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Abstract. Aircraft maintenance can be described as a complexly interactive and technical system. The ever-increasing complexity of aircraft maintenance place greater demands on the professions responsible for that work The maintenance work is performed within a risky and complex framework. A case study is performed within a military aircraft maintenance organization. The case study is analysed, and the aim is to identify problems in the work situation for aircraft maintenance professionals. The knowledge and practical experience of the different professions, besides coordination and cooperation between them, are of great value for decision making in complex situations. For this context the paper highlights some design challenges for creating information systems for professions, where quick access to common information and professional knowledge is of vital importance. The aim of this paper is to find challenges for information and knowledge management, according to the problems found in the empirical aircraft maintenance case. This paper shows how social dimensions such as collaboration and sharing of common information and professional knowledge are played out within aircraft maintenance.
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1 Introduction

Many workplace studies have been carried out in different everyday work settings. Thereby there is a nuanced understanding of complexities of human communication, cooperation and collaboration. This has contributed to inform about how to design information systems and which issues to raise in different work settings [1]. In complex work settings as aircraft maintenance, which also is safety critical to life and equipment and require professional knowledge there exist some special characteristics. 

This paper draws on how people in different professions in a distributed setting can work cooperatively in a common information space [2]. It is vital that the collaboration between the different aircraft maintenance professions has to be supported in the mobile work situations. Problem solving and decision making in collaboration will contribute to improve the knowledge and skills [3]. Maintenance within different industrial areas has recently grown in importance. The main reason for this is to reach specific goals such as increased availability, decreased maintenance costs and higher quality of products. The key characteristic is that things will happen fast. A growing approach to maintenance is the condition-based maintenance, in difference from time-based and fault-based maintenance. The condition-based maintenance approach is implemented in a variety of areas within the technical field. It is an approach, suitable to use when maintaining and handling equipment in complex technical systems. Condition-based maintenance recommends maintenance decisions based on the information collected through condition monitoring [4]. It is also an approach where it is of a great importance to use computers, computer software and electronical networks [5].

When designing for information systems design issues are mostly driven from a technical viewpoint, within technical fields of work. The technical maintenance systems design remains at hands of the technical professions themselves. They usually have the technical knowledge from their background and work practice within their technical professions. However, some dimensions might be hidden from a technical viewpoint only. This paper shows how social dimensions such as collaboration and sharing of common information and professional knowledge are played out within aircraft maintenance.

Aircraft maintenance can be described as a complexly interactive and technical system [6]. The ever-increasing complexity of aircraft maintenance also place greater demands on the professions responsible for that work [7]. Condition-based maintenance is applied as a maintenance concept even in other technical domains, such as hydro power plants [8], gas turbine engines [9], the main engine in the American space vehicle [10], diesel engines [11] and helicopter gearboxes [12].

Aircraft maintenance is performed by different professions. Profession-oriented work is marked by uncertainty, complexity and instability and is uniquely [13]. The professional work is about finding the problem as much as solving it. Sometimes it is hard to learn the work. One quality for professional work is the capacity to solve complex problems through creative and innovative solutions [14]. More and more of the IS development is performed in organisations characterised by profession-oriented work. New ways to perform the work have increased in many organisations, which have resulted in the need of the right information at the right time. This need has to be supported by IS in appropriate ways. 

The aim of this paper is to find design challenges in the flight maintenance situation that accounts for a profession-oriented approach. The social challenges within a very technical and complex work situation are especially focused, since the technical perspectives usually are considered in the technical field of work. The point of departure is to identify activities in information sharing and collaboration within the ongoing, profession-oriented, maintenance work.

2 Research Method
The study has been carried out at Volvo Aero Corporation, where the development, manufacturing and maintenance of military jet engines take place. Interviews and studies of the work practice have also been made at the Såtenäs wing within the Swedish Airforce. This study is based on the use of the JAS 39 Gripen military aircraft, and especially the RM12 jet engine, which is the jet engine Volvo Aero Corporation has developed further, on licence from General Electrics. The study has been carried out at Volvo Aero Corporation, where the development, manufacturing and maintenance of jet engines take place. Interviews and studies of the maintenance work practice have also been made at the Såtenäs wing within the Swedish Airforce.

