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Abstract. This paper introduces a work support and training tool (Autaki) 
which was developed to support automation design engineers in sharing knowl-
edge and learning at work. The development of the application was preceded by 
an explorative study of automation design engineers’ work. Common problems, 
information needs, learning, and competence factors in the work were studied 
with an activity-theoretical approach called core-task analysis. The application 
is an interactive learning environment based on web technologies and emerging 
standards, such as SCORM (Sharable Content Object Reference Model). Both 
the core-task of automation design engineers and the application will be  
discussed. 

1   Introduction 

Automation engineering is an engineering discipline the objective of which is to de-
sign and implement the automated functioning of industrial processes. The output of 
automation engineering is an automation system which governs the functioning of an 
industrial process on various levels, ranging from basic process control to higher level 
processes such as management of production etc. Automation design is carried out in 
projects in which a particular automation product is used. The designers gather infor-
mation about the required functionality from different stakeholders. Typically in a 
large investment project, e.g. construction of a new process plant such as paper mill or 
power plant, automation covers about 10% of the overall costs of the project. While 
automation might not seem very significant part of the project, also contradictory ar-
guments can be made. The correct functioning of the automation is extremely vital for 
the success of the whole investment. Often automation is not only responsible for 
reaching production goals but also for the safety of process equipment and plant  
personnel. Malfunctions in automation and errors in its design might lead to severe 
consequences. Thus, the value of automation design for the success of the whole in-
vestment project can be considered to be more than just its share of the overall costs. 

Current trends in the industry include making production processes more flexible, 
safe, and e.g. demand-controlled. These changes increase the complexity of the  
processes controlled by automation systems and set new kinds of demands for  
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e.g. adaptability on the systems. Thus, also new kinds of competencies, knowledge, as 
well as work practices and methods, are expected from automation engineers.  

The first aim of our study was to find out what these new requirements on automa-
tion engineering work are. We also wanted to find out what constitutes competence in 
automation design and how professional skills are constructed in actual work when 
the formal education is finished. Secondly, the aim was to discover possibilities to 
create a work support and training tool to suit the requirements. Thus, the research 
work presented in this paper both explores the work of automation designers and in-
troduces the concept of a work support and training tool. The purpose of the tool is to 
help designers cope with the demands of the work and to support the development 
and sharing of expertise among automation engineers having varying responsibilities 
and experience levels. 

To our knowledge, automation engineering work as such has not been studied pre-
viously. However, other types of engineering design work and the competencies re-
quired have been studied to some extent. Often the participants in the studies are  
engineering students carrying out different design tasks. Using students as participants 
might lead to discoveries and conclusions about development of formal engineering 
education but the development and construction of professional skills that takes place 
in the work calls for studies in which professional designers are participants. 

Ahmed and Wallace (2004) have compared the knowledge needs of novice and ex-
perienced designers. They found out that there were differences in the information 
needs between the groups. The novices asked a lot of questions about e.g. vocabulary: 
“what does this mean? How does this or that equipment work?” whereas the more ex-
perienced designers posed more complicated questions. From our point of view this 
means that the work support and training tool should be somehow adjustable to the 
experience level of the user. According to the study of Ahmed & Wallace, only in 
35% of the cases the novices were able to correctly formulate the question. This indi-
cates that for our work support application a simple question and answer tool is not 
enough. It might be the case that the inexperienced automation engineers cannot even 
formulate the question to ask from the more experienced engineers when they meet 
problems in their work. 

Development of good work practice is what we want to enhance with our work 
support and training tool. We share the view of Adams et al. (2003) that good practice 
can be characterised as reflective. With reflective work practice we mean that an indi-
vidual is constantly attuned to noticing whether s/he is acting according to the re-
quirements of the work. That means that the person must relate his/her work practice 
to the objective of the work. Adams et al. found out that the outcome of engineering 
design work is better when the work practice is reflective. Thus, the question is how 
we can support the development of reflective practices with an information system. 
This should be considered when requirements for the work support and training tool 
are created. 

Sandberg (2000) has studied the work of automobile engine optimizers with an in-
terpretative approach. He concludes that the optimizers’ conceptions of work consti-
tute their competence. The broader the conception of work was, the more competent 
the optimizers were. As we also want to know what constitutes competence in modern 
automation engineering we decided to study the engineers’ conceptions of their work. 
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2   Research Methods 

The research approach applied in the study is called core-task analysis (CTA). The 
methodology has been developed at VTT (Technical Research Centre of Finland) to 
study work in complex, dynamic, and uncertain environments (see e.g. Norros 2004). 
Previously core-task analysis has been used to explore the works such as nuclear 
power plant operation (e.g. Savioja & Norros 2004), clinical anaesthesia (Norros & 
Klemola 2005), and ship manoeuvring (Nuutinen & Norros, in press). Thus, in our 
study CTA was applied for a quite different type of work. Previously all the studies 
have been conducted in work environments in which the employees control dynamic 
processes. We wanted to know whether the analysis approach could be applied for de-
sign work, and whether valuable information for software development could be elic-
ited with the approach. 

