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In this paper, we reflect on our experiences of delivering professional software
engineering (SE) education and training over the course of the last eight years.
We begin the paper with a summary of current developments in SE education
and training, followed by a brief description of the educational framework that
has guided our work in this domain. We then move on to describe four case
studies of SE education and training delivery together with as set of lessons
learnt. We end the paper with a summary of the wider lessons learnt gained
from our experience in the domain, these consider how SE education should be
delivered and facilitated, as well as other considerations such as changes to or-
ganizational roles and responsibilities brought about by the introduction of
technology-based learning.
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Education and Training in
Software Engineering

1 Education and Training in Software Engineering

Over the last few years, many efforts have been undertaken to define and har-
monize the structures and contents of software engineering (SE) education at
undergraduate and graduate level (e.g., [1][1][13]). Most of these contributions
were motivated by problems or perceived gaps within SE curricula, as well as
external pressures such as the growing demand for well-educated software en-
gineers. Others (e.g., [16]) have argued that current approaches rely too much
on traditional as compared to engineering-focused approaches and do not
equip students and learners with essential non-technical alongside technical
skills and knowledge (e.g., team working and communication skills). Perhaps
the most damaging criticisms are those that argue that many courses prepare
students to work as scientists but not as engineers (e.g., [11]).

Whilst debates regarding the nature of undergraduate and postgraduate SE
Education have proved popular amongst academics, corresponding discussions
centred on topics such as continuing professional training and the lifelong for-
mal/informal learning of software professionals, are less frequent. On the one
hand this isn’t surprising given the fact that Universities rely heavily upon such
courses for incomes and as a source of prestige. On the other hand, it has long
been that claimed that approximately 70% of professional skills are gained in-
formally (e.g., [8][5]), for example, through reading off-line and on-line materi-
als (articles, books, information available from newsgroups or the web more
generally) and face-to-face interaction (e.g., communicating with colleagues). In
this paper we attempt to partially redress the balance by describing the experi-
ences we have gained over the last eight years working in this area and provid-
ing education and training for work-based software professionals. We first re-
view the educational framework that has guided our work before moving on to
describe four case-based examples and the lessons we have learnt from them.
We end the paper with a summary of our experiences and the larger lessons
they have taught us, the purpose of which is to act as guidance for similar
workers and researchers in the area.
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Figure 1:

A Framework for Professional Learning, Education and Training in

Over the years there have been many attempts to describe the essential charac-
ter of learning and the various cognitive, social and technological factors that
promote and foster learning (e.g., [2][4]). Educational theorists consistently
point to five essential components of successful learning (Figure 1). Firstly, ef-
fective learning is only possible through active involvement of the learner (i.e.,
the learner takes over responsibility and organized and controls their learning
process) Secondly, learning should be constructive, that is it should build on ex-
isting knowledge structures and experiences. Thirdly, learning primarily takes
place in social settings and fourthly, the learner’s context and situation play a
major role. Finally, learning is strongly influenced by performance-related and
social emotions, the emotional component being very important in regard to
motivation for example.

active process I social process I

constructive process l
emotional process I situated process I

Five characteristics of learning

Many influential theories and approaches are built around these components;
for example, the Cognitive Apprenticeship approach [6] stresses the importance
of situated learning, social context, intrinsic motivation and cooperation for
learning. The approach is oriented around the idea of a master helping a set of
students to become masters themselves. The master provides initial guidance,
especially in the early phases of the learning process, on how to solve real
world problems and encourages students to cooperate, discuss, reconsider and
share their knowledge. It also emphasises the importance of situated and active
learning that help learners to transfer their skills and competencies to new
situations. Supporters of the work-based learning take a similar philosophy of
learning and education, emphasizing the following characteristics of learning
which are embedded within work processes [15] :
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e Learning is acquired in the midst of action and dedicated to the task at
hand;

e Knowledge creation and utilization are collective activities wherein learning
becomes everyone's job; and,

e Learners demonstrate a “learning-to-learn” attitude, which frees them to
question underlying assumptions of practice.