In order to get an understanding of the typical work of an aircraft fixer, primarily the profession of flight engineers, the investigation is carried out as an ethnographical case study. Beside, other professions as control engineers, service engineers, and developing engineers have also been included in the study. Case study is an adequate research method for the organisational laboratory, where participants face complexity and uncertainty in their field of work [15]. The analysis of the case has been of a interpretative character [16]. This is an approach that focus particularly on human interpretations and meanings.The aim in this study has been to focus on the unique characteristics in the work situation and to elucidate special features in the actual context. The complexity of the case is reflected in that many different factors influence the service work situation.  

The case study covered three periods of six months each. Material from the maintenance work process has been acquired by qualitative empirical studies, especially qualitative interviews with both different maintenance professions and executives at the wing of Såtenäs and at Volvo Aero Corporation. Observations of the maintenance work have also been done, when field notes have been taken. Other sources due to the empirical findings was attending courses on the construction and maintenance of the aircraft as well as project meetings in the product support system project group at Volvo Aero Corporation. The case study has been comprised of  different phases. Initially the study was of an exploratory character with open-ended observations in the field of work, where the work of the flight engineers and control engineers was studied at the wing of Såtenäs. There was also regular discussions with the service engineers and the developing engineers of support systems at Volvo Aero Corporation. This was followed by a phase with interviews, collection of some secondary material and attending meetings in both organizations. The last phase included some more observations and more structured and focused interviews. During this case study, extended in a quite long period of time, there has been frequent visits to the field sites. The first phase of the study was started in 1997, the second phase in 2000 and the last phase was performed in 2008. The quotations presented in the empirical analysis have been picked up from the interviews notes.

As a theoretical framework for the analysis the concepts of professional knowledge [13]; [14]; [17]; [18] and common information [1]; [2] have been used. The maintenance work is seen as a complex human-machine system, where professional knowledge is of vital importance. The need for collaboration and information sharing is seen as being contributed by common information spaces.

The empirical analysis has been structured in different categories; 1) planning maintenance activities, 2) aquiring information 3) evaluating faults.

3 Research Framework

The technical nature of work in order to solve problems also includes human activities. Hence, designing new systems within technical domains also has a social dimension. The governing of learning has a lot to do with changing the norms in a social context. Introducing a new information system is about changing norms and the social culture and changing the performance of work [19]. The profession-oriented technical and complex work practice has its own characteristics, which will give special findings within the social dimension. According to [20] learning occurs only by individuals and it merges out of the interaction between people. 

In designing information systems there has to be a trade-off between humans and technical artefacts. The design process involves allocation of tasks between computers and humans [18]. It implies modelling the human-machine interaction [21].
As a theoretical framework for the analysis the concepts of professional knowledge and common information has been used.

3.1 Professional knowledge

The work in the society is characterised by an increase of professional work. The work activities are going to be more complex and many workplaces demand more of well-educated and competent personnel. Communication and interaction is central when it comes to professional work [14]. Evetts [22] claims that the concept of profession is used more and more when discussing work in the modern society. The interpretation of the profession concept is based on work-oriented co-operation, a common identity and trust related to different professional competencies. The professional identity is also related to common experiences, understanding and expert knowledge, and common ways of interpreting problems and possible solutions.

Profession-oriented work is marked by uncertainty, complexity and instability and is uniquely [13]. Many topics are related to the professional work, i. e. problem-solving, decision-support and human-computer interaction. The professional work is about finding the problem as much as solving it. Sometimes it is hard to learn the work. One quality for profession-oriented work is the capacity to solve complex problems through creative and innovative solutions [14]. It requires that people practise, and gain experience. The way people use the knowledge is often depended on how people experienced former situations, which have been complex and uncertain. It is also very hard to describe and teach how to deal with the qualities and the complex work activities, which characterise professional work. 

