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1. Abstract

The Free and Open Source Software Movement is currently the most interesting and influential
trend in software industry as it enables nearly boundless access to software. On the other side
future generations of engineers will need more and more profound software knowledge. The
article describes a new education level for engineers in quality assurance developed and applied
at the Technische Universitdt [Imenau.

Through broad application of Open Source Software students without any previous knowledge
are enabled to develop a customised multi-layer software system to specific problems of practical
relevance. The software system is based on an Office client whether from Microsoft Office or
OpenOffice connected with a SQL database server. The paper details which difficulties occurred
most often during development and to what extent the developed software solutions could be
deployed in industry as a cost efficient alternative.

2. Purpose
University education has its strength in teaching theory and methodical understanding.
Nevertheless practical relevance is sometimes absent or acquired knowledge could not be adopted
adequately and therefore is forgotten promptly. On the other hand it could be ascertained that
most students still have deficiency in software knowledge. That implies the capability to describe
a problem in an abstract manner in order to be later implemented easier into software as well as to
be well versed with a sort of software tools which are considered as elementary. The necessary
knowledge of a certain programming language can thereby differ from case to case. Both Office
suites (whether form Microsoft or OpenOffice.org) and SQL databases are considered as very
useful tools by the authors of this article in the context of quality assurance.
Microsoft Office (MS Office) is maybe the most distributed commercial software package around
the world as it could be widely used and customised by the user himself. OpenOffice (full:
OpenOffice.org) is a serious alternative to MS Office as it is Open Source and for free (see
“Excursus: Free and Open Source Software” below).
SQL databases are the most commonly used type of databases. A database is an important
element of every bigger software information system as it provides a simultaneous access and the
possibility of storing and retrieving huge quantities of data.

The lack of software knowledge in industry today is shown in a variety of international surveys
(Buschermdhle, 2006; Standish 2004; Sauer 2003). Accordingly, most software projects in
enterprises are failing. Either they are cancelled or they are completed at the cost of budget or
time overrun or with a reduced functional scope, fig. 1.
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Fig. 1 — Outcomes of surveys investigating software projects in enterprises (Buschermohle, 2006;
Standish, 2004; Sauer 2003)

Nowadays there are different alternatives to consider for software development: in-house
development, outsourcing/ Commercial off-the-shelf (COTS) procurement and Free/ Open
Source Software (F/OSS). Studies on the application of software for quality assurance in
Germany show that only one third of all users purchase Commercial off-the-shelf Software for
quality assurance (Walmuth, 2008; Rofdeutscher, 2007; Krautwasser 2005). Most companies
either disclaim the application of any specialised software or develop it by their own (in-house
development). The last ones are often based on MS Office (RoBdeutscher, 2007).

Referring to the mentioned deficits in education and industry as well, the British Computer
Society (BCS) states: “Improving education will not make an immediate change to practice, but
is a vital part of a long-term solution to the problem...” (BCS, 2004).

Therefore a new approach in education has been developed and applied at the Technische
Universitédt [lmenau. Based on a SQL database server and Office clients students in mechanical
engineering are enabled to develop customised software solutions to problems of practical
relevance without having any specific knowledge in advance. Applied Open Source Software
tools made development process easier and software solutions more powerful on the other hand.
The following objectives should be accomplished:

. Enhance knowledge in quality assurance through practical experience,

. Gaining understanding about the process of software development and architecture of
multi-layer software systems,

. Learning to work with useful software for later job,

. Training of presentation and teamwork.

From the scientific point of view, the frequent problems at the development of software and the
evaluation of quality of software solutions were of particular importance.

Excursus: Free and Open Source Software

The original definition of “Free Software” comes from the Free Software Foundation and it
asserts, that a program is free, if the user has the freedom to run, copy, distribute, study, change
and improve the software (FSD, 2008). The last ones require access to source code as a
precondition. Although the terminology of “free” should be interpreted originally for “freedom”
instead of “not to pay”, usually it is possible to obtain so referred software without paying money
and simply downloading it from the Internet (Balduzzi, 2005).

