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Preface

These Proceedings contain the papers accepted for publication and presentation at the first 1st International
Workshop on Software Process Education, Training and Professionalism (SPETP 2015) held in conjunction with
the 15th International Conference on Software Process Improvement and Capability dEtermination (SPICE 2015),
Gothenburg, Sweden, during June 15-17, 2015.

During the 14th International Conference on Software Process Improvement and Capability dEtermination (SPICE
2014) held in Vilnius, Lithuania, at a post conference dinner, a group of key individuals from education and
industry started to discuss the challenges faced for software process education, training and professionalism,
especially with the background of the new modes of learning and teaching in higher education.

Further discussions held post conference with key players in the relevant professional and personal certification
fields led to a consensus that it is time for the industry to rise to the new challenges and set out in a manifesto a
common vision for educators and trainers together with a set of recommendations to address the challenges
faced. It was therefore agreed co-located the 1st International Workshop on Software Process Education, Training
and Professionalism with the 15th International Conference on Software Process Improvement and Capability
dEtermination.

This workshop focused on the new challenges for and best practices in software process education, training and
professionalism. The foundation for learning of software process should be part of a university or college
education however software process is often treated as Oadd one® module to the core curriculum. In a professional
context, whilst there have been a number of initiatives focused on the certification related to the software process
professional these have had little success for numerous reasons.

Cooperation in education between industry, academia and professional bodies is paramount, together with the
recognition of how the education world is changing and how education is resourced, delivered (with online and
open learning) and taken up. Over the next 10 years on-line learning is projected to grow fifteen fold, accounting
for 30% of all education provision, according to the recent report to the European Commission on New modes of
learning and teaching in higher education.

It is a great pleasure to see the varied contributions to this 1st International Workshop on Software Process
Education, Training and Professionalism and we hope that our joint dedication, passion and innovation will lead to
success for the profession through the publication of the manifesto as a key outcome from the workshop.

On behalf of the SPETP 2015 conference Organizing Committee, we would like to thank all participants. Firstly all
the authors, whose quality work is the essence of the conference, and the members of the Program Committee,
who helped us with their expertise and diligence in reviewing all of the submissions. As we all know, organizing a
conference requires the effort of many individuals. We wish to thank also all the members of our Organizing
Committee, whose work and commitment were invaluable.

June 2015
Rory V. OOConnor

Antanas Mitasiunas
Margaret Ross
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Process Improvement - Barriers and Opportunities for Teaching and
Training

Margaret Ross
Southampton Solent University
Faculty of Maritime and Technology,

UK
margaret.ross@solent.ac.uk

Abstract The EC report on "New Modes of Learning and
Teaching in Higher Education” identified that changes
Barriers and  opportunities  associated  with in technology prode an "enormous potential for
professionals are considered. Practical possibilities forwidening access to Higher Education and increasing
increasing the understanding and implementation of the diversity of the student population” (EC report,
process improvement are discussed, including the use2014, p.10, paragraph 3). It reported, from the
of webinars, possibly with open badges to record an UNESCO investigation, that the current estimated
encourage participation. The wuse of MOOCs, number of 100 million sidents worldwide, in Higher
potentially leading to ofine assessed qualifications, Education, is expected to increase to over 250 million
could increase the number of practitioners with the by 2025 (EC report, 2014, p.14, paragraph 3). Many of
relevant knowledge, particularly in more remote these could be from outside the EU. They might be
regions. Changes to SFlAplus could enhance physically attending courses, or virtually, using e
awareness oprocess improvement, and so encourage |earning techniges. These students might be already in
employers to authorise relevant training. full-time employment, returners after a career break, or
The lack of relevant knowledge and experience of undertaking lifelong learning following retirement.

teachers and lecturers is considered, together with the |t is recognised that quality and process
problems of pressures by other topics on academicimprovement is desirable to produce and maintain high
courses. The actions that could be undertaken toquality sysems. Unfortunately there are barriers to
promote and assist the teaching of processthose wishing to acquire the necessary skills,
improvemet in colleges and universities range from particularly for process improvement, whether student
provision of suitable case studies to the inclusion of or professional. However, with the increased use of
process improvement within the accreditation of new ideas including developments in technology, there
courses. The opportunities associated with the neware nowopportunities that could be made available to
higher apprenticeships could provide potential professionals, to students and their lecturers
practitiones with process improvement skills for the
future. Changes in the requirements by professional
bodies for syllabus content for accredited courses,
aligned with enhanced SFIAplus, could increase The benefit of appropriate processes to achieve quality and
awareness of process improvement. The syllabus couldprocess improvement is more visible with projects involving
be alignel with professional courses, such as by the teams. The major pjects for postgraduates and final year
ECQA course, so students could obtain the undergraduate courses in the UK are normally individual
professional qualification as well as their degree. projects. The group projects, usually involving a maximum of
Taking the long term approach of ten years plus, the six students, often achieve small outputs and are possibly in
relevance of quality and process improvement could bethe first or second year of the undexguate course. The
introduced at the appropriate stages into the new students, with this limited experience, do not realise the
schools computing curriculum, started in 2014 in the practical benefits of quality, process improvement or even of
UK, to raise awareness of the need for processdocumentation.

2 Barriers to Students

improvement to the future workforce Most syllabuses are already very full on these courses,
with constant pressure to introduce addisib topics.
1. Introduction Dedicated units on quality and process improvement are not
usual. These topics are more likely to be included as part of a
Copyright® by the paper®s authors. series of other units, including design and programming.

Some students are more interested in the latter, and feel
issuessuch as process improvement are not relevant or of
interest to them.
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The lecturers and teachers in universities and colleges Some universities are designing very short,-selftained
often have had no practical experience, or even adequateunits, within their degree courses. These can be undertaken as
training, in process improvement. The cost of relevant a form of "shortcourse" for industry with the university
courses is ofteneen to be too high for academic budgets. credits allocated to these "short courses ". These could assist
There is limited access to material, especially case studiesin increasing the links between academia and industry, and
and case histories, which can often make a topic more address industry's need to provide continuous professional
interesting and understandable for the students. The cost ofdevelopment and lifelong learninEC report, page 10,
standards, even with academic discounts viewed by paragraph 5).
academic libraries, with limited resources, as too high. The
Webs_it_es of the standards_ orga_nisations, are de_signed f(_)r 3 Barriers to the Professionals
practitioners rather than being suitable for academics or their
students, making the concept of process improvement lessThere are limited numbers of professionals with adequate
attractive to them. experience and knowledge of process improvement, to be

There is pressure in many universities on the type of able to influence the majority of organisations. In many
research that would result in obtaining a high research ratingcases, there is fie opportunity of gaining practical
leading to larger allocations of money from the Government experience, especially if they are employed by SMEs (Small
to those universities. Many lecturers are on stern to Mediumsized Enterprises). As the number of people in
conracts, depending on producing these highly rated SMEs that are employed directly in quality and process
publications and obtaining research contracts. These are noimprovement roles is very limited, there isléitopportunity
often related to promoting quality and process improvement, to gain initial experience for those wishing to move into these
particularly in SMEs. Similarly, a lecturer, on a ftithe areas and limited opportunities to "learn on the job".
contract, often has littleime for spending with SMEs to Individuals could address these problems by attending
encourage process improvement. This can be addressed bgourses, but this requires both the available time and money,
Government funding to "buy" some of the lecturer's teaching wWhichwould not always be supported by their employer. The
hours to work with SMEs. Publications relating to improving cost of access to standards can also seem be a problem to
process improvement of SMEs are not usually lyighated in them. The timing and location of these courses are not always
the competitive academic research community. Similarly the compatible with their working schedule. This is particularly a
development of case studies, based on process improvemenproblem for those wiing for organisations, including
in SMEs, useful to assist in the teaching and learning of outsourcing companies, situated outside Europe.
students, would not often be viewed as a high research SMEs and individual practitioners, particularly those
priority. This attitude could discourage young lecturers, involved with small web applications and the production of
needing to consider their future careers, from following these Apps, are often concerned more with the fast development
extremely useful areas of investigation. rather than process improvement. For the development of

These lecturers or students, particularly PhD students, thatApps, there are no internationally accepted standards. The
investigate the effectiveness of process imprognt, are concept of global enforcement of such standards might be
encouraged to publish in journals if possible or at conferencesresented by some members of the Open Source community.
that are mainly attended by academics. There is often activeSome organisations, such as Appind Google, have quality
pressure not to write articles for trade papers or magazinesguidelines, but those producing Apps have many other
that would be read by SMEs. This attitude results in very alternative potential "marketing locations" for their Apps.
poor dissemination of the outcomes of the research into the Although there are standards for quality and process
wider community, and in particular, to SMEs. (Georgiadou et improvement in this fast changing global world of software
al, 2014) and hardware, these standards need to be constantly

The trend in recent years away from the conventional day "refreshed" and cannot be enforced, especially in the
release to fultime study has reduced the contact between communities of individuals and SMEs.
university lecturers and local companies. To ensure that the
syllabuses for these university courses address issues of 4 Qpportunities for Professionals
concern to employers, and conversely, to promote their
current or future employees with a relevant understanding The use of courses on aspects of quality and process
and knowledge of topics, such asality and process improvement that can be takby blended learning approach,

improvement, there needs to be an effective dialogue betweenvhere there is a combination of a remote study, video
the universities and the employers. conferencing and attendance, can provide an opportunity to



gain required knowledge and skills. Possibility the attendance the event. Presenters or active participation at these webinars
is arranged on occasional weekends or in blossllowing could be recognised for the individual biye collection of
attendees to travel long distances. Open Badges. These normally involve no or little cost to
The author has been involved with such a Master's courseproduce, and can be available for easy, quick and free
for Six Sigma, where students flew in every two months from distribution regardless of country via the Internet.
other parts of the UK and Europe (Protheroe et al, 2008). At  The professional bodies could be encouraged to organise
the start of each of the Si®igma units, the students were webinars and ab physical meetings, by providing speakers
given the full learning material and the individual with process improvement experience. These could be
assignment, which in all cases was work related. The recorded and made freely available possibly by YouTube, to
students, having studied the material for the first six weeks, provide a useful resource for practitioners to update their
then attended a weekend session, situated halfway throug skills and for opportunities for traineesd teachers to assist
the unit. This involved a mixture of group workshops and with the upskilling of those currently in process
individual discussions, similar to that of a modified "flipped improvement roles or aspiring to those roles, by utilising
classroom”, allowing each student to progress at their own these online approaches.
speed and direction (Almpanis et al, 2010). The students then
continued to work alone, but with video and audio 5. Opportunities for Students and their
conferencing support, for the further six weeks, when they Teachers
submitted their assignment (Almpanis et al, 2011). The
students were also able to achieve the Black Belt for Six The lack of relevant experience of teachers budurers,
Sigma. which would enable them to inspire their students about
The author has also been responsibletierone, two and  quality and process improvement, is a major problem. This
three day courses run by Tom Gilb Hon FBCS on different could be addressed by issues discussed in Section 4, such as
aspects of quality, held in London and other locations, the use of blended learning courses, MOOCs and webinars.
organised through the BCS Quality Specialist Group which  professions and relevant organisations could be asked to
provided free training for BCS members, especially those that assist with the production of suitable case studies, case
were curently under employed, as consultants or histories and short YouTube videos lasting possibly a
professionals. Training courses, leading to qualifications such maximum of five or ten minutes. These resources could
as the ECQA SPI (Software, Systems and Service easily be included in the relevant classgtidents could be
improvement), could increase the skills in the area of processmotivated by the use of Open Badges. As they gained the
improvement (ECQA, ND). relevant process improvement skills, they could be awarded
The identificaton of a suitable MOOCs (Massive Open the appropriate -badge, which are now used by various

Online Courses) covering part of the relevant skills, could be organisations including some universities and schools as a
used to increase the knowledge of the professionals. Many ofmeans ® motivation and as an dine record of CPD

these MOOC:s are free, or at a low cost (Dewar et al, 2014). (Continuous Professional Development).
Details of these MOOCs could beade available, say on Recorded lecture systems such as Panopto can be used to
relevant websites, such as those of SPICE and theautomatically capture the lecturerOs explanations, attached to
professional bodies such as BCS Quality Specialist Group. each Power Point slides for use later, possibly telpoThe
Assessment of the relevant skills could be made at theguthor currently uses Panopto in short segments with
Foundation Level, by online multiple choice questions, which powerPoint and the use of interactive boards (Griffin and
could beorganised by training organisations or professional Ross, 2015). These segments are designed for final year
bodies. These could be similar to those of Prince Foundationstudents in particular those that have language difficulties or
or the BCS Agile Foundation and other certificates (Agile, have missed ss®ns. It allows the students to go directly for
ND). It might be possible to link to the online assessment further explanations of a particular slide. In addition, the
qualifications to the Ewpean Credit Transfer Scheme |ecturers are provided with a record of which students
(ECTS) system. accessed the system, when it was used and more importantly
The use of webinars, which are often free, could be usedfor which elements of the recing the students found it
to increase the awareness of process improvement and impar§iesirable to rédear the full commentary. Online capture

some of the relevant skills. Examples of these are run at nocould be used as part of a MOOC or to develop a "flipped”
cost by the BCS GreenlIT Specialatoup. The presenters of  classroom, as described in Section 4.

the webinar can be located in different countries, as can the  The various appropriate Specialist Groups of the
participants and who are also able to access the webinar afteprofessional bodies, incluty the BCS Quality Specialist



Group and the BCS-kearning Specialist Group, could hold Employers could be encouraged to sfyecin job

events, both physical and by webinars to increase knowledgeadvertisements, qualifications which have a strong
of process improvement. The appropriate groups could commitment to quality and process improvement, as they
organise competitions, aimed mainly at students toerais already do within Six Sigma, ITIL and Prince2. These could

awareness of process improvement. raise the profile of potential employees to the importance of
process improvemeénThe professional bodies could offer, at
6. Governments& Professional Bodies no cost, to reublicise these job advertisements on their

websites providing they promote process improvement,

As there is always pressure to include new topics on coursesprofessional standards or professional membership in the job
the professional bodies, such as the BCS, could specify thatdescriptions.
process improvement should be included in any degree Influence could be appliedby government and
courseto be accredited by that body. The governments, professional bodies on the content and organisation of the
through their financial power, could play a major role in new higher apprenticeships. These have recently been started
encouraging the professional bodies and the universities andin the UK, where a student, instead of attending atifulé
colleges to give a higher priority to relevant courses and in university degree course, would be employed by an
particular to quality andrpcess improvement. organsation while at the same time, would study {iane

The Government and professional bodies influence can over a period of three or four years for a university degree or
also be applied to schools, to control the curriculum. An part of a university degree. There are special degree courses
example of this is the UK computing syllabus, started in being designed by some universities for particular employers
September 2014 in the first year of primary schools. These that would provile a large number of higbvel apprentices
children as they progress through their schooling, year by in a particular discipline. In these cases many of the
year, will follow a new computing curriculum, gradually university degree units would align with the requirements of
increasing in depth and breadth, potentially until they reach that industry or organisation.
the age of sixteen, to try to address in the future, the shortage Other universities, that are expecting the students on
of IT professionalsinterest in this approach has been shown apprenticehips to come from a number of SMEs, are
in a number of countries including Denmark, Holland and organising degree courses on a day release basis. These might
Japan. By aiming to influence this new curriculum to include possibly have some units run in conjunction with their-full
quality and process improvement, especially for those pupils time degree courses. Another structure that has been
in the latter school years, this wdunfluence the potential implemented is for higher apprenticeskimployees to study
workforce of the future. The active support by Government by distance learning on relevant Open University degree
and professional bodies to include quality and process units. These apprentices would have time allowed each week
improvement in colleges and universities in their units, for their university studies and have their fees, as with the
should be of benefit to future professionals and their other models, paid by their employers. These studentsdshoul
empbyers. complete half of a normal degree course during their three

By encouraging these units in these courses to be alignedyear apprenticeship.
with the relevant professional syllabus, students could be  The SFIAplus industry structure model could be modified
given the opportunity, in addition to attaining their degrees, to enhance the roles associated with quality and process
to achieve with professional qualifications such as those of improvement (SFIAplus, ND). These roles, for the various
the ECQA This concept has been used successfully over computer related professions, identify the necessary skills,
many years to improve studentsO employability. Networking possible qualifications and possible activities. These are
students can achieve Cisco qualifications while undertaking proposed for different levels, with the career progression
their computing degrees (Udall and Ross, 2012a). The authorfrom starting work at say eighteen years of age to possibly
implemented a similar arrangenteby aligning the syllabus becoming a senior mager of a major organisation. By
of the BCS Structured Systems Analysis and Design encouraging process improvement to become a specified role,
qualifications with the appropriate second year unit at this would raise the profile as well as clarify the knowledge
Southampton Solent University. Students completed the and experience required at different levels. Within existing
university's unit assessments and then, on completion of thatroles of SFIAplus, quality and processgrovement could be
unit, could take the BCS examination, so gaining both specifically included, as they are relevant to all roles. As this
academic and professional qualifications (Uhomoibhi and SPIAplus model is used by many organisations, as well as
Ross, 2013 ). The author also ran intensive two week coursedndividuals, to plan career progression, it would bring the
for professionals for this BCS SSADM qualification. need for appreciation and implementation of qualibd a



process improvement into the various levels and roles,
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A Systematic Mapping Study on Software Process Education

Alberto Heredia
Universidad Carlos Ill de Madrid
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Abstract

Software professionals often face trouble
when developing softare products as it is a
highly dynamic, knowledgatensive
complex process. The success of the software
process heavily depends on the people
involved, among other factors, making their
education and training an interesting topic for
research. The purpesof this study is to
structure and characterize the state of the
practiceon software process education to help
identify best practices and find new
challenges. ® do so, authors conducted a
systematic mapping study to identify primary
studies in the exigg literature related to
software process educatiofihe analysis of
results helps clarify thgeneral characteristics
of the software process education and training
initiatives the lessonslearned in previous
researchand theduture worksproposed byhe
authors in previous research on software
process education

1 Introduction

Ricardo ColomePalacios
“stfold University College
Faculty of Computer Sciees
Halden 1783, Norway
ricardo.colomepalacios@hiof.no

Antonio AmescugSeco
Universidad Carlos Ill de Madrid
Computer Science Department
LeganZs 28911, Spain
amescua@inf.uc3m.es

policies, organizational stctures, technologies,
procedures, and artifacts that are needed to conceive,
develop, deploy, and maintain a software product
[FuggOQ0] i.e., it describes the approach that is taken as
software is engineered.

However, he controversial reports from The
Standish Group continuously mention a low percentage
of successful projects delivering software on time, on
budget, and with required features and functions. Other
forums, such as Risk DigegAcmcl5], constantly
document numerous examples of software failures that
could be harmful for the society, e.g., the accidental
erasure of criminal records or the exposure of private
data from online customer databases.

Many of these problems found software products
are unintentionally caused by peodkuFM13], as
software in the end is developed by individuatel is
largely dependent on human capitfCCGGO09,
CCMS14, CCSG13a, HeCG13Thus, t is worth
researcing how they are educated and trained the
process to follow for the development of a software
producfCCSG13b, RoZS14]

Training software engineerin order for them to
acquire the knowledge and skills required in
professional practicalepends on thestage oftheir
carees. As an examplesoftware engineering course
atthe universityusuallyconsist of lectures along with a

Modern societies increasingly depend on the servicessmall software projedBaOHO05] but software process

offered through computerized systems. The advent ofis often treated as an additional module to the core
smartphones, tablets, wearables and other intelligentcurriculum. Trainings in an industry environment are,
devices makes that more and more products embed opn the other hand, organized in a workshop style with

take advantage of san piece of software.
Unfortunately, software is a complex product, difficult
to develogFuNi14].

Software Engineeringas the main goal afreating
software products with qu&i respecting time and
budget constraintfHump95] To do so, e software
development activity usually follows a software

theoretical and practical parts interwovi(uFM13].
Yet it is not clear ifthis education and trainingno
matter the way it is providéeffectively prepares
software process (improvement) practitioners as skilled
and competent professionals for industrial life.

In fact, software engineering professionals are often
unsatisfiedwith their level of preparation for the real

process, which can be defined as the coherent set ofvorld when they start working in industf{Exte14]

Copyright © by the paperOs authors.
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Some authors point out the root of the probless in

the way software processs typically taught at
universities[AlUn14, BaOHO05] due to the time and
scope constraints inherent in an academic setting, most



course projects leaves little room for experiencing the
many facets of the software lifecycle [KoCM14].

Many authors have researched on how to make
improvements in software process education and
training to overcome this issue using different
approaches. The first one lays on a specific subject that
is needed but currently missing or not properly
addressed [WaSB12]. Another approach aims at
bringing the class project closer to a real-world one, for
instance, by intentionally applying unexpected
complications during the project [Daws00] or
involving external organizations [ChCh1l]. A third
approach uses a simulated environment in conjunction
with lectures and projects for enhancing the learning
and understanding of complex themes [BaOHO05].
Finally, the gamification of learning has emerged as a
significant trend in recent years in an effort to make
education more attractive by means of incorporating
game mechanics and elements [PGBP15].

Regardless of the approach chosen, it is also
important to consider how instructors intend their
students to learn. The most traditional delivery method
consists of a series of lectures and demonstrations in
which the teacher presents a particular subject and
directly instructs students. This method is often
contrasted to experiential learning, which is based upon
the premise that the best way to learn how to do
something is by actually doing it [BaOHO5]. Other
methods center learning around an anchor such as a
case study or a problem [BSHK90], foster a situated
learning in which the learning environment is closer to
reality [AnRS96], focus on the aptitude of students and
tailor the learning environment to their needs [Yeh12],
emphasize a lateral thinking that require students to
take different perspectives [Bono0Q9], or just focus on
motivating students to learn [Kell87].

We thus need to further study how software
engineers learn the software process. The objective of
this paper is to structure and characterize the state of
the practice on software process education. In
consequence, the authors of this study conducted a
systematic mapping study to identify, select, classify
and analyze primary studies published in scientific
journals. To the best of our knowledge, no systematic
mapping study on software process education has been
published yet.

The remainder of this paper proceeds as follows.
Section 2 describes the method followed in this
research work. Section 3 analyzes and discusses the

results of the systematic mapping study. The paper
concludes with the limitations of this research and
concluding remarks.

2 Research Method

The purpose of this study is to structure and
characterize the state of the practice on software
process education, analyzing previous works published
in the literature to provide an overview of the topic and
to help discover potential gaps for future research.
Thus, the main research question driving this study is:

What is the state of the practice of the education on
software process?

Due to the breadth of the topic, a systematic
mapping study [KiBP11] is used to identify and
categorize all relevant research papers (referred to as
primary studies) related to software process education.
The study follows the guidelines provided by Petersen
et al. [PFMMO08]. The following sub-sections present
the different stages of the mapping study: definition of
research questions, conducting the search for primary
studies, screening papers based on inclusion/exclusion
criteria, classifying the papers, and data extraction and
aggregation.

2.1 Research Questions

To answer the main research question driving this
mapping study, the authors of this study stated the
following specific research questions:

RQ1. What are the general characteristicé the
software process education and
initiatives?

RQ2. What lessons did researchers learned from
process

previous research on software

education?

RQ3. What future works did authors propose in
process

previous research on software

education?

The answer to RQ1 will help determine different
aspects of the software process education such as
which stage of software engineers’ career does this
education usually focus on, the educational methods
that are typically followed, how this education is
usually delivered, or which parts of the software
process have not received much attention yet with
regard to software process education. The aim of RQ2

training



is to identify best practices on the field. R@athers The main guiding criterion to include a paper in the
challenges identified in the field of software process study or not was its focus on software process

education. education. To reduce the possibility of researcher bias,
the authors jointly agreed the exclusion criteria to be

2.2 Search Strategy used in the following order:

The search strategy is key to ensure a good Starting¥ Based O.I’l title: the title does not sugge.st that there is

point for the identification of studies and ultimately for anyrelation tosoftware process education.

the actual outcome of the study. An extensive and ¥ Based on abstract: the abstract shows the paper is
broad set of primary studies was needed to answer the not focused on software process education.

research questions. Thenost popular academic ¥ Based on full textthe paper islefinitely not related
databases in the domain of software engineering were to software process education.

selected to be used in this systematic mapping to search |4 those cases where there was disagreement

for potentially relevant papers: between researchers regarding the relevancy of a paper,
¥ ACM Digital Library (http://dl.acm.org) the paper was not finally excluded.

¥ |EEE Xplore Digital Library (http://ieeexplore.iesrg) The authors of this study must point out that the
¥ ScienceDirect (http://www.sciencedirect.com) revision of thefull text of the primary studies allowed

¥ Springer Link (http://link.springer.com) to assure that all of them were relevant for structuring

Regarding the keywords for the search, after somea@nd characterizing the state of tipeactice of the
exploratory searches using different combination of education on software processhis revision is also
keywords, the researchers jointly established the final important because this study does not contain a forma

String to be used in the search for papers in the quallty evaluation of the primary StUdieS, which indeed
databases: is not essential in mapping studies and could not be

: . . - roperly achieved due to the inclusive nature of the
Osoftware processO AND (education OR training) gearr)chythat includes theoretical studies as well as
The search was performed at the beginning of 2015.empirical studies of all typd&iBP11].

The search string was applied to title, abstract and After the exclusion of irrelevant papershe

keywords, andlimited to journal papers writtenni  researchers finally agreed on B8mary studies to be

English in the area of Computer Science and publishedincluded in the systematic mapping stugfable 1).

between the years 2000 and 201d.total of 1450 The ful list of primary studies is listed in the appendix.

papers were retrieved from the different databases

Unfortunately, despite usintpe advanced search, only Tablel: Study selection reading detalil
IEEEOs database seems pimperly retrieve &act _ . .
phrasesn title, abstract and keywordso his sethad Reading detail | # of studies
to berevisedand only 253 unique papers were finally Search 253
considered for the study selectigfigure1). Title 95
Abstract 53
9 Full-text 33
77 2%
30% 8% u ACM Digital Library

2.4 Study classification
u |EEE Xplore Digital Library . .
A data extraction form was designedculect relevant

ScienceDirect information from each one of the selected primary
studies. It included the following propertiestlet,
authors year, purnal number of citations in théSl
Web of Knowledge type of participants in the
educational initiative, educatiohanethod, mode of
delivery, focus of theinitiative, lessons learned in the
initiative, and future work proposed.

147 m Springer Link

58%

Figurel: Selected datases and retrieved papers

2.3 Study Selection



The authors agreed in classifying primary studies Engineeringand Annals of Software Engineerirfgave
depending on three differetypes ofparticipantsin the a better average of citations in ISI as they published
educational initiative: undergiaates, graduates and only one of the primary studies thabwever,received

industryprofessionals.
Regarding the differeneducational methodsnd

asignificantamount of citations.
To provide a better overview of the fielBigure 2

attending to the background of this research describeddepicts thetypes ofstudents involved in the initiatives

previously, the authors decided to classify the primary
studies inthese groups: lectures exercises project
teachinga missingsubject adding realism to a project,
inclusion of simulation in practical classes and
gamification

Finally, for classifying themain mode of delivery
used by the initiative the authorsagreed in the
following ones traditional, expeiential (earning by
doing, anchoed instruction, aptitudereatment
interaction situated learning lateral thinking and
motivation

2.5 Data extraction and synthesis of results

This section synthesizes the results produced by the

extraction of data fromhe primary studies according
to the protocol described above.

The distribution ofprimary studiesdoes not vary
muchthroughout the yearsonsidered in this mapping
study., Number of publications fluctuates mainly
between 1 and 3, being 2002 and 2008 thestmo
productive years with 5 publications.

Data extracted from primary studies revealed that a
total of 77 different authors published papers on the
topic of software process education. It is not a surprise
to find W.S. Humphreyis the most prolific author

among the primary studies with 3 papers as he created
the Personal Software Process (PSP), which is one of

the processesftenused in software process education.