The profession-oriented work consists of practices in the rich interactive world, which is constructed by the participants. This gives attention to how people’s work activities are performed in different settings and how to support the work process through technology and information systems [18]. The emphasis is focused on supporting the complex work of humans with information systems, rather than replacing the human workers with computer systems [23]. 

A profession-oriented culture represents a shared experience that others do not have [24]. It is the behaviour as it is institutionalised within the profession-oriented role, which supports the trust for the actions [25]. Starbuck [26] claims that a profession has at least four properties beside expertise; an ethical code, cohesion, collegial enforcement of standards as well as autonomy. Alvesson [14]; [27] mentions the distinct occupational culture within each profession. Self-interest and efforts to attain social closure is crucial for professions. It can be interpreted as preventing other people from the right to certain jobs or tasks [14]. Professions are often characterised of prestige, authority and monopoly [13]. Kunda [28] discusses cultures to a great extent, especially engineering culture. He claims that culture in organisations is viewed as shared rules, governing cognitive and affective aspects of membership, and the means whereby they are shaped and expressed.

3.2 Use of common information

Many workplace studies have been carried out in different everyday work settings. Thereby there is a nuanced understanding of complexities of human communication, cooperation and collaboration. This has contributed to inform about how to design information systems and which issues to raise in different work settings [1]. In complex work settings as aircraft maintenance, which also is safety critical to life and equipment and require professional knowledge there exist some special characteristics. It is of vital importance how people in different professions in a distributed setting can work cooperatively in a common information space [2].

Conversations and various printed notes, placed here, there and everywhere, generate information. Today, much information is created, and is stored in information and communication systems. Tasks, activities, events and objects are translated into information. Much of the information is stored in the human heads. Information systems are used to reach a higher degree of certainty and precision, than is provided by the human body. The alteration of information character and use also changes the character of work. This is because tasks and activities performed by different professions are supported by explicit information.

Within the profession-oriented work there is high dependency on information to make efficient decisions. In obtaining improvements in delivering of the service information systems can support decision-making. These systems can be considered to comprise a set of interrelated information elements. But the major problems are to identify what knowledge and information to capture, and to design information systems where the information or knowledge is truly useful. It is about designing common information spaces, useful for different collaborating professions. To be useful the information has to be available, authentic, applicable and accessible wherever and whenever it has to be used [29]. Systems have both a human role and a technology role. Systems can be referred to as coordinators, as these systems support users in a collaborative setting. But systems can also be referred to strengthen the community feeling among users of such application, as a common information space for different professions [18].

4 A Case of Aircraft Maintenance
This study is based on the use of the military aircraft JAS 39 Gripen, and especially the jet engine RM12, which is the jet engine Volvo Aero Corporation has developed further, on license from General Electrics.

4.1 The maintenance approach

The new Swedish fighting aircraft is the JAS 39 Gripen. The Såtenäs wing is the first wing with the JAS 39 Gripen in operational action. In October 1997, the JAS 39 Gripen was declared operational and airworthy. In the process to start using this aircraft, there was a transformation in the maintenance concept, from time-based to condition-based maintenance. The big challenge with this maintenance concept is to strike a balance between cost and risk, ensuring efficient aircraft maintenance when required. Previously maintenance and service work activities have been much of a mechanical nature. If any component was damaged it had to be exchanged. But to avoid serious breakdowns, the time-scheduled activities were of a large scale. The aircraft consists of many interacting components. Sensors in the aircraft gather signals about different parameters such as temperature, pressure, height and so on. Before planning the maintenance work the signals must be evaluated.

Military aircraft maintenance is a mobile function and has always been so, in difference from the civil aircraft maintenance. The aircraft is located in different places, when it is grounded. The aircraft obviously takes off and lands in different places. There is need to service and maintain wherever the aircraft is located. Moreover, the place for landing is not always known in advance. There is an uncertainty if spare parts and relevant information are available on that wing or airbase, where the aircraft just has arrived. Some information is on the aircraft, i. e. information about the actual condition of the equipment. Other information, such as the maintenance handbook and rules for trouble-shooting, is found at the airbase. Due to security reasons there are not very good opportunities to have easy access to data and information by a network infrastructure. In case of war, the enemies must not get access to any data or information. 

