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Abstract
Teaching in the university has been under pressure to change in recent years. On the one hand, there
is financial pressure to decrease resources on the other, there is a need to keep quality and quantity of
education offered high and to give due consideration to changes in technology and learning methods.
One response to these pressures has been to study if it is possible to build a learning environment
for Control Engineering that is available to students virtually. It could help to distribute materials and
facilitate overall communication, from course information through student feedback. It could also
make studying more efficient by enabling better follow-up of learning and use of interactive
functions.
The development of a Web-based learning environment for Control Engineering started from a
simple model of learning theories and course content. This model was applied to that context, and an
open learning environment was developed and implemented. The implementation is referred to as
Control Web.
Functions were added to Control Web and tuned according to student feedback. The probe method
was utilised in the validation. Two courses were subjected to under full validation in order to carry
out validation for the whole system. Student feedback, grades, and credits during the years 1993 to
2000 were analysed. According to the results, the system implemented has performed well. However,
the explicit influence of using the Web-based learning environment can be seen in only few cases;
there are too many variables in the overall learning situation. The results and experiences yield an
enhanced model for developing a learning environment and a tool that indicates a need to change
course parameters.
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1 Introduction
1.1 Background
The function of teaching and the university as a whole have changed with the impact of
several factors, of which some can be listed as follows (Bates 1997, Karran 2000):
− The rapid growth of the Internet has meant enhanced access for all citizens to learning
tools and technologies. New groups are involved in learning. The technology has
provided an opportunity for a larger group of people to access learning and learning
materials, to the extent that the materials are freely available on the WWW.
− An increasing need for more education and training, for example, the growing need for
lifelong learning, has emerged because of the change in business and everyday life.
This means that many people are forced to change their profession during their
working years, perhaps even several times.
− New paradigms and ideas for learning have developed that emphasize interactive
learning and teaching.
− The growing impact of new telematics-based learning tools, e.g., video conferencing,
facilitates adaptation to new needs.
− The learning styles and backgrounds of students vary more often. They are more
heterogeneous than before and they also have studied different subjects in high school.
The recent generation is said to be familiar with computers. This may be an illusion,
because feedback from the students shows that some of them have problems even in
reading e-mail.
− Economy sets new requirements. For example, in some cases distance learning is the
only means to provide learning to student groups located in several places, and thus
modern technologies make it possible to save on costs. It also provides tools to
respond to the requirement that all citizens should have equal educational
opportunities.
The educational authorities aim to increase the productivity of teaching. This means that
they are paying attention to the quality and efficiency of teaching. In the current
economic situation, demand exceeds to the resources and the gap between them has to be
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filled, for example, by using modern methods and technology. Figure 1 describes this
situation.
DEMAND

RESOURCES

Fig. 1. Demand vs. resources (Karran 2000).

The development of computers has changed Control Engineering education since early
1980s, when computers were large mainframe computers and students used them through
teletype terminals.
During the 1980s, personal computers made their breakthrough and at the end of the
decade hypertext began to be widely discussed. Apple was the first computer to
supplement the ideas of hypermedia, through its Hypercard and Supercard programs.
Elsewhere, the development of the Microsoft Windows operating system gave new
possibilities in the area of personal computers, which became widely taken in the use in
Control Engineering.
When the 1990s began, hypermedia was taken seriously and numerous studies were
oconducted throughout the world. The possibilities of hypermedia were also noticed in
the Control Engineering Laboratory of the University of Oulu in the year 1990. The
expectations took shape in a project in the COMETT II programme. The aim of the
project was to develop training materials for process automation which could be used in
continuing education in different fields of the process industry, in universities, and in
different technical institutes (Leiviskä et al. 1991). The project started in 1990 and lasted
three years. The aim was to use hypermedia tools to make software for modern teaching,
and the training materials developed were modularly grouped into series of courses. The
basic idea behind the system was that it would be possible for the student to pick a tailormade module comprising the "textbook", examples, problems, demonstrations, and
audiovisual materials for certain main topics in process automation. The main modules
were as follows:
−
−
−
−
−
−
−

Process measurements and signal processing;
Process dynamics and modelling;
Controller design and tuning;
Advanced control methods and optimisation;
Industrial example: simulation of freeness control (pulp and paper industry);
Industrial example: simulation of a PVC process (chemical industry); and
Industrial example: simulation of a plate rolling mill (steel industry).

The development of the hypermedia packages continued after the project, and new
modules were implemented and added to the whole. When the network developed to a
level where it could be used in teaching, it was naturally taken into account and modern
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networked materials were made for the use of students. Now, more than ten years after
the project start-up, the tools and methods have changed. However, some of the
COMETT-materials are still in everyday use in the laboratory, and new materials have
been developed based on the experiences gained during the project.
A virtual laboratory (VL) is one solution to meet the new demands posed by the
changes in the domain on the one hand, and in teaching resources on the other. In cooperation with ”ordinary” teaching, a VL improves teaching and learning on the
laboratory level in order to yield effectiveness and increased quality. A VL introduces
new services and facilities that also take into consideration lifelong and distance learning.
A narrow interpretation for a VL defines it as a heterogeneous, distributed environment
that enables a group of students at various locations on the Internet to work together on a
common set of problems or projects. As with any other laboratory, the tools and
techniques are specific to the domain, but the basic infrastructure requirements are shared
across disciplines (Web contribution 2002). In a wider sense, a VL can contain a set of
different types of components that support group work or individual learning:
− Software (hypermedia) elements: text, pictures, links, simulation applets, closed
learning environment programs;
− Instruments that are connected to the network; and
− Databases that contain application-specific information such as the initial and
boundary conditions of a simulation or user-specific information such as credits or
profiling information.
Modern learning environments that are based on networks do not displace old
environments; rather, both are needed and can support each other. One interesting
question is to find a reasonable balance between different approaches and environments.
Undoubtedly, the ratio of the use of modern and traditional learning environments varies
between disciplines and courses.
Some problems can be seen in the use of the new methods and environments;
− Lack of openness. This was clear before the Internet revolution, because the networks
were closed environments. However, since the Internet, the opinions have divided into
two categories. One side advocates openness, the other closed systems. The division
can be seen between Europe and USA. Practitioners from the USA prefer closed
learning environments, which protect commercial interests, whereas Europeans prefer
open environments operating on a non-profit basis.
− Systems are becoming larger and networked. The larger and networked systems can be
a problem if systems become confusing. Networking itself is not necessarily a
problem if it is done properly, which means that usability is maintained.
− Recommendations. The “Learning by doing” (LBD) method is often recommended for
use in learning environments, but there is no agreement or recommendations on how
to arrange a good LBD environment on the network or in the classroom. It seems that
this question has to be considered separately in each case.
− Profitability. This concerns the ability of the environment to teach students so that they
will pass a course. If the development of a new learning environment is not the target
as such, the demand of profitability must be included. The question arises of how to
measure profits or how to show the necessity of a new environment. Or can
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profitability be measured at all? There are two routes to profitability: quality and
quantity. A focus on quality means fewer passes and a focus on quantity means lower
quality. Quantitative profitability can be achieved faster and with smaller investments
than qualitative, but it is not the best choice in the end. Qualitative profits require
more investments in the beginning, and overall profitability is achieved later. The
problem is how to attain a balance between quality and quantity.
− Needs and challenges. How can the new environments respond to the needs and
challenges the society anticipates (Auer & Pohjonen 1995)?
− Artificialness of the environment. This means that in the learning environment
interaction is not working as it should and with the means and approaches found in the
natural learning environment (Karjalainen A. 1995).