Regarding the journals that published the primary
studies, IEEE Software is the journal thatepted the
most publications(7) related to software process
education closely followed by the Journal of
Computing Sciences in Collegeghe Journal of
Systems and Softwarelnformation and Software
Technology andthe Software Quality Journal

Similarly, papers published in IEEBoftware sum
the largest amount of citations ISI (64), given that
the Journal of Computing Sciences in Collegg®
citations in Google Scholarls not indexed in ISI.
Taking into account the number of papers, journals
such & |IEEE Transactions on Engineering
Management |IEEE Transactions on Software

10

described in thegrimary studiesFigure 3 shows the
educational methods Howed in the initiatives
described in theprimary studies and Figure 4
illustrates the modes used for deliveriaducationin
the initiatives described in thprimary studies The
authors must point out that some primary studies
involved more than one type of students, followed
more than one method and/or used more thanrorde

of delivery in their educational initiatives.

10

20% 18

35%

m Undergraduate
= Graduates

Professionals
23
45%

Figure2: Participants in the primary studies

m | ectures

m Exercises

= Project

m Missing subjec
= Realism

19%

Simulation

6
14%

9
22%

Gamification

Figure3: Educational methods in the primary studies

2

2 m Traditional

3 6%
%

2 4
5% 5% 119

m Experiential
= Anchored

3 m Sjtuated
8%
= Aptitude-treatment

21 Lateral thinking

57% Motivation

Figure4: Modes of @livery in the primary studies



To conclude this section, the authors fosaeral
) ] of these approachefocus on teaching a specific
In the following subsections the authors analyze and goftware processuch asthe PSP (7) or the TSP (5),
discuss the results produced by conductitige while others train students ri iterative and agile
systematic mapping study according to the stepsggfiyare develoment methods (10)Still many of
described in the previous section in order to find them put emphasis omprocessimprovementtraining

3 Analysis and discussion of results

answers to the research questions of this study.

3.1 What are the general characteristics of the
software process education and training
initiatives? (RQ1)

According to the resultshown in Figure 2, the
majority of studies related to software process
education focus research @arly stagesf software
engineersO caregraduates (23) and undergraduates
(18), while few of them focuen education for industry
professionals (10).

Some of the studieepresented irfrigure 3 follow
the most traditional method for educating future

(8), mainly related to CMM and CMMIOnly 3 of the
primary studiesdeal with software process education
from the point of view of Project Management. Finally,
the remaindefocusson specific parts of the software
proess such as design, programmiog document
inspection.

learned from
software  process

3.2 What lessons did researchers
previous research on
education?(RQ2)

Previous research on software process education has
provided numerous and various lessons learned. In the
following paragraphs the authors cover the most

software engineers (6) consisting in a series of lectures,gjevant ones found in the scope of this mapping study.

combined with some exesgs and/or a small project to
put acquired knowledge into practidbese studies are
usually oriented to undergraduat®tost of the studies,
however,describe initiatives to cover a subject that is
usuallymissing in software process education curricula
(9); these initiativesiimed atcompleing the education
on software processre usually basedalso in the
combination oflectures with exerciseand/or a small
project. Another method which is broadly used (8) is
making student®project experienceloserto the real
world (e.g.using an external customg$23]). Several
experiences with simulationgl)(to improve software
process education have been also repariethe last
years; these simulations are often oriented to gri@gu
andespeciallyto industry professionalsn conjunction
with other initiatives based ortask assignments,
tutorials and workshopsFinally, only one primary
study is related to gamificatid17].

Given that many of the primary studies report
initiatives using exercises, it is not strandmding
experiential learning is theost usedielivery method
by far (21), sed-igure 4; as Albert Einstein once said
OLearning is experience, everything elseis
informationOResults also show thatodes ofdelivery

In general, mtroducing processes into the classroom
environment is not easier than injecting them itite
workplace so future researchers should take some
considerations into accounMatching the software
process weight to the studeBtbilities, expectations
and tolerance is vitalor succesgS25]. Furthermore,
although the use of model representations eases the
understanding of therpcess and increases visibility,
giving the students a written process description is not
enough instructors must also providguidancein the
form of mentoring to have a major impaf$6].
Motivation is alsoessentialas engaged and motivated
students arenore likely to accepthe software process
[S29]

In addition, if tools are used to suppofprocess
activities theyshould besasyto learn and usto create
a positive attitude toward$eir adoption[S2]; despite
their learning curve, dftware process tools have
proven to bemportant to the successful development
of projects In some cases, sing a knodedge
repository can facilitate the learning process and the
transfer of knowledge among studeri820] low-
experienced software engineecan gain experience
from more experienced oneand giving themmore

such as situational learning or motivation are generally aytonomy{HGAS13].

used when adding realism to a projecthile the
former isbasicallyused with undergraduates, tladter
is mainly used when educatiois oriented toindustry
professiona.
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With regard to software development methods,
results point out thatgile works well for student
projects in an introduoty software engineering course



[S26]. Such incremental and iteratieg@proacks allow great opportunity to take theory into practitait also
students to learn from preceding iterations and provide studentswith environments and experiences
incorporate previous experience and feedback into thethey will encounter or maybe even bring to their future

next iterationS27]. jobs.
PSP and TSPare also good means to introduce When using aproject to educate on software
discipline concepts and softwaprocessto potential process or in seni@rapstone coursesstudentsanuse

engineersbecausethey show studentshow to define everything they already learnel®b14] The use of
processes, how to use a defingrocess, how to plan, dynamic teams [S27] in these projectss a good
measureand track their work, and how to measure and experience because it challenges students to adapt to
manage quality[S31] Results gathered from the multiple personalities and skill setthey can learn
primary studies confirm the benefits dfaining from one anotherthey feel more comfortable in rag
students onthe PSP It enhance predictability and peers honestly, and it leads to fewer group breakdowns
reduces the number dfrivial) defects in the code  when team members underperfor@ther practices

although students may require more time ffoishing such aspair designing [S18] may slow down the
tasksbecause of themor checking that leads to the project but it is more predictable than individual
improved robustned$8]. designing with regard® quality.

The authors in [S28] and [S29] provide some To improve the likelihood of successfully design
recommendations for using PSP and TSP as disciplineand implement a software project coursesearchers
drivers in softvare process educatiol) Customiz should follow several guideline§S30]: 1) Clearly

PSP ad TSP course$o the contexiandthe needs of identify course goal?) If the course is timeestricted
the students 2) Integraé PSP as part of TSP in order or represers studentsQ first team project experience,
for students to first master PSP techniques beforeuse a modest and walkfined problem 3) Use a
assuming a role in a software developmerdup; 3) defined team process for the project wotk Enforce
Arrange PSP training regularly and continuously to process disciplineand5) Instructos shouldmovetheir
ensure that astudentcan meet both essential and rolefrom lecturer tocoach

accidental software challengéactually, some authors Concerning process improvement training,
state thatdarners should apply PSP practices not just CMMI-recommended practices are accepted across
in a single course, but as a regular part of theitistu much of the industry and thtisey area good reference
for instilling good habits and professional attitudey for software processeducation efforts Results of
Motivate students about the benefi§ PSP and TSP previous researcfS22] revealedsome hot spotshat
and 5) Let wudents see their progress through the datarequire more training irsoftware procesgrograms
collected, but these data should not be used for grading(e.g. organizational practicgslt may be beneficial to
purposes in order to redeiche likelihood of students dedicate significant time to provide details about
manipulating the values in an attempt to gain better processmodelssuch asCMMI at the graduate level,

grades. but it may not be appropriate at the engraduate level
Another interestingrecommendation found in the [S3]. Therefore, researchers recommeaddresisg

primary studiess tailoring the assignmentke course individual skills at the undergraduate level and

to imitate the realvorld software projects[S12]. management skillstahe graduate level.

Realism has to be seek so that when a proceksted With regard togamification, it proved to have

problem arises, the process should be improved inpotentialto support edcation[S17], although further
order to not repeat the same problem in subsequentesearch is needeth this sensgHCAY14] presents a
projects. To increasereality, instructorscan promote Gamification approach for software process, but not
collaboration betweestuderts and external customers linked to education or training-ikewise, simulation
[S33], provided that customedsinvolvement may help seems to be very usefblecause allows students to
to produce softwarbetteradapted toeal expectations change process settings amelps decide if a process is
However, there is a risk oftwgents giing more suitable fora certain contexfS10]. When researching
attention to the product than the procasscustomers on the beefits of simulation for educating on the
are interested in the produ823]. On the other hand, software process, researchers must take into account
facilities such as studid$24] not only bring home a thatit is not an inexpensive undertaking astddents
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need time for the familiarization with the simulator To conclude the answer to this research question
[S1]. Yet, there is litte evidence that process studies considering issues related to human capital
simulation has become an accepted and regularly useduggestncorporaing ethical andsocial aspects dCTs
tool in industry[S4]. Moreover, the use of simulation in computer science program@&nd dvelopng
techniques like, for instance System Dynamics is well awareness of potential threats posed by new ICTs
grounded in software engineering edumati among toda8 student$S33]. Others propose analyses
[GCGPO8] of the impact ofoutdated technology skiller about

To conclude this sectigmesearches should consider attitudes towardsoftware procesisnovatiors [S5].
learning from practitioners of other engineering
disciplines[S19], as their lessons learnedn beuseful 4 Limitations

for software egineering too. o .
The objective of this study was to structure and

3.3 What future works did authors propose in characterize thestate of thepractice on software
previous research on software process Process education, analyzing previous works published
education?(RQ3) in the litemture to provide an overview of the topic and

to help discover potential gaps for future reseaFadr

In spite of the large amount of lesson learned gatheredihat purpose, the authors decided to use a general
from previous research on software process education search string to not bias the study towards any specific
not many of the primary studies pwse future works.  educational method or mode of deliveryiowever,
The most common ongroposedexporting described  other searches using keywords related to specific
initiatives to other UniVGrSitieSlG] or to the indUStry educational method, such e=alism or Simu|ationor
[S15] mode of deliverysuch aslateral thinking or situated

More interesting proposals, especially those focused |earning could provide more primary studies. This
on simulatbon and gamification suggested enhancing  |imitation makes this study to be a fistep towards a
complexity and variability to allow a more dynamic fyture research that could include a systematic
learning experiencgS17]. In addition, future research |iterature review centered omew approaches for the
could considerthe extension of the singlearner  education on software process basedrending modes
model towards a collaboraé learning environment  of delivery such adlipped learning o Massive Open
[S1]. Nevertheless,here isstill a need for providing  Online Courses (MOOCs)
evidence of the usefulness of simulation in the-real Similarly, due to the specific focus of this 1st
world and additional tsidies of |0ng'term evolution International Workshop on Software Process
from a product and organizational perspeefS4]. Education, Training and Professionalism, the authors

Primary studies related to the PSP raise severaldecided to include just the term Osoftware processO and
guestionsto address withurther studies regarding the ot the term Osoftware engineering® in the search
degree to which PSP students make more balance%tring_ Broadaing the scope of this research to
estimates the relationship between productivity and software engineering education and not focusing only
effort estmation accuracywhether planning time and iy the software process would hapeovided a richer
postmortem time are dependent on project size orsetof primary studies andhould beconsidered for a
whether they are more or less constant and could befyture work.

viewed as overheaf528] Otheradditional important The exclusion of conference papers and books
queStiong:OUld be How will defect estimation behave represent another limitation of this Study. This
in further studies? How could we prepare a set of pyplication bias is based mainly on practical concerns;
exercises that allows us to separate the complexity ofthe amount of primary studies to be included could
exercises from the PSP levels? To what extent is ahave been unmanageable and a lot of analysis would be
virtual environment the most appropriate tool for npeeded to handle the fact that many journal apee
teaching discipline teamwid? What kind of feedback  improvements of previously published conference
is received best as motivation by the students: defects papers. Nevertheless, the inclusion of journal papers
size estimatiorr effort estimation? guarantees a high scientific quality of the primary
studies. However, and in spite of the inclusion of
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journals, given the composition of databases for the
study, some papers published in journals not listed in
the databases can also be biased in this study.

Finally, another threat for this study is researcher
bias that could have affected the selection of primary
studies, their classification and the accuracy in data
extraction. To reduce the subjective component of this
study, two researchers participated in the selection and
classification of primary studies following a multi-
staged protocol for the inclusion and exclusion criteria
and resolving disagreements by discussion.

5 Conclusions and future work

Software process improvement is considered one of the
most important fields in the software engineering
discipline. However, and in spite of its importance,
increasing its coverage in educational settings is still
challenging. The complexity of the subject together
with the need of a good background of the discipline is
normally pushing subjects into master programs, while
PSP and TSP approaches are mostly present in
bachelor curricula. This paper is a first effort towards
understanding the subject and interpreting its needs and
implementation in the academia.

Future works will be twofold. Firstly, it is intended
to investigate the use of MOOCs in software process
improvement settings and secondly, it is aimed to
develop specific gamification strategies and tools for
software process improvement education and training.
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Abstract

At the fcole de technologie supZrieure (fTS),
software process improvement (SPI) is taught
in lecture format and with a Meek
implementation project in an organization by
teams of students of the graduate software
engineering curriculum. The SPI coursg i
taught using a Oproblagoatsolutiond
approach where students learn that any
process improvement initiative must be based
on issues preventing an organization in
achieving its organizational goals whether the
organization is a company or a ffot-profit
organization. An important aspect of this
course is the management of technological
change where students learn and put in
practice in their project the Osoftd issues which
are part of most SPI organizational initiatives.

1. Introduction

As reported by CharetteCha05], software specialists
spend about 4 50 percent of their time on avoidable

in Graduate Software Engineering
rams

Rory V. OOConnor
Dublin City University
Dublin
Ireland
roconnor@computing.dcu.ie

recall in European and North American markets, can
lead to multimillion and even multibillion dollar losses.

The fcole de technologie supZrieure (fTS), a 7,800
student engineering school, began offering its graduate
SPI course to professional studeimt£000. The aim of
this specific SPI course is to ensure that software
engineering students are aware of the importance of
SPI, and that they understand and are able to manage
and apply SPI practices in real organizations. The
professor who designed thePIS course has an
industrial experience of more than 20 years, mainly in
defense and railway sectors. The course is made up of
lectures, practical exercises, and a team project in
industry. A continuous process of student evaluation is
carried out to ensurdhat the concepts are well
understood.

This article is divided into two sections. First, the
authors present an overview of the SPI course, in a
second section projects performed by students in
organizations are briefly described.

2 Software Processmprovement Course

The SPI course, a&edit course (i.e. 9 hours per week
including 3hour lectures) over a period of 13 weeks.
Each lecture topic is illustrated with industrial

rework. The ab|||ty of Organizations to Compete, adapt, eXampIeS, international or prOfeSSional Standards, and
and survive is increasingly dependent on quality, Process improvement adel practices. To ensure that

productivity, development time, and cost. Systems and students grasp the importance of SPI activities, the
software are growing larger and more complex every business model concept and the cost of quality concept
yea. For example, mainstream cars have between 20are stressed throughout the course. When performing
and 30 million lines of code (LOC) and toff-the-line SPI activities as part of their projects, students must
cars contain 100 million LOC and it is expected that make tragoffs between technical issues and Osoft®

LOC will increase by 50% by 2020 [Hl4]. Software

process improvement (SPI) is even more important
when we consider all the software development
projects that have partially or totally failed, the
numerous incidents and the financial losses generate
by those failures. As an example, recalls du to software
errors, which account for about 0% of vehite

Copyright© by the paperOs autiso
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issues such as the management of cultural changes.

There is a wide spectrum of development
approaches for organizations developing software.

J:igure 1 illustrates the spectrum of approaches on 2

axes. The horizontalxis (from left to right) illustrates

the level of ceremony, from a low ceremony approach
with little documentation (e.g. agile approach) to a high
ceremony approach with a comprehensive
documentation (e.g. plan driven CMMI approach). The
vertical axes lustrate the approaches based on the
level of risk. The top axis illustrates a low risk linear
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approach using a waterfall approach while the lower Since a large percentage of students attending the SPI
part of the axis illustrates a rigkiven project using an  course were working in small organizations, the
iterative approach. ISO/IEC 29110 is located lzde emphasis on the use of the CMMI framework was
the center of both axes. gradually reduced to switch to a new ISO set of
standards and guides: the recently published family of

ISONEC 29110. The ISO/IEC 29110 standards and
Waterfall

Few risks, sequential guides have been developed specifically for
Late integration and esting enterprises, organizations and projects havipgo 25
A people. The ISO/IEC 29110 management and
cMm engineering guides are availablelnglish and-rench,
il at no cost, fromlSO. They are also available in
7 N .
ek ' Portuguese and Spanish.
Low Ceremoly [ | HEh Ceremony
L\tililsﬁ‘csz:gi{ion . Scru\:\ /// ‘.”.’e#;gsc%lgﬁr;led 2.1 |SO/IEC 29110
eiohl I % The ISO/IEC 29110 standard OLifecycle jpesffor
e Very Small EntitiesO [Lap]8s aimed at addressing
the issues identified above and addresbesspecific
Iterative needs of VSEs [OC1140C11b] and to tackle the
Risk-driven issues of poor standards adoption by small companies
il e [Col08] [OC09] The approacfOC14] [Lap13]used to
develop ISO/IEC 29110 started with the 4gpasting
Figure 1:Positioning of the ISO/IEC 29110 international standard ISO/IEC 12207 dedicated to
(adapted from [Kr63]) software process lifecjes. The overall approach

consisted of three steps: (1) Selecting ISO/IEC 12207
Initially, the SPI course used the CMMI model [16] process subset applicable to VSEs of up to 25
developed by the Softae Engineering Institute (SEI). employees; (2) Tailor the subset to fit VSE needs; and
The CMMI was selected because many organizations,(3) Develop guidelines for VSEs.
especally defense and aerospace enterprises, were The basic requirements of a softwatevelopment
already using it and it was available in French at no process are that it should fit the needs of the project
cost from the SEI. The fTS engineering school is and aid project success. And this need should be
located in MontrZal. A survey of the software informed by the situational context where in the project
development companies was done a few years ago inmust operate and therefore, the most suitable software
order to obdin a picture of this industry in the development process is domwent on the context
MontrZal area. As illustrated in Table 1, it was found [Jen13] [Clal2] The core situational characteristic of
that close to 80% of software development companiesthe entities targeted by ISO/IEC 29110 is size, however
have fewer than 25 employees. In addition, over 50% there are other aspects and characteristics of VSEs that
have fewer than 10 employees. may affect profile preparation or selection, such as:
Business Mdels (commercial, contracting, -inouse
Tablel: Size of software deslopment companies in development, etc.); Situational factors (such as

the Montreal arefGau04 criticality, uncertainty environment, etc.); and Risk
Levels. Creating one profile for each possible
Size combination of values of the various dimensions
(Number Software Total Number introduced abovevould result in an unmanageable set
of Companies of Jobs of profiles. Accordingly VSEQs profiles are grouped in
employees) such a way as to be applicable to more than one
category.
11025 540 78% 0,105 | 29% Profile Groups are a collection of profiles which are
2610100 | 127 18% 6,221 36% related either by composition of processes (i.e.
over 100 | 26 4% 6,056 | 35% adivities, tasks), or by capability level, or both. The
TOTAL 693 100% | 17,382 | 100% OGenericO profile group has been defi@@lp] as
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applicable to a vast majority of VSEs that do not using a threg@hase of transition model as illustrated in
develop critical software and have typical situational figure 3.
factors. This profile group does not implyyaspecific
application domain, however, it is envisaged that in the
future new domaispecific subprofiles may be
developed in the future.

Finally, the results obtained from systematic
literature review of the ISO/IEC 29110 standard

Table2: List of SPIcourse topics

Content
Challenges faced by organizations
developing products comprising

Theme
Introduction

[Sanl1% show that thee is an increasing interest on it. software.
Figure 2 illustrates the activities of the project Benchmarking process
management and software implementation processes. performances.

The Project Management process and the Softwar
Implementation are described in great details in the
guides. As an exapte, each activity is composed of a
set of tasks with inputs, outputs and roles. For al
inputs and outputs, the gaisl describe a typical

D

Improving process performances
(e.g. quality, productivity,
turnaround, etc.)

Outsourcing and off shaorg.

Models, The IDEALimprovement model
content. Standards and | from the SEI.
Methods The Capability Maturity Model
Integration for Development
Customer ISO/IEC 29110 standards and guid
13 4 Initiation for Very Small Entities (VSES)
Statement of Software Analysis Process performance assessment
Work Configuration methods.
! i Design GoalProblemapproach.
i Management | Description of the organizational
Fol of contexlt3 of a change géroject.
[ xecution W cClosure  [Mle— Integration Organizational | Organizational culture assessment.
anis tests Changes Change history assessment.
v - T Dalivery Stress Ieve_l assessment.
Organizational Management Sponsorship assessment.

Change agentOs capability

Figure2: Basic profile pocesses and activities assessnTg.

[Lap15a] Motivational factors assessment.
Change readiness assessment.
2.2The Course Deployment/installation plan
The approach usedfor software process

During the course, students are introduced to the
recently published ISO software development standard
ISO/IEC 29110 [S0O17 targeting Very Small Entities
n(VSEs). Students use the engineering and management
guide included in ISO 29110 which is freely available
in English or French from the ISO, as a framework to
help them understand when software quality practices
pare used in a development project and whyeyTalso

use the guide as a framework for their team project.

improvement is covered in the book titleMaRing
Process Improvement Work®ot03. This approach
includes the following four steps: 1) Determine the
business goals and the problems that an organizatio
wishes to solve; 2) Determineganizational goals and
identify problems; 3) Prioritize identified problems; 4)
Develop and implement a SPI plan. The topics
presented in class, listed in Table 2, are supported wit

weekly reading assignments. The course has been designed in such a way that

Throughout the course, the students areosggd to N f 4 student v the SPI .
the management of technological and cultural changes.€a8Ms Of 4 students can apply the SFl practices,
presented in the lectures, in an organization. Since

using a book titted OManaging Transitions: Making the . ;
Most of ChangeO [®9]. The book describes a change many graduate students are already workingan
organization, it was quite easy to identify a topic for
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improvement and obtain the support of the Table3: Elements measured \withe IMA Tools
management of the organization. To reduce the burden

to the organization, this employee is the interface with Title of Tool Description
management. OrganizationOg Evaluation of the priorities fo
stress level resources in the organization
Sponsor Evaluation of the resource
assessment reinforcement (e.g. motivation) ar
The New Beginning communications commitments ma

and demonstrated by the sponsor
of a change project

Change agen Evaluation of the skills an
The Neutral Zone skills motivation of those responsible f
facilitating the implementation o

End.mg' organizational changes
L°S',"g' Individual Evaluation of the reasons wh
Letting Go readiness people my resist an organizationg
- change
flime Culture Assessment of the fit between t
) - ) assessment desired change and the actl
Figure3: Threephase transitiofBri09] organizational culture in order {

identify potential barriers and t
leverage actual cultural strengths

Implementation| Assessmenof barriers and lesson
history learned from previous chang
S projects (since past problems g
likely to recur, this tool allowg
identification of the issues that neg
to be managed for the change proj

As mentioned above, the approach used for the SRI
course is focused on solving an organizationa
problem. The activities performed by the students are:

¥ Develop a team memberOs contract (e.g. role

responsibilitiesexpectations)

¥ Define the business context (e.g. type of

product, customers, challenges)

¥ Ldaer?iteifr); business objectives, challenges and to be successful)

i Bzx::gg Z Ecl)lrsr:rr]r?jr?ig;[?gﬁ plan The assessments performed allow tiiedents to

¥ Measure and analyze orgaﬁizational issues be_tter |dent|_fy potentla_l barr_le_zrs to a prpposed_SPI and
related to the mnagement of change gwdg th(_am in developing mitigating actions to increase

¥  Perform a minidiagnostic of the pérformance the likelihood of the success of their improvement

project. Table 4 describes the deliverables and the

of a process. presentations made by studeof the SPI course.

¥ Develop a minimprovement/installation plan.
¥ Document the solution (e.g. a process). . .
¥ Implement the improvement plan 3 Software Process ImprovemenProject in

Organizations

A vast majority of students are quite knowledgeable . . . .
Jonty a g To illustrate the SPI projects done, we briefly describe,

about the technical issues but they are not no bel ¢ ati h ft
knowledgeable about the management of technological. elow, a Tew organizalions where Soltware process

change. Since the management of change is a keyTPlémentation projects conducted by graduate
element of a successful process improvement program,smdems-

a series of actions were done to facilitate the L

development, implementation and adoption of the Organizationl

processes, methodsna tools [Lap98] A set of Background The company, .of about 140 employges
assessment tools provided, described in table 3, helped14 Software developersyesigns and sells electric

the students understand the Osoft® issues of wertrain systems in the automotive field. Their
technological change in an organization products are embedded software that controls the

operation of engines in real time and embedded
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software that controls the interactions between the
components of a vehicle. Property management and
audit of building health.

SPI Project: A compliance study was conducted to

Organization6
Background: An enterprise specialized in industrial

process controlA department of 13 employees
SPI Project: ISO/IEC 29110 Entry profile was used

establish the difference between the processes in placéo assess practices in useflhe management of

and those proposed by the Enpyofile of ISO/IEC

requirements was the focus of the praoject

29110. An action plan has been developed to organise

the software process improvement activitidm
analysis of differences between ISO/IEC 29110 was
conducted An economic impact assessment was
conducted using the methodology developgdSO.

Organization?
Background: Property management and audit of

building health.

SPI Project: document existing business processes,
analyze them and identify those with potential for
improvement

Organization3
Background: An engineering company specialized in

the integration of interactive systems, communication
and security in the area ptiblic transportation such as

trains, subways and buses and railway stations, stations Background: A

and stops of bus.

SPI Project: Startup of 4 peple in 2011Many
customers in the public transportation ask for a CMMI
level 2 Implementing the CMMI Level 2 Process
Areas was too demanding for a stapt of 4 people
ISO/IEC 29110 has been used as the main reference fo
the development of the managent and engineering
processesA gap analysis between CMMI level 2 and
the ISO/IEC 2911ased processes was done

Organizatiord
Background: Medical device R&D enterprise.

SPI Project: The Basic profile of ISO/IEC 29110
was used to document aninplement a quality
management systemlSO 13485 was used as the
framework for the quality management system

Organizations
Background: A project conducted at fTS for a unit

responsible to promote activities for graduates and to
raise money for thénancing of the fTS foundation.

SPI Project. The software project developed a web
portal usingthe Basic profile o SO/IEC 29110. The
portal allowed graduates to register to activities,
modify their personal information
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Organization?
Background: An 1T startup involved

development of web traffic surveillance.

SPI  Project: A startup of 4 employees
Documentation of the software development process
using the Basic profile of ISO/IEC 29110

in the

Organization8
Background: An IT service department o large

banking institution supporting the work of traders

SPI Project: A department of 8 employee&nalysis
of current practiceDevelopment and implementation
of requirements management practices using a
traceability matrix

Organization9
large civil engineering and
construction firm

SPI  Project: A department of 15 people.
Responsible for the development and maintenance of
software for the other units of the compaiter an
analysis of current practices using ISO/IEC 291the
improvement implemented a change request

Fnanagement process

In addition to the onsemester graduate SPI course,
a few students decided to pursue the work done during
the 10week project as their graduate project. The
following paragraphs brieflyescribe these projects.

An implementation project has been conducted in an
IT startup VSE by a team of two (patitne)
developerdLap4]. Their web application allows users
to collaborate, share and plan their trips simply and
accessible to all. The use dfie Basic profile of
ISO/IEC 29110 has guided the stap to develop an
application of high quality while using proven practices
of ISO 29110. The total effort of this project was
nearly 1000 hours.Using the management and
engineering practices of ISO/IEC 29110 enabled the
startup to plan and execute the project expending only
13 percent of the total project effort on rework.

An implementation project has beeonducted in an
IT startup founded by a graduate student. The VSE
has 5 employees at the MontrZal site and 2 employees



in a site in Tunisia. The VSE offers software
development services, Web solutions, mobile
applications as wellas consulting services to
implement ERP solutions.