The aim of CTA is to identify the core task of a particular work. Core task is the 
essence of work which stays the same from one situation to another independent of 
e.g. the organisation of the work. The conception of the core task that the different 
people possess is interesting, because it portrays what they consider the meaning in 
the work. In a well functioning work system the meaning is understood (and the con-
ception of core task shared) by the whole community. In core-task analysis the aim is 
to find out the varying conceptions of the core task that people have, and to construct 
an “objective” model of the core task. For the model, the activity system approach 
developed by Engeström (see e.g. 1999) is used. By comparing the different concep-
tions of the people, and including in the analysis also the activity system model, it is 
possible to notice discrepancies and contradictions that lead to problems in practical 
daily work. The problems we hope to be at least partly solved by the work support 
and training tool to be developed. 

2.1   Collection of Data 

Data about automation design work was collected with two main methods: workshops 
and semi-structured interviews. In the workshops the participants were management 
level personnel and the topics discussed related to automation design work in general, 
for example the objectives, organisation, and tools. Altogether three workshops were 
organised in which also the researchers participated. The interviewees in the semi-
structured interviews were regular design engineers. Altogether 8, both novice and 
experienced designers participated. The interview themes covered the objective of 
work, the construction of the activity, the criteria by which the output of work is 
evaluated, the factors that influence the success of work such as tools, information, 
collaboration, and work practices, the skills and knowledge possessed by a competent 
automation engineer, and the possibilities and obstacles for learning. 

Two Finnish automation design companies participated in the study. Both compa-
nies can be characterised to fit Petre’s (2004) norm of successful innovative design 
companies. They work with multidisciplinary small project teams, are in close contact 
with research institutes, and are familiar with the technology front end. 
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2.2   Analyses of the Data 

The results of the workshops were saved in workshop memos. The interviews were 
audio recorded and partly transcribed and turned into interview logs. All the logs were 
collected to a single spreadsheet so that the answers from individual interviewees 
could be compared and classified. We tried to discover what the automation engineers 
considered as the objective in their work, and how they defined a good automation 
design engineer works. We approached the issues by analysing the answers to the 
questions concerning content of work, success criteria of work etc. We also looked for 
variations in the answers of designers. The activity system model was constructed by 
combining the interview data and the workshop memos. The model was validated in 
an additional workshop with the participating companies. The understanding of the 
work acquired by the researchers during the process was used to derive both func-
tional and non-functional requirements for the work support and training tool. 

3   Results of the Study 

Results of the work conducted are twofold. First of all, there are the results of the in-
terview study. This includes the core task in automation design work, and understand-
ing of how learning and construction of professional skills takes place within the 
work. The other part of the results constitute the work support and training tool, the 
Autaki system that has been developed with the knowledge gathered about automa-
tion design work. First, a concept for the tool was developed without taking the tech-
nical constraints into account. Then a prototype was implemented using particular 
technologies.  

3.1   The Core Task in Automation Design 

The model of the core task is defined by analysing the objective of the work and the 
means that the personnel have to fulfil the objectives. The activity system model is 
constructed with the knowledge of the afore-mentioned. Central concepts in the 
model are the objective of the work, the object of work, and the instruments used to 
operate on the object. The objective of the work reflects the relationship between the 
object of the work and the outcome of work. 

The activity system model of automation engineering work (Fig. 1) portrays the 
part of the results of the core-task analysis. We found out that the design engineers do 
not fully share the conception of what is the objective in the engineering design. 
There are design engineers who see the satisfied customer as successful output. Some 
of the other engineers emphasize that also the application must work correctly in all 
conditions despite what the customer might consider good enough functioning. In ad-
dition, some engineers extend the objective to cover the development of own work 
methods and techniques and also the fact that the code must not only work but also be 
legible and understandable by other engineers. There were also different conceptions 
of the object of work, as is answers to the question “What happens in automation en-
gineering?”. The answers varied from “automation of individual equipment” and 
“changing information from one format to another” to “implementing correct  
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functioning of an industrial plant”. This clearly shows that some automation engineers 
think of the role of automation as more vital in the whole engineering project than the 
others. 

The differences in the conceptions can probably be explained by the following factors: 

• The educational background 
• Years of experience in the work 
• Type of work carried out during the career so far 
• Factors related to work culture 

In real world there are often contradictory objectives in the work that create tension 
and lay demands on the workers. For example, safety and cost efficiency are often both 
considered objectives of process control work (in addition to actual production). This 
means that work practices which help people to cope with the demands must be created 
and maintained. CTA aims also at recognising what these good work practices are. 