The companies try to plan the maintenance programmes to ensure a smooth work load. There should not be more aircraft than necessary, which need service or maintenance at the same time. They also make a flight schedule for each aircraft. There is a need to monitor the flight hours for each aircraft, if some activities are to be done after predetermined time-based flight hours. The maintenance planning information needs to be accessible when and where the aircraft has landed, so the flight engineers could perform actual maintenance activities without delay. Otherwise the information will be sent for from the wing, as presently the case.

Maintaining an aircraft and a jet engine is a very complex work performed by different professions. The different professions identified in the case are the flight engineer profession, the control engineer profession, the service engineer profession and developing engineer profession. These different professions are collaboration in different ways in the work to maintain and serve the whole technical system of the aircraft. The work is mobile as the aircraft change place and condition during the flight, from take-off to landing. The aircraft has to be maintained on one of the dispersed runways when it lands. A runway can be placed anywhere in the middle of nowhere. The flight engineers’ profession has to make the first decision on airworthiness of the aircraft, then they need information about the actual conditions of the components of the aircraft. The flight engineers’ profession has to interpret and handle the information from the sensor signals before taking maintenance action. Before performing maintenance work, the flight engineer obviously needs information about the condition of the jet engine. Some fault-reports are produced by a built-in monitoring system. But there is actually no further information about the recognised faults and nothing about any faulty component. Nor is there any information on how to maintain or repair the aircraft, as the maintenance manual only is stored within the hangar. In fact, there is no satisfactory support for decision making.

4.2 Analysis of the work activities

The profession-oriented work activities performed in order to accomplish the maintenance activities have been analysed and synthesised into three different categories in this paper. The analysis deals with recent maintenance work, how it actually is being carried out. For more details about the maintenance work, see [30] and [31]. There are some general characteristics in each of the groups, namely, that the work often is time-critical and safety-critical. Decisions are critical to all activities and the optimal decisions are demanded in most of the situations. The work activities are structured as process oriented, as the maintenance work going on from planning maintenance to finding possible faults and serving the aircraft. The different categories for analyzing the work activities are:
· Planning maintenance activities

· Acquiring information

· Evaluating faults

Within each of this category the problem solving and decision making is consistently going on, which is considered in the analysis. There are often co-operations between different professions. The people in the professions are also often located in dispersed places. 

The three different categories for analyzing the work activities are described in more detail below.  

4.2.1 Planning maintenance activities

In planning maintenance activities sometimes the flight engineers face problems It is not always easy to follow the instructions for maintenance in the handbook, as the instructions sometimes is very complicated. Even if the flight engineers see easier ways of maintaining components they are forced to plan the activities according to the maintenance handbook. One flight engineer complaining about not having the opportunity to use their profession’s knowledge:

“We are not allowed to do anything else than following the instructions in the maintenance handbook. When  we see other, more effective ways of performing maintenance work, we have to contact the control engineers, and they in turn have to contact the developing engineers, and then it takes around a half of a year to one year to change the instructions in the maintenance handbook.”

In regard to the time-based maintenance activities, there is also a problem due to faults, which occur unexpectedly. Faults can be connected to any component or components related to any planned service or maintenance activity. One flight engineer is responsible for maintaining one aircraft at a time. The flight engineer has to decide which components to service or replace. He or she has to consider which components are the most effective to exchange or service. Even if a specific component is not faulty, it can be necessary to exchange it because of negative effects when exchanging or servicing components mounted/assembled close to the defective one. Due to this problem the flight engineer must know when the related components are subjects for any action. The flight engineer has to have knowledge about this problem and if components have to be exchanged because of damage when other components are fixed. Naturally, this has a great impact if the flight engineer is experienced. An experienced flight engineer knows more of the interactivity between different components. In order to discover and confirm what is defective, less experienced flight engineers sometimes need help from other maintenance workers, specialised in finding causes for the occurrence of faults and specialised in separate parts of the engine. The more experienced flight engineer faces the problem less complex and more comprehensive than a less experienced flight engineer does. Due to the development of knowledge and to get more experienced the flight engineers often discuss with other flight engineers about problems. As one flight engineer claims:

“In the hangar we are discussing problems. Then less experienced flight engineers can learn from the more experienced. It is also important to continuously work at the hangar, and not only at the runway, in order to be updated in the field of work.”