1.2 Research problem
The number of students per course in Control Engineering is increasing and their
background is getting more varied. The possibilities for real face-to-face teaching are
decreasing, and topics that should be taught individually turn in to mass courses. More
staff is required for teaching but because of tight financing, classroom assistants are often
fourth- or fifth year students without experience in teaching. The requirements to shorten
the overall time student use for the degree of Master of Science in Engineering (70%
should graduate in five years) makes it necessary to look for new ways to make studies
more efficient. Courses should be passed in the same year they are taken and preferably
during the same period in which they are given. This means that there is also a need for
new methods for testing students.
How can a virtual laboratory help in achieving this? What is actually a VL in the
Control Engineering context? These are some of the research problems which this thesis
tries to answer. As the answer evidently lies in combining modern technology with older
systems, the third important question is: What is a reasonable balance between modern
learning methods and tools and traditional classroom teaching and laboratory exercises?
The variety of different courses given in our laboratory (or in any Control Engineering
laboratory) is also a problem where common Web materials are concerned. Content,
goals, number of students and students with different learning styles vary from course to
course. Differences in content are self-evident; different courses have different domains.
On the other hand, the courses form a whole in which they support each other and can be
regarded as a series of courses from basic to advanced. The learning objective varies from
course to course according to the content and that which is learned earlier should support
later learning. However, a student may take the courses in any order. Also, the role of the
course varies from one student to another: for one it may be compulsory; for another it
may be optional, perhaps taken out of interest.
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1.3 Research aims
The recent development in the fields of hypermedia and networks make it possible to
build a learning environment that is available to students at the University and virtually
everywhere. It could help in distributing materials and facilitate the overall
communication from course information through student feedback. It could also help
students to plan their studies and, in this way, make studying more efficient. It would also
make it possible to arrange whole courses on the Internet, even though this seems a quite
remote goal in an area as practical and experimental Control Engineering is.
Thus, the above mentioned concept of a VL could offer different possibilities for
different courses and different students. The aim of this thesis is to show that it is possible
to build a learning environment, Control Web, which supports the teaching of Control
Engineering by combining several learning tools and methods.
The use of new methods motivates students and makes studies more flexible by
enabling, e.g., learning by doing. Control Web and new tools developed also strengthen
the link between theory and practice. New, alternative learning methods can be integrated
with conventional ones using almost the same human resources as with conventional
methods only.
A new environment means a change from teacher-centred to learner-centred learning.
In the future, the WWW services of laboratories and departments will form a virtual
university.

1.4 Research strategy
The research work proceeded through the following phases:
− Problem analysis;
− Construction. Based on the problem analysis, a general framework for building the
Control Engineering learning environment was suggested;
− Creation. A partial solution was created covering some actual Control Engineering
courses;
− Gathering of user feedback using interviews and questionnaires. The solution was
validated by collecting experiences from students; and
− Evaluation and verification of the solution.
The starting point for problem analysis and construction is the development strategy for
learning environments presented in Figure 2 (Korhonen 1999). Korhonen says that the
basis for developing modern learning environments has often been various learning
theories. These kinds of environments set out to achieve functionality based on theory
supporting learning actions according to the theory in question (Korhonen 1999). Modern
learning environments can be developed from other starting points. As well one
alternative is the special needs of the course. This kind of learning environment is
typically developed along with the course. The basis for the development is the need to
solve a special problem on a course, such as, a particularly large enrolment or control of
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the learning process the latter was a problem addressed on the course Process Control II,
which is one of the cases presented in this thesis. The acuteness of the problem has led on
to the use of alternative learning methods instead of alongside the traditional methods.
In the cases presented in this thesis, both points of views have affected the
development of the modern learning environment for Control Engineering to be
described.

Learning theories

Courses

WWW Learning
environment

Fig. 2. Basis for learning environment development (Korhonen 1999).

Two control engineering courses were chosen as prototype courses. The prototype system
was built in several stages on the Internet server of the Control Engineering Laboratory
and was used in everyday teaching from 1999 until spring term 2001. After changing the
server during autumn 2001, the parts of the system were retained and are still used in
everyday teaching. The experiences gained have also been used in re-designing other
control engineering courses. Students had access to the system using normal Internet
connections. The closed learning environments TelsiPro and LC Profiler were used for
experimentation from dedicated servers. The author gave the basic training in their use,
and students used them via their own connections. Changes in the prototype were made
according to feedback and experiences gained during its use.
Data (feedback) from the students was gathered using traditional feedback
questionnaires. Additional questionnaires were gathered after the courses taught in 1999.
The original intention was to use interviews, but questionnaires were used because they
were easier to administer and saved students’ and teachers’ time and resources. The
questionnaires were refined in 2000 and changed from an interview style to use more
multiple-choice questions. The reason for the change was that the multiple-choice
questions are easier to analyse than the interview-like questions. However, the interviewstyle questions can yield more versatile data. The questionnaires are presented in
appendices one and two.
The evaluation and validation were carried out using the “drilling” method presented
by Manninen (Manninen 1999). The drilling method is used to validate large systems by
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taking certain probes from the system for full validation and using only partial validation
for the other parts of the system. The probes are evaluated and verified independently.
The results from the validation are used to prove the validity of the full-scale system
(Manninen 1999). Full validation is only achieved at a higher level of abstraction. The
drilling method is presented in Figure 3. The validation of the system as a whole was
done in this case by selecting two courses for full validation.

High
Full validation

P2
Partial validation

P1

Abstraction level

P3

P4

Low

Fig. 3. Drilling method for validating the full-scale system with the aid of independent
prototypes P1, P2, P3, and P4 (Manninen 1999).