Table4: Topics on course

Deliverables Value
1. Project Plan and Contract between Te| 4%
Members

2. Project Overview %
3. Business Case 5%
4. Communication Plan 5%
5. Organizational Culture Analysis 5%
6. Diagnostic of the Organization 5%
7. Sponsorship Evaluation 5%
8. Updated ontrect between team membe| 0%
9. Analysis of the Motivational Factors 5%
10. Organizational Stress Analysis 5%
11.Change Agent Capability Assessment 9%
12.ChangeReadiness Assessment 5%
13.Process Description 5%
14.Improvement/Installation Plan 5%

A Canadian division, of about 400 employees, of a
large American engineering firm has implemented a
program to define and implement project management

The division documented the business goals as well
as the problems that it wished to solve. The division
used the project management process of the Entry
profile of ISO/IEC 29110 to document their smsdiale
project management process and they used thjeqgbr
management process of the Basic profile to document
their mediumscale project management process.

An ISO methodology was used to estimate the
anticipated costs and benefits over a period of three
years. An estimate of anticipated costs and benefit
over a period of three years was made by the
improvement pogram project sponsors. TableslBows
the results for the first three years of this cost/benefit
estimation.

Since the utilization of ISO/IEC 29110 was very
successful in the development of theproject
management processes, the recently published systems
engineering ISO/IEC 29110 Entry and Basic profiles
will be used to redefine and improve the existing
engineering process (ISO 2014, ISO 2015). This
process will address the activities requiréidm
engineering requirements identification to final product
delivery.

Table6: Costs (in $CAD) and benefits estimations
from implementing ISO/IEC 29110 [Lapkp

processesfor their smalscale and mediuracale

projects. The firm already had a robust and provep
process to manage their largeale projects. Their
projects are classified into three @uees as

illustrated in Table 5

Year1l | Year2 | Year 3 | Total
Cost to
implement | 59,600 | 50100 | 50,100 | 159,800
& maintain
Net
benefits | 255:500| 265,000| 265,000| 785,500

Table 5 Classification of projects byée
engineering firm [Lap1B]

Small Medium Large
project project project
Duration <2months| >2& <8 > 8 months
months
Team size |<=4people | 4-8 people | > 8 people
Numberof | 1 >1 Many
engineering
specialties
Engineering| $5,000- $50,000- > $350,000
fees $70,000 $350,000
Percentage | 70% 25% 5%
of projects
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3 Conclusions

Many changes have been made to the SPI course
since it was initially set up in 2000. The challenge was
to ensure that all these improvements met the
objectives of the course. At fTS, students evaluate
both the course and the professéiollowing the
improvements, the course scored 4.34 for a maximum
score of 5, while the average score for the courses of
the graduate software engineering program was 3.83.
The use of ISO/IEC 29110 instead of the CMMI
greatly  facilitated  the understamy  and
implementation of a software engineering framework
suitable for most VSEs of the Montreal area.



The authors think that the current SPI course
lectures and projects in industry provide a solid
foundation for softwarerggineers, even though SPI is
still perceived as a low priority by most SMEs and
VSEs. However, the profession of software
engineering is still young...and Rome was not built in a
day.
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Abstract Our imdementation of acapstone project results
from a twenty years experience about project and
Based on a small subset of ISO/IEC problembased learning for software development.
15504:2006, a Process Assessment was  From the designerOs side the teacher most
performed in the capstone project @ constructivism principles are takeim accountand
Bachelor in Computer Sciencearallel to this implemented. However what®s up from the

assessment, students performed a continuous  constructorsO sid@the students The question was
sel-assessment using an ability model based raised to the class using several questionnaires and

on 15504 Base Practices and Work Products. several students accepted to anonymize answers and to
This paper highlights howstudents' seif analyze results. Hence they areauthors of this paper
assessment and teacher's assessnae whose structure is section |l presents process
correlated The capstone project itself assessmentsection Il statistics and pedagogical
implements major constructivism principles. practices, section IVthe practicum students and
This paper presents also the studentsO point of  teacher rolesQuestionnaires results are intertwined in
view through different questionnageand the sections and commented by students and teacher

studentsO participation to the paper.

2. Process assessme

1. Introduction . o
The main goal of the capstone project is to learn by

The ACM Computing Curricula [ACMO5]  doing a simplified cycle of software development
establishes the following requiremefar a Bachelor  through a somewnhat realistic projetintil this year,
curriculum: "Demonstration that each student has students worked in small teams3eople). Thanks to
integrated the various elements of the undergraduate doubling the hours allocated to the project this year and
experience by undertaking, completing, and presentingto avoid too much behaviorist division of labor
a capstone project The capstone project is intended to  between studentshe capstone project was performed
provide studentswith a leaning by doing approach individually from A to Z
about software development, from requirements to
qualification testing. Indeed, the project progress is 2.1 Software processs
sustained by software processes. It helps students to be™
consciousaboutand improve what they are doing when A sideeffect goal of the capstone project is to be
processes are regked in a whole picture and when a exposed to someind of process assessmente
continuous assessment provide them with objective choose a small subset of the ISO/IEC 15504:2006
feedback. Hence, a magapstondgeacher's activity is  Process Refence Model, mainly the Softwarelated
to assist students with appreciation and guidance, a taskProcesss of the ENG Proces&roup [15504Part §:
that relies on the assessment of studentstipes and ENG.3 System architectural design, ENG.4 Software
students’ products. t@dents were encouraged to requirements analysis, ENG.5 Software design, ENG.6
perform a seHassessment in parallel tiie teacher's  Software construction, ENG.7 Software integration,
assessment. Consequently, we implemented an ENG.8 Software testingProcess Purpose, Process
experimental protocol to observe how students- self Objectives and Base Practices havenbleept without
assessment and teacher's assessment are correlated. any modification; Input and Outputs Work Products

have been reduced to the main products.

We recall some definitions from the ISO/IEC 15504
standard 15504} Oprocesses are grouped according to
the type of activity they address: the proceseeluded
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in the same group caittute to a complementary area0 achieverent of the process purposel5p043].

Oa process is a set of interrelated or interactingCapability Level 1 denotes a performed process that
activities which transforms inputs into outputs@a  achieves its process purpose through the performance
base practice is an activity that, when consistently of necessary actions and the presence of appropriate
performed, contributes to achieg a specific process jnput and output work products which, collectively,
purposeO, and Oa work product is an artifact associateghsyre tat the process purpose is achievessp43).

with the execution of a proce3s Higher levels denote higher process maturity: the
. process is managed (Level 2), established (Level 3),
2.2 Ability model predictable (Level 4), optimizing (Level 5).

From an individual human perspectivehe 15504 If students are able to perform a process, it denotes a
Exemplar Process Modelcan be seen as a succesful learning of software processes, and teachers'
competencies model related to the knowkedskills assessmeastrate this capabilityBecause we believe

and attitudes involved in a software projed that learning is sustained by continuous assessment,
competencies modeldefines and organizesthe seltdirected, done by teachers or a thiaity, the
elements of a curriculum (or a professional baseline) research question aims to state how stutleset

and their relationships. During the education period, all assessment and teacher's assessment are correlated and
the students use the same model but then if seltassessment for performing BP and delivering
individually change afterwards. WP is an alternative to externassessment about

A hierarchical model is easier to manage and W&. 15504 Level 10bviously, theassessmemhain goal is
kept the hierarchical decomposition |ssueq from the ¢, dents’ ability to perform the seed processes set.
15504: process grou®rocessb base practices and

products. A competencymodel is decomposed into .
competency ams (mapping to process groupsdach - The capstone project

area roughly corresponding to one of the main division This section overvies the project andassessment

of the profession or of a curriculum. Each area rogyts then presentsagh process with assessment
organizes the competencies into familiesapping to details, teacher's analysis and students' comments.
processes) A family roughly corresponds to main

activities ofthe area. Each family is made of a set of .
knowledge and abilitiegmapping to base practices) 3.1 Overview
eventuallycalled competencies; each of these entities

being represented by a designation and a detailed3.1.1 Schedule

description. The curriculum is a -year Bachelor of Comper

Science. The project happens the third year before
2.3 Process Assessment students' internship. The project is performed during a
ISO 15504 15504 defines a measurement framework Period of 2 weeksBefore the dedicated weeks, 40
for the assessment of process capability defined on glecture hours are.d|spatphed all the semester along and
six point ordinal scalewhich represents increasing S°Me homework is required. Ideally, demts should be
capability of the implemented process, from not familiar with the AuthotReader cycle as the project

o . _starts and have performed the requirements and
25?!2:?% dtgfojgg?g;f;ngg;p;j; ;fggggg] zl?/itrr:i]r?etmg arghitectural design process&sach deliverable can be
this measurement framework, the measure.of capabilityre\”e-\mad as much_ as needed by the_teacher that
. ’ - rovides students with comments andgestions.
is based upon a set of process attributes (PA). Eac
attribute defines a particular aspect of process
capability. The extent of process attribute achievement
is charaterized on a definedating scale: N Not The system is made of 2 sspstems
Achieved, P Brtially Achieved, L Largely Achieved, F ¥PocketAgenda (PAfor address books and agenda
Fully Achieved. Capability Level 0 denotes an management and interface witfcentradirectory,
incomplete process, either not performed at all, or for ~¥WholsWho (WIW)for managing the directory and
which there is little or no evidence of systematic @social network

3.1.2 System architecture
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PocketAgendais implemented with Java, JSF  Fully), the process is rated Largelgr Fully)'. At the
relying on a Oracle RDBMS WholsWho is  two-third of the project, students have been made
implemented inC or Javausing a small RDBMS or  aware of the Level 2 and its attributes. However, the
files. Both subsystems communicate with a protocol to teacher has not enough time to track fha 2.1
establish using UDP _ Performance managemt and only thePA 2.2 Work

The system is delivered in two batch&atch 1 product managementwas tracked for the most
scope isiPocketAgndab address book and directory  oqvanced students: thoseho were assessed by the
interface WholsWho- directory managemenBatch 2 teacherfor all processesat L or F it represents 7
scope is: PocketAgenda agendaand social network students over 23.

interface WholsWhobsocial networknanagement
Table 2 Teacher's assessment

3.1.3 Rating scheme BP level 1 | WP level I | WP2
Table 1 presents the rating scheme. Students L F L F L
assessmentwas continuous and communicated to -
students regularly; hence they have been made awar| ENG.4 Requirement| 3 | 13 | 7 | 10 | 3
of their progression each day and adidsheir effort. ENG.3/5 Design 7 3 8 8 2

Table 1:Rating scheme ENG.4 Construction | 4 6 10| 6 4
Process Work product Pt. ENG.7 Integration 7 0 5 2 1

Batch 1 ENG.8 Testing 6 (10| 12| 3 | 1
ENG.4 Use caseBBocial network 1 As the project ends, students have to complete a
ENG.3 Interfacesspecification 1 summary including hourOs breakdown and self
ENG.5 Detailed Design Document 2 assessment of achievement for each process. Summary
ENG.6 4GL apolications 3 was mandatory ang2 studentsover 23completed it.

' PP o Table 3 presents students' safsessment and the

ENG.6 Network application 3 average hours spent for each process. Last column

Batch 2 indicates the number of timeshere the teacher's
assessment matches the student'sassléssment.

ENG.4 Use cases
ENG.6 4GL applications Table3: Overview of seHassessmerand match
ENG.6 Java/SQL application 1 Hrs N P L F Match
Project ENG.4 Requiremest | 20 (0|08 |14|18
ENG.7 Integration schema, 1 ENG.3/5Design 19 [0 |0f11|11|16
configuration, versiosheet ENG.4 Construction | 48 |0 (6|9 |7 |14
ENG.8 Test reports 1 ENG.7Integration 9 4|79 |2 |11
Attitude ASS|dl_J|ty,_comm|tmen1 2 ENG.8 Testing 21719 |4 |10
organization
Total 20 .
3.1.5 Information about students
3.1.4 Statistics The class comprises 24 students. One gave up in the

middle of the project. Among 23 remaining, 3 students'
Table 2 presents teacheessessmentBP and WP qieck failed, 4 projects were barely satisfactory, 9

rating are aggregated using all-or-none principle: if 4404 5very goodand2 excellent. Questionnaires were
all BP or WP in a process arated at least Largely (or

1 BPsthat are a kind of Develop test criteria or Develop test
procedures, are out of scope and excluded from aggregates.
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completedby 22 studentsb students have participsd requirements for the ENG.4 Software requirements
to the writing of this paper and were classified hs: analysisprocess.

project failed,1 was barely satisfactor§,good 2 very Table 4 ENG.4assessment (self and teacher)
goodand lexcellent. N P L F Match
a

A unique student wilks in parallel. 20 completed first -

and second year in our Bachelor.&re assiduoud5 gEé _?Z\étegﬁgﬁzerﬂ 00 25 97 ; g

repeated at least a class before the Bachelor final yea| BP4. Consistency 113 717 s

(in high school or at the university)5 were able to 17—8.Interfacerequirement< ol3l 118 6

perform the project outside the university lald€ 17-11 SW requirements ’ ol 1/ 107! 9

claimed to have agood knowledge of SQL and Java

before the project. Thanks to the AutheReader cycle, specification
writing iterates several time during the semester and

3.2 Project progress the final mark given to almost SW requirement

. - document was Fully Achieved. However matching
Students were advised that they can freely participate o een students and teacher assessments is poor. A

to the following experiment: they will have to regularly deeper lok on data yields a possible explanation:

update a competency model comprising the ENG 4,040 students, despite the excellent final mark, were
process group, the 6 processes above and their Basg, are of the cycle and the improvement suggested by

Practices and main Work Products_ and -asHes on the teacher at each iteration, hence they-amaess

the N-P-L-F scale. The teacher will also assess the generally as Largely Achieved whereas the teacher

same BPs and WPs and volunteers students will o4 4 'Fully Achieved: Onormal® students took the
correlate selassessment and teacher's assessment anﬂnal mark as the level they achieved and-sstiesed

dgliver anonymous resqlts for the paper. All students ;¢ F \whereas the teacher rated a L.

did agree with the experiment but only 18ivkred the }

completed competency model to volunteers. The dataClearly, students did not understand the ENG.4.BP3:
distribution is presented in tables in each processDevelop criteria for software testirgd failed the sél
subsection. The match with teacher's assessment i§SSe€sment The definition is OUse the software
indicated as the last column of each tableacher requirements to define acceptance criteria for the
analysis and comments made by studentauthoring software product tests. Software product tests should

the paper are reported at end of process subsection. ~demonstrate  compliance — with ~ the  software
requirements [15504Part 5D The teacher defined

acceptance critex and students were not aware of this
topic, however they confusdddevelogriteriafor SW
According to students’ estimatageragethey spen0 testingCand Otesting SWénd selfassessed at a much
hours over102 total hoursto capture, writt and  higher level that the teacher did.

manage requirements through use cases.-Wout , . .

lecture about use casems delivered in January at the Students’ comment It was the first time that we have
beginning of the semester, then the iterative process ofl® Writeé use casesdm a statement of work. Eliciting
writing and being reviewed by the teacher started. and writing requirements were difficult and the Author
When the project fultime period had starteds-7 Reader cycle helped tp prodgge complete and usable
students over 22 have completed the requirementUS€ Cases and to acquire a writing style. Bepause of.the
process and pragted the requirement specification novelty _of_the task and to achieve a certain matur_|ty
WP. The remaining completed theses tasks during thedegee, it is required to start the writing task early in
project. Without surprise, the more backward students the semester.

(for this task or the following one) failed.

Table 4 presents main Base PracticdsNG.4.BP1
Specify softvare reqirements;ENG.4.BP3: Develp On average, tadents spenfl9 hours overl02 total
criteria for software testing;ENG.4.BP4: Ensure hours to perform architecturaland detaileddesign
consistency andmain Work Productg17-11 Software  Design is split in data modelingyeb-baseddesign and

3.2.1 Requirements

3.2.2 Architectural and detailed design
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oriented-object design. The PocketAgenda subsystem
is structured around a database schema. Modeling is
performed using SQL Developer Data Modeler, freely
available through the Oracle Academy program. Data
architectural design results in a Logical model, data
detailed design (obvious in that case) is performed
through automated forward engineering and results in a
Relational model. A 2-hour lecture about Data Modeler
was delivered in February after the use cases phase.
then the iterative Author/Reader cycle started.

Jdeveloper is a Java IDE for the Oracle Application
Development Framework (ADF). ADF is an end-to-
end development framework, built on top of the
Enterprise Java platform, and providing integrated
solutions including data access, business services
development, a controller layer, a JSF tag library
implementation. 12 labs hour were devoted to learning
the framework, insufficient for mastering the IDE but
enough for a quick start.

UML modeling and object-oriented design are taught
in dedicated lectures during the curriculum (30 hours
each). However, nearly all students had no idea how to
perform the design. Design was taught by example:
students have developed a component of the batch 1
from a design document provided by the teacher. Then
they had to develop another batch 1 components and
retro-design their development. Finally they had to
establish the design of remaining components.

Architectural design was also shown by example: a
complete cycle was provided for one networked
function: use case, interface specification, design for
the client and server sides, client and server stubs
program. Students reproduced the scheme.

Table 5: ENG.3 and 5 assessments (self and teacher)

N P L F Match
BP1. Describe syst. arch. 04| 10| 5 6
BP3. Define interfaces 0| 4| 6| 8 6
BP3. Detailed design 0(29 |7 7
BP4. Consistency 112916 8
04-01 Database design 0/ 1] 6|11 13
04-04 High level design 0|4 61| 8 8
04-05 Low level design 02| 8 | 8 11

Table 5 presents main Base Practices (ENG.3.BP3:
Define interfaces; ENG.5.BP3: Develop detailed
design; ENG.5.BP5: Ensure consistency) and main
Work Products (04-01 Database design; 04-04/05

29

High/low level SW design) for the ENG.3 et 5 System
and software design process.

Again, matching is poor, except maybe for technical
design. A similar concern to requirements arose with
design: a few students were aware of the improvement
cycle performed by the Author-Reader cycle and took
the Work Product (Design Document) as an indication
of their achievement. Another explanation is related to
the fact that bachelor students are focused on
technology, hence there are more able to self-assess on
technical tasks (Database or Detailed Design).

Students’ comment Requirement specifications
greatly helped to figure out the system behavior and
facilitated the design phase and interface specification.
However, students had never learnt architectural design
and interfaces between sub-systems. Design time has to
be immediately followed by coding time and could not
spread along the semester as we did it for requirements.
Students performed high level design for a batch and
low level design for the other, and both have
advantages depending on the student's personality:
either creative or preferring to be guided.

3.2.3 Construction

On average, students spent 48 hours over 102 total
hours to develop the software. Java, network
programming and database / SQL programming are
taught in dedicated lectures during the curriculum (60
hours each). Despite of this amount, 12 students self-
judged as having a poor knowledge of SQL and Java,
and 10 students were unable to develop the client-
server application although a Java server skeleton has
been provided. Time constraints also played their role:
because the network component was perceived by
difficult by some students, they did not commit to the
work and invested others more cost-effective tasks.
Students have almost no idea of test-driven
development and a lack of a test strategy; hence unit
were poorly tested. This point has to be addressed in
the next edition.

Table 6 presents main Base Practices (ENG.6.BP1:
Develop unit verification procedures; ENG.6.BP2:
Develop SW units; ENG.6.BP3: Ensure consistency;
ENG.6.BP4: Verify SW units) and main Work
Products (11-05 Software unit; 14-04 Test log) for the
ENG.6 Construction process.



Table 6 ENG 6 assessmerfself and teacher) code. Test cases specification stemmed from ussscas
NP L F Match hence no test plan was required. Test procedure was

BP 1. Verificationprocedures 1213110131 6 reduced to test each use cassuccess scenario and
BP2. Develo unFi)ts olsl 815 8 main extensions, to verify the conformity to use cases
BPSI Consisfency ol7l 813 o9 and the results achieved.

BP4. Verify units ol7l 83| 6 Table 7 presents main Base PracticdsNG.7.BP3:
11-05 Software unit 0/4| 9 |5| 8 Integrate  softwa item; ENG.7.BP5 Ensure

] o ] - consistency ENG8.BP1 Develop tests for integrated
Unit testing is a little more familiar to students, and software produgtENG.8.BP2 Test integrated software
although they probably misunderstood E®G.6.BP1:  produc) and main Work Product©821 Software test
Develop unit verificationproceduresthe matching is  pjan 11-01 Softwareproduct; 14-04 Test log for the

not so worse that fahe ENG.4.BP3: Develop criteria  ENG.7 et 8Softwareintegration and software testing
for software testingThe discreparycbetween students  process.

and teacher assessments abBMG.6.BP2: Develop

software units stems from the Ogoguiste® Table 7 ENG.7 and 8assessmen(self and teacher)

phenomena; only a few students writes his/her own N P L F Match
code and has been assessed at #éngely orFull level BP3. Integrate SWitems (2| 4/10|1| 9
by the teacher; most students adapdec from others BP5. Consistency 2{3]1111] 9
without a real understanding of the programming | BP1. Develop tests 2/5/10|2 4
activity and overassess themselves. BP2. Test product 0/5]/9(3] 9

. . . . 08-21 Software test plan 0f4)11|2| 3
Students' comment This process raised a certain 11-01 SW product olalolal 9
anxiety because students had doubt about their ability 14-04 Test log olal11l2! 10
to develop a standlone server interoperating with

JDeveloper applicationStudents had never learnt a we observe the same poor correlation ftre
4GL (fourth generation languagepvironment such as ENG.8.BP1: Develop tests for integrated software
JDeveloper, hence they reported that the switch from aproduct and the WP 08-21 Software test plan
3GL to a 4GL was difficult but once understood, they indicating that students armot aware of the test
appreciated the power leverage of suoki®nments.  definition and planning activity, a common hole in a
The majority of students whose successfully developed Bachelor curriculum although testing is an ability
the clientserver component reported that they could strongly required by employers.

not achieve it without the help of the skeleton provided
by the teacherf-or some students, a poor Java literacy not aware of the subjedor the ENG.7.B3: Integrate

prevent them to strugglwith the network part. Some ;
students failed because they jumped to code beforef'?;tt\gggi:Ig;ang)tS;lrj%egiisal(lovﬁﬁgaegsrtieaszilsszdsg%
having any draft or idea to realize it. y y only

assessed N or P.

Integration is alsorauncovered topi@and students are

3.2.4 Integration and tests Students' comment Some students were aware of the
oor maturity of the integrated product, partly due to
he lack of testing. Although the Junit framework has
been taught during the first semester, some students did
not see the point to use it while some others did not see
how to use it for the project. Students that did not

gevelop the server had no integration to perform.

On average, students spent 15 hours over 102 tota
hoursto integrate and perform qualification teststio¢

softwvare. These topics are unaddressed in the
curriculum and because they mostly occur at the end of
the project, no time was available to complete the
learning. In the best cases, students have respecte
their interfaces specification and few problems arose
when they had to integrate the Java client program
within the JDeveloper application. In other cases, they
were unable to perform the integration and the
assessment was partial and based on the Java client
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4. Students and teacher roles instigatedbut notdirected to a solution. Some students
o ) statedthat teachers fall into two categories: those that
Constructivism can be summed up with tWo gop't care of students and those that help too much and
fundamental statementB(if96]: (i) learning is defined deprive them of autonomy because they want tarobn
as an active process flnowledge building rather than  he |earning resultsThey appreciated the balanced
a knowledge acquisition procesgi) teaching is  teacher's attitudandto be on his or her own but also to
essentially aimed at helping students in this processyayea teacher in case of emergengyudents noticed
rather than transmitting knowledge. that the teachewanted that everyone speak, discuss
Among practices belonging to the constiust and compare points of vievand aimedan active
stream,Dwyer [Dwy94] and Tardif [Tar98] define a participation. Some students complained that the
learning paradigm, in opposition with the main teacher did not share his time equally between students
teaching paradigm. The learning paradigm provides aand pointed out that a second teacher will be useful.
framework which allows the school to constitute a
learnersO community for the pupils as well as the4.2 Students' role

teachers and the other staff members. . i ~ ) )
) . . . ) Tardif [Tar98] defines studentsO roles as investigators;
This sction aims taelate the educational system with co-operators sometimes experts; clarifying actors;

the new roles required in a constructivism approach strategic users of available resourcesThe
The questionnaire collectsanonymously students' questionnaire  set the following definitions:
perception about roles. Teache_r's role has to be rated Ofhvestigator | discussed with other students my
the scale used to rate practices and prodW§tf g eqtions about the projeendior | defended my
achieved, Partially Achieved, Largely Achieved, Fully solutions;co-operatos sometimes expertsexplained
Achieved. Students’ selbpinion about their roleand 56 project points to other students and/or | had
about the practicunare expressed on apint Likert oot explanations from otherslarifying actors |
scale from Strongly Agree to Strongly Disagree. asked the teacher or other students in order to insure
my good project understanding and to verify the
4.1 Teachersrole adequacy ofmy proposalsstrategic users of available
¢ resources | used the available resources and/or
supplementary resources and | verified their relevance.
Table 9 presents studerggrception about their roles.

Tardif [Tar98] defines tachersO roles as creators o
pedagogical environments; interdependent, epen
minded, critical professionals; development instigators;
mediators between knowledge and students; coaches; Table 9 Students' selperception about their roles

collaborators for the students® success of a whole strg new strg
school. The f_irst rqb was questioned in a s_pecial part agr agr tral dsgr dsgr
of the questionnaire related to the educati®yastem : :

: . - investigator 12 |8 2
and is presented in section 4.3able 8 presents
studentstatingabout the teacher's rele co-operators experts| 10 |11 1

Table 8 Students' rating about teacher's sole clarifying actors 14 |7 |1

2 N P L F strategic users 7 |8 |6

a professionalpperrmindedand| 1 4 (17

open to criticism Students’ comment Some students underestimate

themselves and some definitions (strategic users, for

a development instigator 11813 instance) were seen as out of the reach and they could
a mediator between knowled 2 |7 |13 not use it to qualify themselvedowever students have
and students learntto debate, find and explaisolutions Students

a coach 1 4 6 |11 learnt a lot aboutto work with consistency and

traceability to respond to demands withirthe
recommended timand b log hisor herwork in order
to notice the project progress.

Students' comment Students agree with the teacher's
roles required.The majority of studentsvant to be
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4.3 The practicum

Tardif [Tar98] defines the characteristics of a
pedagogical environmentthg practicum) consistent
with the learning paradigm: constancy of learning and
time variability; cognitive imbalance; authenticity of
learning situations; transdisciplinarity interactions
between theory and practicembedment of assessment
within the learning situationsThe last part of the
questionnaire let students expréssir opinions about
the practicum which are presented in Table 10.

Table 10 Students' selperception about the practicum

strg neu- strg
The Agenda project agr agr tral dsgr dsgr
I had the time to learr
and do the project. 6 | 11| 2 3
| found theproject
complex. 5112 | 2 3
| committed to
perform the project. | 14 | 6 1 1
| found the project
realistic. 11| 8 1 1 1
| understand
relationships betweer
specifications, design
building and tests. 15| 6 1
| had to deepen my
knowledge and skills
to perform the project| 10 | 12
My work for the
project helped me to
understandectures. 5 6 8 1 2
| used a lot the
reviewing facilities. 7 7 1 5 2
I made progress
thanks to the
reviewing facilities. 12 | 5 2 1 2
I improved my
working methods
thanks tahe project. 6 9 7

Although one project objective is to relate to previous
lectures and to mobilize knowledge and skills gained
during the bachelor studies, it was not effective and
rather seen as a new learning experieralehough
some studentshave enjoyed the project as an
experience taleepenthe different notions of program
seen andearnal during lecturesWe were surprised
with the relatively poor use of reviewing.
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Students' comment Students appreciated thatch
project phase has beemplained from experience and
through examplesStudents have been convinced of the
usefulness ofthe different phases performed in a
softwareproject andthat it might be applied to other
type of projects. Generally speaking, students prefer
project to &bs. Using odine tutorials as a learning
support is appreciated, bome students complain
about the quality of some tutorials written by the
teacher. A forum could be useful to share knowledge
and help others people. Shared documents could be an
alterrative to mail exchange and might trigger the use
of reviewing facilities that some students misused
Students asked to be exposed to a whole picture of the
project at the beginning and start the project having

all project documents at their dispos8bme students
found the work load too heawgnd time devoted to the
project too shortAs a student said, all students learned
something during the project, and some students have
learned more than others!

