) the information updates can be 
handled more efficiently. Links to other manuals could also be overviewed in a more 
efficient way. 

Maintenance personnel tend to make annotations or clarifications in the manuals if it 
can help them with the task. Other notes and pictures are also used as help in the 
maintenance process. However, none of this valuable information remains if the 
manuals are updated and notes and pictures from one task is thrown away when the 
task is completed. This can be overcome if both information lookup and input is 
available in electronic form. This is important because correct information is 
essential in order to make correct decisions (Aljumaili et.al., 2012). 

Even though information is to a large extent transferred to an electronic system, the 
management of information may still need to be improved because maintenance is a 
combination of technical, administrative, and managerial actions (ISO/IEC 90003, 
2004). Inconsistencies and low data quality must to be fixed since it is necessary that 
the data is accurate and of high quality, this is especially true since the system itself 
verify the quality of data (Tretten et al., 2011).  

Information delivered in a timely manner 
By using a mobile tool work orders and authorizations can be both distributed and 
updated in real time. Completed tasks and activities can also be signed off 
instantaneously without the need of an additional person or relocalization to do this. 
However one of the main benefits with a personal mobile tool brought to the aircraft 
is that it gathers all information sources in one location. When an aircraft arrives the 
tool can be brought and information from the Flight Data Transfer Tool and 
information panel on the aircraft can be read at the same time as the pilot can be 
consulted. Information can also be looked up immediately while still in contact with 
the information sources at the aircraft in order to verify that the correct action is 
taken. 

 

Conclusions 

There is a need for human factors frameworks, strategies, and concepts that better 
integrate maintenance actors with the complex environment in which they operate. 
All seven of the identified areas for improvement are at least partly rooted in an 
interface design challenge. Contributing to the substantial nature of this challenge is 
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the difficulty compiling and representing the information holistically that 
traditionally has been perceived and processed from dispursed locations.  

The design challenges might be met by using design concepts and strategies from 
other domains and by using existing human factors and cognitive engineering 
design. However, the lessons of other domains are likely to generalize only partially 
and existing design methods and serve only as tools, not solutions. Thus, significant 
research and development seems necessary to produce human machine interface 
design solutions that can compensate for different information sources and tools 
already being used in maintenance. 

 
References 

Aljumaili, M., Tretten, P., Karim, R. & Kumar, U. (2012). Study of Aspects of Data 
Quality in eMaintenance. International Journal of COMADEM, 15, 4, pp. 3-14. 

Boeing/ATA. (1995). Industry Maintenance Event Review Team. The Boeing 
Company, Seattle, WA. 

Boeing (2014). Human Factors Process for Reducing Maintenance Errors. 
Retrieved from http://www.boeing.com/commercial/aeromagazine/aero_ 
03/textonly/m01 txt. html Accessed October 3, 2014. 

Candell, O. (2009). Development of Information Support Solutions for Complex 
Technical Systems using e-Maintenance. Doctoral Thesis, Department of 
Operation and Maintenance Engineering, Luleå University of Technology, 
Luleå, Sweden. 

Coetzee, J. (1998). Maintenance, Maintenance Publishers, Hatfield. 
Candell, O., Karim, R. & Parida, A. (2011). Development of information system for 

e-maintenance solutions within the aerospace industry. International Journal of 
Performability Engineering, 7, 6, 583-592. 

Dey, A.K. & Abowd, G.D. (2000). Towards a better understanding of context and 
context-awareness. In Proceedings of the Workshop on the What, Who, Where, 
When and How of Context-Awareness, ACM Press, New York. 

Drury, C.G., Patel, S. C. & Prabhu, P. V. (2000). Relative advantage of portable 
computer-based workcards for aircraft inspection. Industrial Ergonomics, 26, 
pp. 163-176. 

ISO/IEC 90003. (2004). Software engineering: guidelines for the application of ISO 
9001:2000 to computer software. ISO/IEC JTC 1/SC 7, 03.120.10, 35.080, p. 
54.  

Jacobson, R. (2000). Information Design. Cambridge, Massachusetts: MIT Press. 
Karim, R., Söderholm, P. & Candell, O. (2009). Development of ICT-based 

maintenance support services. Journal of Quality in Maintenance Engineering, 
15, 2, pp. 127-150. 

Labib, A.W. (2004). A decision analysis model for maintenance policy selection 
using a CMMS. Journal of Quality in Maintenance Engineering, 10, 3, pp. 
191-202. 

Latorella, K. A. & Prabhu, P. V. (1997). A review of human error in aviation 
maintenance and inspection. International Journal of Industrial Ergonomics, 
26, pp. 133-161. 



14 Phillip Tretten & Carl Jörgen Normark 

Lee, J., Ni, J., Djurdjanovic, D., Qiu, H. & Liao, H. (2006). Intelligent prognostics 
tools and e-maintenance. Journal of Computers and Industry, 57, 6, 476–489. 

Levrat, E., Iunga, B., & Marquez, A.C. (2008). E-maintenance: review and 
conceptual framework. Production Planning  & Control, 19, 4, pp. 408-429. 

Markeset, T. & Kumar, U. (2003). Design and development of product support and 
maintenance concepts for industrial systems. Journal of Quality in 
Maintenance Engineering, 9, 4, pp. 376-392. 

Muller, A., Marquez, A.C., & Iung, B. (2008). On the concept of eMaintenance: 
Review and current research. Journal of Reliability Engineering and System 
Safety, 93, 8, pp. 1165-1187. 