4.2.2 Acquiring information

The flight engineers have to check the aircraft each time the aircraft has landed. The flight engineer inspects the aircraft thoroughly, and looks, feels and smells to try and to locate anything suspicious that might cause faults. It is crucial to acquire information about the actual condition of the aircraft. If there is more than one flight engineer working at the same place, a discussion usually takes place if they have observed anything that might be considered constructive. But there is not always a possibility to talk to each other because of the loud noise from the aircraft. As a flight engineer noted:

“On the runway we can not talk to each other. Therefore we have to discuss problems and condition of the aircraft when we get inside into the house, when we are working at the hangar or in coffee breaks.”

The flight engineer discusses with the pilot, if he has recognised something special or remarkable during the flight. But the discussion then has to be performed inside any kind of a building. The pilot also expresses his opinion or thoughts as to what happened, when a fault occurred. It can also be valuable to have a discussion with a flight engineer, who has previously localised faults in the actual aircraft. An aircraft is a kind of individual, often with its special characteristics. The knowledge and the experience of the flight engineers are of great importance. As a flight engineer expressed:

“If one is on a leave for a longer period from the work, the knowledge and competence will decrease. Then it is much more difficult to have the real feeling for making fast decisions.”

If it is possible to recognise a special fault, the trouble-shooting process is unnecessary. The issue of importance for the flight engineer is to decide if the aircraft can be cleared to take-off within ten to fifteen minutes. On a display in the cockpit there is a quick-look of potential faults, discovered by the monitoring system during the flight. A fault report can be brought up by the flight engineers to present a brief fault localisation, a fault code and a suggestion of replacing any component. If there is not any fault information, not to maintain and service at a time-based basis, and the flight engineer has done necessary inspections without finding any fault, it is easy to decide that the aircraft is cleared to take-off. But if something faulty is recognised the trouble-shooting process starts.

To interpret the fault codes at the cockpit display the flight engineers must move to the airbase and look for the information in cover systems. Maintenance handbooks are also available at the airbase, manual handbooks as well as digital handbooks. Less experienced flight engineers need to have access to these handbooks more often than more experienced flight engineers. There is a need to have the handbooks close to the actual maintenance site. Problems arise when the flight engineer has to go to the airbase to have the instructions, thus causing maintenance delays. The manual handbook system also faces updating problems. When revisions or amendments are made, someone has to exchange old paper documents and replace them with new paper documents. It is a very time-consuming process and it is a risk of forgetting to update all of the maintenance handbooks, resulting in out of date paper documents at the airbases.
All the flight data, gathered in the real-time monitoring system, is transferred to an external memory. The flight engineer transport the external memory from the wing and out to the actual maintenance site. Then they transfer the flight data to the external memory before the memory is sent back to the wing for further evaluation. 

When faults have occurred, a form has to be filled in by the flight engineers. In that form all the detailed information about the fault is documented. Then the information is registered in a centralised Air Force database, together with the maintenance actions performed.

Information is gathered accumulated through a process of acquiring information in different places, not always close to the place where the maintenance activities will be performed, that is to say where the aircraft is positioned at the time.

In order to perform an efficient and effective and airworthy work it would be an advantage to have all the required information on the aircraft, but that is not the case. As a developing engineer expressed it:

“It is important to have quick access to the information needed in order to decide within ten minutes about the airworthiness of the aircraft.”

In the process of acquiring information it is required to get information from various people working within this maintenance field as well as from the pilots.

4.2.3 Evaluating faults

Evaluating and analysing the flight data can provide important information to the trouble-shooting process. The value of the analysis depends primarily on the flight engineers’ knowledge. In the system there is an opportunity to define evaluation parameters. When faults occur, rules have to be considered and tests must be performed to find any faulty components. 