In the context of our work on training and education for software professionals
we have tried to use the framework and its components to guide the design of
professional learning for SE. In addition, the framework has acted as an aid
with which to interpret the results from the various projects and systems we
have worked on over the years. We return to this framework in section 4 of the
paper following a description of four case studies based on our work.
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3 Four Case Studies of Professional Learning

3.1 Workplace-integrated learning: The APO Project

The APO-IT' project in Germany attempted to combine the definition and certi-
fication of Information and Communications Technology (ICT) related job pro-
files with so-called workplace-integrated learning. Following frequent demands
from ICT business, that employees should be able to handle complex processes,
work in interdisciplinary teams, cope with changing tasks and show customer-
oriented thinking and acting, this ambitious approach aims at improving not
only ICT competencies, but also social and managerial skills. The method relies
on the concept of the reflective practitioner, mixing on-the-job learning with
elements from formal learning. While formal training makes only subject-matter
knowledge available, workplace-integrated learning helps to acquire hands-on
process competence. Trainees remain at the workplace, they are involved in real
projects, and acquire technical as well as process knowledge. This phase of in-
formal learning is being supervised by a coach who helps trainees to critically
reflect on their learning process, to write down what they have learned and
how they learned it, which problems they encountered and what kind of mate-
rial they used for acquiring expertise. The documentation process is central to
this kind of informal learning, as it provides the basis for later formal certifica-
tion.

First results showed that this method empowers individual learners and leads
them to better overview complex tasks by themselves, they are enabled to ana-
lyse and evaluate own experiences, identify their own knowledge gaps, plan
and organise operations, they acquire and consolidate knowledge and learn
how to express and document results. The qualification procedure becomes
significantly more structured and allows learners to overview the broader con-
text. They get insights into ICT systems as a whole and acquire higher-level on-
the-job competences. To sum up the experiences:

e Work-based learning results in more sustainable learning effects than many
other kinds of trainings. This is partly due to the fact that it appeals to a high
level of self-learning competence and self-discipline, and leads to a strength-
ening of methods and process expertise. Trainees take over responsibility for
their own learning process and for the work process, they gain self-
confidence and are prepared for further change and learning processes that
may come up in their professional future.

1 In German APO stands for “ Arbeitsprozessorientierten Weiterbildung” (Work Process-Oriented Further Edu-
cation)
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Four Case Studies of Professional
Learning

e The most challenging task for the trainees, who in most cases do not have
an academic background, seems to produce the documentation of their
own learning process in relation to the respective work process.

e Moreover, work-based learning requires time and effort and can only suc-
ceed if trainees receive help and encouragement through individual coach-
ing and if they are strongly supported by management.

3.2 Blended Learning: Teaching UML

Blended Learning is not a clearly defined concept but a synonym for a mixture
of various methods that mainly involve self-paced e-learning and traditional
face-to-face training. One of the main motivations to mix methods is that peo-
ple tend to feel isolated and miss social contact in pure self-paced e-learning
scenarios and hence the drop-out rate is high. In one of our projects with a
large German company, we designed and implemented a blended learning
course that was made up of face-to-face elements, self-paced learning using a
web based training, together with individual face-to-face coaching. The goal of
this collaboration was to help the company’s software developers to get famil-
iar to the paradigm of object orientation and to spread the use of software en-
gineering principles as well as the Unified Modeling Language (UML) within the
companies software development process (the course is available at
http://www.uml-kurs.de/ ) [5]

One of the activities that were carried out during the project was an analysis of
the usage of the self-paced e-learning component. The results showed that the
contents are heavily used, especially at the end of a working day (around 4 pm)
and on Fridays. One of the main conclusions from the study was that learning
time does not appear to conflict with normal work and, in general, self-paced
learning helps to optimize the co-existence of working and learning [5]. The
course has been delivered several times to different groups at the company; the
main lessons learnt so far include:

e We observed that the blended learning approach is widely accepted among
the participants. The course has proved to be popular within the company
and over time more and more people have registered to take the course. In-
formal interviews with participants, and more general feedback from the
company, indicate that blended learning is efficient in terms of changing
learner behavior, especially when it is enriched with additional transfer sup-
porting activities, such as individual coaching and consulting. One interest-
ing finding is that course participants take more responsibility for their learn-
ing and educational needs over time.

e There is a great demand for examples and course material that makes use of
information that can easily be integrated with routine work tasks and is not
solely based on theory or from existing textbooks. In building and extending
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the course we have come to appreciate the need to enrich self-paced learn-
ing with specific transfer supporting actions that can be adapted to a spe-
cific domain and individualized to the learners day-to-day work. Based on
our experience, such transfer-oriented efforts help the participants to apply
the new knowledge more easily.

¢ In self-paced scenarios special attention has to be paid to learner’s motiva-
tion. It is very important to provide further support in the application of the
new knowledge and encourage learners to try out their knowledge in new
situations (i.e., encourage them to transfer their knowledge). Furthermore,
motivation is increased when the results of completing the course are ac-
knowledged and recognized within the company by some form of certifica-
tion. The full support from the management and the provision of success
stories and a trustworthy “champion” is also vital in ensuring that motiva-
tion levels are raised and can be sustained over time.