1.5 Definitions
This section presents some basic definitions. After first providing a brief review of
learning theories, it discusses hypertext, hypermedia, and their development for use on
the WWW. This is then followed by a presentation of learning with hypermedia,
computer-aided learning and its variations. The section concludes with a discussion of
learning environments, with particular reference to the WWW.
According to behaviourism, knowledge is seen as a block which can be transferred
from computer to student. Students learn a lot of facts, which they can apply to similar
problems (Multisilta & Pohjolainen 1995). However, it is said that computer-based
learning is based on knowledge construction and Piaget’s theory of learning. Piaget
postulated that there are mental structures that determine how data and new information
are perceived. If the new data make sense to the existing mental structure, then the new
information is incorporated into the structure. If the data are very different from the
existing mental structure, it does not make any sense to incorporate them into the
structure; new information is either rejected or the information is assimilated or
transformed so that it will fit into the structure. Constructivism is a theory which is based
on the results of Piaget's theory. One premise is that the learner actively constructs
knowledge rather than simply absorbing ideas. A cognitive learning theory emphasises
that learning is a process of knowledge construction in which students develop a mental
model of the subject (Multisilta 1993, Reeves 1991). Information becomes knowledge
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when students append information to their previous knowledge. This means that students
can apply their knowledge to a wide range of problems (Multisilta 1993).
Vannevar Bush’s Memex system can be considered the predecessor of hypermedia
systems. Bush worked as a scientific advisor to President Roosevelt during World War II.
His work dealt with the organization of scientific information. Bush suggested that
information should be organised such that saving and loading would be as easy as
possible. Bush asserted that a human being does not think according to artificial
classifications, but based on associations. Based on this idea, he created the first
hypermedia system - Memex. Memex was a system that combined text, pictures, and
memoranda in a whole. Links between components were made using photocells and
optical coding (Bush 1945, Heimburger et al. 1990).
Ted Nelson was the first person to present the idea of hypertext. He developed the idea
while studying at Harvard during the 1960s. He coined the word “hypertext” and defined
it as non-sequential writing and reading (Nelson 1967). Hypertext is the presentation of
information as a linked network of nodes which readers are free to navigate in a nonlinear fashion. Nelson also presented an idea of a universal hyperlibrary which would be
open to everyone on their own computer terminals.
The WWW is said to be based on hypermedia. The word “hypermedia” became
popular in the beginning of the 1990s when computer-aided learning was implemented on
the Macintosh computers and PCs. In those days there were different ways to define the
term. Nelson says that the WWW trivialises the original hypertext model with one-way
ever-breaking links and no management of version or contents (Xanadu 2002).
Heimbürger defines hypertext as follows: hypertext is an approach to computer-based
information management in which information is displayed as a network of nodes
connected by links. Nodes are pieces of information. Links are labels that connect one
node with another (Heimbürger et al. 1990). This definition was written when the WWW
was not widespread, and focused on a single computer environment. However, the
definition is suitable for the WWW. On the WWW, nodes can be on different computers
and links are labels that connect them.
The simplest way to define hypertext is to compare it with traditional text. Traditional
text is usually considered sequential, meaning that there is a single linear sequence
defining the order in which the text is read, whereas hypertext can be considered nonsequential. There is no single order that determines the sequence in which the text can be
read. Figure 4 shows the difference between ordinary text and hypertext.
As seen in Figure 4, hypertext consists of interlinked pieces of text. These pieces are
illustrated as computer screens, but they can also be scrolling windows, files, or smaller
units of information. Each unit of information is called a node. Each node may have
pointers to other units, and these pointers are called links. The number of links is not
normally fixed in advance but will depend on the content of each node. Some nodes are
related to several others and will therefore have numerous links, while other nodes serve
only as destinations for links and have no outgoing links.
In multimedia, sound, picture, and text are presented in several forms simultaneously.
The computer usually integrates the media into a meaningful whole. Usually this kind of
presentation proceeds straight from the beginning to the end. The subject and the speed of
presentation may be controlled by the user.
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Hypertext
Conventional text
Fig. 4. The structure of conventional text and hypertext.

A common definition for hypermedia is that when multimedia elements are integrated
into hypertext, hypermedia is formed. This is how the user often sees hypermedia.
However, term hypermedia can also contain hidden features that cannot be seen by the
user; e.g., a hypermedia presentation often includes some kind of data management
feature.
Hypertext can also be defined as computer-aided navigation, CAN (Martin, 1990).
Thus, hypertext employs information under the control of a computer in a way that the
user of the information can navigate through it in valuable ways.
Multisilta defines the WWW as a global net of hyperdocuments that is built on the
Internet (Multisilta 2000, Berners-Lee et al. 1994). In WWW hypertext, multimedia and a
network are combined.
According to Lifländer (Lifländer 1994, Paaso 1998) CAI (Computer-aided
Instruction) in a wider means sense all studying in which the computer is used as a tool,
as a communication means, or in controlling the learning process. However, this
definition was formulated at a time when it meant the use of inflexible learning programs.
Learning programs have recently become more flexible and especially hypermedia
software and simulations make us reconsider our point of views about the possibilities of
CAI (Paaso 1998). Recently, methods like distributed simulations, virtual reality
programs and networks have broadened the idea of CAI. Since the definition (Lifländer
1994), CAI has changed to CAL (Computer-aided Learning).
Computer based training (CBT) is used widely as a general term. It covers computerbased learning (CBL) and the previously used term computer-aided instruction (Paaso
1998). In this thesis, the terms computer-based learning (CBL) and computer-aided
learning (CAL) are used because they emphasise the learner’s own activity and learning
of new subjects, while computer based training (CBT) is understood as the training of
previously learned skills.
Problem-based learning (PBL) is a learning method that emphasises cooperative
groupwork to seek solutions to real-world problems. Learning by doing (LBD) literally
means learning by doing something.
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Learning environments were formerly considered as functional environments or
frameworks established by educational institutions (Pantzar 1995). Pantzar enlarges the
definition of an environment to cover also its physical, mental, and production-related
aspects (Korpi et al. 2000, Pantzar 1995). Auer and Pohjonen define a learning
environment as a comprehensive operational environment that consists of learners,
teachers, the view of learning, operations models, sources for learning, technology, and
media (Korpi et al. 2000, Auer and Pohjonen 1995).
A Web-based learning environment is considered to be a learning environment that is
realised on a network. Several definitions can be found that differ slightly from each
other. The differences come from the different ideas of learning of the programmers.
Pohjonen defines a new learning environment as a holistic and integrated environment
constructed with the goal of promoting opportunities for lifelong learning and individual
study. Its characteristics include openness and flexibility in terms of time, place, method
and right to study. It is an environment that is not yet fully established and contains many
new elements that are still being experimented with. Typical features also include new
forms of activity and student groups made possible by novel approaches in pedagogy and
educational policy, together with the possibilities offered by new technology and
organizational patterns. (Pohjonen 1995, 1999).
Manninen and Brax define an enlarged learning environment in the form of a mind
map (Manninen & Brax 1999). In the mind map, the organization of a learning
environment consists of eight branches. Korpi has applied the mind map to a virtual
learning environment. A simplified presentation based on the Manninen’s model (Korpi et
al. 2000) is presented in Figure 5.
Economy

Roles

Planning
teaching

of

the

Administration

Organisation of the
learning environment

Evaluation

Technical support

Learning space
Interaction

Production of learning
material

Fig. 5. Elements of a learning environment (Korpi et al. 2000).

According to Multisilta, a learning environment is a combination of a physical and
material frame of reference that enables the target-oriented learning (Multisilta 2000,
1997). The frame of reference can be selected by the student or be offered by the
instructor or the learning environment (Multisilta 2000, 1997, Pantzar 1995).
This technology-oriented definition emphasises the technical elements of the learning
environment. From this point of view, a learning environment consists of hypermedia-
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based learning materials (text, pictures and video clips), information tools such as tools
for problem solving and information searching, and communication tools (email,
videoconferencing, collaborative learning technologies) (Multisilta 2000, 1997).
Among the advantages of the material on a network are that it is readily available and
up to date. An additional advantage is that network material can contain elements that
cannot be presented on pape,e.g., simulations and control of them in realtime. Multisilta
also found disadvantages: readability is affected by display technology and usability is
affected by the user interface and the data transfer speed (Multisilta 2000, 1997).
Figure 6 presents a block diagram of a network-learning environment as defined by
Multisilta. It consists of actors (student, teacher, producer, expert), functions, such as
learning material conversion, administration and feedback gathering, and facilities such
as the network and database (Multisilta 2000, 1997). The database can contain scientific
data in the form of measurements or library databases. Each of the network users can be a
producer of learning material. The network can contain servers as well as workstations.
A network-learning environment can be open or closed. As used in this thesis the term
“open environment” means a system that is located on a WWW server and can be
accessed by anyone using the Internet. Closed systems are environments that are located
on a WWW server and can be accessed from the Internet, but only through user
identification and a password. A simple WWW environment can be good if it is used
competently. On the other hand, a commercial learning environment can be poor because
of immature or incomplete use.
There are many WWW authoring tools and learning environment platforms available
on the market. Some of them are used to build learning environments, while others are
only more or less editors for WWW applications. Despite the large variety of choices, the
selection of platforms for the courses was obvious. The TelsiPro (whose newest version is
called Optima) and Proto (LCProfiler) were chosen because they were developed at the
University of Oulu. They are not widely known yet, but Optima is common in Finland.
The two are the most important platforms used at the University of Oulu.
Databases
Producer