As recognising work practices, we mainly concentrated on the design engineers’ 
practices when facing difficulties or problems in the work. Some turn to colleagues to 
get help; the others use literal sources to find answers to questions (this was quite rare 
though). Often in a project there is a person who is experienced and whom many 
other engineers use as an information source in problem situations. Especially the in-
experienced designers claimed that they wanted to carry out some pre-research before 
turning to this person for answers as they wanted not to “waste his valuable time”. 

When asked to describe their professional learning experiences, many design engi-
neers said that the implementation of the application in the field, at the real plant, was 
the most important learning experience. The problem is that often the people who 
would need this learning opportunity, such as the inexperienced designers, often  
cannot take part in the field work due to financial or schedule reasons. It is also a 
problem from educational point of view, that other people take responsibility of the 
application after it is implemented in the plant. This means that the design engineers 
do not get direct feedback for their work. They seldom get to know how well their in-
dividual solutions function in the plant, and this way reflection on their own work is 
partly inhibited. 

Automation engineering as a discipline undergoes relative turmoil because of the 
constantly developing information technology. This creates learning requirements for 
all the engineers independently of previous experience. 

One of the characteristics of the automation engineering work is that it is carried 
out in an engineering middle field. This means that the automation engineers have to 
gather information from all the other fields of engineering, e.g. process, chemical, 
piping, and electrical; and with this knowledge interpret the intended functioning of 
the plant. This calls for good co-operation and communication skills from automation 
engineers. They also have to know the “languages” of the other disciplines in addition 
to their own to avoid misunderstandings.  

Often the automation engineer has to start designing the automation before the 
other disciplines are ready with e.g. process design. Sometimes even the customer’s 
requirements are not yet complete. This means that the automation engineer must 
partly work with uncertain information. When asked about the characteristics of a 
good automation design engineer a few of the interviewees answered that one has to 
know what can already be decided about automation – even though the requirements 
for automation are not complete. 
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Fig. 1. Activity system model of automation design engineering work. The model depicts the 
varying conceptions of the interviewees. 

Core-task analysis aims at recognising the core content of a particular work. The 
core task is something that prevails from one project to another and brings consis-
tency to the job. A core task can be expressed as core-task demands, the coping with 
which signifies success in the work. Core-task demands identified in this study to 
characterise the work of automation design engineers can be summarised as: 

• Adaptation to the technology change, maintaining and gaining technical skills 
• Co-operation and communication with different engineering disciplines 
• Working with uncertain information 

As we were only able to interview eight automation design engineers the results 
can only be considered explorative. We are not able to explain the differences in the 
conceptions of the engineers by any comparative means. In addition, we can not say 
that we have covered the whole field of automation engineering, and thus, found all 
the possible varying conceptions. However, we had enough information to start the 
requirements definition for the work support and learning tool. 

3.2   Concept for the Autaki Application 

The starting point for the development of the Autaki concept was the definition of 
work demands identified in the core task analysis. It was concluded that the tool 
should provide automation engineers means for maintaining and gaining technical 
skills and knowledge, support co-operation and communication, and promote sharing 
of knowledge related to e.g. good working practices to cope with uncertain informa-
tion and other challenges in work. These general requirements were considered more 
thoroughly from the point of view of different groups of users and situations of use. 
Descriptions of scenarios depicting how, when, and why particular users would want 
to use the tool were written.  
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The scenarios depicted e.g. the following usage situations. In the first situation an 
inexperienced automation design engineer searches for an answer to a technical ques-
tion considering process measurements. In another situation the same designer wants 
to comment on a design template while s/he is implementing an automation applica-
tion with programming software. When the engineer has more time in use s/he can go 
more deeply into a new subject s/he is not yet familiar with. In a fourth situation an 
experienced design engineer wants to share his/her knowledge on project life cycle, 
e.g. which tasks can be conducted in a situation when part of source information is 
missing. For each scenario required information and functionalities were specified. 

When building the concept for the Autaki application it was defined that in order to 
serve the diverging information needs of different user groups the tool should provide 
information at least of the following topics: examples of good design solutions, de-
scriptions of different industrial processes and process components, information of the 
phases and tasks in an engineering project, and latest information of new techniques 
and trends in the field. As the number of various information sources is high at the 
moment and there are problems in finding information, the application should func-
tion as a unified user interface for various databases and information sources. For 
supporting information finding the application should include advanced search tools 
and various ways for navigating in the content. Different views to the content should 
be provided, i.e. the content should be structured and presented to the users in several 
ways, for example as manuals or textbooks. The idea of views is to take into account 
different situations of usage in which the way of using information varies. 