33 Communities of Practice: The “Software Competence Centre”

The third case study involves a German project known as the Software Compe-
tence Centre (http://www.software-kompetenz.de/). The overall aim of the pro-
ject is to bring together industrial and research-based professional groups in
software engineering (SE) and encourage technology transfer between the re-
search and industrial groups. The portal currently contains more than 3500
pages covering most of the SWEBOK areas, each of them e.g. containing
knowledge, experiences and literature. A survey carried out in June/July 2003
showed that 60% of respondents worked for small or medium enterprises in
the software industry. The survey also indicated that the majority of visits to the
portal were for the purpose of finding out more about SE techniques, tools and
methods, alongside other searches for information on trends within SE. In addi-
tion to the portal related activities, the project initiated several local communi-
ties of software engineers to support the transfer and application of SE research
results and know-how into industry, particularly small- to medium-sized Ger-
man companies [12]. Most of the regional communities were formally launched
in 2003 after the knowledge base of the portal has been set up. Currently each
of them provides several events a year, each attended by about 40 people. Ex-
perience with the online and regional communites so far has led to a number
of lessons learnt, these include:

e At the launch of the community it was hoped that members would sponta-
neously volunteer information and the community would grow in an “or-
ganic” manner. In reality, persuading users to contribute information (e.g.,
experience reports, empirical data) has proved to be a major challenge
throughout the existence of the community. As a result the community is
largely “passive” in the sense that users tend to retrieve information rather
than actively contribute. Nevertheless, individual learning is one of the moti-

6 Copyright © Fraunhofer IESE 2005


http://www.software-kompetenz.de/

Four Case Studies of Professional
Learning

vations for the participation in the communities and users tend to use the
community to acquire new knowledge and ideas informally.

e Perhaps the most important lesson that was learnt is that communities-of-
practice in a domain such as software engineering require a large amount of
re-sourcing at the beginning and, needless to say, a good deal of effort has
to be placed on maintenance activities in order to sustain interest (e.g.,
keeping content up-to-date). Whilst this may appear obvious, there is a
widespread tendency to assume that general SE communities are similar to
other forums and communities of practice (e.g., open source communities)
where the motivation to provide and make use of information may be very
different and the focus of the community, and therefore its functioning may
be much harder to specify and manage [17] [14].

3.4 Collaborative Learning: The CORONET-Train System

The final case study is an example of a collaborative learning methodology
(CORONET-Train) that was developed within a large-scale European research
project CORONET (Corporate Software Engineering Knowledge Networks for
Improved Training of the Workforce). The overall goal of the project was to fa-
cilitate web-based collaborative work-based learning amongst software engi-
neers. The main components of CORONET-Train consist of a collaborative learn-
ing infrastructure in the form of a web-based learning platform, together with
a set of methods that are used to facilitate collaborative learning and are im-
plemented within the platform. These include: learning methods that define
and facilitate particular types of learning processes (e.g., case-based learning,
theme-based learning); knowledge transfer methods for the delivery of training
(e.g., tutoring and mentoring); and, knowledge engineering methods covering
a range of activities including authoring structuring, administration and learn-
ing management. CORONET-Train has been successfully used and evaluated
within two companies (see [3] for further details). The main lessons that were
drawn from this evaluation were:

e Users needed some time to handle the new learning environment before
they could effectively focus on a specific learning activity. For example, shift-
ing from the conventional presence learning mode to using the Internet is
not obvious for learners who have not yet had experience with or have not
been sufficiently prepared to using the new learning and knowledge transfer
processes offered by the learning methodology. As a result preparation in
the form of initial training followed by a pilot period for exploratory usage
may have been advisable.

e Similarly, adjusting to the types of interpersonal relations typically occurring
in conventional classroom settings by interactions between the learner and
the web-based learning environment requires new competence on the part
of trainers, tutors, and authors of learning materials.
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¢ Finally, using a large-scale collaborative learning platform may require
changes to the organization and specification of roles and responsibilities
within the organization to be carried out in parallel. The use of CORONET-
Train in the evaluation settings made it clear that the platform has to be ca-
pable of being tailored to complement norms and practices (e.g., who is re-
sponsible for training? who carries it out? etc) within the organization.
Likewise, use of the platform and its methodology may also mean that these
roles and responsibilities have themselves to be re-thought and in some case
redesigned.
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4 Conclusions: Putting it all together — what have we learnt?

Looking back on our experiences gained through working in the area of profes-
sional SE Education and Training, there are a number of wider lessons learnt
that have implications for SE Education and Training. In the following sections
we list the following points.