5. Conclusion

The researclyuestionaims to see howtudlentsGelf-
assessment and external assesstfignt teachdrare
correlated. This isiot truefor topicsnot addresseth

the curriculum or unknown by students. For more
classical topics, assessments are correlated roughly for
the half of the study popuian. However, the study is

a suffering from a bias due to the learning process:
deliverables go through a Auth®eader cycle that
leads to improve them sufficiently to achieveadely
Achieved or Fully Achieved level but only OgoodO
studentsare awareof the help providedy the teacher

at each iterationHence OgoodO students under assess
themselves whereas OnormalO students over assess
themselves considering that the resulting deliverable is
a witness of their achievement levelThe bias
invalidates prtially the experiment that has to be set
again outside of a learning situation.

Questionnaire and studerdasthors contribution
indicates thathe system favors knowledge building,
encourage students to work in an active way, develop
autonomy and succefeeling, improve assessmteand
may develop mutual help; what is expectad a
successful projedbased learning situationProcess
learning seems to be effective for requirements, design
and building but waeed 6 improvethe system fothe
ENG.7SW integration andENG.8SW testing process.
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Abstract

In order to define a modern approach for Software
Process Improvement (SPBQhe SPI Manifesto
was developeddiscussedand finalized at the 16
EuroSPI Conferencim 2009 in Alcala, Spain. The
common understanding gained during the
discussio and usage of the manifesto formed a
nucleus from which the new ISIEC
33014IS0O01] was derived. In parallel to the
development of the SPI Manifestahe SPI
manager Training was developed by theopean
Certification and Quality Association (ECQAuNder
Sponsorship of the European Commissidie
goal of the training was to address all topics
mentioned in the SPI manifesto and also include
additional topics seen as useful for mangers
dealing with SPI.

Key-words: Software Process Improvement. 1SO
33014 SPI Manifesto, SPI Manager Training, Agile
manifesto.

1. Introduction
In the ' decade of the Zicentury it became clear that
system and software development are going to face

implemented SoftwareEngineering Process Groups
(SEPG)Kasse04] that created a huge amount of
process bureaucracy. Ardot of these SEPQdailed

when challenged with thepeedrequirements othe

internet age So in 2001 a group of experienced
software managers developeddaoublished the agile
manifesto. Whilefirst implementations like extreme

miklos.biro@scch.at

CMMI level 3, they did not find an approach to help
organisations speety up.

This situation forced a complete rethinking of what SPI
should be and could be. Instead of bureaucracy and
intranet publishing business success,arge and
people involvement were seen as the new cornerstones
of SPI management.

In order to enable SPI responsibles to step up with
these new paradigms an SPI manatyaining was
created by a team of experts forming the SPI manager
Job Role Committee (IR at ECQA. f'trainings were
launchedn 2010 making the background knowledge of
the SPlI manifesto available to the market
[Schweigert09][Korsaal?2]

2. The SPI Manifesto
In this sectionthe SPI manifest@PriesHejel0will be
presentegvalues and pririples will be described.

2.1 Background

When we look at sources like the Chaos Reptso referred
to in [Standish2014]we have a stable set of up40 % of

large softwareprojects that fail and anoth&0% with delay,
poor product quality and budget overrdhe typical reaction
of organisations is:

¥ Investin new technologies
¥ Formalize processes

massive change of paradigms. Following ISO 9001 anc?]n most cases, this approach ends up in a mail stating that the

/ or CMMI level change campaigns many organisations

projects have to use a new tool and that new and mandatory
processes are published on the intranet.

At the end, the projects reali&¥ they are able to find the
new processes in the intran@tthat the new tool provides
poor support to the new processes and has insufficient
interfaces to the rest of the software development
environment.

As a result,the new tool and processes are ignored or

programming (XP) did not seem to have real influence additional time and budget is spent by the project to make the
on SPJ things changed radically when Scrum became tool and processes suitable for the needs of the project. The

part of the gameEven if some SEBOsecognized that
a well organied agile @velopment could be rated as

Copyright © by the paperOs authors.

Proceedings of thelnternational Workshop on Software Proces

Education, Training and Professionalism, Gothenburg, Sweden
2001506-15 published at http://cetws.org

effect is delay and budget overrun. At the very end, process
performers and managementose confidence in process
improvement.

Similarly to the Chaos Report, Joyce Statz, Don Oxley and
Patrick OOToole analyzed the major risks for SPI failure
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[Statz97] They found out, that there are some typical risks ¥
for SPI projects like ¥

¥ Organization istability, such as high employee ¥
turnover. ¥

Inertia

Irrelevant objectives

Isolated best practices

Lack of evidence of direct benefits

¥ Frequent structural changes in the organization ¥ Lack of feedback
(every six months or less for the last several ¥ Lack of SPI management skills
years). ¥ Lack of standats

¥ Significant change in business focus in the last ¥ Large Scale programmes
three to six months. ¥ Low process priority

¥ Threat of or impending sale (or merge) the ¥
organization. ¥

¥ Lack of management commitment (lack of y
personal time invested in SPI). ¥

¥ Unfounded expectation of a fast pace of change.

¥ Lack of knowledge about how to proceed.

¥ Project management and project team resistance t
change.

Negative / bad experience
Organisational changes
Personality clashes
Reduced creativity
Workload

%n the other hand, we find lots of success stories. So in

. . . ) principle, successful SPI must be achievable. Wektbne

¥ Project scheduleshat restrict time for learning  key factor is a skilled SPI management. Experts like Tim
about new processes. Kasse have always stated that there is a need for the Role

¥ Difficulty in measuring the impact of changes Processmprovement ManageA more detailed organisation
because of a previously chaotic environment. of SPI management can be found in the book bynk#ma&

PriesHeje[PriesHejel3).

We see that there is need for SPI management skills and a
consensus that there should be formal SPI related roles in SPI
projects. We camnrove that 70% of all SPI initiatives still ~ projects. To satisfy this need, a formal SPI manager
fail [Gilb04], [Centraline04]but we did not find younger  €ducation is needed beyond standard project management or
studies that deliver more optimistic data either. Indeed, there standard proces engineering. Properly educated SPI
are other sources that add saris&s to the portfolio management experts will make sure that the money spent by
the management and the support of the process performers
does lead to success and not to frustration.

2.2 Values of the SPI Manifesto

As we can see, there are a lot of risks and challenges in SPIThe SPI Manifesto states 3 cquenciples of modern

projects, some more generic as they might apply in all SPL
projects, others very specific to SPI. For readers interested in¥
detailed further readg, there is a compilation of references
developed by Mark PaulPaulk10] ¥

Even if this analysis was done seversars ago, from
practical experience it still addresses the nrésks of SPI

¥ Poor conmunication
¥ Critical success factors not identified

We truly believe that SPlI must involve people
actively and affect their daily activities

We truly believe that SPik what you do to make
business successful

But there are not only issues which we would attribute to ¥ e truly believe that SPik inherently linked with
management techniques, there are also personal demotivators ~ change[PriesHeje1]

which have to be taken into accoujBaddooO8] 2.3 Principles of the SPI Manifesto
[Standish201} e.g. The principles bthe SPI manifesto were orgaeé aound

Budget Constraints the given values
Commercial pressures
Cumbersome processes

2.3.1 People Involvement
The need for people involvement was declared by the SPI

K K K K K K

Customers manifesto using the following arguments:
Fire Fighting ¥ A.l Context and problem In thiast decade we
Imposition have seen the growing of ivory towers in many
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organisations, using OmagicO tools and models to
paint process diagrams. However, in most of these
organisations, the projects and services did not
really use these processes. So the ivory tewer
have had limited success as drivers of SPI, and it is
now time to bring SPI to the people who will be
most affected.

A.2 Value explained Business success depends on
the competitiveness of an organisation. The
competitiveness of every organisation isdzh®n

the knowledge, engagement and commitment of ¥
the people working in it. SPI is a tool to improve
the competitiveness of organisations. Bringing this
together, we believe it becomes clear, that only
active involvement of the people working in an
organiation ensures the success of an SPI
initiative  from the business perspective!
Successful SPI is based on actively involved
people having sufficient information and training.
A.3 Hints and examples The modern organisation
paradigm is a change from expentdving problems and
trying to force change on organisations to the
organisationOs people solving problems and changing
the organisation together. Japanese improvement efforts
such as Kaizen have demonstrated this convincingly in
the 20th century. More rectly, we also see this in the
growing success of agile development approaches.
Enablers for success in modern organisations include
people making full use of their experience, taking
responsibility for change on their project and throughout
their organisabn, and using and improving the
processes they have helped to define.

Given that explanation the following Principles were
added to this value:

¥
¥
¥
¥

Know the culture and focumn needs
Motivate all people involved

Base improvement on experiersoed measuremesit ¥
Create a learning organisation ¥

implementing software. However, many people believe
that they donOt need processes in order to build and ship
software products. This belief may be the source of most
resistance to change met by SPI professionals. But the
fact is that you cannot eate software without process.
Another problem is when Oprocess® is seen as
Osomebody elseOs process description.O This again leads
to the misconception that one can do without process.
Software should not be created without process;
however, what is impeant is that you have process that
fits the need of your projects and your business.

B.2 Value explained: Process descriptions are just words
b we believe the process should bring value to the
business. To have success with SPI we must ensure that
improvement recommendations are targeted to the actual
businesgelated objectives, rather than compliant with a
generic standard. We must also close the gap between
Othe processO and Ohow the work is really being doned;
we believe that words and actions consiie should
communicate the unity of the tw®not the decoupling.

B.3 Hints and examples: Use todayOs implemented
processes as an agreed baseline for process
improvements. Understand the business objectives in
order to ensure that suggested improvemerits bg
effective in supporting these. Always refer to the process
description as a representation of the process.
Communicate how standards and models is meant to
support SPI. This continuous communication at all
levels of management and practitioners halpanagers
and practitioners to understand how and why they need
to support the SPI activities. If you are using a maturity
model to inspire improvement, you should respect that
at maturity level 3, the process belongs to the
organisation. At maturity leve, the process belongs to
the project. And at maturity level 1, the process belongs
and exists at the individual leviePriesHeje10]

Given that explanation the following Principles were
added to this value:

Support the organisationOs vision and objestiv
Use dynamic and adaptable models as needed

Even if the value and the associated principles seem to¥ ~ APPly risk management
be clear and concise, creating an associated training
forced the JRC team to deal with the work of Hofstede, 2.3.3 Change

Zur BonsenRobert W. Jacohsind the ISOEC 15939
[1ISO02.

¥

2.3.2 Business Success
The focus on business success was declared by the SPI
manifesto using the following arguments:

¥

B.1 Context and problem: The software process creates
software. Software Process Improvement means
activities that improve the way of crea and
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The relevance of change was declared by the SPI manifesto
using the following arguments:

C.1 Context and problem: Only in a perfect world is
there nothing to improve. We believe ath all
improvement involves change; for the individual, the
project, and the organisation. We know that it is difficult
for people to accept or adopt change, because they are
comfortable doing things the way they always have,
even if it costs them overtimer loss of social



interaction. Never the less, we need to face the need forECQA is a result of a number of EU supported
change when doing SPI. initiatives in the last ten years where in the European
¥ C.2 Values eXplaIned and Interpreted: So Software Union L|fe Long Learning Programme d|fferent

Process Improve_metr_ﬂ meants changeih Fiefﬂ's'”g this agucational developments decided to follow a joint
means an organisation must ensure fhat the process, ,cess for the certificatioaf persons in the industry
improvement infrastructure has a change management

component in it. It is essential for an organisation to [ECQAL0]
launch a process improvement initiative and to obtain Through the ECQA it becomes possible that a person
measurable business results together with satisfied gyends course for a specific profession in e.g. Slovenia

employees. and performs a European wide agreed test at the end of

¥ C.3 Example :An IT organisation in gredominantly e - .
Asian culture wanted to enact a SPI program and the course. The certificate will then be recognized by

achieve CMMI Maturity level 3 at the same time. One EUropean  training = organizations and institutions
change required was to institutionalise peer reviews. But currently in 18 member countries.

practitioners did not want to review colleagues® work

and offer input that suggestethjor defects were found  To make sure that this works a rigorous approach was
and needed to be corrected. Peer review training wasimplemented based on the components Skill Set, European

repeated every six months, while videotaping the Test Pool and The ECQA Websitevw.ecga.org
consultant coaching a live peer review. After three

years, the results of using peer reviews could not be cost
justified. The casultant explained to the CEO that if ¥  Skills Sets: A defined set of quality criteria that has to

major defects were not fourid peer reviews, but by the be followed © create the learning objectives and
organisationOs customersjeryone would lose face, syllabus for new professions. Only skills sets which
including the top managerdobs could be lost as well. fulfil the defined criteria are accepted by the ECQA.

The CEO then appointed topiddle managers to serve ¥  European Test Pool: Assuming that a group of training
as coaches, and encouragatl project members to bodies agree on the same skills set, then students must
participate in peer reviews, concentratiog the most be able to pass a test independently from the region or
costly major defects. When theractitioners saw country in a Europe wide scope. This is the reason why
management's commitment to changed saw that no a Europe wide pool of test questions plus European test
one was getting fired or being demotbdcause they portals have been set up and allow a ckEsspean
found and reported major defects, thpgrticipated Internet based collaboration. The systis based on the
willingly. The product quality went up, jobsere kept, results from the former EQN project 20882007, and
profits increased, and lifestyles improved dioeless supported and automated by an online system.

time needed in finding defects. After a successful
assessment, the CEO declared that thitull change
was the most significant event in the process ECQA supports currently more than 21 professions in
improvemeninitiative [ PriesHeje10] Europe. ECQA offers certification for professions like
Give_n that explanation the following Principles were added |T Security Manager, Innovatioklanager, EU project
to this value: manager, Esecurity Manager, Business Manager,-E
¥ Manage the organisational change in your improvement Strategy Manager, SW Architect, SW Project Manager,

effort _ IT Consultant for COTS selection, Internal Financial
¥ Ensure all parties undetand and agree on process Control Assessor (COSO/COBIT based), Interpersonal
¥ Do not lose focus Skills, Scope Manager (Estation Processes),

o ) Configuration Manager, and SPI Manager. Currently

all aspects of modern SPI Designer, ElLearning Manager, and Terminology
Manager are being integrated until 2010 /19/

3. The European Certification and To enable an effective and scalable certification

Qualification Association (ECQA) scheme, ECQA has defined common principles /8,

5,18/. The main idea is that the certification body, the
training provider and the examination holder are
independent  entities. They use a common
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administrative and technical infrastructure which the project, the deployment and the organisatiftries
includes cotse management, eLearning environment Heje07]

and selfevaluation/examination SyStem. Each skills set Based on the indentified risks and the defined Ofﬁtﬂf&he

is described as a skill card. The most essential grganisation, ImprovAbilitf™ can recommend actions and
management concept of ECQA is the Job Role the most suitable change strategy.

Committee, established separately for each job role. Asq,q change strategy is recommended out of a set of change

a summary, théeading principles are /5/: strategies grouped into ten families. Each one will be more or
* Job Role Committee (JRC): One European consortium |ess effective depending on the sfie context.
is built per accepted profession to annually update the .
skills set and create a European wide test questions pool.' Com_man_dlng .
* Defined Certification Rules and Procedures: The Change is driven and dictated by (top) management (owner,
acceptance ofprofessions and skills sets and the sponsor and change agent)
certification of students are based on defined quality * Employee driven

rules and certification procedures. Change is driven from the bottom of the organizational
hierarchy
4. The SPI Manager Training «  Exploration

Change is driven by the need for flexibility, atyil or a need

In parallel to the development of the SPI manifesto the [ €xPlore new approaches.

SPl Manager Training was developed under the * Learning driven
governance of the ECQA. Change is driven by a focus on organizational learning,
individual learning.

e  Metrics driven
Change is driven by metrics and measurements

4.1 Background of the SPI manager

Initiative +  Optionality
Change is driven by the motivation and need efittdividual

As discussed in the context of the SPI Manifesto, aorgroup.

high proportion of software projects actually faflost *  Production organized
common reasons are known to be the lack of Change is driven by the need for optimization and/or cost
management commitment and unreaigixpectations. reduction
This is unfortunately a statement which is too general ©* Reengineering (BPR)
to be useful for avoiding failures. Digging one step Change is driven by fundamentally rethinking and
deeper, we find poor understanding of competences,@designing the organization.
roles and responsibilities of process improvement ¢  Socializing
activities and tasks which letb inadequate training Change in organizational capatidls is driven by working
and qua]iﬁcation of various Pl professiona|s_ through social relationships. Diffusion happen_s through
[MessnarzOB personal contacts rather than through plans and dictates.

*  Specialist driven
ISO/IEC 15504 Part[#55003] was published in 2004. Change is driven by specialists (professional, technical, or
It became the first nucleus of a body of knowledge of domain expertsfPriesHeje13]
process improvement. Process improvement WasThe team behind the ImprovAbility Model alsplayed a
described in a cyclef 8 steps. In the following period, central role in the development of ISO/IEC 33014 also the
many ideas were launched. research experience and the ImprovAblittypractices are
In 2008, DELTA Axiom published the results of a three year incorporated into the SPI manager training.
research program, in which DELTA, the IT University of
Copenhagen and four main players in the financial sector In parallel, the authors who also contribditto the SPI
studied successes anilures in process improvement.  Manifesto, developed a syllabus for the SPI Manager
ImprovAbility ™ is a powerful model to support Training. This development was organized by the EU
improvements by analyzing the need for the improvement, Cert project since late 2008. The SPI Manager training
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and certification scheme addresses al lot of processEven if the Job Role Committee(JCR) recommends to
management areas (Software, t8yss, Services but undergo the training before examination it is possible to
also Testing). The vision is that it will cover the full set undergo the SPI Manager exam by just studying the skill set
of PI professions and will be suitable in the future for and reading the SRlanifesto. It is not required that a formal

- - SPI manager Traing was attended.
other domains than software, systems and services. The
certification is managed in a ngmofit association,
called Euopean Certification and Qualification

Association ECQASchweigert09][Korsaal2] 5. Discussion
4.2 The content of the SPI Manager The SPI Manager Qualification was presented in
Training several conferences, and also several publications were

The SPI Manager Trainingtrongly focusses on the needs of developed. Participants on management level were
people managing SP!. It was assumed that people manging PVery happy with the training.

need a broaderiew on the Pl related issues such as culture But even if the relevance and validity the content

and change. were proven by these attendees the sales figures in
The trainingconsists of the following topics: Germany show that the SPI Manager training did not

completely reach its intended audience.

There were also other issues mentioned in the JRC:

¥ one issue is that maybe people believe SPlois f

Alignment of Pl Goals to Business Goals
Capability and Maturity Models

Process Thinking ) _ . account, the SPI Manager Skill Set is still valid even in
Software Process Design and Process Description times of SCRUM

Models
¥  Supporting Top Managemefiforsaal?]

¥

¥

¥ Deployment of SPI . . software, but the PI part is working on nearly all areas
¥  Experience anood Pactice Sharing [van Loon2012]

¥ Generic Process Desciiph Models ¥ one issue is that professions like SW tester (there are
¥ Multi Cultural Teams many SW testers in the world) rather earn with exams
¥ Organisational Culture than with the training because skills are there but there
¥ Pl Change Strategies was no way taertify it before

¥ Pl Facilitation Techniques ¥  one issue is that our PI thinking is very much European
¥ Pl Leadership driven and Japanese, Chinese, USA approaches are not
¥ Pl Measurement and Analysis equally represented.

¥ Pl Reporting o The JRC is currently analyzing this situation and
¥ Pl Team Communication checking if traditional classroom training is adequate
¥ Planning Pl for the target group or if new didactical concepts have
¥  Process Improvement Models to be taken into account.

i Process Measurement Taking the experience of the day to day work in Pl into
¥

These learning blocks have mutual cross references toR f
the SPI Manifesto. ererences
] ] o ) ~ [Schweigert09] Tomas Schweigert, Richard
One of the main experiences from training delivery is, Messnarz, Morten Korsaa, Jorn Johansen,
that there is real relevance of ttide of the attendee. Risto Nevalainen, Mik—s Bir— (2009): The
) SPI Professional Qualification Scheme. In:
Attendees with management roles show a much better Richard Messnarz, Sonja Koinig, Mads
performance in training and testing than people with Christiansen, Jorn Johansen, Juan Cuadrado
technical roles. Gallego (ed.) EuroSPI'2009 Industrial
o ) Proceedings. Alcalt de Henares, Spain,
Each Topic is linked to a part of the SPI manager Skill 02/09/200904/09/2009. Copenhagen: Delta,
set and to the skill requirements of the SPI manage 2009. pp. 3.18.22. (ISBN:97887-7398151-
Exam 1)
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Abstract

Safety stadards (e.g., ISO 26262efine
safety lifecycles to be adoptl for the
development of safetycritical systems.
Professionals (i.e., safety engineers, safety
managers, and, more broadlgfety culture
aware personnel) who are responsible of the
development of such systems can be, in turn,
considered as safetyitical systemsCourse
modules aimed at forming such professionals
are critical. Given the criticality of such
modules, the intendd learning outcomes
before being constatively aligned [Bigg87]
with teaching / learning / examination
activities, should be derived by applying an
educatiororiented risk-driven process The
typical Owhat ifO questionsimed at
brainstorming on what if something goes
wrong become essential to establish the
expectedstringency related to thkenowledge
and skills that personnelnvolved in the
development of safetgritical systems should
have.ISO 26262 defines a risftriven safety
life-cycle for developing safetgritical
systemsln this paper, we give an education
oriented ISO 2628 interpretation and then we
combine it with constructive alignment
principles and we introduce SCA, Safety
critical Constructive Alignment, a new
procesdo designMasterOs level safetyitical
courss ormodules. To illustrate SCA and its
potential effectiveness, we then apply it to
design a spedif module.

Key-words: Safety standards, ISO 26262,
Automotive Safety Integrity Levelssafetycritical
systems, safety lifeycles, Education Safety Integrity
Levels education,Safety Element out of Context,
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Learning Outocomes (SOLO)taxonomy, interactive
lectures, constructive alignment.

1. Introduction

A qualified personnel isecessary and strategic for the
development of safetgritical (software) systemghe
personnel and the safetyitical system constitute a
safetycritical ~ sociotechnical  systm. Private
enterprises that manufacture/supply safattical
systems/components should promote a deep safety
culture to be spread throughout all the phases of the
safety lifecycle. This promotion can be performed
internally (e.g., via in-house traininy or outsourced
(e.g.,by taking courses

In the context of the KKS PROMPT project
[PROMPT] which aims at establishing a national
educational alternive targeting industry, we offea
five-modulebased course (DVA433) on safatsjtical
software. Safety standards is one module within
DVA433.

Given the crittality of forming such qualified
personnelcurrent methods aimed at engineering new
courses should be further developed to make sure that
such criticality is taken into consideration.

Safetycritical coursesare expected to make educatee
transit from an (un)consciously incompetent status to a
consciouslysafetycompetent statusn this paper, first

of all, we propos to equate safefgritical competences
with  safetycritical element&components to  be
developed via courseodules aimed atforming
qualified personnel, responsible of tevelopment of
safetycritical systemsThen, webuild on top of our
experience related to automotive safetifical systems
engineering([Gallinal3], [GRSC])and wepropose to
combine corresponding best practices with best
practices in courses engineering.

More specifically, to develop safetyitical courses,
we propose a novel method that combines constructive
alignment principles with an educationiented
interpreation of ISO 26262nain principles related to
the development of safetyitical elements out of
context (SEooC) to be used in context for the actual
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development of safety critical system@/e call this
combination SCA  (Safetgritical Constructive
Alignment).

We then illustrate SCA and its potential effectiveness
for developing a coursmodule in the framework of
the PROMPT project.

The rest of the paper is organized as follolwsSection
2, we provide essential background information. In
Section 3 we msent Safetycritical Constructive
Alignment and m Section 4, we applit. In Section 5,
we discuss retead work. Finally, in Section @ve
present some concluding remarks and future work.

2. Background

In this section, we present the background information
on which we base our work. In particular, in Section
2.1 we provide essential information concerning
constructive alignment. In Section 2.2, we briefly
present the skeleton of a typical safety-bfele for the
development of SEooCgtinally, in Section2.3, we
briefly recall thedefinition of societechnical systems.

2.1 Constructive alignment

Biggs and Tang [BiggsQ7propose an interesting
teaching approach aimed at improving the quality of
learning at the university levelheir approach is in
line with the Bologna processandcan be synthetized
with the acronym OBTL, which stands for Outcome
Based Teaching and elarning. OBTL in essence
consists of the constructive alignment of:

¥ Intended Learning Outcomes (ILOs), which are
defined as statements that stgtelthe skills in
terms of actions plusontent formulated via verbs
plusobjects), ability level (e.g. deep), and context;
Teaching and Learning taskswhich require
students to apply, invent, generate new ideas,
diagnose and solve problems

Assessmentasks which require students to enact
the verbs that characterize the ILOs

The necessity of the alignment stems from the
recognition that to achieve intended learning outcomes
the focus must be studecéntered and as a
consequence what the student doeterms of actions

¥

is of paramount importance. Students® actions, indeed,

should mirror the skills in terms of actions that we
expect students to acquire during the learning process

L http://www.ehea.info

42

Since however not all students are autonomous,
proactive, goabriented, and highly or bette
intrinsically motivated teachers still have a significant
role to play. Teachers thus should practice reflection or
better transformative reflection allowing them to make
emerge what they might be in terms of roledels in
triggeringstudents to act or better enact what is needed
to achieve the intended outcomes. Transformative
reflection allows teaching practices that lead to surface
learning (e.g. behaviorismriented teaching based on
punishment/premium  stimulating only  extrinsic
motivation) to be first identified and then changed.
Changes should promote the introduction of practices
that make the students feel the value of the teaching
material and the personal relevance (towards the
development of social motivation and then grdigua
intrinsic motivation) as well as the chances of
success/the possibility of ownership.

TeachersO actions are crucial Oin setting the stage for
effective learningO. To encourage deep learning and
thus achieve quality and not quantitatméented
learnirg outcomes, teachers should be aware that their
actions have an impact on the way the studentsO brain
is activated. Teachers should succeed in triggering the
activation of complex cognitive areas permitting
students to exercise the actions that are parthef
intended outcomes during the learning process.
Coherently, theame actions should be assesdedng

the examination. An abstract exemplification of
constructive alignmens:

¥ ILO: apply (expected deep abilitynethods Mto
solve smallsized problers,

Teaching tasksexpository lecturing + interactive
lecturing aimed at providing the context that
requires the students to apply the methods M
Learning &sks listening to/reading material
provided via  expository lectures +
enacting/constructively apphg methods M
during the interactive lectures jointly with
peers/teachés);

Assessment taskssummative assessment tasks
offering contexts similar to the ones proposed
during the teaching tasks, aimed edquiring
enactment of ILGverb (i.e.,apply method M),
possibly innortinvigilated settingsut asking for
personal reflections  to monitor/dissuade
plagiarismoriented behaviour

To succeed in proposing an approach towards the
standardization of the outcomes, Biggs and Tang
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provide taxonomiege.g., SOLOtaxonomy)containing abstraction level. At the highest abstraction level (i.e.,
actions (verbs) to be used during the outcome atitemlevel), they are namestifery Goals, then when
definitions according to the kind of knowledge that we the functionalities to achieve those safety goals are
as teachers expect students to acquire. These actioneevealed, Functional safety requirements can be
should then be kept in mind to define aligned formulated. The formulation of the functional safety
teaching/learning tasks as wedl assessment tasks. requirements concludes th@ncept phase, given is

To OBTL the expression constructive alignment is Section 3

associated since the intention besides the alignment isThe following phasg called product development

to allow students to construct their knowledge based onphase, given is Section 4begins with the formulation
their experience. The constructive aspect keeps operof Technical safety requirements related to the
the possibility for dsirable but unintended outcomes. architectural componentaimed atimplementing the

As a positive sideffect their approach can be used to Functionalsafety requirement®nce software as well
better formalize and standardize the outcomes at theas hardware components (onto which technical safety
institution level and thus allow clear and outceme requirements are allocated) become clear, software as
based interfaces to be defined aimed at easing studentgell as hardware requirents are formulated.

mobility as well as students integration in the job

market after graduation

Item

2.2 ISO 26262 definition (3.5)

) i L HA and risk
ISO 26262 is the functional safety standard within the assessment (3.7)
automotive domain. This standard introduces TEm
Automotive-specific Safety Integrity Levels (ASIL) concept(3,8)y
and a safety lifeycle that guides the system Speciication
development from inception to commissioning and of TSRs (4.6)
whose stringency can be tailored according to the System
ASILs. ASILs are associated to the hazardous events design (4.7)

that, if they occur, may lead to hazards. ASILs are also T e

associated to safety dea which are requirements Figure 1 Portion of the ISO 26262 life-cycle
aimed at preventing the hazardous event from
happening. ASILs represent confidence measures.