of

learning

Teacher

Conversion

to

Network
Administration

the network

and feedback
Experts

Students

Fig. 6. Block diagram of a learning environment (Multisilta 2000, 1997).
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The learning concept of the platforms seems to be based on constructivism and
collaborative learning. The platforms support learning through conversation and material
production. However, the platforms reflect the programmers’ conception of learning. The
idea can vary between platforms and shapes the use of the platforms.
Roughly speaking, a platform can consist of three basic elements from the learner’s
point of view: learning materials, communication tools, and knowledge analysis tools
(Korpi et al 2000). Kallonen-Rönkkö adds two more basic elements: tools for tutors and
tutoring (Kallonen-Rönkkö 2000). These two elements are especially important for
teachers. The list can be augmented by tools for course management (for teachers) and
material management (for learners).
In this thesis, platform means the program - commercial or free of charge - that is used to
configure the attributes of a virtual learning environment. It is typical of closed learning
environments that they are used via the Internet using a browser. In addition,
identification and a password are required for access to them. Closed environments
resemble one another functionally and structurally. Thus, the review can be limited to the
two common platforms that are presented in this section. Comparisons between the
platforms can be found at www.titu.jyu.fi/voy.

1.6 Structure of the thesis
This thesis contains eight chapters:
Chapter 1 presents some basic definitions. After first providing a brief review of
learning theories, it discusses hypertext, hypermedia, and their development for use on
the WWW. This is then followed by a presentation of learning with hypermedia,
computer-aided learning and its variations. The section concludes with a discussion of
learning environments, with particular reference to the WWW.
Chapter 2 discusses computer-based learning and teaching. The first section presents
Lifländer’s definition of basic types of CAL. The focus then shifts to simulation learning
and learning with software tools. This topic is dealt with using the examples of a PVC
process simulator and a tool for control valve sizing, which are drawn from the Comett II
hypermedia material. The chapter concludes with a presentation of a study concerning
student needs in CBL.
Chapter 3 discusses Web-based learning environment. The first section focuses on the
general requirements for modern learning environments. The following sections then take
up the two commercial Web-based learning environments that were used on the courses.
The chapter concludes with a presentation of similar network learning environments.
Chapter 4 discusses course implementations in Control Web. Two courses given in the
laboratory are used to validate the Control Web idea. The courses are Introduction to
Control Engineering and Process Control II. In this chapter, the realisation of the courses
is described with reference to the practical implementation of the Web pages.
Chapter 5 presents the results, analysis, and discussion of the questionnaires, as well
as of the course grades during the years 1993 to 2000.
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Chapter 6 is a discussion of the main issues brought to the fore in the thesis, and
Chapter 7 concludes the work by responding to the main research questions. Chapter 8
provides the references.

2 Computer-based learning and teaching
This chapter discusses computer-based learning and teaching. The first section presents
Lifländer’s definition of basic types of CAL presented in Figure 4. The focus then shifts
to simulation learning and learning with software tools. This topic is dealt with using the
examples of a PVC process simulator and a tool for control valve sizing, which are drawn
from the Comett II hypermedia material. The chapter concludes with a presentation of a
study concerning student needs in CBL. Lifländer suggest that the idea of an open,
guided, collaborative learning environment with a well-designed learning process is a
sound one (Lifländer 1993). He claims that hypermedia materials, simulations and
software tools, and electronic and face-to-face communication and problem-oriented
learning should be integrated, see Figure 7 (Lifländer 1993).
The way in which single computer learning programs are used varies according to the
person who defines the learning methods. Lifländer has defined the learning methods
relatively extensively. Although his definition was formulated just before the rise of the
Internet, his point of view can be applied to the use of learning programs on the Internet.
The integration Lifländer suggests can be accomplished in the modern network learning
environments.
In his model, Lifländer categorises the usage of learning programs into four groups:
process learning, simulation learning, hypermedia learning and tool learning (Lifländer
1994, Paaso 1998). See Figure 7. Lifländer considers different points of view on the
subject. These categories are seen as complementing each other. The role of student and
teacher varies in each category. Depending on the course and subject, each of these
categories may be used alone or any number in combination.
Process learning. Process learning has a very well considered and controlled learning
process. Interaction supports process learning. The order of presentation is important.
Phases of learning are also emphasised: motivation, orientation, going into particulars,
examples, practical applications and evaluation of the learning and controlling the
learning results (Paaso 1998).
Simulation learning. Simulations have been found to be useful in education. Lifländer
says that simulation is a way to gain practice before facing excessively complicated real
problems. Simulation helps to understand the dynamics of different systems and to search
for the boundaries of the possible and the impossible (Lifländer 1994). Processes or
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functions that have dangerous aspects can be reasonably exercised by means of a
simulator. Such processes can be found in power plants or in the chemical industry. Flight
simulation is widely used to train pilots before they fly the plane in question.
Classroom
learning

“Controlled
learning”

“Interaction”

Hypermedia
learning

Computer
communication

Simulation
learning
“Learning

by

“Inquiring
learning”

Learning with
SW tools

“Learning by doing or
creating”

Fig. 7. Basic types of CAL adapted from Lifländer 1993, 1994 and Paaso 1998.