There is one flight engineer at each hangar that performs some evaluation of the flight data, to assess if anything is deviating from normal values. One flight engineer described the complexity of the flight data evaluations:

”The evaluation of the flight data is rather complex to perform. Therefore only a very few of the flight technicians have enough knowledge to to this work. This evaluation system requires that the flight engineer continuously perform the evaluations in order to not loose the achieved competence.”

The work also deals with finding the correct information in the cover systems. Sometimes, the flight engineers need help from a control engineer to recognize what has caused the fault or damage. The flight engineer has to describe the actual situation for the control enginer. Sometimes it can be a hard job for the flight engineer to describe verbally what he or she sees, hears, feels and smells. Often the conversation can be cleared by the telephone, but in some occasions it is necessary for the control engineer to come to the aircraft or for the aircraft to be transported to the expert. There is a need to co-operate more efficiently. 

Flight engineers, service engineers and the other engineer professions are performing different activities. Flight engineers have to collaborate with service engineers in some cases. In specific cases the control engineer needs support from service engineers, or maybe developing engineers, at Volvo Aero Corporation. The flight engineer has to get in contact with a control engineer when new or very complex faults occur. In a way the control engineers protect their own area of the maintenance work as they not allow the flight engineers to be fully informed about the fault-diagnosing process. This is obvious for example when the control engineers take photos or videos of the fault situation, which they not share with the flight technicians. The flight technicians are not very pleased with this situation, as a flight engineer told:

“I would like to have access to the photos or videos that the control engineers have, in order to develop my own knowledge about some complex faults. There should be an information system with all photos and videos about the occurred faults, which all of us could have access to.”

5 Discussion About Design Challenges

5.1 Managing Common Information

Within the service work of aircraft maintenance there is high dependency on information to make efficient decisions. In obtaining improvements in delivering of the service, common information spaces can support decision-making. This process could be speeded up with an information system, showing different decisions and their status, accessible for all the different professions. Systems for different purposes can be seen as different common information spaces used by different professions. These systems can be considered to comprise a set of interrelated information elements. In the aircraft maintenance the information is consisted of formal documents as maintenance instructions and trouble-shooting schemes as well as different kinds of digital media describing faults.

Communication and problem solving between persons and dispersed groups are activities, which can be supported with information systems [2]. The case show that the different professions did not cooperate in an appropriate way, when for example serarching for causes of faults. Instead it proves that the professions are somewhat protective when not sharing all information to other professions, whom could have be supported with that information in their work. A common information space should support breaking walls and building bridges between the different professions in order to obtain an efficient maintenance work [17].
Without dialogue, co-operation and information sharing among the professions the performing of mobile and complex maintenance activities run the risk of being less effective. A shared workspace system can be an enabling technology for mobile and collaborative information and knowledge sharing [32]. Information is critical to each decision-making situation. It is valuable if the shared workspace system is structured in some way that is useful in different situations. It is also crucial that different professions will be able to share a common information space. The consciousness of what is going on at the shared workspace system increases the usability of that system [33]. It is also of great value to consider the real-time co-operation. The aircraft maintenance requires real-time access to different kinds of digital media. It would provide invaluable support to different professions if they would be able to access all information, such as documents, photos or videos about faults. Another advantage would be that all maintenance professions would be able to view and discuss documents, photos and videos on aircraft and components synchronously, at the same time, from dispersed places. 
This case proves that it is the components and the aircraft in question, which are the interesting subjects for activities. The flight engineers who discussed the trouble-shooting or maintenance actions do not only need a paper document, because they get together and focus on the faulty components, if they are located at the same place. If the flight engineers are located at dispersed places it is a prerequisite to have a digital documents, photos and videos in order to have quick access to the information. Digital media are even more effective when there are copies sent to different places or could be retrieved at different places. The digital media belonging to each aircraft, and even each component, would act as casebooks on patients used in medical service. Flight engineers could fill in digital forms in a common information space instead of in paper forms. To support the mobility, copies would not be sent to different places, with time delays. Instead the digital forms are accessible for the different professions who need the information. The maintenance handbooks and the trouble-shooting schemes could easily been distributed by digital document. This solution should enhance the mobile character of the service work. It will also support a smooth updating of documents. Hence, it is vital to raise relevant design issues in different work settings to inform about how to design information systems [1].