In this section we briefly recall the skeleton of ISO
26262 V-modetbasedlife-cycle. The toplevel left-
handed safety life-cycle activity consiss of the
definition of the system to be developédijowed by
theidentification and categorization of the hazards and
risk assessment procedures. Once hazards are identifie
(e.g., via HAZOPHAZard and Operability analysis3,
they are categoried by assigning adSIL, which can
assume one out of five valuganging from negligible

Figure 1 shows the previously textually described
portion the 1ISO 26262 lifeycle.

On the righ+-hand side of the \¥node| verification and

validation activitiesare carried out to check that the
elicited safety requirements are correctly specified,
designed, implemented and deployeSlince these
ctivities are not in focus within the scope of this

aaper, they are not detailed in Figure 1.

The novelty of ISO 26264 also represented by the
notion ofSafety Element out of Context (SE00C)

QM andA to D, where D represents a hazard that may S SRl SEtE D onm e
lead to catastrophic consequencesn ASIL is .

obtained based on values assigned to three different Assumptionsion SyStem] Pr°1g;:t2:jgz;'e"t
attributes  (narly,  severity, exposure and l

controllability). l

Once hazards are categorized, safety requirements| Element Development ] Element Development ]
aimed at reducing risk are elicited as well as traced Specification of Element . | Specification of Element

throughout the traditional development steps Safety Requirements Safety Requirements
(specification, design, implementation, etc.Bafety
requirments are named differently with respect to the Figure 2 Reusable SEooC Development [DIS11]
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A SEooCrepreserd an element thais not developed 3.1 Motivation
for a specn‘lc. item and thus its safety requirememes Similarly to safetycritical systems, safetgritical
assumed during its developmef8EooC development competences should be developed imptiance with

iantigé”e 3. Once tthe SE.?.Og 'j d_evelgp:_éﬁElooG g Nighrquality  standards. Educatees/Employees are
related requirements Specined, designed, implemente 'expected to execute crucial tasks during thedifele

To %e ableyto reyuse a SEogC assumgicjj 'Safetyseen as components/elements of an enclosing system
requirements should match with the actual safety the societechnical system thaéncloses employees,

requirements technology and regulatory/organizational procedures
. hnical Their training and qualifications are crucial to reduce
2.3 ,SOC'Gt,eC n'Ca,SyStemS L . certain types of failureHendy03. Their training is
In thls.sectlor!, we briefly repall essentla! information gjther performed in context (e.g., within the enterprise,
on societechnical systems aimed at enabling the readerp,caq on actliaequirements) or out of context, based
In  recognizing profes_s;onals involved i the on assumed requirements. Assumed requirenieats
devlelo_pment qf Sﬁfeiyrlmcal systems  as partl of assimed intended learning outcomeshould stem
enclosing socidechnical systems.As previaisly f g :
: - . . rom a thorough risldrivenbased requirements
summarized by _Galllna et aﬂGa_IImalLb], =oclo (of engineering procgsé'.hus in Section 3.2, vﬂe interpret
people and society) and technical (of machines andISO 26262 wihin the education domain in order to

technology is combined to give socitechnical. Socio : il h ) d
technical refers to the interrelatedsesf Osocial® and €n9ineer e especialljfocus onthe requirements an

Otechnical® [Walkef0Buccessful (or unsuccessful) de€sign phasg a course module aimed at forming
system performance depends on this interrelatednessducates/employees  that compose  saferical
As the SERA $ystematic Error and Risk Analysis ~Sociotechnical systems.
[Hendy03 taxonomy highlights humansmay fail for By proposing SCA, we aim at taking parttie debate
various reasons includinfack of training as well as  [Baldwin13] around the efficacy of Bologna processO
absence of qualificationg\ knowledgerelated failure, aspect concerning ILOs. More specifically, we intend
for instance, may occwhen the human does noave to mediate and reontextualize this aspect in our own
the preexisting baseline knowledge or K&irequired field of practice.
to adequately. or correctly intle_rpr(.et the situationl. 3.2 From ASIL -SGs to ESIL-ILOs
ngg%agfmﬁgg'l?ngg izghqfﬁtfr'ggtlon may contribute in In this subsection, we provide an edtion-oriented

o ; . interpretation of 1ISO 26262The idea is to translate
3. Safety-critical Constructive Alignment crucial concepts in the educational semantic domain
In this section we introduce a novel approach for and the maintainthetypical ISO 26262rocess.
designing carses  targeting safetgritical
competences This approach, called Safetyitical
Constructive Alignment (SCA), stems from the
combination of constructive alignment and 1ISO 26262
main principles translated in the educataiented
semantic domainMore 9ecifically, in this section,
first of all we give a motivation for the introduction of
SCA; then we provide an interpretation of 1ISO 26262
in the semantic domain of education. Then, we
combine such interpretation with constructive SImI'arly, we are interested in intrOdUCing the notion of
alignment to enable arceeptably safe formulation of ~Safety Employe#ducatee out of Context called
Intended Learm]'g Outcomes as well as a PROMPTM3 SEooC, whichtranslatesthe notion of
corresponding design of activities aimed at achieving Safety Element out of Contextigure 3builds on top
and assessing those outcomes of Figure 2and shows the development of a Safety

Educatee/Employee.

In particular, we are interested in introducing
educationspecific safety integrityelvels that we call
Education Safety Integrity Leve(&SIL). Similarly to
ASIL, ESIL can be derived based on tlseverity,
exposure and controllabilityelated to the hazardous
events. The hazardous events might be perceived
differently according to the dwain in which the
employees are expected to work.
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PROMPT-M3 PROMPT initiative. This moduleis supposed tde

SEooC Development System Development taken by personnel working ienterprises that either
manufacture(or suppy) safety critical (sub) systems.
Assumptions on SYStem] Product Development Bombardier Transportation, Volvo Trucks, Volvo
1 (System-level) Construction Equipment, Saab are examples of such
l enterpises. This module provides a panorama
Educatee Development ] Educatee Development | concerning safety standards and then focuses on safety
Specification of Educate Specification of Educate ”fe-cyde.s anddgvelqpmentprocesses .from varioug
Safety Requirements " | safety Requirements perspectives. Primarily, the module aims at forming
process engineers, who have the responsibility of

planning,executing and assessing safptpcessedor
Figure 3 Reusable PROMPFM3 Educatee Development the development of safetyitical systems The
Safety Goals, which are ASIL classified requirements module, howevercould andshould be taken bthose

at the system level, are refined and broken down into other roles that are expected to interact with process
functional/tecimical safety requirements (FSRs and engineers. Understanding the relevance of a tstred
TSRs respectively. ASIL classified TSR can be way of working via a weldefined process is the first
translated into ESHclassified ILOs, more precisely step towardsa crucial mentality changewhich was
into assumed ESHclassified ILOs. also advocated by Parnas [Parnasg&&m a self

Our interpretation idimited to a few conceptssince Iulfllllnhg prgph(?cty stalttlng ttt;]att procesaseestélre negful g
the idea is to mineer the application of safety standards 0 a shared safety culture that spreads ance an

within the education domain. MISO 26262 expert potential gain of weibefined and rationad_explicit
would be certainly disappointed by this initial effort, processes, from a consequent dimkx mentality to a
however since ISO 26262 is currently under revision rationatbased execution of (tailored) process steps.
[ISO18], an indepth interpretation would risk 4.2 ESIL-ILOs formulation

becomingobsolete rather sooMoreover, a consensus To formulate the ILOs and assign an ESIt,is

has not been achieved and various interpretations arenecessaryot performan investigation of the knowledge
currently coexisting due to Odifferent cultural and skillsthat educates/employees are expected to offer
approaches to the standard across the globeO [ISO18functional learning outcomesfter having defined the
Further clarificationson concepts are also expected to employee out of contexiwithin the targeted safety
awid agony while classifying hazardous events critical systems manufacturers/supplief® do that,

[Ellims12]. the following questions require an answer:
. . A What a process engineer is expected to perform
3.3 Constructively aligned ESIL -activities and know?

Once ESILILOs are formulated, What
teaching/learning/assessment activities have to be
conceived to achieve them. These activities are aimed
at design/implement ¢ course module as well as at
testing/assessing that the design/implementation meets
the ILOs.Thus, constructive alignment inherently is a . : P :
V-model arld we customize it. according to the ESIL. E)Zr;ii?]lgﬁ thv\elestarnedaellirzdes dan?hg%/ In;fljz;:;/v'r;?(ill?sduiggl
4. Applying SCA to design DVA433M3 knowledge includecapability of 1) comparing/aligning

In this section we apply SCA fodesigning Safety  safety standards and reusing process elements, 2)
standards, the third module of DVA433hen, we awarenesgoncerning the strategic interrelatedness of
discuss our findings roles as well as the necessity of increasing safety
4.1 DVA433-M3 culture and effective communication, 3) planning,
DVA433-M3 is a 1.5 credit /40 hour effort modyle ©xecuting, and documenting processes as well as

which at the time of writing (Spring 2015) iseing process c_ompliance' with standards. Thus the
offered for the first timein the framework of the  corresponding IL® are:

employees interacting with process
engineers are expected to know with respect to
process engineering?

Is efficiency via intra/cross domainreuse of
process elementsviable way?
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¥compare and contrast software safety stancdards plan/apply/document processes and their compliance in

¥create a ristbased softare development plan cooperation with other attendees.

¥apply selected processeps Cooperation is highly encouraged and with respect to

¥creae typical conformance documentati limited learning activities even enforced for a twofold

To formulate additional ILOs (safetglated ILOs), the  motivation: 1) increase the chances of forming team

following quesions require an answer: players; 2) enable econstruction of knowledge via

¥ What if reuse is not systematically introduced? peerto-peer interaction [Wekd8].

¥ What if the relevance of a structured process is not Finally, corcerning assessing thé@s, students are
understood? expected to: areflecton the lectues via provision of

¥ What if documentation does not conform to the Pro-memoria b) joining threads of peerto-peer
expected requirements? discussion on virtual learning environmgngmore

¥ What if an employee is not a teamplayer? precisely via the Blackboard Learning Systern)

These abee-formulated additional questions origie ~ €Xecute agroupbased projectthat includes tasks
via a HAZOP analysislike brainstorming process.  aligned with the ILOs, which are:
From this brainstorming processossible answers 1. create a (portion of a) software development plan

associated to these questioralso originate In 2. apply sele_ct_e_d development/tool qualification
particular, we realize that additional crucia process activities/steps .
skills/capabiltes ~ and ~ knowledge include: 3. create typical conformance documentation
systematizing reusable process elements, mastering* identify variatim points that could be introduced
processelated terminology and reference models, to move either from standard X to standard Y
modeling processes, documenting process compliance, ~ (While performing 13) either from standard
working in teams. Xl/safety integrity Y to standard X/safety integrity

The ESIL to be associated to these skills and Z (while performing 13);

knowledge isD, the highest. Since if employees fail in 5- Ppresent the work performed

guaranteeing the expected skills, catastrophic 4.4 Discussion

consequences may occur in terms of harm to people onn this sectionwe discuss the findings related to the
environment or in terms of loss of money. application of SCA for the design of M3The
Anyway, the D level is not inherited as it is. It can be discussion covershe following two main bolded
lowered (ESIL decomposition to be performed  aspectsGeneral soundness The application of SCA
similarly to theASIL decompositio{ISO11] rules if for the design of courses aimed at forming qualified
domain/context specific justifications existThe personnel is sound since beyond the traditional
decomposition rules are expected to customized andconstructive alignment permits coursgesigners to
conceived in cooperation with industrial partners and carefully consider safety concermsd thus has the

should ease thenatching between the PROMMM3 potential to increase the quality of the formative offer
SEooCs and the elements that are actually needed byaturity ©SCA is still in its embryo stag&CA is a
the industries. process thtacombines systems/software development
4.3 ESIL -activities processes with constructive alignment, educational

To achieve the ILOs, teachintgarningand assessing ~courses development process. SBIMI [CMMI] is a
activities are designedConcerning the teaching Process improvement approach that defines criteria to

activities, delivery of educationalontent aimed at €valuate the maturity of a proces$hus, in our

supporting the achievement of thl the ILOs is discussion,we use and elaborate on those criteria to
performed via videsecorded lectures, physical €valuate SCAOs maturity. SGrs the pantial of
lectures, virtual learning environmest and video ~ being effective, but ight now from a CMMI
conferencing. Reading material, lecture notes and Perspective its level of maturian be considered to be
examples contribute in teaching the reqdiskills. in betweenLevell (Initial) and Level2 (Managed)

The learing activitiesaimed at exercising the ILOs ~ SCA ensuredhat requirements are managed and that
related verbs consist of contrast standards via teaching/learning/assessment activities are planned and
cooperation with other attendees of other domains, performedto take care of functional as well as safety
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related learning outcomeblowever, no measurement, The combination of VROOM & c¢C and SCA would
and control is ensured yet reduce the frequemcof mismatch between assumed
5. Related work and actual requirements, at least for those educatees
that belong to the educatéee.

In a shortterm future we also ainat elaboratinga
more in-depth ISO 26262 interpretatiacovering the
left as well asthe righthand sié¢ of the \Vmodel.
Moreover, since the course is offered-lore, we are
interested in applying SCA by taking into consideration
the challenges that need to be facéd these
circumstanceto ensure an effectivend safedelivery.

den the midterm future, the idea is to perform an
xperimental evaluation of this new process.

Finally, in the longterm future,the intentionis to
explore other standards(e.g. Automotive SPICE
[ASPICELQ]) and see if other process elements could

To our knowledge, SCA represents a novelty. No pe consideredof relevance within the education
related research work has explored the application of yomain. To do this, a relevant starting point is the

safety lifecycles within the education domaifven  gystematization otommonality and variability within
tough SCA builds on top of BiggsOmethod, elements Ofsafetyoriented process, presented by Gallina et al.
the FinkOs method are included via the combination 0f[GaIIina12], [Gallinal4a)].

ISO 26262, which recommends situational analysis and
is permeated by the caring and the human dimension
via safety culture management

In the litemture, variousnethods for designing courses
have been proposed and discusgeédk [Fink03, for
instance proposes a method for designing courses for
significant learning. FinkOs method differs from
BiggsOs constructivaignment in mainly two aspects.
The first aspect is represented by the taxondmnstead

of using the SOLO taxonomy, Finfiroposes a new
taxonomy calleda taxonomy of significant learning
where other dimensions are considered such has carin
and human dimension. The second aspect is the
consideration of situational factors e.g., characteristics
of the learners as well as of the teacher.
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The TeacherOs Role in Gamification iSoftware Engineeringat
Universities (Field Report)- or how geeks can be inspired to sing
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in analyzing, reflecting and communicating.

University education in computer science is
changng since several years and in the meantime it is
well accepted, that just offering lectures, exercises or
software development projects is not enough. With
activating mechanisms like online queries, brief
teamwork practices, letting students evaluate each
other, etc. studentOs ability to concentrate and learn can
be improved [Rac05] Such mechanisms are very
useful, but are more or less just islands of improved
learning experience.

A broader mechanism is th@roblem based
learning (PBL)". PBL gives studds the responsibility
for their learning success supported by the teacherOs
short lectures about the techniques they need to solve
the problem. A very similar method with focus on

Computer technology is changing fastd learned making students wishg to learn is thgamification?
know-how is becoming outdated very sodndustry of lectures. Gamificaan doesnOt mean only to add the
very often complas about graduates with low key aspect of fun to the lectures, it can be used to get
qualifications. The missing skills concern the ability to everyone involved and to let students learn from each
analyze and reflect independently, to write and other. One goal of a gamification cam that the best
communicate research results, to be team minded andstudents demonstrate angtove their talents in a
able to solve problem&or universities thisneansthat contest athe end of the course.
teachingstuden@@ common problem solving methods For teaching software engineering at universities
and selfdetermined learning becomes more and more two different approaches seem to be promising:
important ¥ Using PBL on a project level, where some

Abstract

New educational methodsrequire new
competences from university teachels. a
nontechnical seminar with included SE
aspects for bachelor computer science
studen@® self-determined learning and garmifi
cation could improve studeBt engagement
significantly. Both methodseem tdbe a good
candidats for technical coursesn software
engineering too. The article highlights the
new role and competences required for
university teachers using gamification.

1. Introduction

A special challenge for university teachers is
teachingsoftware agineering(SE). At universities of
applied sciences some of the students have first
experiences with real product development and can at
least imaging the importance of working processes.
Most of the students, however, have no idea about the
challenges in real software development projects. Also
university teachers often have only reg#it
experiences in real life software development. Most
universities request that students are getting work
experience by performing hands trainings. The

success of internships in companies, however, dependand

heavily on the chosen company and its cajtgdével

project steps are allowed to fail, if needed
working processes have to be ignored (e.g.
projed feasibility gate fails, because a

stakeholder has been ignored)

Using gamification for  strengthening

particular capabilities for improving software

quality like finding errors, deriving test cases
from given specifications or test driven

coding.

Theremight be other approaches for an activating
intensive learning of working processes at

universities, but all these new ways of teaching require

in software development. For teaching software a change in the teacherOs [Ble07].

engineering at university it is very important to

motivate students and to develop the key qualifications 1 , good explanation of PBL cabe found in Wikipedia:

Copyright© by the paperOs authors.
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Gamification is used since several years in industry to
motivate employees. A list of gamification projects can be
found at[Bol12].
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Teachers must develop management skills enablingstudents. So | was not sure, that it will work, but | tried
them to lead thetsdents through such courses. This trusting on my managifig@xperience for many yeats.
article shows the challenges teachers are facing by In the following the different phases and the corres
using these new teaching methods. The courseponding challenges for me as the teacher during the
OPresentation and Communication® for computercourse areexplained in more detail. First it is
science students of the University of Applied Computer explained, how the students had been motivated to try
Science in Fulda, Germg, was held in winter  something unusual. Finally the challenges for teaching
semester 2014/2015 and shows all the requirementst are described in detail.
which are needed to meet for a successful teaching . .
process. Although soft skills are not the main topic of 2.1 The semmar‘outlme 3
software engineering, they are very important for every The seminar Opresentation and communicationO is a
project and thereferrelevant for all working activities. ~ required carse for bachelor computer science students
Because | am convinced, that teaching soft skills at the university at Fulda. It takes place in the third
requires similar educational capabilities as teaching semester. So all students attend to seminars in groups

technical skills, | recommend the experiences | made Of about twenty persons for four hours a week. The
during the abovenentioned course for teaching all winter semester 2014/15 started in October 2014,

kinds ofcompetences. paused two weeks for Christmas break and finished in
As far as my experience goes soft skills are seen ag-ebruary 2015.

a Onot so importantO subject for most of the computer  Threegroups were trained by me, whioffered the
science students. Thus there was a high demand ofpossibility to organize a contest at the end of the
motivation by the teacher to get the students willing to seminar to find out which group got the best
learn it. My experiences shothat using activating  communication skills. Two other colleagyetraining
teaching methods like group work and telling stories two other groups, were asked to participate with their
along the software development process worked verygroups, but they had no interest in attending the
well. The gamification | used, however, made students contest.

enthusiastic learners showing outstanding results at the2 2 How geeks can be motivated

end.

_ o As professor at aniversity of applied sciences the
2. New skillsneeded: managingnstead of question for me was: What is motivating for young
lecturing geeks coming from high school and for those with

At the beginning all my colleagues told me, that | working experiences? For both groups it is important to
would not be able to activate the students for partici Understand the relationship of the topic to be learned to
pating on a communication contest (gamification). In the Woyklng practice in their future life. So it was easy
particular, that | wanted thefd besides to give a 10 {0 motivate the students along theftware develop
minute presentation, to perform an escalator pitch and Ment process. Telling stories and work experiences

to draw a visualization on a flip chatto sing a song  [rom real life as a software manager | got always
as a choir, was considered to be impossible. highest attention by the students. Below you see the

| asked my husband and my daughter (student of foPics of the course and how it can be mapped to steps
mechanical engineering at TU Chemnitz), what they IN the software developmentquess.
though about the idea to offer such a challenge at the
end of the course. My husband thought, that | was very
ambiguous, but that the students couldnOt be motivated
Ejo S'Tg’ %(ghf\ps f(t).r the ot.hg{\lcontevsét l(_:lategorlesa My managing Often coaching competences are required for
aughterilgst reaction was. INO, NEVIBIFEr Second .~ effective teachers. Coaching, however, would be too week
reaction was: OWell, perhaps it might be fun at least.O o the tasks of introducing new educational methods like

In literature emotional and fyable learning is gamification. A clear goal setting capability with the
recommendedRac07]and after some discussions with  appropriate authority isssential.

a gamification expert, | was convinced, that gamifica
tion would result in great leaing experiences for the

Managing is understood as moderteamoriented

* Technical team mawer in software developmentedu of
departmenfor consulting software quality have been some
career stages before my assignment to professor at the
university of applied computer science in Fulda.
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Tablel: Motivation by references to software
development tasks

Learning goal

Motivation by references to
software development tasks

Presentation / elevator pitch

Presentation of technical
ideas/products in the
feasibility phase or for
customers

Visualization on flip charts

Discussions during all phase

Feedback giving and taking

Performing a review or

¥ group B: 16 persons, low willingness to
participate

¥ group C: 21 persons, high willingness to
participate

It showed that the following aspis were important
to form teams accepting the new and challenging
learning environment:
¥ Openness right from the beginning the un
common combination of learning and setting a
goalto win a contest was clearly comunica
ted and explained. Some were realyprised

inspection, Useful for pair
programming or in
discussions between quality
engineer and developer

Conflict resolution Very important in
communication with
customers and between

developers and testers

Negotiation Same as conflict resolution

Intercultural communication| Distributed development
teams, interdisciplinary
teams

Introducing and using up-date educational
teacting methods needs, however, additional metiva
tion supporting techniques regarding the group
processes. In my case it was very important to form the
group to become a team ready for fighting against other
teams. | trained three groups. All groups had besn
together by random, so there were unfortunately only a
few already established friendships among the group
members. So | started right from the beginning to
strengthen trust between the group members by
organizing randomly smaller learning groups (ab%u
persons) and to allow sdlietermined learning
experiences. In the miseminar review all students
mentioned that the learning atmosphere allowed them
to get in closer contact to all other group members and
they want to continue to work using the aating
learning methods. Trust among the group members and
me as the teacher was well established at this point in
time.

The groups were trained well separated from each
other. Every group was different in size, in
composition of talents and willingness tctively
participate in the communication contest at the end:

¥ group A: 23 persons, medium willingness to

participate
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by the expectation to do a contest and in
particular to sing in a choir. |1 got a lot of
comments like: ODonOt want to singO and only
very few saying OSinging is funO. The contest
itself seemed to be mostly accepted right from
the beginningthe doir performance wasnOt.

No doubt about the new format The contest
was not discussed in the course, neither the
choir. As the teacher | outlined the learning
effects, generated an officially looking
announcement of the contest and organized the
elLearningvideo team to record the contest. In
the first half of the seminar the contest was no
topic. This time was used to build trust among
the students and to learn communication skills.
In the middle of the seminar | set up four teams
one for each category @sentation, elevator
pitch, visualization, choir) of the contest.
Creating trust among the group members

In order to get familiar with each other
different team set ups were done. After getting
familiar with the new way of working in
always new team seftpg, the students looked
forward to the tasks and the set ups of the next
lesson.

Supporting the learning activities The very
active learning style was new for the students.
So it was necessary to support them at the
beginning by showing them that suppogt
each other is a wished behavior and nobody is
losing his/her dignity in doing unpopular or
uncommon things for students like fetching the
flip chart or summarizing the results. After the
first phase, where | organized the paper for the
flip chart or lmked for the beamer, all students
became familiar with all needed tools and
started to support each other.

Allowing not to participate at the contest

the course was organized as a seminar with



compulsory attendance for at least 80% of all
lessons. So thetudents had the possibility of
not attending the contest, which was just one of
the lessons. At the beginning some of the
students planned not to attend. But with
growing trust in the other group members and
in the teacher, that the contest is not relévan
for the grade at the end of the seminar, they
accepted the new format.

Making it a big event The event had to be
moderated appropriately with some fun and the
without the feeling that somebody could fail.
Due to this it was explained, that in thges of
the teacher contributing was more important

¥

Show veritable management skills Setting
clearly the gok guide the team to become
clear about the expectations they have to fulfil
and believe in the team. In some situations it
can become very difficult to still believe that
the contest will be a success, because the
willing-ness to participate are changifrpm
week to week. The week before the contest
seemed to be the most critical. In this week
unexpected issues and conflicts were popping
up, because everything was becoming more
concrete.

At the beginning it is important to allow the denial

than winning and only the fact of contribution of all new nethods. The followingi§ures show the
would be clearly valued. Furthermore we comments (in @man) of one group about what the
organized some soft drinks and cookies for our group wanted to do and what they didnOt want. A
convenience. The importance of the majority of voices were raised against the very unusual
performance war underlined by thefahat all requirement to sing in a choir and one comment says:

should be recorded. That enabled me also to Ono new legaing methodsO.

analyze the activities afterwards and to

celebrate the performance with the students.

At the end only two persons didnOt attend the
contest and two more hadnOt been on the stage singing
in the choir. Even group B was attending. But the
winning team was the one with the highest willingness
to participate right from the beginning.

2.3 Challenges for the teacher

As described above the activating teaching methods
in particular the gamification need new modern
educational approaches of course organizing.
Particularly the organization of the contest itself as a
big event demands more effort from the teacher as
performing a normal lecture. Organizing the team work
during the course requires as much time and tsffas
developing conventional exercises and correcting them.

In terms of the overall effort the gamification
requires perhaps some more preparation as a normal
lecture.

The real challenges are othefhe teacherOs role
has to be enhanced by the followingp aspects:

¥ The teacher has to beally persuaded about

the new teaching methodIn case of doubting
the success, the studentOs behavior will
probably change immediately and become
inactive again.

® The importance, that thewn learning is supported by the
teacher and the peers, is also highlighte@rg01].

52

o
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3. Results

Using new educational methods is no end in itself.
The learning effects for the students have to be
considered at the end. In this cautudents learned a

During the sminar it was very difficult to judge the 10t by preparing the contest and showed really great
probability that the contest at the end will be attended contest acts. For such who had no active part in the
by the students. Some few students seemed to like thecontest, the contest has been a good repetition showing
idea of a contest, others were still against it and othershow excellent students are performing in different
seemed to wait and see what will happen. categories. )

After the contest took place, | asked the students to ~ Most of the students enjoyed the course and learned

show their curves of willingness to attend the contest @ lot B not only in the core subject presentation and
over the time of the seminar. communication, but also in group dynamics.

Figure2: Comments of group A abouthatthey do
notwant to be happen in the seminar

4. Conclusion

For software engineering lectures the results of this
nontechnical course mean that giving students
exampes where and how they can neakise of the
applied techniques is very motivating for them.
Furthermore gamification creates a high dynamic
environment for learning and at the end the best
possible performance in the core subject (whatever the
subject is)$ shown by the students.