Hypermedia learning. Paaso defines hypermedia learning in this context as follows: it
means learning material which is controlled by the computer, that contains data presented
in different formats (hypermedia includes multimedia) and in which things to be learned
have been organised to level by level, or linked to each other as in a network (hypertext)
(Paaso 1998). It is typical of hypermedia learning that the user browses from one node of
data to another. This can be controlled by the computer or the teacher who has planned
the links (route through the nodes). In this sense the material can be totally open, when
every nodes has a link to other node, or less open with fewer links and a set route through
the material.
The saying “lost in hyperspace” describes a problem that hypermedia materials have.
The user can get lost and loses the contact with the structure of the material and the
concept to be learned. Good hypermedia material is built so that the user has orientation
and navigation tools and guidance available when needed.
Learning with software tools. The use of tool programs in studying might be the most
important form of CAI. Good tools for information processing make the studies efficient
(Paaso 1998). For example, simulation and models produced by general use spreadsheet
programs, design and drawing programs such as AutoCad, programming simulations by
specific simulation developers such as Simulink, and creating hypermedia and other
learning applications are all creative studying at its best (Lifländer 1994).
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2.1 Simulation in training
Simulation literally means to imitate or in general to refer to something unreal (Leiviskä
1996, Wahlström & Leiviskä 1986). In systems engineering, the word is used for the task
of building a mathematical model of a system and using that model for a systematic
investigation of the actual system (Leiviskä 1996, Leiviskä 1999).
Simulators can be divided into categories according to their field of use. Roughly, they
can be divided into engineering and training simulators. Simulations have been widely
used in training, e.g., in space flight, pilot training, marine systems and nuclear power
plant operator training. The trend of utilising training simulators has been growing in the
pulp and paper industry (Leiviskä 1996). In this thesis, process learning simulators are
considered from the Control Engineering point of view.
In the process industry, simulation has two main tasks (Leiviskä 1999):
− To explain the internal behaviour of the process, i.e., describe the progress of the
process state variables; and
− To explain the external behaviour of the process, i.e., compute the values of the
process output variables based on the input variables.
Training simulators do not concentrate on system engineering and model building but
investigate the process from the point of view of learning. Lifländer says that a learning
simulation is a way to gain practice before facing complicated real problems. It helps to
try the dynamics of different systems and to search for the boundaries of the possible and
the impossible (Lifländer 1994). Learning simulations enable the use of LBD methods on
courses.
Paunonen classifies the process training simulators into three categories (Paunonen
1998):
− Basic operation training simulators
− Functional training simulators
− Process simulators
His point of view is that of automation systems and he deals with the situation in which
an automation system provider is selling a system to a new factory. In this situation, the
process operators need training in the process and, of course, the automation system.
A basic operation simulator trains process operators to use a system. It describes the
operator’s own process or some general processes. This kind of simulator allows the
operator to practice the basic operations, for example, starting pumps and changing set
point values. The basic simulator is made on a rough model of the process and behaves
only roughly in the correct way (Paunonen 1998).
A functional training simulator contains a functional model of the process. The process
model is not very accurate but provides the operator with information on how the process
will behave and how it should be operated (Paunonen 1998).
Process simulators describe the behaviour of the process or a part of it very accurately.
These simulators are often based on very accurate mathematical models (Paunonen
1998). For example, a rotary dryer simulator makes it possible to observe how the output
moisture of the material dried changes when there is a change in the moisture of the
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material going into the dryer. Simulations can be the best part of modern learning
materials; however, many resources are needed if a good and extensive simulation is
combined with hypermedia material. When the environment is a single PC, it is easier to
find tools to make the simulation, but in the network environment new tools are needed.
When delivering a simulation over the network, the situation becomes more difficult.
However, software providers have recently taken into account the network and simulation
servers have become available. The tools are, however, in the beginning of their
development, and simulators will become better in the future.
It is clear that the network environment is not the easiest one. If a simulator cannot be
found on the market, one has to program it oneself. The Matlab Web Server has become
available to enable simulations on the network. Although the Matlab code is simple,
making a good user interface for the simulator is not so easy. Matlab does not provide a
tool for this, whereby the interface must be made using the standard Web tools. This
situation is self-evident because Mathworks is not a Web tool provider.
Also Java and Java applets are very interesting in this context. A good UI in the
network environment can be made using Java. The applets can also be run on single PCs.
The simulators used in the learning materials of the Control Engineering Laboratory
have most often been process simulators. The following examples present simulators that
are used in the Control Engineering Laboratory as learning simulators. The simulators
were implemented initially as part of the Calexx ) hypermedia material (Lindfors et al.
1998 and later converted for use on a network.

2.2 Learning with simulation: a PVC process
The PVC simulation model is based on polymerising a suspension in isothermal
conditions. This was a common method in the early 1980s. The present method is to
control the temperature of the reactor using a temperature profile during polymerisation.
However, the model is a good one for learning the effects of temperature control
parameters on the polymerisation process with the controllers in cascade. Although the
model does not represent the newest technology, it is proper for this task.
The simulation of a PVC process is implemented in both hypermedia and Control Web
environments. In Control Web, the simulation is done using the Matlab Web Server not
the Neuron plug-in, which leaves the user interface the same in both environments. The
use of the Matlab Web Server enables simpler use without additional programs, but the
disadvantage at the moment is the lack of a possibility to make a versatile user interface.
Figure 8 shows an example of the user interface of the PVC process simulator. It is from
the part "Ready simulations". The simulation lasts so long that the material is divided into
three sections: simulation from start, simulation at the steady state and ready simulations.
More of this material can be found in the diploma thesis by Piirainen (Piirainen 1992).
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Fig. 8. User interface of the PVC process simulator in the Calexx material.

2.3 Learning with software tools: sizing control valves
The control valve sizing software is an example of the simplest design tools. The dividing
line between software tool and simulation in this case is hard to determine. The sizing
example is programmed using a hypermedia tool and therefore has features of a
simulation, although it resembles more learning using a software tool. The example has
not been implemented in the WWW environment, although this could be done easily
using the Neuron plug-in in WWW browsers.
A proper valve can be selected with this calculator. At first, parameters from a problem
must be fed in. Parameters are put in the fields or the numbers can be given by pressing
the arrow buttons next to the input field. Thereafter, a valve must be selected by clicking
a valve button. These buttons then bring the user to a table page, where there are several
tables for valves, sorted by the dimension of the pipe. The proper parameters can then be
selected and the users may return to the calculator page by pressing the backtracking or
the up-arrow button. The selected parameters will now appear on the parameters line
above the problem parameters. The calculation can then be started by clicking the
“calculate” button. The calculation will insert values into the fields located in the upper
right corner of the screen. These values can be used to conclude if the right valve has
been chosen. Figure 9 shows the user interface of this calculator.
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Fig. 9. User interface of the control valve calculator.

2.4 Student needs in CBL
The aim of this section is to present a significant study that describes the needs of
students. This point of view can be used in the development of a networked learning
environment; in fact the point of view is important in the development process. The
prototype developed here contains the same elements as presented in the research of
Manninen, and the research in this thesis supports his basic premise (Manninen 1999).
Manninen (1999) studied student roles in computer-based learning. He studied the
requirements for WWW environments using interviews and questionnaires from 1998 to
1999 (Manninen 1999). The goal was to find a quantitative and as comprehensive a set of
needs as possible. Manninen interviewed 18 students, of whom eight were full-time and
ten part-time students. He classified the needs into seven categories: general information,
the study process, lectures and courses, exercises, exams, personal information, and
teachers and administrators. The classes Manninen found are shown in Figure 10.
The general information class included several needs that are listed below. The most
important was a smoothly running, prompt, and correctly timed information flow. A
timetable that had a notification system for updates and informed users of new events was
the basic requirement of every student. Furthermore, the following were commonly
requested by the students (Manninen 1999):

32
− Configurable notification system to inform the student about events and changes.
Configurable means that the user can control the flow of information.1
− Course curricula and information with search possibilities.
− Practical guidelines for studying.
− A directory to provide information on the experts and their areas of expertise.
− Example guidelines describing what should be studied and in which order, as well as
general information on the major areas of course topics.
− Discussion forums and chat areas for private, course-centred, and public discussions.
− FAQ lists.
− Diploma thesis assignment listings and career opportunities, including potential
supervisors.
− Libraries.

Fig. 10. Student requirements for The WWW environment according to Manninen
(Manninen 1999).