4.1 Adapt methods and media used for delivering training to the needs of SE profes-
sionals

One general experience with delivering training to SE professionals is that no
single method, be it technology-based or otherwise, guarantees successful
learning outcome. Rather the method of delivery depends critically on the char-
acteristics of the educational situation and should take into account the more
general components of learning described earlier in section 2 and figure 1.
Hence, a multidimensional approach integrating multiple methods, disciplines
and media is in our view the “silver bullet”.

In recent years, for example, we have been involved with projects that have as-
sumed that building a database or a community-of-practice for software engi-
neers will automatically empower individuals to learn SE methods and tech-
niques. Much of the initial discussions regarding the set up of the community
have focused on, at this point new, technical questions (e.g., design of the plat-
form, what functionality it should have, SCORM etc) and only later considered
questions such as the type of content that should be delivered and how this
should be integrated into the learner’s work tasks. In some cases it may have
been more appropriate to consider other options earlier and consider their rela-
tive didactical advantages and disadvantages. For example, communities of
practice may be more suitable for interpersonal exchange on general SE topics
(e.g., Software Design) and experiences, whereas a self paced or blended learn-
ing approach may be more appropriate for communicating clearly defined
technigues and methods (e.g, UML). Likewise, individuals working in small
companies may benefit from workplace-integrated approaches like APO-IT as
compared to blended learning where support for coaching or training courses
may not be available due to the costs involved. In other words, it is especially
important to identify the specific goals and the target group for learning as
early as possible and to adapt the method and media used to deliver learning.

Copyright © Fraunhofer IESE 2005 9
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4.2  Facilitate professional SE education in day to day work
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A theme that runs through many of the case studies we have described is that
when implemented in the right way integrating learning with work tasks can
reap many benefits for the learner. These benefits include increased self-
confidence, higher levels of motivation and feelings of independence, which
come about through the individual taking responsibility for the content and
timing of their learning. For example, in the APO-IT project we found that when
provided with some initial guidance regarding how to structure and organize
their learning activities, learners begin to move away from a reliance on these
materials and take responsibility for their own learning needs. This learning is
very much in the style of the “learning-to-learn” type described in section 2.

The preconditions that facilitate this kind of learning or attitude change in-
volves, as with both the APO-IT and Blended learning examples, providing some
sort of “support mechanism”, which complements activities carried out alone
(as in APO-IT) or with technological support (Blended learning). In both cases,
we would conjecture that coaching and consultancy provided a form of “cogni-
tive scaffolding” of the type described by Bruner ([4]), which supports the
learner both during the learning process and in the application of the new
knowledge. In the same manner, this support mechanism may help learners to
reflect upon the materials and to question their own practice. Taken a step fur-
ther, learning thus becomes more than just the acquisition of technical skills
and moves towards the learner reframing what they have learnt and how they
have learnt, in order to create new knowledge (i.e., learning as an active and
constructive process). In many respects, it was the lack of such a support
mechanism that caused problems for users of the CORONET-Train system and
made it difficult for them to adjust to technology-support collaborative learn-

ing.

A second theme running through the examples is importance of motivation and
identifying ways in which this can be encouraged and sustained over time. In
the case of the Blended learning example this may take the form of providing
some form of reward for completing a course (e.g., a certificate). In others, in-
creasing motivation may be much more subtle and harder to facilitate. With
communities-of-practice for example, initial motivation to take part in the
community may simply be a matter of providing as much relevant content at
the outset. Later on, encouraging users of the community to actively share in-
formation and discuss SE issues may be much harder. Deciding at the outset
what the function, scope and overall goal of the community is critical.
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4.3  Wider considerations and the big picture

A final issue that is worth mentioning related to wider organizational and social
changes that may be brought about, or may be influenced, by the various
mechanisms which exist for delivering and facilitating professional SE. In the
CORONET-Train example we saw that introducing the system brought about
changes to organizational structures in the form of training and educational
roles and responsibilities. Part of the problem with introducing the system was
that existing roles within the companies in which CORONET-Train was evalu-
ated, did not match the assumptions implicitly designed into the system. In
some cases, as with the Blended Learning example, it may be enough to rely
upon management support and the role of a “champion” to make sure that
roles are adjusted to complement the new technology being introduced. How-
ever, this is unlikely to be successful and more often than not leads to the rejec-
tion of the system by its end users.

In an ideal situation, development of any form of technology-based learning
whether it be a collaborative-learning platform, a web-based training, or other
supportive actions, needs to be carried out in parallel with inclusion of the end
users and a consideration of how it will impact upon the complex social struc-
tures and wider systems existing within the organization in which it is being in-
troduced. At the very minimum technology-based learning systems need to be
flexible enough to cope with such demands and thereby complement, and not
conflict with, other process improvement or competency development activities
taking place within the wider software organization.
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