The “Open Source” definition, on the other hand is quite similar. The Open Source Initiative
describes it as a development method for software that harnesses the power of distributed peer
review and transparency of process (OSD, 2008).
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The two terms “Free Software” and “Open Source Software” refer to two separate movements,
Open Source is a development methodology and Free Software is a social movement. In fact both
terms are used to indicate the same kind of software referred to as Free and Open Source
Software (F/OSS) (Balduzzi, 2005). F/OSS has some advantages in comparison to “normal”
software as well as some weak points, too. The most mentioned Pro’s and Con’s are summarized
in Table 1.

Pro's Con's

lower costs different stage of maturity
reliability no guarantee
interoperability software licences
independency

Table I — Pro’s and Con’s of F/OSS (Wheeler, 2008; Balduzzi, 2005; Wieland, 2004)

Firstly F/OSS guarantees lower TCO (Total Cost of Ownership), because there are no licensing
fees and users are not tied to monopolistic vendors. F/OSS promises higher reliability, as more
people are involved in software development, source code review and usage. F/OSS allows
afterwards an easy connection between information systems, because of its access to source code
and used standards definitions. Users can re-use and adapt existing open source implementations
in other systems. Users do not depend on proprietary providers since other providers have access
to the same knowledge and technology (Wheeler, 2008; Balduzzi, 2005).

On the other side there are partly huge discrepancies at the stage of maturity between projects. As
F/OO0S can be simply downloaded from the Internet for free there is no guarantee on the software
and the possibility that software is no longer developed. Furthermore there are different software
licenses — some of them have nothing in common with the original definition of “Free” or “Open
Source Software”. Therefore possible software candidates should be analysed closely. A huge
community is always a good indicator as well as high download rates (Wieland, 2004).

Today more and more enterprises and governments starting to adopt F/OSS instead of COTS, for
F/OSS usage in governments see fig. 2.
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Fig. 2 — F/OSS in Government: Today vs. Next Year; survey found in (Rosenthal, 2006)

Some major companies, e.g. IBM and Sun Microsystems have joined some F/OSS projects and
support them. A lot of established businesses provide services around F/OSS for-fee, e.g.
consulting, customising or enhancements. The success of the new software movement is shown
by many case studies, some very popular are: the Linux operating system, the Apache web server,
the Firefox web-browser, the Eclipse development framework, the MySQL database server and
OpenOffice as a serious alternative to other Office suites. Huge Internet repositories like
www.sourceforge.org and www.freshmeat.net show success of the movement with thousands of
registered projects. More information on F/OSS, important projects, different license models etc.
can be found on e.g. (Wheeler, 2008).
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3. Approach
The extent of selected F/OSS for education purpose is demonstrated in fig. 3 and shows a
viable software architecture which also could be deployed in industry as a cost efficient
alternative to COTS solutions.
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Fig. 3 — Selected software components

The chosen components except Microsoft Office client — are popular F/OSS software: an Eclipse
plug-in (Eclipse, 2008) as CASE-tool (Computer Aided Software Engineering) for data
modelling, MySQL (MySQL, 2008) as database system and the OpenOffice client (OpenOffice,
2008). Connection between the software components had been made through SQL via JDBC and
ODBC middleware.

To build up a complex software system it is necessary to apply a systematic approach. The
software lifecycle could be divided into at least four main steps: requirements analysis, design,
implementation and maintenance. Using an adequate modelling language, tools can help to verify
the underlying model as well as to generate executable code.

In practice data models are of an outstanding importance at the development of complex software
systems. Data are the core of every software system. Data do even exist without a certain
program and therefore have a higher stability then the program itself. Although the data model is
just one part of system development, it has a strong impact on the later software, i.e. user
requirements, application integration and costs (Ponniah, 2007). A data model provides a method
for describing the real-world information requirements in a manner understandable to all
stakeholders. It also serves as a blueprint of the database system for the developers. The adopted
approach to create an Office - database centred software system is shown in fig. 4. All main steps
of software lifecycle mentioned above are included.
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Fig. 4: Development process and applied software components

Every group was made up of two or three students and had to select a typical field of interest in
quality assurance to be later realised with software. At the beginning each student had to give a
lecture which should include the theoretical basics as well as a plausible example to the other
students. The lecture was also seen as the requirements document and the result of requirements
analysis.
4. Findings

With one exception all groups had shown viable Office clients using Microsoft Excel/
OpenOffice Calc and/or Microsoft Access/ OpenOffice Base. (Note: Initially only Microsoft
Office package had been used. From the second semester on also OpenOffice.org had been
applied.)