The study process. Manninen says that controlling the study process is the most critical
area when considering distance learning (Manninen 1999). Students feel that they must
keep in touch with the learning process through both the automated system and social
1

Manninen does not explain in detail how the user can control the information flow.
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support (peer support). Also, they have to be provided with clear milestones and
measures of progress with some amount of reward and a certain measure of coercion as
well.
Lectures and courses. Each course should have a virtual access point to the materials
and information about the course. This access point provides a starting point for the
search for information. The course enrolments should be arranged through WWW forms,
for example. Some needed pointers to the course materials are lectures, lecture notes,
references, and examples.
Examinations. The availability of previous examination papers is a common need.
According to Manninen (Manninen 1999), sample answers are also requested. However,
our approach has been to not publish the answers, because in many cases there are not so
many problems available on the subject. If a problem database of, for example, hundreds
of problems could be established, sample answers could be published.
Manninen also lists the following set of requirements in this category (Manninen
1999):
−
−
−
−

Examination list and timetables;
Examination enrolment possibility (WWW form or email);
Examination procedures; and
Support for special examination arrangements (other cities, specific examinations, oral
examinations).

On the continuing education course “WWW in teaching” held by Dr. Tech Juha Jaako at
The Oulu Polytechnic School of Vocational Teacher Education, student groups considered
what services they wanted as students. The course was held in autumn 1999 and the
group assignment was done on 13.12.1999. There were 12 students on the course. The
age of the attendees varied from 25 to 50 years, with a mean of 35 years.
On the course Jaako administered a questionnaire similar to that used by Manninen.
According to the group assignment the following services were desired (Jaako, 2000):
−
−
−
−
−
−
−
−

Information on courses completed.
Possibility to change own address and phone information.
To enrol in courses and register for examinations.
Real-time page for enrolment and information who has enrolled in courses?
Material delivery on the Web.
A common news page – electronic blackboard.
Descriptions of courses.
Contact information for teachers and students.

The same group assignment was done on the same course in 21.02.2000, when there were
five students on the course. The assignment is presented in Appendix 3. The responses
obtained in the assignment were as follows (Jaako 2000):
− Information on courses completed.
− Enrolments in the courses. The on-line list of course attendees, because one can see if
one can still be taken on the course.
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− General information on the course: the timetable and possible changes in it,
requirements for the course, the previous knowledge reguired the student must have,
and a real-time study guide.
− Mailing lists (all together and divided according to classes).
− Contact information for teacher. This could be real time, thus showing if the teacher is
available at the moment.
− Distance learning environment (learning materials for the Web, list of links to
interactive learning environments).
− Use of email. Web-based courses available.

3 Web-based learning environments
This chapter discusses Web-based learning environment. The first section focuses on the
general requirements for modern learning environments. The following sections then take
up the two commercial Web-based learning environments that were used on the courses.
The chapter concludes with a presentation of similar network learning environments.

3.1 Requirements
New learning environments consist of several different services that facilitate the
interaction between students and teachers and also between students themselves. These
services include:
−
−
−
−
−
−

A feedback system, personal or common;
Information system;
Delivery of course materials and exercises;
Email reception;
Chat system; and
Use of newsgroups for informative purposes.

A personal feedback system can be programmed as an email or CGI-based system. These
both are WWW services but differ from each other in that in the email based system, a
message is sent to the person who is defined as the recipient, whereas in the CGI-based
system the message is stored as a file in a directory and persons who have access rights to
that directory can read the message.
A common feedback system is often programmed using CGI scripts or executable
programs. Such a system processes the message so that it will be visible to all students on
a common “blackboard” service. This service includes a service for teachers whereby
they can answer the message if needed. A program then edits the “blackboard” file so that
the answer appears after the message in question.
The development of network learning environments can be started if it can be
guaranteed that the network materials can be used. This means that there must be enough
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equipment (computers and network connections). Not every student has a PC and
network connection in his/her home. The reason for this is that the student has to pay for
a PC and a network connection. Moreover, the cost is not small in proportion to the
income of the average student (Koikkalainen 1999).
It is often said that a learning environment is open. But what is openness? Often,
openness means that the user can use the learning environment independently of time and
place. A place is understood as a place that has equipment and access to the Internet. This
may be a computer but, in the future, this may be also alternative equipment, such as a
mobile telephone or other device. Is this the real definition of openness of a learning
environment? A user must still register with the system and get a user ID and password.
Multisilta says that the basic concept in the development of learning environments is
the concept of learning. It is said that the human being learns by doing something and
pursuing instructional goals (Multisilta 2000, 1997, Schneider 1994). Thus, computeraided learning is, at its best, learning by doing (Multisilta 2000, 1997). A learning
environment designer must take into account both perspectives (Schneider 1994).
From this point of view, approach used in Control Web does not meet the standard;
although the approach is different, the goal is the same. Our intention is to develop
Control Web in the direction Schneider mentions. Here, we must take into account that
Control Web still plays only a supporting role and is not a sophisticated learning
environment program.
Schneider says that the learning environment must not be restricted to the delivery of
educational content. It must be grounded in some model of instruction and learning
(Schneider 1994). This has been found also when building Control Web. The building
process has forced teachers to rethink their educational methods. Our approach has been
based on the student, with the teacher merely having to design the environment on the
terms of the equipment. Indeed, the network infrastructure set some limitations during the
development that we had to take into account. Such limitations include, for example, the
data transfer rate of the network (modem speed).

3.2 LCProfiler
LCProfiler is commercial learning environment platform developed at the University of
Oulu (Web contribution 2000b). It is a closed learning environment. During our courses it
was used from another server than the laboratory Web. The student needs a password to
log into LCProfiler. The learning space in LCProfiler is divided into five subareas:
Project Office, Workshop, Communication, Library, and Administration. The
Administration subarea is not available to students and can be seen only by the
supervisor. The learning idea behind LCProfiler is that students have a study project
during which they create documents that other students will comment on and discuss. The
main page of LCProfiler is presented in Figure 11.
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Fig. 11. The main page of the course Process Control II in the LCProfiler environment.

3.3 TELSIPro
TELSIPro (nowadays Optima) is the multilingual platform developed by the Continuing
Education Centre of the University of Oulu and owned by Sonera Oyj. TELSIPro has
tools to configure course environments and maintain them using a selection of WWW
forms that define the environment, user identification and discussion groups. In virtual
classes, students can send public or private messages to other learners by means of
internal mail. TELSIPro is very flexible, giving the teacher the possibility to configure
the environment and the attributes that are needed in particular course. The window area
is divided into two areas that contain buttons or links. The top area consists (normally) of
four buttons representing document, messages, instructions, and chat. Pressing on the
document button provides links to the discussion groups or documents. These are shown
in the left-hand frame. By following these links the document group can be accessed. In
addition, the environment includes several text editors and external documents can be
imported to the groups. In the messaging area users can participate in discussions. One
disadvantage is that messages are in a queue, not in threads. TELSIPro includes a Javabased chat application where the users can discuss among themselves. The system also
provides search capabilities and statistics about the environment usage. Moreover, it
allows document timing, which makes it possible to preset when a document appears
during the course. Because of the adaptability of the system, the main view can be
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configured to be as simple as possible for the user. Thus, the environment becomes easy
to use. Figure 12 shows the main window of TELSIPro.

Fig. 12. Main window of the TELSIPro learning environment.