Using activating educational methods works very
well, but requires additional soft skilisf the teacher.
University teachers with low managing experience
might makedifficulties in guiding the team through the
forming and stormig phases. In particular for software
engineering or quality courses, this shouldn®t be any
insurmountable barrier. A good solution could be to

The figureaboveshows all ups and downs of the combine the technic kncicw o the university
willingness of every single team member in attending téacher with managing experiences of a practitioner
the contest. The upper bougg means that the student  used to guidsoftware teams. Another possibility could
wanted to attend the contest, the lower boishdtands b€ to provide coaching by gamification experts at least
for not attending the contest. The major events as thefor the first time gamification is used.
start ofthe course, the sub teamOs set up, Christmas and In other courses, like tesriented software
the contest were given on the time line. In the lessondevelopment, Igained first good experiences with
after the contest every student was asked to draw a linedctivating educatioal methodstoo After the success
showing his/her willingness level and its development in the nontechnical course 10m convinced that these
to attend the contest over the time. &elyou see the ~ te€chniques can also be used in technical courses. PBL
willingness graphs of the winning team (group C). gnd gamification, however, canOt b.e us<_ad in all courses
Only one student drew the line right from the N paraIIeI._So the faculty or the university department
beginning until the end on the Attending bound. All has to decide how courses can make use of these new
other curves show, that a lot of students underwenteducational methods.
massive ups and downs. The teacher mestware
about these ups and downs and he / she has to tackl
with it always trusting and supporting the group. 8. References
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Abstract

Process capability maturity modeling
elaborated by the Software Engineering
community became applicable for any
processoriented activity assessment and
improvement. The purpose of this paper is to
contribute to the solution of learning
improvement problem based on process
quality attributes modeling approach. Two
dimensional Learning prose model is
developed based on R. Marzano taxonomy of
learning objectives and on the staged Learning
process maturity model. The consciousness as
a learning process quality characteristic is
introduced

1 Introduction

Does any learning improvement problemexist?
Unfortunately in contrast tothe natural ability to
breathe, wallor digest humans do not possessither
equal abilites to learn nor uniform understandingf
what is learningThere is gite widespreadttitudethat
acapacityto learnis the ability to memorize.

Communicatios with students before andfter
exams during several decadepeatedlywere coming
to the situation when studerst were saying "l knew
everything but IQvegot this one question whichdid
not knowO. In the beginning such mismatch
studentOs sadssessment and professorOssassmt
seemed asa studentOself-defenseto keep moral
comfort, but laterdue topermanent character ¢fie
situation describedthere came anidea thatarother
reasonexists D students donOt know what tteeget
state ofthe knowledgeis. If a student desnOt know
what the target staie, he canOt reach it.

Usually Universiies do nothave suchlectures for
learning to learn where students couldunderstangd
whatthe target knowledge status is. There are a lot of
lecturesto deliverknowledge. It is upo the studentto
find whatstatusto acieveandhow to abieve it

The situation is at some extent different
mathematis stud/ programmes The mathematics

of

in
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study programs like others do not address explicitly the
problem of learning to learn. Howevemjplicitly a
successful graduate in mathematics during regular
mathematical studiesacquires the ability to learn
without any additional efforts outside mathematical
subjects Mathematical approach to learning has one
deficiency B internal demand to learn verything
starting from axiomsBut usually learning time and
efforts are limited, particularly in IT area.

What is thepercentof knowledgethat has been
acquired atthe University comparing to the all
knowledge to be acquired by a graduate during whole
professional career in IT area up tiwe retiremen®
Having in mind that ITtechnologieschange every 5
years during hisprofessional caregre may face such
changes 8 times Simple calculation alles to
conclude that knowledge gained at University
comprise about 10% of the total professional
knowledge.lt means that 90% of knowledge must be
acquired outsidéhe University bymeans obneOswn
efforts. It is a disaster fora graduate who has not
learned to learn at University. Most probably he will be
obliged to changhis profession.

A lifelong learning is not regular atteindg in
training coursesThe lifelong learnings a compulsory
part of a regular daily work enabled by thability to
learn &quired at University.

Therefore, the main tadkr a student atyniversity
is the learning to learnbut not the knowledge
acquisition ast is frequently understoodlhe learning
to learn isalearning improvement. It is a real pity that
such an approach is not widely recognized at
University®s environment.

The main process at University is not teaching but
learning. It should not be left tolaissezfaire,
traditionally to the mechanical operation with text
fragments.

The true learningis the consciously performed
structured activity resulting to the creation of mental
hierarchical aggregated model as an adequate
representation dhelearned subject.

The goal of research provided in this paper is to
create adequate learning process rhadethe basis for
learning process improvement. The purpose of such
model is to transform a learning as a Oblack boxO into
transparent box with the internals of learning seen.



The consciousness of process performance isdemonstrateshe relevance of approach to employ
considered as the essential medslaralearning other process quality characteristics.
processes characteristic determining learning success. The idea of this work is to create Marzano
This research was inspired by the own experiencetaxonomy based adequate learning process model for
learning and teaching during 40 years and by the theprocess quality charactstic Bconsciousness using
experience of creation of several process capability ISO/IEC 330xx modelling technics.

models for creative activities, amaforced by research The state of the art learning process capability
results in education and psychology, first of all maturity modeling is provided in the Sections 2. The
MarzanoOs New TaxonomyARO1]. Section 3 contam authorsO contribution to learning

Software process community can contribute to the process modeling development of twalimensional
recognition and solution of learning improvement learning process model. The last Section concltites
problemby applying methodswhich were elaborated results achieved and providekeasfor the future work
for software crisis solutioand turned upbeing much to be done to complete the solution of the problem
wider applicable thasoftware aredt has beemlready addressed.
proven that pocess capability maturity modeling
approachbecame applicable for any process oriented 2 | earning process Capability Maturity
activity assessment and improvemeincluding such Modelin
creative activities as software developmeh5504, g
innovation BES17 and learning MAR14]. Capability maturity modéng at organizational learning

Process maturity modeling is based on processesievel is well elaborateth [PEO09. Process capability
grouping into maturity levels that reflect generic or organizational maturity improvement isidely
process improvement path. The reguients for  understood as an organizational learniBgt hereare
processes in maturity modeling are described in termsfew more or less direct attempts to touch capability
of process performance and achievenwtheprocess  maturitymodeling at individual learning level.
goals. Personal software processHUM97] can be

Process capability modeling is related with consideredas learning how to improve personal
predefined process featureD process results performance based on planning, measurement and
predictability. Process capability chateristic is  tracking, i.e., understanding the process performed.
standardized by ISO/IEG3020[3302Q in terms of Capability maturity modelingn e-Learning area
process capability levels and process attributes definedMARO04], [NOV09] gains increasing attentiorof
by process achievements. Process capability attributesresearchers. fEearning is situated in between of
for instance, PA 2.2D Work product management education as organizational activity and learning as
attribute or PA 3.2 Process d@oyment attribute by  individual activity. ELearning creates conditions for
default are targeted to processes performed bylearner centric education. Edation process itself is an
organization. organizational proces# T12] which can be modelled

The learning processes are performed by a singleusing ISO/IEC 15504 conformant and Enterprise
learner mentally. The results of learning processes SPICE based modeENT10.
performance are knowledge acquired. Process Learning process maturity model THOO04],
capability characteristics,at least some process [THOOQ§] is oriented to software development learning
attributes are not applicable for learning processes. ~ and is lased on the idea that learning improvement can
be achieved using the same conceptémgsovement
in software development.

The learning as an education area stresses on
mental process of a learner. This area first of all is
represented by the BloomOs Taxuop [BLO56] and
followedlearning models and approachB$G82].

Particular place among them takes MarzanoOs New
Taxonomy MARO1], [MARO8] because of its process
orientation. According to MarzanoOs Taxonomy
learning is conditioned by three systems of mental
activity: ego system, metacognitive system and

In such situation the applicability of rqress
capability maturity modeling approach for learning
process improvements OlegitimatedO by ISO/IEC
33003 [33003, which allows to define own process
quality characteristics.

The idea of modeling process characteristics other
than process capability is analyzedVWELO3].

In the context of standardization by ISO/IEC 330xx
of the new process characteristics definitiothe
process adjity characteristic introduced inOzZC14
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cognitive system. Ego system is responsible for processes, from failing to achieve the process purpose
decision makingin learning. Metacogniie system through to continually improving consciousness.
defines the goals andts achievementstrategy. An example of twedimensionalrepresentation of
Cognitive system is responsible for effective learning processes performance consciousness profile
performance of the tasks related to information is provided in Fig. 1It consists of learning processes
processing: comparison, classification, conclusion, etc. dimension and process performance consciousness
All these systems use knowledge possessed by adimension. The process dimension is represented by 7
learner. Cognitive system consists of processeslearning processes. Each them can be performed at
grouped into four levels of knowledge processing: various levels of consciousness from level )
retrieval, synthesis, analysis and use. Incomplete to level ®Conscious defined here bellow.

3 New approach to Learning Process _ _ _

Modeling ” Learning consciousness profile
0

Staged Learning process maturity model for learning

process assessment amdprovement based on R.

Marzano taxonomy of learning objectives is proposed g~

and partially validated inJJAR14].

Staged architecture of the model fits well for the

sequentially layered cognitive processes in the learning -

improvement path. These cognitiveopesseswithin

learning activity can be treated as primary or

engineeringor life cycle processesThe purpose of o

cognitive processes is to build mentally aggregated o &

knowledge artefacts. Similarly to engineering mental

knowledge building operate with cdnscts and the

rules of their composition into aggregates. An adequate

mental model must be btibefore creation of everyone )

engineering aggregate. 3.1.1 Process consciousness Level 0: Incomplete

Ego processs responsible for decisiemaking the process
decisionto learn or not to learn imkenat some exnt The process is namplemented, or fails to achieve

quite unconsciously before learning planning and ji5 process purpose. At this level there is little or no

execution. However in later stages of leaming gyigence of any systematic achievement of the process
proficiency the decisionamaking is consciously purpose.

performed.For this reason continuous architecture of

the model is pref_erred to allow to . reflect the 3.1.2 Process consciousness Level Performed

performance of learning processes at various levels of

consciousness as learning quality characteristics. process
The measurement framework of learning process  The implemented process achieves its process

quality characteristic consciousnesis defined based purpose. The following process attribute demonstrates

on [33003] by tailoring process capability the achievement of this level.

measurementamework [3302Q]

%" &" (" )"

Figure 1:Learning processes consciousness profile

3.1.2.1Process performance attriblRA 1.1

3.1 Process consciousness levels and process . .
P The performed process attribute is a measure of the

attributes extent to which the process purpose is achieved. As a
Process consciousness is defined orfoar point result ofthefull achievement of this process attribute:
ordinal scale that enables consciousness to be assessed a) The process achieves its defined process
from the bottom of the scaléncomplete, through to outcomes.

the top end of the scal€pnscious The scalallows to
evaluateincreasing consciousness of the implemented
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3.1.3 Process consciousness Level 2: Motivated The tracked process performance attribute is a
process measure of the extent to which the process
performance is tracked. As a result of full achievement
of this process attribute:
a) The process performance against process plan
is tracked.
The claity of the knowledge learned is
assessed by the learner.
c) The precision and trustwihiness of the
knowledge learned is assessed by the learner.

The previously describeggerformedprocess is now
implemented as a motivated (important, effective,
emotional).

The following process attribute, together with )
previously defined process attribute, demonstrate the
achievement of this level:

3.1.3.1Motivated process performance attribitA 2.1

The motivated process performance process 3.2Process attribute rating scale
attribute is a measure of tie&tent to which the process
performance is motivated. As a result tife full
achievement of this process attribute:

a) The importance of process performed is

assessed by a learner.

b) The ability of the learner to perform process

effectively is assessed.

c) The emotions of the learner concerning process

performed are assessed.

d) The motivation to perform process is assessed

and the decision to perform process is made.

Within this process measurement framework, a process
attribute is a measurable propertof process
consciousness. A process attribute rating is a judgment
of the degree of achievement of the process attribute
for the assessed process.

As it is indicated in the introductory part of section
3 the measurement framework of learning process
qualty characteristic- consciousness defined based
on requirements [33003] by tailoring process capability
measurement framework [33020§ process attribute
is measured using an ordinal scale as defined below.
) ) N Not achieved: there is little or no evium of
3.1.4 Process consciousness Level 3Conscious  achievement of the defined process attribute in the
process assessed process.

The previously described motivated processas/ P- Par:tially acdhieved: thefhf% is some e\;idﬁnc% Off. and
implemented as a planned and tracked process. approach to and some achievement of the deiine

The following process attribute, together with Process attribute in the assessed process. Many aspects
previously defined process attributes, demonstrate the®f achievement of the rpcess attribute may be

achievement of this level: unpredictable. _ . .
P+ Partially achieved: there is some evidence of an

approach to and some achievement of the defined
process attribute in the assessed process. Some aspects
The planned process femance process attribute of achievement of the process attribute may be
is a measure of the extent to which the processunpredictable.
performance is planned. As a result of full achievement  L- Largely achieved: there ian evidence ofthe
of this process attribute: systematic approach to and significant achievement of
a) The clear goal othe process performed and the defined process attribute in the assessed process.
the target knowledge stae is defined by a  Many weaknesses related to this process attribute may
learner. exist in the assessed process.
b) The strategy to achieve process goal is created. L+ Largely ahieved: there isan evidence ofthe
c) The plan to achievethe target goal is systematic approach to and significant achievement of
developed by the learner. the defined process attribute in the assessed process.
d) The resources, milestones and schedulthef Some weaknesses related to this process attribute may
target knowledge stat achievement are existin the assessed process.

3.1.4.1Plannedprocess performance attribtPA 3.1

determined. F Fully achieved: theresian evidence ofthe
complete and systematic approach to and full
3.1.4.2Tracked process performance attribBge 3.2 achievement of the defined process attribute in the
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assessed process. No significant weaknesses related to
this process attribute exist in the assessed process.
The ordinal scale defined above shall be understood

Tablel: Learning process consciousness level
ratingsTablel:

in terms of achievemenin percentof a process Scale Process attributes Rating
attribute. . Level 1 | Process Performance Largely or

The corresponding percentages shall be: fully

N Not achieved to! 15 % achievement

P- Partially achieved> 15 to! 32,5 % achievement Level 2 | Process Performance Fully

P+ Partially atieved+>32,5 to! 50 % Motivated Procesq Largely or
achievement Performance fully

L- Largely achievee> 50 to! 67,5 % achievement Level 3 | Process Performance Fully

L+ Largely achieved+> 67,5 to! 85 % . { Ful
i i R

F Fully achieved> 85 to! 100 % achievement Largely or

Planned Process Performang fully

3.3Process attribute rating method Tracked Process Performanc| Largely or
A process outcome isn observable result othe fully

successful achievement of the process purpose.

A process attribute outcome as observable result
of theachievement othis process attribute.

Process outcomes and process attribute outcome
may be characterized as an intermediatep to
providing a process attribute rating.

3.5Learning ProcessReference model

Provided here Learning Process Reference model
Yeuss processedrom [MAR14] and forms process
dimension which consists of 7 processes to be
performed by a learner. The description of these
) processes satisfigbe ISO/IEC 33004requiremert for
3.3.1Rating method Process Reference Mode€3004 and is provided in

The approach to process attribute rating shall Table 2.

satisfy the following conditions: .
Table2: Learning Process Reference Model

a) Each process attribute for each process within
the scope of the assessment shall be . —
characterized for eacprocess instance, based LEAR.1. Knowledge Retrieve Ability Development
on validated data. Purpose Outcomes
b) Process attnbute. characterization for all To acquire 1) Leamer is able taentify and
assessed process instances shall be aggregate jability to recognize knowledge items.
to provide a process attribute achievement | ocognize and | 2) Learner is able to reproduce and
rating. reproduce perform a procedure.
c) The assessor may choose to apply expert |target
judgement to summarize the rat without knowledge
employl_ng a formal mathematlcal approach, LEAR.2. Knowledge Synthesis Ability Development
alternatively an aggregation method may be
used. Purpose Outcomes
To develop 1) Learner is able to recognize essenti
3.4Learning Process consciousness level model ability to and nonressential features of a
. . abstract and knowledge item.
The learning process consciousness level shall be|aggregate 2) Learner is able to generalize a set g
derived from the process attribute ratings for that |knowledge knowledge items with identic
process accordingly to the process consciousness leve essential features by a single abstra
model defined in Table 1. notion.
3) Learner is able to represent, recogn
and operate with abstract notions.
4) Learner is able to aggregate




|  knowledge items and structures.

LEAR.3. Knowledge Analysis Ability Development

Purpose

Outcomes

To develop
ability to verify
consistency of

1) Learner is able to identifgimilarities
anddifferencesof knowledge items.
2) Learner is able to identify knowledg

aggregated items subsets and supersets.

knowledge and 3) Learner is able to identify mistakes

matching of knowledge presentation.

new 4) Learner is able to identify special

knowledge cases anderive related conclusions

item to 5) Learner is able to foseepossible

aggregate circumstances.

created.

LEAR.4. Knowledge Application Ability
Development

Purpose Outcomes

To develop 1) Learner is able to derive task solutig

ability to apply based ompossesselnowledge

aggregated aggregate.

knowledgein | 2) Learner is able to identify and asse

solvingnew solutionOs alternatives.

tasks. 3) Learner is able to use knowledge ar
skills acquired as a tool for hypothe
investigation.

4) The aility to verify the
trustworthnessof external
information is acquired.

LEAR.5. Motivation Assessment
Purpose Outcomes
To assess 1) The importancéor learnerof
motivation to knowledge to be acquired is asses
learn and by learner.
identify 2) LearnerOs opinion about his own
reasons for ability to acquire identified
motivation knowledge and skills is self

evaluated.

3) Emotions related to knowledge and
skills to be acquired and to their
acquisition are identified.

4) Thedrivesthat condition learnerOs
motivation to learn i@ identified

LEAR.6. Learning Goals Definition
Purpose Outcomes
To ddine 1) Based on motivation targtte

learning goals,
level of
knowledge

knowledgelevel to be achieved
(knowledge retrieve, synthesis,
analysis or application ability) is

acquisition and

identified by learner.

6C

to select
suitable
strategy to
reach learning
goals, and to

2) Learning goals are defined.

3) Strategy to achieve learning goals i
selected.

4) Learning plan is developed.

5) Learning sources are selected.

develop
learning plan

LEAR.7. Learning Results Tracking
Purpose Outcomes
To assess 1) Learner is able to tradkeacquisition
acquired efficiency (to assess learning action
knowledge ang for learning goals achievemert
skills, and to knowledge and skills being learned,
compare 2) Learner is able to tradke
learning consistency and precision of

achievements
with learning
goals.

knowledge and skills being learned,

3) Learner is able to tracke
trustworthiness of knowledge and
skills being learned.

Learning process model is defined RRM and
PAM levels.

4 Model Validation

Partial validation of the model created was done for
Learning process performance at the Level herg

were selected students for learning process assessment
belonging to wo differentgroups ten students in each
group, according to exams resulfShe average of
students learning process performance assessment
results was calculated per process for each groog. T
comparison of learning process profilesmposed for

two groups is provided in Fig.2.

As it is shown inFig.2 the classification of the
groups according to exam grades was repeated for all
processes of Learning process model according to
model based learning assessment results.

Learning process profiles: Level 1
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Figure2: Comparison of Learning process profiles Improvement. Technical Reportssue 1. The

of two students groups Enterprise SPICE Project Team, September
2010, 184 p.,
5 Conclusions and Future Work http://www.enterprisespice.com/page/publicati
onl
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Teaching Process Improvement by establishing Procebfodeling
Profile to drive Process Improvement® The PRO2PFWORKA4E
Method

Clenio F. Salviano
Centro de Tecnologia da Informas<o Renato Archer
Rodovia D. Pedro I, km 143.6, CEP 136331
Campinas, SHBrazil
clenio.salviano@cti.gov.br

Abstract lecture at UFLA Campus ithe city of Lavrasoncea
year The specialization course was completed &ith
A method has been defined and usedo monograph.
guide teaching and learningn Software For this specializationcourse, | was responsible
Process Improvement (SPHourses This for the specific course of Software Process
method is a customization for education of a Assessment and Improvement with ISO/IE&5045
method forinitiating a process improvement model. The actual objective of this specific course
cyclein an organization This method had was to introduce SPI. thought overSPI, teaching
been used in twentthree SPI courses and learning processes and how the teach SPI.
During theclasses, each student learns basic Teaching SPIlis a challenmg effort. When we
concepts of Software Process Improvement extend SPI from software relategrocesses to
andselected reference modetsjated these knowledge working related proceswe understand
concepts and models withis or heractual that teaching SPlcan be considered aSPI.
work environment and work processes, and Knowledge worker, as defined first by Drucker, is a
constructs a proposal for a process worker that thinks for a livingDru59]. Software
improvement related worker is a knowledge workdreaching is a
knowledge worker activityTherefore teaching SH$
1. Introduction a process thatusing the concept of process

capability, should be performed, managed
Around 2003, a group of Software Process established predicabé and improved Hence, a

Improvement  (SPI)  specialists  created  a teacherteaching SPI shouldollow a method for
specialization postgraduate coursk@so sensuon teachimy process.
SPI. The ObjeCtive was to disseminate its concepts, Converse|y, during a course, the students are in a
techniques, methods and reference models tOlearning processin order to guide the learning
professionals all over Brazil. Thigpe of course has  process, a constructiviased process can ne used.
minimum load 360 hours and only allow the cConstructivism is a psychological theory of
admission of graduates of higher education. It is an knowledge (epistemology) that argues that humans

alternative to a master degree. Thpecialization  construct knowledge and meaning from their
course was offered as distancéearning from the  experiences. Paulo Freire, a Brazilian educator,

Federal University of LavradJpiversicade Federal declared in his Pedagogy of Freedom that
de Lavrasb UFLA) with eightspecific coursesFor  Oknowledge cannot be transferred, knowledge must
each specific course support materials were pe constructedO and therefore Oto teach is not to
produced, including a reference book and exercises.iransfer knowledge bub create the possibilities for
Eachspecific courséasted one montheach specific the production or construction of knowledgeO

course was completed withfaur hous clasroom  [Fre98]. Therefore to teach SPI we need to create the

Copyright © by the paperOs authors. possibilities for the production or construction of SPI
Proceedings of thelnternational Workshop on Software Procesknowledge.

Education, Training and Professionalism, Gothenburg, Sweden Therefore, | decided to create this possibility by
2001506-15 published at http://cetws.org relating the teaching process with my experience in
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helping  organizations to  perform  process
improvement cycles and the learning process with
the students’ actual experiences in their work
processes.

The students in SPI courses are Information
Technology professionals. They should learn SPI by
a combination of studying and doing SPI. Hence, to
teach SPI we customized a SPI Method in order to
improve both teaching and learning. The method
guides the students in a SPI experience related with
starting a SPI cycle in their actual work.

From the experiences of the process used in this
specific course, a method was consolidated to guide
new editions of this specific course. The objective of
this article is to share the experiences on using this
method.

The customized method is named as PRO2PI-
WORKA4E. It is part of an innovative process
improvement methodology: PRO2PI  (Process
Modeling Profile to drive Process Improvement)
[Sal04] [Sal09a]. A methodological element of
PRO2PI is a PRO2PI-WORK method. This method
guides a workshop to establish a Process Modeling
Profile in order to start a process improvement cycle.
PRO2PI-WORKA4E (“for education”) is a customized
version of this method to be used to teach process
improvement.

This article is organized in six sections. This
Section 1 is an introduction and a contextualization
of the article. Section 2 provides a brief overview of
PRO2PI Methodology. Section 3 introduces the
PRO2PI-WORK4E method. Section 4 presents
information about applications of this method in SPI
courses. Section 5 presents further work. Finally
Section 6 presents conclusions.

2. PRO2PI Methodology

PRO2PI (Process Modeling Profile to drive Process
Improvement) is a methodology for software and
other knowledge worker process improvement driven
by Process Modeling Profile with elements from
multiple reference models.

A Process Modeling Profile is a set of
specification and descriptive models of knowledge
worker processes. Each model is from one of three
types of models: Process Capability Profile, Process
Enactment Description and Process Performance
Indicator. As the inclusion of Process Enactment
Description and Process Performance Indicator are
research proposals, for teaching purpose, only
Process Capability Profile is used. Therefore, from
now on, Process Capability Profile is used instead of
Process Modeling Profile.

There are two types or representations of
reference models for SPI: staged and continuous.
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Staged reference models define maturity levels.
Continuous defines processes or process areas and
capability levels. A Process Capability Profile is a set
of processes or process areas in capability levels. A
maturity level is an example of a Process Capability
Profile.

PRO2PI is defined as a methodology following
the meaning of the term methodology used by
Schreiber et al [Sch00] in Knowledge Engineering.
Schreiber et al presents the elements and their
relationships of a methodology as a pyramid with
feedbacks cycles. A methodology is a sequence of
feedbacks cycles with a worldview based on a set of
principles that form the baseline of a methodology.
This worldview is grounded in theories that provide
the essential concepts for establishing the
methodology. The methods (and models, meta-
models and other methodological components) and
tools provide the key to enable the practical
application of the methodology. The use of this
methodology (the experiences) produces feedback
that feeds the other "layers" of the methodology and
enables the evolution of the methodology.

As a multi-model methodology, PRO2PI supports
process improvement using elements from multiples
process capability models and other sources. These
elements are selected or defined and are integrated as
a Process Capability Profile. A Process Capability
Profile that drives a process improvement under
PRO2PI methodology is also named as a PRO2PI.

The current version of PRO2PI methodology has
four groups of methodological elements:

*  Process Modeling Profile Metamodels,

¢ PRO2PI Quality Models,

*  Process Improvement Methods, and

*  Method Framework for Process Models.

Process Improvement Methods is centered in
PRO2PI-CYCLE. PRO2PI-CYCLE is a method to
guide a process for process improvement cycles
including a function to define and use a PRO2PI.
PRO2PI-WORK defines six phases. The first phase
is Prepare for improvement cycle. It starts after a
decision and commitment for improvement. The
second phase is Establish improvement references.
The third phase is Prepare for improvement actions.
The fourth phase is Implement improvement actions.
The fifth phase is Prepare improvements
institutionalization. The sixth phase Institutionalize
improvements produces an Improved organization.
In the first phase, a first version of a PRO2PI is
defined. Then, in each one of the following phases,
the PRO2PI can be revised and updated and its
current version is always used to drive the actions.
An article presents detailed information and
examples about this cycle as a modeling view of SPI
driven by a PRO2PI [Salll].



For small organizations,| realized that the
improvements actions should starts as soon 3
possible and should produce visible results soon. |
order to start improvements action (the fifth phase)
defined a specific method (PRO2®RIORK) to
implement the first four phases as arlsshop. This
workshop lasts two or three days.

Therefore PRO2P{WORK is a method for
workshop to establish RRO2PI This method has
been developed to be used in traditional proces
improvement cyclenethod, as, for example, IDEAL
and ISO/IEC 15504&ycle, or in a PRO2PICYCLE
process improvement cyclPRO2P{WORK mehod
is composed of four phases: Preparation, Analysig
Consolidation and Conclusion.

There are two customized variations of PRQ2PI
WORK method. One of them is PRO2RIORK4A
(PRO2PIWORK for Assessment) for a workshop
with emphasis in the assessment of current practice
The other one is PRO2RVORK4E (PRO2RI
WORK for Education) for a workshop with emphasis
in education on process improvement.