Typical software tools which had been realized are, among others:

* Machine and Process Capability Analysis,

+ Statistical Process Control (Control Charts),

* Acceptable Quality Level (AQL) Sampling Inspection,
* Supplier Assessment,

* Complaints Management,

* Failure Mode and Effects Analysis (FMEA),

Relevant data as master data and measuring data could be entered into the program by manual
input, by data file like *.csv or even through connection to database, using SQL-commands. To
following both examples should an overall impression of realised software solutions
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Example 1 — Supplier Assessment

Fig. 5 shows the students data model for supplier assessment as domain of interest.
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Fig. 5: Students data model “Supplier Assessment”, made with (Eclipse, 2008)

The program covers elementary functionality for supplier assessment: management of necessary
master data like supplier and material, the handling of goods inspection and the integration
toward supplier assessment, fig. 6. The management of supplier assessment includes the
calculation of hard facts as delivery reliability or error rates as well as soft facts like
benchmarking the overall service quality or the quality management system.
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Fig. 6: “Supplier Assessment”, left side: Microsoft Office, right side: OpenOffice
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Example 2 — Statistical Process Control

Purpose of this Statistical Process Control is monitoring a process routinely through the use of
attribute control charts. The first picture shows underlying data model supporting process
specific data and measuring data of certain characteristics, fig. 7.
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Fig. 7: Students data model “Statistical Process Control”, made with (Eclipse, 2008)

The software solution allows data input through forms in Microsoft Access or OpenOffice Base.
Data are equally stored in the MySQL database. Measured data could be retrieved from the
database or imported via *.csv file. The calculation was realised within Microsoft Excel or
OpenOffice Calc. Both programs calculate corresponding upper/ lower control and action limit
and plot the chart automatically, fig. 8.

e * (limabrwrris - i o i e i o fowa =

Fig. 8: “Statistical Process Control”, left side: Microsoft Office, right side: OpenOffice

Of the 68 students who attended the courses during that two semesters from the beginning only
47 passed it successfully. Those who changed (all within the first three weeks) reclaimed the
additional effort regarding to a “normal” course. At the beginning and at the end of the semester a
standardised questionnaire was handed out to each student. One intention was to evaluate
student’s knowledge concerning Microsoft Office/ Open Office and databases, both through self
assessment and control questions. Fig. 9 shows a good correlation and an overall remarkable
increase in knowledge.
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Fig. 9: Increased knowledge, above self assessment — below control questions
(n=41, note: six forms were not applicable)

Another matter of interest was to find out what caused the most problems: creating the database
or programming the Office client. For that purpose ten points had to be allocated. The number 10
stands for “most difficult”. Fig. 10 illustrates the results as Box-Whisker Plot. According to this
students had more problems with Office than with the database.
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Fig. 10: Problems at the development: 10 — difficult, 0 — easy (n=41)

From the second semester on students should additionally develop a second client version with

OpenOffice. To compare both clients students had to fill out a questionnaire to evaluate

differences between Microsoft Office and OpenOffice. For that purpose 10 points had to be

allocated among the two Office suites. A high number stand for higher quality. For evaluation of

software quality four criteria had been chosen: Usability, Reliability, Efficiency and

Functionality. These four criteria are part of the international standard ISO 9126 (ISO9126, 2001)

used for classification of software quality:

» Usability measures the effort needed for use by a set of users.

» Reliability measures the capability of software to maintain its level of performance under
stated conditions for a stated period of time.