5.2 Sharing Professional Knowledge

Humans should perform all the professional activities requiring or being supported by human knowledge and experience, such as planning and assessment of the aircraft maintenance. The computer would release humans from routine work, as searching, tracking and accessing data. But all knowledge is somehow based on information. It is important to have access to information in order to process information. Information is critical in extracting knowledge. Knowledge is converted from information, when knowledge is personalised [34]. 

At the first glance obviously the flight engineers are not allowed to use their intuitive feelings of what is best in their decision-making. But there are situations that prove other interesting potential sources of professional knowledge and sharing of information. The fact that the professions reflects on their work to a great extent, both individually and in groups, are resulting in that they want to change the way they do things[13]. The areas of decision-making are thus very divided between the different professions within the maintenance work. As Alvesson [14] claims, individuals are placed in work groups and are allocated well-delimited and specified tasks in some profession-oriented organizations. The possibilities for making use of professional knowledge are thus restricted. But there are also some barriers between different maintenance professions where they try to protect their own knowledge and experiences. Different professions have its own ranger’s district. As an example from the aircraft maintenance case the control engineers are taken photos and films on different fault occurencies. These photos and videos are stored in databases which only can be accessed by the control engineer’s profession. Hence, the flight engineers are prohibited to use these digital media in their fault evaluations. The control engineers are protecting this material as their own property.

The decision-making process is quite extended in time, to some extent also caused by a kind of hierarchical contacts between different professions. This can be seen within the aircraft maintenance organization where flight engineers are not allowed to discuss problems directly with service engineers, without having contact with a control engineer about the very same problem. This seems to be a hindrance to the goal of deciding the airworthiness of aircraft in ten minutes. It is obvious that there is need to collaborate more efficiently and there is also need to better usage of the professional knowledge. As Alavi and Leidner [17] states, culture is a major catalyst, or alternatively a major hindrance, to knowledge creation and sharing. Lundh Snis [18] also points on the phenomenon that there can be an organizational blindness in seeing engineering fields of work also as social processes. It is obvious that the flight engineer profession sometimes try to collaborate more efficiently in having a quick solution to a problem, when trying to indirectly contact a service engineer without following the hierarchical contact ways. Professional barriers are required to be decreased so the different professions willingly and consistently share their knowledge and insights. Then the aircraft maintenance has a good potential to be effectively supported by information systems and thereby achieving  the goals more effective. In designing information systems for social activities supporting cross-professional knowledge it is important also within technical fields of work to enhance potential collaborations. 
A shared workspace and a shared memory as a common information space, where different maintenance professions asynchronously store, keep track of and access information about maintaining difficulties, should further increase the opportunity to share knowledge and improve the competence within the field of aircraft maintenance. As Alvesson [14] claim, knowledge, as a social construction, is maintained, developed and communicated through interactions. Therefore it is crucial to develop and maintain social relationships and social processes between different collaborating professions. 

More or less unfamiliar work tasks are characterized by communication and collaboration between the flight engineers in the everyday work, drawing on the knowledge of their workgroup and not just on each flight engineer’s knowledge and resources. There is need for knowledge sharing for performing complex tasks. Therefore it is important to recognize that knowledge-based problems may be solved by groups in team-based work environments. Successful work groups have the potential to make better decisions than decisions made by individuals [35]. Alvesson [14] also claims that the knowledge in the context of social interaction is a mean for creating community and social identity through offering the members of a profession a shared language and a common way of relating to themselves and their world.

6 Conclusions
The aim of this paper was to find design challenges in the flight maintenance situation that accounts for a profession-oriented approach. The social challenges within a very technical and complex work situation have been especially focused. The paper has tried to identify activities in information sharing and collaboration within the ongoing, profession-oriented, maintenance work. Common information spaces can be used to support quick access to different kinds of information and for information sharing between different professions. It is vital for the aircraft maintenance to collaborate and share professional knowledge. A common information space can enhance social processes between different collaborating professions.
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