N

5

5

sPhase 2: Analysis

A.1.3 Select and customize teachingtarials

A.2.1Introduce thespecific course
A.2.2 Present amtroductionto SPI
A.2.31dentify an Organizational Un{{OU) <W>
A.2.4Describe aurrentmacroOU processW>
A.2.51dentify businessdctorsand goals <W>
A.2.6 Presenselectal process i@as
A.2.7 ldentify processareasrelevance  <W>
A.2.8 Reviewwork and propos®RO2PI <W>
Phase 3: Consolidation
A.3.1 Presenprocess apability andassessment
A.3.2 Present examples of capabiliéywéls
A.3.3 Estimate processapability
A.3.4 Present improvement cyclesthods
A.3.5Proposémprovemengoalséctions <W>
A.3.6 Review work and PRO2PI <W>
A.3.7 Present researclirdctions on SPI
. A.3.8 Each wdent pesens proposed PRO2PI<W
Phase 4: Conclusion
A4.1 Conclude PRO2PI anatticle
A4.2 Concludespecific course

<W>

<W>

3. PRO2PIWORK for Education

PRO2P{WORKA4E ismethod to guide SPI teaching
and learning processes during @assroom or
distancelearningcourse

During the classes, eac$tudent learned basic
concepts of Software Process Improvemeant
general, including its history, objectives and

In the activities identified with <W the emphases
is in the practical work by the students with
presentation with concepts, examples and orientation
for the practical work.

For each activity, there arartifact templates and
examples One of them is @&emplate and guidelines
for the articlewith a correspondence between each
section and each practical work restlhe article is

definition, praess assessment, process enactmentfrom 6 to 12 pages londn addition to itle, authors

description and reference radels for SPI, as, for
example, CMMIDEV [Cmm10] and ISO/IEC
155045 [Iso06] Each student alseelated these
topics with the work environment and work
processes, and construct a proposal fopracess
improvement of his/her work processes. This
proposal is documented as an article.

As a customization of PRO2RVORK Method,
PRO2P{WORKAE is composed of fouhpses:

¥ Preparation

¥ Analysis (in this case by teaching SPI and
Models with an analysief an Organizational
Unit to prepare for improvement),

¥ Consolidation (in this case by teaching
Process Assessment and Improvement with a
consolidation of a PRO2PI) and

¥ Conclusion

PRO2P{WORKAE is defined wh four phases
and twentyoneactivities:

Phasel: Preparation
A.1.1 Analyze information about ttspecific course
A.1.2 Select ppcessareas from reference models
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names,authorsaffiliation, abstractand introduction,
in the beginning and the references in the end, the
article shouldcontains the following sections:

Section 1.  Introduction to the article
Section 2.  Context, with a description abo
the organizational unit;

ut

Section 3.  Conceptual references, with |a
introductory view on software process
improvement, the selected model and the

method used;

Section 4.  Related work with identification
and comments on related work to this work

Section 5.  Process usedvith a description of
how the work was developed,;

Section 6.  Business factors and business
goalsof the organizational unit

Section 7.  Description of the macro proces
of the organizational unit

Section 8.  Statement about the relevance &
risk for selected process areas for
organizational unijt

nd
he




Section 9.  Process @pability Profile for three by three bidimensional matrix with relative
process improvement importance and relative risk.

Section 10. Improvement goals and In Activity A.2.9 - Review work and propose
improvement actiondor the organizabnal PROZ2PI, eaclstudentfirst identifies inthe result of
unit; previous activity, the process areas that are in higher

Section 11. Conclusions importance and higher risk for the OU, analyze the

business dctors andgoals, and then select two or
This article is constructed during the classes, using three process areas that could guides an improvement

specific techniques andemplates for eacpractical ~ cycle in this OU.These proces areas are the first
work activity. version of the proposed PRO2PIThe instructor
In Activity A.2.2 - Present annitroduction to SPI, ~ Provides further orientations and examples for this
the SPI manifesto is used to communicate the values@Ctivity. _ 3
and principles of SPI [Pri10]In Activity A.2.4 - In Activity A.3.3 - Estimate process capability,

Describe a current macro OU process, the instructor €ach student first estimate the current process
presents objectives, concepts, notations and example§apability level of each pcess area in the proposed
of process enactment descriptions. Then each studenP’RO2PI ad then propose a level to be achieved after
identifies and describes a macro psxeto be the improvement cycle. The prpposed levels became
improved. In Activity A.2.5 - Identify business Part of the PROZPI. In ActivityA.3.5 - Propose
factors and goals, instructor presents objectives, Mprovement goals/actionseach student proposes
concepts, the SWOT (Strengths, Weaknesses, |mprc_)vemengoals andactlonstc_) achl_eve theegoals
Opportunities, Threats)technique [Humo04] for and include thesgoals andactions in th_e PROZPI_.
business factorsand the approach byPotter and The app_roac_h by Potter and Sakry [Ne|_02] for define
Sakry [Nei02] for busness goals definition. Then ~compelling improvement goals and improvement
each student identifies business factors and describegcCtions is used. _
business goals. In Activity A.3._6 - Rewgw work z_an_d PRO2PI,

In Activity A.2.6 - Present selected process areas, each s_tudent revises again the activity results and
the instructor presents each selected process areg&onsolidates a version of the PRO2PI.
with: the concept behind it; its definition from its
model; general comments about it; symptoms that are4. Using PRO2PIWORKA4E

often seen when its practices are missing; and
reasons why it may be important. The idea and N the lasttwelve years, | used PROIPORKAE
ethod to guide twenithree SPI teaching

examples of presenting symptoms and reasons ardN€tho
from a presentation by Garcia et al [Gar08]. experienes. Table 1 presents datin thesetwenty-

In order to guidethe understanding of each threeapplications oPROZ2PIWORKAE Method.
presented process area, each student relates it tq InhTab_Ie 1 each application of PRO2RIORKAE
his/her work environment and defines their relevance Method is characterized by an identification, from
for process improvementience, in Activity A.2.7- CO01 to CO7, of the course in whlch_a specific course
Identify process areas relevancer gachpresented ~ Was téach, the montind year when it was teach, the
process area, eachugent defines: number of students and the number of articles

a) How it is performed in the OU, including an produced. Usually the number of articles is smaller

identification of the actual procéss or group of than the number of students because some articles

processes that correspond to the process aredVere produced by groups of students.

presented, and information about how it is CO1 IS the specific course Olntrodantito SPI

Derormed. using ISO/IEC 15506 (SPICE)O of OSoftware
b) What is the relative importance of this Process ImprovementO Specialization-grasluate

rocessareafor the business goals, expressed €0Urse at Federal University of Laverersidadg
Fn a threevalue scale: low mgdium ang high: Federal de Lavra® UFLA). The specific course is

and 36 hours of distance -learning with material,

c) What is the relative risk for the organization orientations, exercises and chats using the Moodle
if it continues to perform thiprocess areas ~ Software system during one month. The specific
it is now, expressed in a threalue scale: course is completed with 4 hours of a classroom
low. medium and high. lecture at UFLA Campus in the city of Lavras.

After the identification of relevance of all C02 is the specific course OStandards for Software

presented process areas, each student constructs grocess— ISO/IEC 155045 (SPICE)O of OQuality
oftware DevelopmentO Specialization-posduate

course at SENAC School of Exact Sciences and
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Technology Faculdade SENAC de Ciencias Exatas CO04 is the specific courseOlntroduction to SPI
e Tecnologipa The specific course is total of 40 with CMMIO of OCapability Maturity Med
hours with 10 classroom lecturas SENAC Campus  IntegrationO Specialization pgeaduate course at

in the city of S<o Paulo. Federal University of LavradJpiversidade Federal
de Lavrasb UFLA). Thespecific coursas 36 hours
Table 1D Twenty-threeapplications of distance dearning with material, orientations,
exercises and chats using the Moodle software
ID | Course| Year/month | #students| #articles system during one month. Thepecific courseis
completed with 4 hours of a classroom lecture at
01| co1 2004/05 18 18 UFLA Campus in the city of Lavras.

CO05 is the specific course OSoftware Process
02| ca 2004/09 22 10 QualityO of OSoftware Engineeringd Specialization
03| coi 2004/11 37 31 posgraduate course at Piracicaba Methodist

University Universidade Metodista de Piracicalix
04 | Co02 2005/02 11 4 UNIMEP). The specific coursds total of 24 hours
with 4 classroom lectures BINIMEP Campus in the
05 co1 2005/05 27 20 city of Piracicaba.
06| co3 2005/06 31 13 CO06 is the specific courseOSoftware Process
Improvemen® of OSoftwar@uality Manageme
07 | CO03 2005/06 24 9 Specialization pograduate course atPaulista
Informatics and Management Schdblaculdade de
0| co 2005/10 42 32 Informttica e Administrae<o Rulista - FIAP). The
09| co 200511 22 17 specific courses total of24 hours with &lassroom
lectures atAclimas<o Campus in the city of S<o
10 C05 2006/11 27 10 Paulo.

CO07 is the specific courseOSoftware Process
1) co 200603 30 1 ModelsO of Olnformation Technology GovernanceO
12| co1 2007/05 32 20 Specialization pograduate courseat Unicamp

Technological School (FT Unicamp). Thepecific
13| co1 2007/10 36 20 courseis total of 24 hours with 4 classroom lectures
at FT Unicamp Campus in the city of Limeira.
4] cot 2008/05 32 19 CO08 is the specific courseOSoftware Process
15 | co1 2008/11 25 18 Models and AssessmentO of OSoftware Process
ImprovementO Specialization pgraduate course at
16 | €06 200806 28 8 Vale dos Sinos Universitypiversidade do Vale dos
17 | co6 200906 20 10 Sinosb Unisinog. Thespecific coursés 24 hours of
distance dearning with material, mentations,
18 | CO05 201011 24 12 exercises and chats using the Moodle software
system during one month. Thepecific courseis
19| CO05 201911 22 4 completed with 4 hours of a classroom lecture at
20| cos 201211 14 4 Unisinos Campus in the city of S<oelopoldo.

In spite of the different names of eashecific
21| co7 2013/09 46 17 course all of them are about an Introduction to

Software Process Improvement. In each of them, a
22| co8 2014/09 22 17 specific Reference Model is presented and other
23| co7 2015/04 36 10 models are also commentésiven the dissemination

in Brazil, four reference models areised: the

TOTAL 628 334 ISO/IEC 155045 Exemplar Process Assessment

Model (ISO/IEC 15504) [Iso06], Capability

CO03 is the specific course OSoftware ProcessMaturity Model Integration for Development
Quality® of OSoftware Engineeringd Specialization(CMMI-DEV) [Cmm10a]and for Services (CMMI
posgraduate course at Sdudas Tadeu University SRV) [Cmm10b] Brazilian Software Process
(Universidade S<«o Judas Tadew USJT). The Improvement  Reference Model M¢delo de
specific course is total of 12 hours with 4 classroom Referencia da Meloria de Processo do Software

lectures at USJT Campus in the city of S<o Paulo. ~ BrasileiroDMR-MPS.BR [Mon09]. In amore recent
application atVale dos SinogJniversity, CERTICS
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Reference Model for AssessmenMddelo de it deserves to be disseminat&iieto limitations, the

Referencia para Avaliae<o da CERTIQS[Sal14] experiences were more in identify and planning

wasalso used as reference. process improvement actions then actually
implement them. Some students contiohutnese

5. Further Work experiences after the classes, completing the process

improvement cycle.

For each application, | get feedback from the
students and analyses the results. Minor adeStmentSACknOW|edgmentS
have been made for each application to implement
minor improvements. Although there are 23 The author wuld like to thank all students in the
applications in 12 years with participation of 628 various specific course where PRO2PWORKA4E
studerts and production of 334 articles, PRO2PI was used and the anonymous reviewarsSPETP
WORKAE is a work in progress because | neither 2015 Workshogor their comments and suggestions
analyze these data in a systematized fashion norfor this article.
transfer this method to another instruct&ides,
templates and results, including articlesfrom Referenes
students for eachspecific courseare registered. A

further work is to analyze thesesults [Cmm10a] CMMI Product Team, CMMI" for

Anotherfurther workis to identify an appropriate Developmat, Version 1.3, Improving
peda@gical reference and to analyamd improve processes for developing better products and
PRO2P{WORKA4E from this referencéd candidate services, Technical Report, CMU/SED10
reference is andragogyAccording to the article TR-033, ESCTR-2010033, Software
Malcolm Knowles an American practitiqner and Engineering Process Management Program,
theorist of adult education, andragogy as Othe art and November 2010.

science of helping adults learnO. Knowles identified
the six principles of adult learning &) Adults are
internally motivated and setfirected (b) Adults

[Cmm10b] CMMI Product Team, CMMI" for
Services, Versio 1.3, Improving processes

bring life experiences and knowledge to learning for providing better services, Technical
experiences(c) Adults are goal oriente¢d) Adults Report, CMU/SE2010TR-034, ESCTR-
are relevancy orientede) Adults are practicaland 2010034, Software Engineering Process
(f) Adult learners like to be respecte preliminary Management Program, November 2010.
analysis of these prindgs indicated that they are [prys59] P. Drucker, Landmarks of TomorrowA
relevant for PRO2PWORKAE. Report on the New 'Pesfodern’ World,
PRO2P{WORKA4E is described in Portuguese Harper & Row, New York, 1959.

language as all slides and other support materials ] )
because all applications are in Brazil. There is an [Fre98] P. Freire, Pedagogy Of Freedom: Ethics,

English version of slides for a tutorial on PRO2PI Democracy, And Civic Courage. Lanham :
WORK (and PRO2RWORKA4E) that has been Rowman & Littlefield Publishers, 1998.
presented in international conferences, as, for Print.

example,Euromicro SEAA 2012, SPICE 2008 and [Gar08] S. Garcia, S. Cepeda, G. Miluk, M. J. Staley,
EuroSPI12009 [Salb@]. These tutorials and now this Adopting CMMI for Small Organizions,
article increase the dissemination of PRO2PI

slides presented at Fourth Annual CMMI

WORK4E. Technology Conference and Users Group,
. Denver, USA, November 2004 (available at

6. Conclusions http://www.dtic.mil/ndia/2004/CMMIT2Mo
This aricle presented a method and a balance n/110504Cepeda.pdf, last accessed in

about experiences  with  constructivissed 17/02/2009)

education on Software Process Improvement. The [Hum04] A. S. Humphrey, The origins of tlVOT

education experiences were iged by PRO2P4 analysis model, in SWOT Analysis, by Alan

WORKA4E method. Thewenty-three post graduate Chapman, www.bussinessballs.com, 2004.

courses, the participation @28 students in those

courses, the production 884 articleswith proposals ~ [1S006] The  International  Organization  for

for process improvemest for the actual work Standardization and the International
processesand the positive feedbacks from them, Electrotechnical ~ Commission, ISO/IEC
gives us confidence that this is a valid experience and 155045 - Information technology N
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Abstract Processtopics after undergraduate study because the
_ _ _ necessary skills are not adequately addressed in
Typically, software professionals are trained graduate[Wan09] The Brazilian software industry
inundergraduate courses as a way of presents a shortage of suitably qualified professionals
preparing to the industry. However, there is a to work in professions that involve stages of the
shortage of qualified professionafs relation software development process, encompassed by SE
to Software Processfield in the Brazilian [Abe14]
industry. Thus, software companies have to The root of the problem may be in the miag of
provide skills related to th&oftware Process these professionals, i.e., the approach adopted for the
areas through training To address this teaching of Sftware Processduring undergraduate
problem, this PhD research aims to analyze education. Several authors have reported difficulties
the recommendations for tlsoftware Proess found in the teaching of SE, as Soai@sa04] Castro,

education in curriculum guidelines of
computer courses in Braziln addition, we

will examine which of these recommendations
are relevant to software professionals.
Furthermore, we propose a teaching approach
that aims to meet the goalsthese curriculum
guidelines through models and quality
standards for the process and software product

Gimenes, and MaldonadpCas00] and Hazzan and
Dubinsky[Haz03} (i) too much content being given in
a short time; (ii) low motivation that the students have
to study the theoretical concepts of SE; (iii) difficulties
in preparing students for professional practice within
academic envinoments.

widely adopted in the Brazilian software 1.2 Research Scope
industry. According to the ACM/EEE[Acm13], SE is a
o discipline concerned with the application of theory,
1. Motivation knowledge and practice for the effective and efficient

The Software Engineering (SE) teaching is one of the deve_lopment of softvv_are systems J,[hat meet @ser
topics of greatest importance in courses in the field of 'equirements. To fulfill the users' needs, SE
computing[lee14. This arise from both the relevance ~Professionals must to ensure deadlines, costs, and
of the software itself, which has a strategic role in duality of the product developetiowever, defining a
modern society, and the challenges related to thesoftware process is not a trivial activity, especially
complete formation of a professional who will work in when the objective is to ensure high quality products
companies that consume or produce information and a compeiite level d productivity [Mac05]
technology resources. Theesult is an increase in In order to meet customer requirements, with
demand welqualified SE professionals in the software respect to the product generated, the industry has
industry [Dul03]. It believed that, in the future, all adopted the ISO/IEC 25000 standdtgol4] which
generalpurpose software will constructed by a specifies quality attributes that monitor throughout the
software engineefNunl10], becauseis a matter of software development proceddac05]. Regarding the
obtainquality and reliaility of the developed software  quality of the development process, the Brazilian

product. software industry has followed several reference
models, such as CMMDEV [Cmm10]and MRMPS
1.1 Gap Area SW [Sof12], which define processes areas that
Bachelors of computer courses working as software COMPrise maturity and capacity profiles. _
professionals in Brazil learn more aboSbftware Thus, this PhD research will examine the
recommendations for the teachingSdftware Process
Copyright© by the paperOs authors. available in the curriculum guidelines of computer
Proceedings of thelnternational Workshop on Software Proces courses in Brazil, more specifically with regard to the
Education, Training and Professionalism, Gothenburg, Sweden software processarea. This analysis aims to obtain
2001506-15 published at http://ceuws.org qualitative data about: (i) teaching and learning of
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softwareprocessfrom teaching approaches applied in
undergraduate computer courses; and (i) the
knowledge about software process considered

in this country should not be different, given the
scenario observed by the authors of this paper on
numerous consulting assignments involving the

necessary, for professionals in this area. The results ofimplementation of 8ftwareProcesd mprovement

this andysis will used to define a new teaching

approach that aims to meet the goals of these2.2Limitati ons of Related Work

curriculum guidelines through quality models and
standards widely adopted in the software industry
define and improve software process

2 Problem Statement and Relatd Work

We can classify the problems of this PhD research
(Research ProblemsRP) inthreegroups. (RF) First,
there is a need to analyze in detail the curriculum
guidelines of undergraduate computer courses in
Brazil, in order to identify which theoftware process

activities are contemplated. After that, there is the need
to analyze how these curricular recommendations are

being implemented in Brazilian computer courses to
identify the teaching approaches ptid by teachers of
SE. (RRIl) Subsequentiythere is a need to investigate
what activities are actually relevant to SE professionals
to define your software proceg®P-1ll) Furthermore,

we will investigate the correlation between activities of
process and quality characteristics of software prbdu
The aim is to analyze what activities affect certain
chaacteristics of product quality.

2.1 Problems Area

SE professionals working in the industry have

There are several works dewi with teaching SE
approaches [NunlQ] [Cas00] [Kit07] [Kit08].
However, these studies do not directly address. 5@

far, all identified studies that relate to RRend to
perform a restricted analysispcusing primarily on
proposing teaching approaches for a particular
institution without examining the main ciculum
guidelines of the area.

Unlike these works, this research will cover the
main curriculum guidelines of the computing area
[Acm13] [Sbc05] [Mec03. In addition, we will
conduct an empirical study about the teaching
approaches adopted by teachers in applying the
Software Process topiggoposed in these curriculum
guidelines.

Regarding the R, there are few studies that
investigate the relarce of processactivities to SE
professionals[Wan09] [Soa04] [Let07]. From these
studies results, it is not possible to state if the problem
is in the recommendations of curriculum guidelines, or
in the SE teaching approaches.

Differently from these wiks, besides consulting the
SE professionals' opinions about the relevant topics
software processthis PhD research will consider the
teaching approaches used by the teachers and their

dissatisfaction regarding the level of preparedness oféffectiveness by consulting the students of these

recently graduated students entering the jparket
[LetO7] [HilO7]. Software companies have to
complement the knowledge of recent graduates with
training and have to provide technical and -hon
technical skills related to theoftware development
procesgBes12]

According to Lethbridge, Diakerrera LeBlanc,
and ThompsoifLet07], this deficiency in the formation
of graduates in the SE area is the result of an
inadequate education. This finding may be reinforced
by the research done by Sargg®ar04] which reveals
that: (i) only 40% of IT professimls in the United
States have training in this area; (ii) 40% of those are

aware of the main fields of SE, such as requirements,

architecture, human factors,
management
Although we did not find statistical data in relation

to Brazil, it believe that the reality of SE professionals

testing, and project
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disciplines.

Findly, among the problems of RPI, we intend to
investigate the correlation betwe@mocessactivities
and quality characteristics of the software product.
Maciel [Mac05] does a mapping between tpeocess
activitiescontained in the ISO/IEC 12207 and 1862
15504 standards, and theoduct quality characteristics
from the ISO/IEC 9126. However, the ISO/IEC 9126
standard is outdated. This PhD research will consider
in its correlation analysis the product quality
characteristics from the predecessor of tB®/IEC
9126 standard, th&O/IEC 2500(1s014].

3 Questions and Hypotheses

Our main goal is to propose an approach based on
quality standards widely adopted in the software
industry in order to support the teaching and learning



of Software Processn conputer courses. In this
context, we define our research questions as follows.

RQ1. What are the SoftwarProcesstopics covered in the
curriculum guidelines of the computer courses?

RQ2. What are the Softward’rocesstopics covered in
computer courses cugula?

RQ3. What are the SoftwaréProcess topics effectively
learned by computer students?

RQ4. What are theSoftware Processkills required by the
software industry and which of them were acquired in the
computer courses?

We defined our research questidadry refuting the
following null hypothesis:

HO. The current approachet® teaching Sftware Process
meets the software indusimgeds

If the null hypothesis is refuted, we intend to test our
alternative hypothesis:

H1. The current approads to teaching Software Process
does not meet the software industneeds due to
misalignment between the curriculum of Software
Engineering discipline and the real industry needs.

efforts of the Brazilian software industry in obtaining
quality in software developmentor example, te
Brazilian MR-MPSSW model was officially
deploying 593 companies in Brazilln addtion, the

international CMMIDEV model was officially
implanted in 203 Brazilian companfes
4.1 Identifying Process Activities Included in

Computer Courses

To answer RQ1, we will conduct a literature review in
the curriculum guidelines from ACM/IEEEACmM13],
SBC [Sbc05] and MEC [Mec03] aiming to identify
which Software Process topicare contemplated in
these guidelines. The results of this review may support
(or refute)the hypothesis HO, giving us evidence that
the process activities suggested in the cioulum
guidelines meet (or not) the software industry
demands.

Then, in order to answer RQ2, a survey X @ill be
conducted with the teachers of undergraduate
ComputerSciencecourses. The goal of this survey is to
analyze which process activities idenified in the
literature review are included in the SE -curricula
disciplines. These resslt may validate the HO

The research methods used to answer the researchypothesis If this confirmed, the problem may be in

questions and to test HO and H1 witepented in the
next section.

4 Research Method and Progress

the curricula adopted in the SE disciplines.

Finally, answering RQ3, a survey -($ will be
conducted with students that concluded the Software
Engineering discipline. The aim of this survey is to
assess whether the students are learningptbeess

In order to answer our research questions, first we areactivities contemplated in SE disciplines. The results of
conducting some exploratory studies to understand theS-1I can validate HO too, giving us, eidence that the

curriculum guidelines proposed by ACMI/IEEE
[Acm13], the Brazilian Computer Society EE)
[Sbc05] and the Brazilian Ministry of Education
(MEC) [Mec03].

problem may be in the teaching approaches adopted in
the classrooms. We are currently working on this phase
of the research.

Both S| and Sl will be applied to undergraduate

Subsequently, we have to address the problems thatComputer Science courses from public and private

arise in applying these curriculum guithes in
undergraduate coursekhese approaches will analyzed
in order to identify strengths andeaknesses. This

universities inBrazil and will follow the guidelines of
Kitchenham and Pfleeg@it08].

analysis, as well as the surveys conducted Wwith 42 |dentifying ProcessActivities Relevant for the
teachers, students, and industry professionals, will beggftware Industry

inputs to the definition of an approach oriented to
product and process quality profiles. This profile
represents the set of charactids/process areas that
be refined and institutionalized in the organizational
environment. The process profile will based on the
CMMI-DEV [Cmm10] and MRMPSSW [Sof12]
quality models and the product profile will based on
ISO/IEC 25000[Iso14]. We chose hese models and

standards because of their wide acceptance in the
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To answer RQ4, our goal is, through a surveyll(iS

to consult industry professionals about which of their
skills to perform process activities were acquired
during undergraduate study. In this survey, the goal is

L http://www.softex.br/mpsbraccessed iMay 2015.
2 http://cmmiinstitute.com/accessed iMay 2015.



to find information on the relevance of the topics for the software industry; (i) improve the
covered in the SE disciplines according to the opinion understanding of curriculum guidelines of the SE
of professionals in this area. The resultsSafl can disciplines through the analysis of these curricula; (iii)
refute the HO, giving us evidence that tpeocess identify the potential problems in th&proaches to
activities suggested in curriculum guidelines dot meet teaching Software Procefisrough the analysis of the
the software industry demands reported by industry implementation of curriculum guidelines; and (iv)
professionals. In this way, we can work on validation furthermore,provide an educational approach to meet
of H1. the training demands of SE professionals during
Sl will applied in public and private software undergraduate study.
companies in Brazil and will follow the guidelines of The three surveys (& Sl and Slll) are being
Kitchenham and Pfleeg§Kit08]. applied in undergraduate computing of public and
private universities in Brazil. These surveyse
4.3 Defining an Approach to Teaching Software releagng in email list, SE groups on social networks
Process Orientedto Quality Standards and in loco on public and private universities. The
. ) ) surveys is available in http://goo.gl/ivn5jHS and the
After conducting expl(_)ratory studle_s for answering the suvey protocol is available irttp://goo.gl/ggzMrP
four research_ questions, we will ob_taln_: () the By the time, we have obtained 42 responses.
recommendations of curriculum guidelines; the "Finally, we intend to publish the results to stimulate
teaching approaches of SE teachers; and (ii) thergpjication of this type of research and hence solve the
considerations o_f stude_nts and_ industry _p_r(_)fessmnals.gaps of the teaching SE area. In this context, we
Thesg results will considered m_the definition of the emphasize that the proper SE education is important to
teachingapproach proposed by this research. . improve the current state of software development and
Additionally, we plan to conduct a systematic pe|p mitigate many of the traditional problems

mapping of the relationship between the SE practices associated with the software industry.
recommended by the CMMDEV [Cmm10]and MR

MPSSW [Sof12] models and the practices contained
in ISO/IEC 25000[Iso14] product quality standard.
This systematic mapping will follow the guidelines of |, Carlos Portelawould like to thank my suervisors
Kitchenham and ChartergKit07]. Based on the  Alexandre Vasconcelos and Sandro Oliveira for all the
understanding of this relationship, it will be possible to support in this PhD research. This research has
integrate the concepts of process maturity and financially supported by Improvement Coordination of

capability profiles, and pduct quality, which will be  postgraduate People (CAPES).
the basis of the methodology that will compose the

teaching approach proposed in this PhD research.
The teaching approach will adopt the Problem References

Based Learning educational method that uses problems[leeM IEEE Computer SociefGuide to the Softwar

to initiate, motivate, and fws the knowledge . . .
acquisition, and to encourage the development of skills Engineering Body of KnowledgeSWEBOK Version
3.0, Januarp014; www.swebok.org.

and attitudes in students that will be useful in a
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In summary, our PhD research is intended to: (i) [Wan®] C. Wangenheim, and D. Silva, What software
identify processactivities andanalyze their relevance engineering knowledge is important for the
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they need to properly educate the future software

engineering and software process professionals? By

having industry establis more partnerships with
Abstract universities, both informally and formally

So how can industry and academia work better
together to produce graduates who not only

understand the theory and practice of software
engineering and process improvement, but

understand the challenges, and have ideas for
solutions?  This paper will address these

issues and serve as a basis to generate
additional ideas.