 Efficiency measures the relationship between the level of performance of the software and the
amount of resources used under stated conditions.

* Functionality measures existence of a set of functions and their specified properties. The
functions are those that satisfy.
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The standard additionally mentions Maintainability and Portability which emerge mainly in the
last step of software lifecycle and therefore could not be evaluated by students so far.
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Fig. 11: Evaluation of both Office suites regarding specific quality criteria (left side) and
commonly used functions (right side), n=14

Fig. 11, left side, shows assessment between Microsoft Office and OpenOffice through quality
criteria. Microsoft still beats OpenOffice beyond all criteria. Although regarding “Usability”
Microsoft Office and OpenOftfice are quite close to each other. Similar results show the right
picture of Fig. 11. Additionally to the four criteria students had to assess typical functions in
Office accompanying the development process. Regarding to this OpenOffice still has some
graver weak points in programmability and therefore automation whereas installing the
connection to database server (here: MySQL) worked very well on both Office suites.
Although most students had indicated fewer problems with the database (fig.10) it was evident
that in most cases data models could only be applied to that special use case for which it was
planed. By using the relational data model and suitable database design tools, building a database
is not that difficult in fact. The problem lies more in the modelling effort or rather the
development of models of higher quality (Simsion, 2005), fig. 12.
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Fig. 12: Problems in data modelling: 10 — difficult, 0 — easy (n=41)
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In principle there is always more than one solution to a certain (modelling) problem. The quality
of a data model refers to understanding and evaluating the data model regarding customer's
expectations (Shanks, 1997). In literature a lot of criteria frameworks have been proposed which
can be used to understand and evaluate quality of data models (Shanks, 1997; Genero, 2002;
Patig, 2006; Calero, 2002). Those quality criteria which are frequently mentioned and most
important are:

* Correctness: A model should conform to the syntax rules of the particular notation.

» Completeness: Does a model include all necessary information? What can be expressed?

+ Flexibility: Changing requirements should not cause changes to the data model or at least no
drastic changes.

* Understandability: It can be achieved through simplicity and naturalness.

Some empirical studies on data modelling (Hitchman, 1995; Shanks, 1997; Castro, 2005; Leung,

2005; Simsion, 2005) have shown that:

» Data modelling novices didn’t have problems using simple semantic constructs. Difficulties
had increased by dealing with complex constructs and on a larger domain of interest.

» High quality data models can be achieved by a systematic approach. Experts are able to create
better models due to there ability of abstraction, they use patterns of former projects and spend
more time to review their models than novices do.

Regarding to fig. 10 only few students weighted “database development” higher respectively
more difficult. It may be assumed that those students put more effort to adjust their data
model and so created better models, see fig. 13.

Number of necessary
adjustments

Fig. 13: Number of adjustments to data model (n=41)
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5. Originality
The paper presents a systematic approach for development of customised quality measurement
tools. The new approach had been tested with students at the Technische Universitét [Imenau.
Because this method could be applied so easily and is so effective as well, it has now become an
integral part of education in quality assurance at the Technische Universitét [Imenau. As it had
been outlined, students were able:
* To create small individualized software applications for quality assurance using Office clients
and a SQL database system,
» Without any previous software knowledge (fig. 10),
* And to develop and customise it by there own in a relatively short time — a necessary attribute
for effective working with software.

During development every group became well aware of all those problems and necessary steps
which have to be overcome and are so typical in every major software project. This training
approach had been enabled only through broad application of F/OSS software tools, rapid testing
and customizing as well as through good software documentation on the Internet and program
assistance within the tools.

Most developed software solutions were limited to the initially proposed course examples instead
of covering a more general application range. This was mainly due to limitations of the
underlying data model. Developing high quality data models needs both comprehensive expertise
and data modelling understanding. Nevertheless the majority of all participants were very
enthusiastic regarding the new approach in education compared to standard courses, fig. 14.
Interestingly nearly one half of the students were quite sceptical at the beginning of the course.

at the beginning at the end

@ favorable

0 sceptical

Fig. 14: Attitude to course at the beginning and at the end (n=41)
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