Norman, D. (1988). The Design of Everyday Things. New York, Doubleday. 
Parida, A. & Kumar, U. (2006). Maintenance performance measurement (MPM): 

issues and challenges.  Journal of Quality in Maintenance Engineering, 12, 3, 
pp. 239-251. 

Tretten, P. & Karim, R. (2014). Enhancing the usability of maintenance data 
management systems. Journal of Quality in Maintenance Engineering, 20, 3, 
pp. 262-275. 

Reason, J. (1990). Human Error, Cambridge, UK, Cambridge University Press. 
Reason, J.T. (1997). Managing the risks of organizational accidents. Aldershot: 

Ashgate.  
Reason, J.T. & Hobbs, A. (2003). Managing maintenance error: A practical guide. 

Aldershot: Ashgate.  
Sandberg, A. & Strömberg, A. (1999). Gripen: with focus on availability 

performance and life support cost over the product life cycle. Journal of 
Quality in Maintenance Engineering, 5, 4, pp. 325-334. 

Sonesson, K. (2000). Technical Communication through Digital Media. M.Sc. 
Thesis, Växjö University, Växjö, Sweden. 

Suzuki, T., Von Thaden, T.L. & Geibel, W.D. (2008). Influence of time pressure on 
aircraft maintenance errors. University of Illinois at Urbana Champaign, 
Retrieved from http://www.aviation.illinois.edu/avimain/papers/research/pub_ 
pdfs/miscconf/AAvPA_suzuki_final.pdf Accessed September 21, 2014.  

Szymanowski, M., Candell, O. & Karim, R. (2010). Challenges for interactive 
electronic technical publications in military aviation. In Proceedings of the 1st 
international workshop and congress on eMaintenance. Luleå University of 
Technology, Luleå, Sweden, pp. 190-195. 

Tretten, P. & Karim, R. (2014). Enhancing the usability of maintenance data 
management systems. Journal of Quality in Maintenance Engineering, 20, 3, 
pp. 290-303. 

Tretten, P., Karim, R. & Kumar, U. (2011). Usability-based eMaintenance for 
effective performance measurement. In Proceedings of Maintenance 
Performance Measurement & Management, December 11-13, Luleå, Sweden, 
pp. 53-59. 

Van Harmelen, M. (2001). Object Modeling and User Interface Design: Designing 
Interactive Systems. Addison-Wesley Longman Publishing Co., Inc. Boston, 
MA. 

Vicente, K.J. (1999). Cognitive Work Analysis: Towards safe, productive, and 
healthy computer-based work. Mahwah, NJ: Lawrence Erlbaum Associates. 

https://pure.ltu.se/portal/sv/persons/aditya-parida(963d0108-35ff-445b-9034-2b8bea8758bf).html
https://pure.ltu.se/portal/sv/persons/uday-kumar(076553a6-fd2c-4f71-92f3-e4510e28046a).html
https://pure.ltu.se/portal/sv/persons/uday-kumar(076553a6-fd2c-4f71-92f3-e4510e28046a).html
https://pure.ltu.se/portal/sv/publications/maintenance-performance-measurement-mpm(10e56220-9b32-11db-8975-000ea68e967b).html
https://pure.ltu.se/portal/sv/publications/maintenance-performance-measurement-mpm(10e56220-9b32-11db-8975-000ea68e967b).html
https://pure.ltu.se/portal/sv/publications/maintenance-performance-measurement-mpm(10e56220-9b32-11db-8975-000ea68e967b).html
https://pure.ltu.se/portal/sv/persons/olov-candell(eb031c91-3ad4-4fc6-b8c7-2386c369d932).html
https://pure.ltu.se/portal/sv/persons/olov-candell(eb031c91-3ad4-4fc6-b8c7-2386c369d932).html
https://pure.ltu.se/portal/sv/persons/ramin-karim(692e6f85-ef41-49b3-84d8-552cc66f58b9).html
https://pure.ltu.se/portal/sv/persons/ramin-karim(692e6f85-ef41-49b3-84d8-552cc66f58b9).html
https://pure.ltu.se/portal/sv/publications/challenges-for-interactive-electronic-technical-publications-in-military-aviation(edf0adf0-58c1-11df-b6eb-000ea68e967b).html
https://pure.ltu.se/portal/sv/publications/challenges-for-interactive-electronic-technical-publications-in-military-aviation(edf0adf0-58c1-11df-b6eb-000ea68e967b).html
https://pure.ltu.se/portal/sv/publications/challenges-for-interactive-electronic-technical-publications-in-military-aviation(edf0adf0-58c1-11df-b6eb-000ea68e967b).html


 human factors issues in aircraft maintenance 15 

Wiegmann, D.A., & Shappell, S.A. (2003). A human error approach to aviation 
accident analysis: The human factors analysis and classification system. VT: 
Ashgate.  

 


	Introduction
	The need for maintenance
	The complex nature of aircraft maintenance
	Maintenance tools
	Aim

	Methodology
	Participants
	Data Collection
	Data Analysis

	Results
	Many information sources need to be consulted
	The use of paper is widespread
	Information is inconsistent
	Hierarchy
	Ergonomics and weather conditions
	Communication
	Long lag time between updates

	Discussion
	The right information, at the right time
	The right information to the right person
	Correct information delivered with the correct quality
	Information delivered in a timely manner

	Conclusions
	References