3.4 Other network learning environments
There were few learning environments for Control Engineering on the WWW in the mid
1990s, but the number increased by the end of the 1990s and the beginning of 2000. A
survey done on 6th February 2002, showed that 33 laboratories of 252 had more material
than course descriptions on their Web pages; in other words 13% of the control
laboratories have some learning materials or applications on their pages. The links to the
Control Engineering laboratories or Control Engineering groups were found on the
Control
Engineering
Virtual
Library
Web
page
(http://wwwcontrol.eng.cam.ac.uk/extras/Virtual_Library/ Control_VL.html). A search was carried
out on “education”, “courses”, or similar terms (info, student info etc.). This study does
not concern environments that are closed or embedded in intranets.
One example is the Technical University of Denmark, which has implemented six Web
courses for control engineering. The courses contain materials for fuzzy control and
neural networks (Janzen 2001). The implementation is done using normal HTML pages,
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Lotus LearningSpace, VBScript applications, and the Matlab Web Server. Matlab Web
Server is used for simulations.
The main page (http://fuzzy.iau.dtu.dk) contains four sub-areas for students: Courses,
Tutorials, Demos, and Library. The courses that are implemented in Lotus LearningSpace
are closed. In order to study on the courses the student must have an ID and password.
The LearningSpace is normally divided into four areas: Schedule, MediaCenter,
CourseRoom, and Profiles. The courses contain instructions and exercises that can be
done using the simulators on the same Web site or downloadable simulation software. For
example, the workload of the fuzzy control course is 60 hours.
The tutorials contain text, links and Powerpoint slide show materials for the courses.
Under Demos the student can find The Library, which contains documents in several file
formats.
In the project “Telematics for teacher training,” the Faculty of Education at the
University of Oulu has implemented an open WWW course for control technology
teachers. It supports learning in the Lego/Logo environment. The Lego/Logo
environment consists of a selection of Technic Lego sets. In addition, it contains different
sensors for control purposes and an interface for connecting applications to a computer
(Pulkkinen and Ruotsalainen 1998).
The implementation is student-centred in that it places an emphasis on the student’s
own activity and cooperation (Pulkkinen and Ruotsalainen 1998). The implementation is
based on the three-part (triangle) model that comprising the human being, technology and
culture. The cornerstones of a flexible learning environment are the people who
participate in it, the technology used to implement the course, and a certain culture for
doing things in the learning community and organization (Pulkkinen and Ruotsalainen
1998).
Pulkkinen and Ruotsalainen have evaluated the course and the learning environment
by systematic collection, analysis and interpretation of data on the functions and results
of the course. Their approach to evaluation combines both quantitative and qualitative
methods. They make use of methodological triangulation in evaluation, whereby different
methods are used and the same thing is studied in a many-sided way.
Data for the evaluation was gathered from different user groups using questionnaires,
essays, and the analysis of discussions in the ProTo learning environment. The data
contained both qualitative and quantitative items.
The Johns Hopkins University offers virtual laboratories for students in a science
laboratory course. The laboratories are WWW-based engineering/ science experiments
developed for engineering students. The objective of the course and the virtual laboratory
is to introduce students to experimentation, problem solving, and data gathering. The
experiments are written in JAVA as applets and are fully interactive (Karweit, 2002). The
experiments start with a short introduction and instructions on a separate page that
contains a link to the experiment (applet). The virtual laboratory contains 10 experiments
from different fields of engineering. The structure of the pages is simple, with an
introductory page that contains links to the subpages that contain the simulations or
experiments.
WWW-TRAKLA is an example of an open learning environment. Although WWWTRAKLA is open, registration is needed because each student gets unique exercises.
WWW-TRAKLA is a Web-based environment for helping to teach algorithms and data
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structures on mass courses. Over 1000 students can participate in the programming
course. The application was programmed at the Helsinki University of Technology.
WWW-TRAKLA provides links to the Java applets that exemplify a variety of
algorithms, distributes exercises to the student and then evaluates the student's answers to
the exercises. The student enters answers to these exercises using an interactive graphical
editor (TraklaEdit) that is coded in the Java language (Www-trakla 2002). WWWTRAKLA is a good example of a simple-looking, focused learning environment that
meets needs extremely well. Although WWW-TRAKLA looks simple, it has a more
complex background that is “behind the scenes” and invisible to the user.

4 Course implementations in Control Web
Two courses given in the laboratory are used to validate the Control Web idea. Control
Web is a comprehensive learning environment for Control Engineering. As with the
“drilling” method presented in section 1.4 (Manninen 1999), implementation of two
courses is used to represent the entire Control Web. The courses are Introduction to
Control Engineering and Process Control II. The selected courses are the courses that the
author was involved in. In this chapter, the realisation of the courses is described with
reference to the practical implementation of the Web pages. A large number of figures
depicting Control Web pages are used to illustrate the structure and the functions of the
pages; this approach has been selected because it is more illustrative than a text-only
approach.

4.1 Realisation of Introduction to Control Engineering
The course gives basic knowledge on the instrumentation of industrial processes,
acquisition of process automation, and the selection and sizing of process instruments.
The official description of the content of the course is as follows (Opinto-opas 2000):
−
−
−
−
−

Functions of automation systems in a production plant;
Basic concepts of Control Engineering and instrumentation symbols;
Process instrumentation equipment needed to implement automation;
Methods and equipment needed in process control; and
Control valves and actuators, including their selection.

The course is given in the first period of the third year. The students come from various
study programs. For example, in addition to Control and Process Engineering students,
there are students from Environmental Technology and sometimes students from
Biophysics. Thus, the students can be a very heterogeneous group with varying
educational backgrounds.
The main aim in the exercises is to teach students instrumentation symbols so that they
are able to read a PI chart after they have completed the course. The former method of
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teaching this content was that the assistant showed transparencies of the most important
symbols and the students listened and made notes.
This approach was changed so that the present method is to learn the symbols with a
real PI chart accompanied by explanations of the symbols, with the control loops in the PI
chart are selected and studied as well as block diagrams of the loops. After this phase, the
students form groups for a project where they have to design a PI chart for a process
according to a description of the process and its functions. Through the year 1999, the
groups were given the same problem, but in the year 2000 they were given different ones.
The methods applied in the realisation are learning by doing and problem based learning.
The exercises include visits to the laboratory, where pilot scale processes can be seen
and the instrumentation and process automation system can be studied. Commonly, the
students are given an exercise to do during the visit. Often the problem concerns
identification of the process instruments.
To motivate students, extra points are given for the examination based on the work
that they have done. Usually there are five additional exercises, of which the PI chart
design part accounts for three. The extra points are added to the points students get from
the examination. The total number of points that can be obtained from the examination is
30.
The time needed to prepare for the examination was estimated according to the survey
made among the students who participated in the Process Control II course in the year
2001. Table 1 shows the estimated number of working hours spent on the different parts
of the course. ‘Working hours’ mean the number of hours that an average student has to
work to get a grade of “good” for the course.
Table 1. Estimated working hours spent on the different parts of the course.
Lectures Exercises in PI chart design
classroom
Workload (h)

30

6

10

Additional
examples
4

Independent Preparation for
Study
the
examination*
40

30 – 40

* estimated

4.2 Realisation of Process Control II
The objectives of the course
On completion of the course, participants should be able to:
− Design and carry out industrial experiments using common design methods
(Hadamard matrix, Addleman Method, Central Composite Design and Taguchi).
− Analyse and evaluate results obtained in experiments using statistical analysis
methods.
The official definition of the content of the course is as follows (Opinto-opas 2000):
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−
−
−
−
−

Basics of experimental modelling;
Statistical analysis of experiment results;
Experiment design;
Variance and regression analysis; and
Dynamic models.