Informal Alliance

Industry spends a great deal of money on training their
personnel, from sending employees to conferences and
to professional development seminars, to paying for a
formal college degree. Many of the seminars held to
train employees are held -@ite, in which case either
consultants are brought in to provide the training
classes or they are held by the companyOs own staff.
Very often, consultants charge on a-personbasis,

1. The Issues but they also may charge based on a range of people,

Al too often while speaking at conferences, we hear for example a fixed fee for between 20 and 25
people from industry saying that Othe students Comingattendees. It is this last case.that we would Ilke_ to
out of college these days do not have the skills we address here. Would you consider that the next time
need...0. While that often is true, we propose a partialyOU have an osite training class, youwvite your local
solution to this problem that is actually quite professor to attend at no charge? What better way to
straightforward.  Industry and academia need to help ensure that the college you recruit from teaches
establish longasting relationships, so academian  the material that you want your future employees to
educate the emerging workforce in what industry know? What would it cost you? Another set of
needs.  Industry needs college graduates whotraining materials and a lunchQr if they do charge by
understand what quality software means, and to notthe person, is it worth it to you to pay this incremental
only understand software processes, but how to oSt of educating a professor? Probably so.
improve them. )

One element that universities and businesse® in Formal Alliance . . .
common is budget constraints, especially in todayosEstabllshlng a more formal alliance is another option
economy. Just like many businesses have cut backhat may be even more worthwhile for everyone
drastically with discretionary spending, so have many involved. This type of an alliance can take numerous
universities, perhaps even more so. As we know, forms.  Would you consider funding a trip for a
professional conferences are very expensi are  Professor to a conference or for a course? Would you
specialized training courses in wieater your field of ~ Consider having your organizationsO personnel guest
expertise may be. Now, in computer science and otherlecture at the university? How about providing tours of
information technologyelated fields, the body of Your company to faculty and students, so they can
knowledge we need to know is extremely dynamic and Petter see what you do, and see the environment in
very quickly becomes outdated. Ttezhnology used ~ Which they might work? Have you consideredihg
now, both hardware and software, was not even the faculty work at your company for a period of time,
invented when many of us professors were in graduatePerhaps over the Summer break? _ _
school. So, much of what we teach in our current One of a faculty memberOs chz_allenges is developing
curricula is mostly selfaught. If we are lucky, we reaprrId examples anpl exercises that are both
have been able to attend a trainimgise on the topic ~ Meaningful and challenging to the students. Do you
we are teaching, but more likely, we had to learn it on think your organization could provide material and
our own. So how can dedicated faculty get the training examples that professors can use in their courses? That

would be extremely valuable, to allow professors to use
rich, meaningful material as example, assignments, and
case studies. You could remove anything comtfiicé,
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but provide information that we can incorporate into  As a result of the alliance, | was able to obtain the
our classes. training | needed to prepare to offer the new course. In
Some companies have formal programs that involve addition to the technical training | received, | obtained
professors, from establishing visiting positions ranging a better understanding of current business software
from a several month appointment to lasting several process improvement and software testing challenges.
years. One of the autteowas fortunate to be involved | offered the new class the following term, with the
in such an alliance several years ago, spending fiveclass comprised of students from both the information
weeks during the Summer as part of a major systems in the college of business and from computer
organizationOs faculty partnership program, working in science in the college of engineering. Theyked in
one of their major software testing labs. This teams and | made sure that two students were from
experience was invaluable information systems (business) and the other two
students were from computer science (engineering).
The students from both colleges had to work together
2 Benefits to the Faculty and to Industry as a team. This class proved to be inable to the
students, and to me. In addition to the technical and
At the time, one of the authors was considering business knowledge each student gained, the students
offering a new class for the university, a class related tolearned to gain a new understanding and appreciation
software testing and process improvement. As part of of each area (business and engineering), and learned to
the preparation for the class, a goal wake#on current communicate in ways theydinot do before.
practices and to become familiar with the processes The organization that provided the Ofaculty
and tools that were being used in industry. What was itinternshipO benefitted by strengthening their alliance
like being a fulltime software engineer in industrip with my university and increasing their recruiting
what challenges do they face, which tools are being success through better student awareness of not only
used, what is it like beg a project manager of how their company operates, but pess improvement
software engineering initiatives? =~ How did the and testingelated careers. Students then considered
organization integrate process improvement initiatives these areas as career choices, which they had not done
into their business processes? What were some of then the past. Potential hires became more suited to the
best practices to facilitate process improvements in organizationOs needs, with students obtaining offers for
organizations? What we some of the biggest summer internship and for fulitime positions upon
obstacles to impede change? And, what were theygraduation.
doing to overcome these challenges? An immediate benefit to the organization was that
A major goal was also to strengthen the relationship they now had potential employees already interested in
between my university and the organization. We could them, and had a good understanding of their processes
read the books, but wanted to know mdeejmprove and expectations of that company. Plus, if | wesiag
understanding and to bring this knowledge into the an example in class, why would | not use what |
classroom. N learned for that particular company? So, it turned out
As part of the companyOs faculty partnership to be a good advertising and recruiting extra for their
program, | was able to interview and observe the company.
software engineers in their daily work. | was also able
to discuss issues with softwapeoject managers. In  Related benefits.
addition to process improvement, | was interested in  During my stay in industry, one of the managers
software quality and software testing. One of the contacted thechief operating officer at one of the
highlights was that | spent several hours learning aboutleading providers of automated software testing tools,
usability testing from their usability specialist. An to ask them to donate software to my university. By
unexpected benefivas that he taped me in their doing so, everyone involved would benefit: the
usability lab performing a usability test on a web site, university would receive topf-the-line testing tools to
and | use the tape in my classes to illustrate the processisein my course, the organization would be able to
of a formal usability test. The company also paid for hire recruits that have experience with automated
me to attend several training classes to learn tdvuse  testing tools, and the provider of the automated testing
vendorsO software products. tools would be getting their software in the hands of
future software testing decision makers. Mehibsy

76



independently, the software company began to once employees are hired. Why not spend the money
establish a formal program with additional universities, up front, as an investment in both your organizationOs
using my work as a model. future and the future of the emerging college
After working with this organization for about a graduates? (Depending on your country, there may
year, they announced their new program, a programeven be tax advantages for donationsE)
designed to provide swiare and training materials to Another option is for industry to provide money for
assist academic institutions to develop their technical faculty positions. This would effectively pay a salary
curricula. My university was the first institution to (or salaries) for a year. But this type of situation is not
become part of the program and the first to receive permanent, so if you are trying to attract new faculty,
their donation. In my class, | used their web you may not be as successful as if you had permanent
applications tsting software, their web load testing funding. Having said that, some faculty likework in
software, and their product that manages requirementsyisiting positions for a year or two, perhaps taking
holds test plans, and tracks defects. Other companiedeave from their university. A permanent option is to
have donated software (and hardware) to my university establish an Endowed Chair position. This position
for us to use in our classes. The point is that manywould be funded by a company, and is one of the more
companies are kind enough to donate their products toexpensive options, but perhaps mauccessful. In
colleges and universities for classroom use, but maysuch a case, an organization would donate an enormous
not do so unless we ask. So, why donOt we ask? Wamount of money, and the interest on that amount

should. funds the position, on an annual basis.
If your university has a MasterOs Degree or Ph.D.
3 Challenges and Suggestions program, then graduate students might be ablgork

with the faculty members on projects. Not only would
It was an enormous task, and it was just me doing allsuch endeavors aid the success of the project, these
this. So, if software companies would like to donate projects could, in turn, become a masters or doctoral
software to a university, they must be prepared to thesis. It might even help to attract grants to your
provide extensive training and support. Otherwise, the program.
program will probably fail. In universities where there
are multiple faculty involved, it would improvéhe 4 It Is Not Just Industry That Needs to be
chances of success, but this will not always be possible. , .
It might also be attractive to have faculty from other Agile

disciplines, for example business information systems Agile development, process improvement, and testing
and computer science. i methodologies are practiced around the world in
To successfully build a course and incorporate the grganizations. But, it is not just industry that should be
softwareinto the curriculum, it takes a great deal of paying attentiond academia should be involved, as
time. At least in my case, | did this in addition to my g
normal teaching load. Needless to say, | was very busy. Al over tie world, universities and colleges have
So, what would also greatly help the probability of heen gradually rethinking how their organizations and
success, is for those organizations interested jnfrastructures can be more agile. The thought is that if
working with their local professors, to provide funding jnstitutions are more flexible, they will be better able to
to the university for release time. What this means, is sypport and promote entrepreneurial thinkiNg a
that if the professor is teaching two or three classes Pelongterm trend. At the University of Florida, the
term, funding could be provided to the university to |nnovation Academy acts as an incubator for students

pay the professorOs salany 6ne course, so that they g plan and develop products and businesses, and even
will be teaching one less course. What | need most, isgeek external funding.0 [NMC15]

time. At a number of universities, if the economy is in

a downturn, teaching loads (the number of courses agntrepreneurship

professor teaches per term) increase. So we may be additionally, an increasing trend in unigities is
teaching evemmore than usual, not less. Will this cost focysing on Entrepreneurship, providing Oincubators®
industry money? Absolutely. But, what is it worth t0 3nd Ohehouses®. These are areas where typically
you to be able to locate qualified college graduates?gy,dents involved in software engineering, can work
Think of all the money industry spends on training, (and sometimes live). They are not in a classroom, but
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are located buildings that aret g with significant translate into a financial commitment from all
technology resources, and advisors, to help them thinkinvolved. The ERP focus will allow students to truly
through their ideas for creating products, and bringing understand how processes work and interrelate. Only

them to market. then can they even think about improving them.

What a collaboration opportunity! Who could be
involved? There are so many possibilities: Leveraging academia for reviewing and enhancing

- college of enmeering: developing the software competency development

- college of business: marketing, accounting, The Quality Assurance and Testibgsiness unit of
finance, information systems a global Systems Integrator was being regularly

- industry: providing guidance, partnering, providing challenged by its clients to showcase productivity
funding. Then, maybe hiring them, or buying out their improvements by designing and deploying solution
productE accelerators, test harnesses and automation capabilities

aligned to the clientOs need andimnment.

While traditionally, the business unit was investing

5 Additional Initiatives and Ideas close to 5% of its revenues on the effort and

productivity improvements were being Oseen at placesO,
We now describe several additional examples of it was still grappling with finding a scientific way to
initiatives that the authors have been involved in, to establish a meta framework for cpatency
help generate further collaboration ideas. While some development, that not only brought to clients Ostate of
of these real examples focus more on software testingthe art® practices and tools, but also allowed the
than process improvement, the coreas are there, to  pusiness unit to have a standardized, consistent
generate thought to help academia and industry approach.

strengthen their ties, for the benefit of both. A distinguished retired Professor from one of AsiaOs
leading engineering schoolsaw engaged on a retainer
An ERP vendor provided their software, and a basis to study projects on the ground, map specific
major consulting firm hosted it, and provided competency needs that would create value for clients,
training materials for the college. and then engage with the business unitOs Project

The Chief Finapial Officer of a major multinational ~ Managers and the relevant clientOs OSingle Point of
computer technology corporation was speaking with Contact(s)O to establishore Obespoke® frameworks.
the Dean of the college, and asked how he could helpThrough a detailed process of shadowing, the Professor
the college. This company specializes in developing was able to quickly perform time and motion studies,
and marketing computer hardware systems andunderstand competency gaps resulting in delivery gaps
enterprise softwar products, particularly its own of services and eventually ways to address and fix
brands of database management systems. Currentlythem. In the lag run, this engagement not only
the faculty have been struggling with their individual enhanced the overall maturity of the business unit, but
classes, trying to develop an ERP system for their ownalso helped it realize its full potential of capabilities.
course. Some faculty developed their own version of
an ERP sgtem, with limited success. An Independent Testing Organization’s dilemma

The company provides technical training, but not about bringing a ‘Business Face’ to testing
business process training. So, they partnered with a Having clockedohenomenal growth, specializing in
major consulting firm to help the college, and the the banking and financial services testing services, the
consulting firm is not only hosting the site for the firm was challenged with finding a way to build more
college, but workingwith the college to provide OBusiness Leadership® amongst its testers. This was all
training materials for us to use in our classes. Over thethe more critical given that most key IT leadership
Summer, faculty from all disciplines of the college will roles (those who bought and consumed these services)
work together to establish a plan to have the key amongst its customers, namely banks and insurance
courses build on each other, not duplicate material, andcompanies, were held by people who have had a formal
expand and integrate the material for a progression of pusiness leadership role in the past.
courses throughout the college. This not only takes a What emerged was a focused MBA in Management
commitment from these two companies, but also of large QA organiziions, with specific emphasis on
commitment from the college. This does directly banks and financial institutions.
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Partnering with a leading business school, the
Program was designed to be an Qindustry firstQ. Half of
the graduates were employed by the independent
testing organization, while the othewere recruited by
the competition firms in the industry.

In the words of one of the key leaders, this was a
way of giving back to the industry. Also, doing so,
enabled the organization to position itself as a Otrue
Market leaderQ.

Joining hands with acadenia to get engineers to be
industry ready.

A global start up that focusses in bridging the
Knowing-Doing Gap amongst software testers, has
started exploring and extensively collaborating with
leading engineering and technical schools to ensure
that these @duates are industry ready. In the past,
once the people graduate, it would také 3nonths
before they could be considered productive. In this
Onew modelO, that duration is expected to be shortened
to 1 to 2 months. The collaboration includes design
and launch of a common Test Lab, where students get
assessed and get to work on real work like projects,
after the assessment. They are also expected to shortly
benefit from a curriculum that focusses on Quality
Assurance and Testing as a major discipliesgn at
the undergraduate level.

6. Conclusions

Clearly, both industry and academia can benefit by
working together more closely.

What better way is there to get to know the faculty
at your local colleges and universities? What better
way is there to forg alliances between industry and
academia? What better way is there to help ensure that
you can recruit students that will better meet your
needs? There are probably a lot of professors that
would like to work with you!
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Abstract
2. Background

Reasongrequently given for process improvement
failure include lack of raining, education,
awareness of the principles and value of process

Process improvement experts, consultants and
practitioners have accurfated enormous experience

improvement, or how to do it. Whereas there is a
growing body of knowledge regarding process

improvement, this information is scattered and

sometimes inconsistent.  This paper examines
issues, challenges and opportunities regarding
process improvement education and training and
recommends bringing together all stakeholders to
develop a coherent body of knowledge to serve as a
basis for process improvement education and

and practical knowledge of what needs to be done for
success in process improvement. See dpample
[Das13], [Ibr08], [ISO13B [Nial5] and [F110].

The IEEE Computer Society developed a Guide to
the Software Engineering Bgd of Knowledge
(SWEBOK) [IEE04] which includes one knowledge
area focusing on Software Engineering Process.

Most major process models and standards include a
process (or process area or clause or set of practices)
pertaining to process improvement bpess definition
| process assessment / continual improvement as a

Reasons frequently given for process improvement (Prief) part of the document.

failure indude lack of training, education, awareness of ~ There are curriculum guidelines for undergraduate
the principles and value of process improvement, or and graduate software engineering progra(asy.
how to do it. Whereas there is a growing body of [ACM14] and [Py$9]) which address the entire
knowledge regarding process improvement, this software engineering discipline and include some
information is scattered and sometimes inconsistent.information on processes, but do not focus specifically
This paper examines issues, challenges and on process improvement education.

opportunities  regarding  process  improvement
education and training and recommends bringing m
together all stakeholders to develop a coherent body of
knowledge to serve asfiast step, as dasis for process
improvement edcation and training.

It is hoped these thoughts can help us develop a
straegy in pursuit ofa common vision regarding
process educatip training and professionalism.

training

1. Introduction

The Software Engineering Institute embarked on a
ajor initiative to describe the subject matter of
process improvement.h& subject matter is intended
for use in academic, industrial and governmental
settings. See [Ibr95].

Professional organizations and professional certifiers
have process improvement knowledge and information
that they use in their certification progria. Some are
standards based (such as SPICE training and
certification) or best practice based (such as ITIL
training and certification) omodetbased (such as
CMMI training) or methodology based (such as Six
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In-house process improvement training and
education might typically include courses for
executives, practitioners and assessors, often grounded
in the domain and culture of the organizatiand
offered by irhouse staffSee e.g. [FAAOE].

A variety of mechanisms are in use for delivering
process improvement education and training: such as
on-line education and training from various universities
and colleges and institutes;-site trainirg; centralized
classes in various locales, Massive Open Online
Course (MOOC). These efforts are helping but we
stil have shortages of educated and trained
professionals. See [Den15].

Despite all hese activities there are difficulti¢isat
our cusomers have in sorting through the various

across the entprise? Is the organizational
culture ready? Do we have strategiinded
executives to lead and support the path to
improved performance?

Practitioners - to have appropriate skills and
competencies to help organizations. Will they
be equipped to use pregs improvement
standards and models and best practices? Will
they be able to tailor Pl information to the
business needs of their customers? Will they
foster implementation of basic principles?

4. The Current Environment

educational and training opportunities, and attending Below are some SWOT observations our current

classes.

And the vast process improvement knowledge we
have is scattered It needs to be consolidated
integratedand structured.

situation (Hopefully we can build further on such an
analysis at our Workshot help us develop a strategy
for moving forward).

A first step to neet this challenge is to bring all this 4-1 Strengths

wisdom into an internationally recognized process What are our strengths®g need to maintain, build on
improvement(PI) body of knowledge (BoK) that is and leverage these.)

endorsed and used for process improvement education,
training and certification. The BoK would articulate
what process improvement professiosahould know

and serve as a basis for skills development and
continual learning.The time is clearly ripe.

3. Challenges

Several things need to come about to be successful in
this effort, each with challenges.

¥ Standards- to be @veloped for content of
process improvement education and training.
But will BoK developers and owners of PI
knowledge recognize the value of
consolidation and integration and collaborate
on itsdevelopment? (Our customersyna
insist on this.)

¥ Usage- of the BoK Will educators and
trainers use the BoK? Will degrees and
certifications be based on the BoK?

¥ Organizations- to value process and support
process improvement training and education.
Are our leaders ready to drive improvement

81

¥ Extensive community ofgople working in

process improvement education and training
and professional certificatidDincluding
Universities, Colleges, Professional Societies,
Institutes

Courses offered using various delivery
mechanisms e.g. dine, instructofled, in
house, offsite, options for seltudy

Process improvement knowledge captured via
various initiatives

4.2 Weaknesses

What are our weaknessegWe need to remedy,
change, stop and overcome these.)

¥  Dwindling, sporadic interest in process

improvement in industry and govenent
Confusion in terminology regarding training
and certification offerings e.g. Business
Process Management (BPM), Quality
Training, BPI (I=Innovation or Improvement),
black belt, 6sigma, Lean &igma, ITIL,
Business Process Famgineering, TQM, etc.



Confusion regarding which process
improvement approach might help the most
e.g., Modelbased, SPICE, Sigigma, Lean,
IDEAL, black belt, Lean SkSigma, ITIL
Insufficient attention to process in university
courses to ground the fundamentals

Lack of standardiation regarding process
education and training contelsimilar

topics, overlap, inconsistency, various bodies

of knowledge

Customer confusion E do | want/need model

based training, SPICE, CMMI, Ssigma,
Lean, IDEAL, black belt, ITIL, E and who is
bestqualified to offer this training E

Is professional certification really needed or
important? To whom?

Stovepiped professional courses not
recognizing the needs to integrate PI
approaches, or the value obtained from
various approaches

Training and educ#tn too expensive, too
time-consuming

4.3 Opportunities
What are our opportunitieg®We need to prioritize,
capture, build on and optimize these.)

¥

Clarification and standardization of subject
matter, body of knowledge for process
improvement

Internationallyrecognized common content
and authorization for professional
certifications

Curriculum guidelines foprocess
improvementducation and training
Undergraduate capstone projects as well as
graduate projects in industry

Collection and publication of data on
availability and effectiveness of education,
training and professional programs
Reduce training costs, distance learning,
Massive Open Online Course (MOOC)
Work to ensure executives and decision
makers understand the value of process

82

improvemento addres dwindling interest in
process improvement

¥ Bridge the gap between education and training
¥  We need terovide education, training and
guidance to our customers based on the
accumulating codified wealth of process
knowledge and information available
4.4 Threats

What are our threats@Ve need to counter, minimize
or manage these.)

¥

Lack of buyin from customers regarding the
need for process improvement and hence
education and training

Lack of cooperation and btip from
education and training institutions to wor
together to improve the quality and available
of process improvement education and
training

Dwindling, sporadic interest in process
improvement in industry and government
Competing training organizations

5. Issues and Concerns
5.1 Issues

Through my experiensein process improvement,

find recurring issues such as:

¥

A certification may help a practitioner get a
job, but the employer may not bgerested in
using the skills acquired by the practitioner.
Do practitioners have the skills and
competencies theyeed? If they do, do they
have the chance to use them?

Are professional certifications providing

needed competencies, and offering recognized

subject matter? Are certifications sought just
to check the box, and donOt really address
customer needs?

The or@nization may not be ready or
interested in process improvement.

Our executives need to know process
improvement principles and concepts to lead
us effectively. There is a need to educate



executives and decision-makers on the value
of process improvement. How can we reach
leaders and influence them to effect process
improvement?

* Isit clear to the customer what education and
training will really help them in their process
improvement quests? What training should I
invest in? The market is too confusing.

*  Training is too expensive and too time
consuming.

* Do education and training endeavors address
essential process improvement concepts and
principles in the field?

What can we do to help our customers and
professionals rectify these situations?

5.2 Concems

There are also several concerns I have regarding our
efforts in process improvement education and training,
such as:

e Lack of integration: I worry that separate
process improvement approaches are taught
and followed diligently without realizing the
value of each and how they can and need to
work together for optimal customer benefit.
Practitioners need to recognize what is gained
from focusing on model-based best practices,!
what quality systems offer, what measurement
focused problem-solving techniques offer, and
how a recognition of all of these will help the
organization. How they interact. Black-belts
can find issues in a process but are not
inclined to improve the process using best
practices ... just find what’s broken in the
existing process, but the process itself may not
recognize or use the best practices available in
models and standards. Professional
certifications are typically stove-piped on a
particular method or model that may not reap
the true benefits of process improvement
when pursued in isolation.

e Standards: We don’t want to have the
model-wars that have gone on in the process
model endeavors. Will this happen in the
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process improvement education arena if we
decide to develop a standard body of
knowledge for PI? Will the stakeholders
collaborate?

* Organizations: Process improvement is not
yet fully ingrained in many organizational
cultures. We need to reach enterprise
executives, via education and training, so we
can help organizations improve their
performance via strong leadership and
strategic vision tied to process improvement.
Social and cultural changes are needed to
bring about the full benefits of process
improvement.

6. Body of KnowledgebPrevious Efforts

6.1 Software Engineering Body of Knowledge

The Guide to the Software Engineering Body of
Knowledge (SWEBOK) [IEE04] broadly addresses ten
knowledge areas (KA) describing the discipline of
software engineering. One of these KAs is called
Software Engineering Process, which includes some
topics relevant to our process improvement workshop.

This KA is structured into 4 topics: Process
Implementation and Change; Process Definition;
Process Assessment; and Process and Product

Measurement. Each topic is broken down into 2 to 5
subtopics with a brief description and references for
each.

6.2 Software Quality Engineer Body of Knowledge

The Software Quality Engineer Body of Knowledge
[ASQO8] includes seven parts: General Knowledge;
Software Quality Management; Systems and Software
Engineering Processes; Project Management; Software
Metrics and Analysis; Software Verification and
Validation; and Software Configuration Management.
This BoK is used to certify quality engineers.

6.3 The Subject Matter of Process Improvement

The need for process improvement education and
training has been recognized for some time. To
address this need I led an initiative while working at



the Software Engineering Institute of Carnegie Mellon The SPI Manifesto [SPQ], developed by a group of
University focused on developing a description of the international SPI experts, provides a wealth of SPI
subject matter of process improvement. The purposeknowledge and experience. The Manifesto brings
of this work wasto assist software engineering together three core SPI values, 10 principles supporting
educators and trainers in selecting topics for curricula the values, Wh examples for each principle.

or training programs in the process improvement arena.

Data were collected from a variety of sources g 4 5

including courses, workshops, tutorials and documents ) .
relating to various aspects of process improvement; Anotherexample is the following set of known factors

selected literature including published standards, that are deemed critical for successful process
certification and professional society publications; Improvement,  consolidated ~ from ~ numerous
customer views, including experiences, viewpoints and Publications and sources (extracted from [Ibr08]).
documents provided by change agents, educators and ¥  Support, commitment and involvement

Success Factors

trainers in industry, government and academia. Several e.g., visible support and sustained

surveys and focus group sessions were carried out to commitment from senior management; middle

gather subject matter content as well as issues relating management support and commitment; grass

to education and training.  Approximately 100 roots support and involvement; technical staff

professionals participated in the initiative. involvement

The subject matter is presented in a framework ¥ Showing measurable, observable results
describing: e.g., observable results backed with data to
¥ what you need t&now (Process sustain interest and motivati; process

Fundamentals, Process Improvement improvement measured, results made visible
Fundamentals): ¥ Process improvement management

e.g., effort must be planned, managed; senior

) management actively monitors progress;
Improvement Management, Culture Change), adequate staff time/resources dedicated; clear

¥ what you need ttJse(Tools am Techniques, assignment of responsibility; proceggoup
Pervasive Supporting Skills). staffed by highly respected people; risks
recognized and mitigated as necessary

¥ Goals and lgnment
e.g., clearly stated, communicated, well
understood, appropriate process improvement
goals aligned with the business; shared values
and goals, improveent in everyoneQs

¥ what you need t®o (Process and Process

Each topic area contains annotated subtopics with
references. In addition the report aligns the subject
matter with general audiences across academic and
industry/government domains, proposing the extent of
mastery that might be required for proficiency.

For further informatiorseeflbro5]. performance plan; sustained focus and follow
through; no constant shifting of priorities
- . ¥ Knowledge
4P K I Il . . :
6 ractitioner Knowledge Collection _ e.g., having ability, skills, knowledge;
Throughout the years, process improvement sufficient education about process and process
practitioners have built up a broad body of knowledge improvement; for managers, learn enough to
regarding process improvement. Someamples are managet and to have confidence in methods
provided below. (Note that several journalge.g. used
[ASQ15]) regularly offer articles on process ¥ Culture
intend to bring together all these sources of trust; respect for the individual; investment in
information.) people; quality orientation, customer focus;
continuous learning; NOT: belief that PI gets
6.4.1 SP| Manifesto in the way of real wde; NOT: cynicism from
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previous unsuccessful Pl efforts [FAAO6] Federal Aviation Administration Integrated
Capability Maturity Model (FAAICMM)
Appraisal Method, v2, (Appendix: Lead

7. Conclusions and Recommendations Appraiser Process), FAA. September 2006.

This paper recommends working together to develop a[lbr08] A Process Improvement Commentdry
process improvement body of knowledge for use in Ibrahim, Crosstalk, Auga2008, pp '2&9
education and training. It has brought together some ' ' T

thoughts andssues and challenges we face in process [Ibr95] The Subject Matter of Process Improvement: A
improvement education, training and professionalism. Topic and Reference Source for Software

It provides some views on our current environment,
and summarizesomeprevious initiatives. The paper

calls for bringing together process improvement
knowledge into an internationally recognized and
endorsed standard.

We need to build on and improve previous

initiatives; continue to integrate subject matter content
from broad international sources; engage stakeholders

to pilot the subject matter content warious venues
and report experiences and lessons learned.

Engineering Educators and Trainers, R. L.
Ibrahim and I. Hirmanpour, Technical Report
CMU/SEI-95-TR-003, ESCTR-95-003,
available at
http://www.sei.cmu.edu/reports/95tr003.pdf

[IEEO4] Guide to the Software Engineering Body of
Knowledge (SWEBOK), IEEE Computer
Society, 2004.

[1SO11] ISO 13053:2011 Quantitative methods in
process improvemefiSix Sigma, 2011.

Such an effort might be part of a strategy developed [ISO13 ISO/IEC TR 3301£2013Information

by the broad community of process improvement
professionals concerned aboutimproving process
education, training and professionalism.
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