To promote individual learning the contents of the application should be arranged 
to courses which the users can take whenever they have time for studying. Also, to 
support managing the contents, the tool should provide means for making personal 
notes and bookmarks. According to the interviews, development of expertise often 
takes place through guidance by more experienced design engineers. Therefore col-
laborative features promoting sharing of knowledge in the community should be in-
cluded in the application, for instance, question and answer forums and possibility to 
send email to experts on the field. The users should be able to add comments to all 
contents accessible through the tool, including project documents, design templates, 
etc. To bring the information easily available while working with other tools, the ap-
plication should be integrated to designing software. The main requirements elicited 
for the work support and training tool are summarised below: 

• The application should support daily work of engineers by providing useful infor-
mation taking into account the diverging information needs of different user groups 

• The application should support both collaborative and independent learning at 
work as well as knowledge sharing by providing means for e.g. commenting, ask-
ing and answering questions, etc. 

• The application should provide different views to the content e.g. manuals and 
courses as well as advanced search tools and multiple ways of navigation 

• The application should provide means for editing, adding, and removing material 
to keep the contents up-to-date 

• The application should provide as means for creating personal bookmarks and 
notes 

• The application should be integrated into existing tools and practices 
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From the technical point of view, the Autaki prototype developed during this re-
search project fulfils essential parts of the Autaki concept described above. Prototype 
consists of two core parts (see Figure 2).  

 

Fig. 2. Autaki architecture and the structure of the content 

The content server can be split into a content repository and content services. All 
Autaki materials are located in the content repository which is an open source Java 
Content Repository (JCR) implementation: Apache Jackrabbit (see e.g. Sommers 
2005). The content consists of material modules, and the modules consist of several 
material components. These modules and components are built up according to 
SCORM (Sharable Content Object Reference Model) specification (see e.g. ADL, 
2004) using IMS Global Learning Consortium specification for Learning Object Meta-
data (LOM). Industry specific terminology improves the accessibility of the informa-
tion Autaki contains. The idea of the industry specific terminology is introduced in 
Figure 2 in the Division of Content. Three dimensions are used to structure the content: 

• Lifecycle (definition stage, design stage, implementation stage…) 
• Automation hierarchy level (production management, process control, process I/O) 
• Industry (general, forest, power…) 

The content server includes all content services it needs to execute the requests sent 
by a client. Services are implemented as web services (see e.g. Alonso et. al., 2004). 
The concept of Autaki defines three kinds of services: Content Service deals with re-
quests related to data handling (e.g. search), Annotation Service deals with annotation 
related requests (for commenting content, asking questions etc.), and Maintenance 
Service handles all tasks of maintaining content in the content repository. In the  
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prototype only two of the former services were implemented. Each web service offers 
WSDL-based (Web Services Description Language, see e.g. Alonso et. al. 2004)  
interface, which makes the services easier to access via the Internet. Communication 
between the content server and clients is based on SOAP (see e.g. Alonso et. al. 2004) 
which respectively is based on XML messages (Extensible Markup Language, see 
e.g. W3C 2004).  

Services introduced above can be used by various clients. For instance, in the pro-
totype of Autaki the client is either a web client application or a tool client applica-
tion. The web client is the main user interface of Autaki, and it includes all needed 
functions. The designer uses the web client from his own workstation using a web 
browser. The tool client, on the other hand, is an optional client type of Autaki appli-
cation. The idea behind the tool client is to bring the work support and training tool as 
close to designers as possible by integrating it into engineering software tools. During 
this development project a tool client was implemented as a demonstration of the  
possibility. 

The whole Autaki prototype is implemented utilising open source technologies and 
tools. For instance, the open source web server software Axis2 (see e.g. Perera 2005)  
used in the content server and the web-client application is based on the Moodle 
course management system (see Moodle). Moodle is a broadly used and rapidly pro-
gressing web based course management system (CMS). The web client of Autaki is 
basically an independent extension module for Moodle. The client utilises some fea-
tures of Moodle such as user authentication and management of sessions but all Au-
taki specific features are implemented as autonomous applications. 

4   Conclusions 

In the study described above, the concept of a work support and training tool for 
automation engineers conducting automation design work was developed based on 
work analysis. In the work analysis a specific method, the core-task analysis, was 
used to understand the demands of the job, and thus the needs for work support and 
training tool. 

We were able to identify variation in automation engineers’ conceptions of what is 
important in their job. We also discovered demands that the engineers have to cope 
with in their daily work. 

The developed application is an interactive learning environment based on web 
technology. The users can enter the Autaki application either through a web client or a 
tool client which is embedded in the design software. 

In the next phases of the research the use of the prototype tool will be examined in 
more detail. 
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