These foci reflect the subjects that form the core curriculum of the course. The core
curriculum represents those standards of learning that are essential for all students. They
are the ideas, concepts, and skills that provide a foundation on which subsequent learning
may be built. The following list presents the domain subjects that belong to the core
curriculum.
Basics of experimental modeling
The student can state decisions, define the risks, establish an objective decision
criterion, and compute the sample size.
Statistical analysis experiment results
The student knows the population mean, variance, and correlation coefficient, and can
apply the t-test, Normal, t-, and f-distributions. Also a basic knowledge of the graphical
methods is given. The graphical methods covered include the use of histograms and
trends.
Experiment design
The two-level multivariable experiment design methods; matrix methods, especially
the Hadamard matrix method and multi-level experiment design methods such as
Addleman and Central composite designs are presented in this section. Exercises consist
of experiment design projects. The students carry out the project in teams of at most five
students. Four seems to be optimal number. The teams study a process, which is usually a
rotary dryer. The teams go into details of the model and a dryer simulator. Based on this
study, they define the variables they want to use design their experiments using a
Hadamard matrix, and then carry these out using the simulator. Results are presented to
the other students on the last day of exercises and also in the WWW environment.
Regression analysis
In exercises, students study how to make a model using the least-squares method.
They should be able to apply linear, multivariable, exponential, and polynomial models
after the course. The students also learn the kinds of problems to which the models can be
applied.
Dynamic models
Two cases of dynamic model definition methods are introduced: definition of transfer
function parameters from step response and impulse response. In the first case, the theory
of Ziegler-Nichols, Miller, Broida, and Sten methods is studied. Students apply their
knowledge in a laboratory exercise where they study and define the parameters of a
thermal process.
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For additional knowledge, the students study the basics of the Taguchi Method, GrecoLatin Squares, and random-strategy experiments and familiarise themselves with the
DOE PC, a computer program for the design and analysis of experiments.
Table 2 shows the working hours that the students are expected to spend on the course
with the lecturer or assistant. Lectures and exercises are given in classrooms.
Table 2. Estimated working hours spent on the different parts of the course.
Lectures

Workload (h) 30

Exercises
Simulation
in
exercises
classroom Class
Ind.
10

2

4

Additional
examples
4

Independent Preparation for
study
the
examination
40

25

Simulation exercises are done partly independently and partly in a laboratory. In the
independent part of the simulation, the students are expected to do their preliminary tests
on the WWW and, according to the results, choose the variables to study and design the
experiments.
Additional examples are problems that are given to the students to solve at home. The
examples prepare the students for the simulation. Two examples concern regression
analysis. To solve the examples, students have to make a regression model for a given
problem. The students can get help from the assistant if they have difficulties. They are
given just enough help to overcome the problem, after which they have to continue on
their own again.
Independent study is done in the distance part. The students can use the WWW
materials to help. Independent study means that the students deepen their knowledge on
the subject. This part also contains the preparation of a written report on the experiment
design project and familiarisation with the network learning environment. There was no
time for collective practice with the environment. The assistant helped students when
they needed it, which proved to be quite a good strategy. In the beginning, the assistant
got only few emails concerning the use of the environment; in other words, the use of the
environment seemed to be straightforward for the students. The use of the environment
was studied once in the exercises, which took about one hour of time.
Preparation for the examination. The value was estimated from the student feedback.
The course is given in the last period of the academic year (in the spring.) Three main
problems have affected the realisation. Firstly, the students begin to leave for their
summer jobs during the course. Thus they are spread all over the country, with some of
them even abroad. The network part binds them to the course. Secondly, holidays during
the period disrupt studies and, finally, May 1 activities at the end of the period further
distract the students.
The exercises are completed as projects. Students form teams that decide on their own
timetables according to their other commitments. There are, however, common lectures
where the team or at least one member of it must participate.
The aim of the exercises is to acquaint students with experiment design and to have
them study a process, design experiments for a process, carry out these experiments using
a simulator, analyse the results, and, finally, present their work to other teams. The results
of the experiments are summarised and compared with each other.
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To motivate students, extra points are given on the course examination according to
the work that they have done. Usually, there are five additional exercises, of which the
experiment design accounts for three.
Usually, the first additional exercise deals with analysis of data using analysing
software, most often Microsoft Excel. The data to be analysed is provided for download
on a Web page on the laboratory Web. If a team does not have the possibility to download
the data, it is supplied on a floppy disk. The fifth exercise deals with the sizing of control
valves.
The number of exercise days varies according to the calendar. There are usually 8-10
days for exercises. The first is the motivation day. General aspects of the exercises are
taken up, such as how to carry out the exercises, form the teams, additional exercises,
what programs are needed, where to find them, and how to find things on the Web. The
participation of all students is recommended. The same applies to the second day, when
the experiment design part begins.
After the first two days, the teams go on with their work according to their own
schedule. However, there are certain days when the assistant is available to the students if
they want to do something under guidance or ask advice. Participation in the exercises is
not compulsory, but is highly valued. It has been observed that students who are absent
miss out important information. Email has been found to be a good tool to communicate
with the teams during their work with the project.

4.3 Structure of Control Web
Building Control Web started as early as 1995. The hierarchical structure chosen is
chosen that described in Figure 13. Development of the structure has been based on
student feedback, which has given guidelines for the structure and functions included in
the environment. Some guidelines have been adopted from other environments as the
results of other studies of similar Web services have become available (Manninen 1999,
Lifländer 1999). Also closed learning environments (TELSIPro and Proto) were studied
when they were introduced on the market.
Most of the functions presented earlier in Figure 10 in section 2.4 are implemented
Control Web. The most comprehensive is information needs. The study process tools lack
management tools and the study planner and monitor.
Search possibilities are not implemented. Study guidelines are given on the pages of
University and the department. The expert directory is not implemented, but a list of
interesting WWW pages that refer to the course in question can be found on the course
page. Guidelines for studying are given in Adobe pdf documents that can be downloaded
from the pages or read directly using the browser with the reader plug-in. A plug-in is a
program that enables a feature to be used directly in a browser. Public discussion forums
are implemented on a common C++ program base and modified in the laboratory.
Because Control Web is not a closed learning environment, course-centred forums are not
possible. A library is implemented as a set of course materials and list of links where
more information about the course can be found.
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Course results were also requested by the students, this was the first service
implemented in our approach. However, this is perhaps illegal according to Finnish law
in the present case, where the environment is open.
Control Web consists of WWW pages that have links which connect all the materials
together. The structure is a hierarchical, treelike system (Lindfors et al., 2000). There is a
main page for Control Web, which includes the link to the educational pages. Figure 13
illustrates the overall structure of the educational part of Control Web.
Education

Introduction to Control

Process Control II

…

Fig. 13. Structure of the educational part of Control Web.

The structure of the Web courses can be based on functions or on courses. The “functions
approach” means that separate pages correspond to functions of the courses such as
course descriptions, schedules, and the results of examinations. A division by functions
means that, for example, the administration links for all the courses are on one page.
The other method is to keep the courses intact and include all the functions and
information concerning a specific course in one place. According to the feedback, the
division by courses is clear to students, and it is used in this application. The division-bycourses method was chosen initially because it was believed to be as good as division by
functions. Division by functions was not implemented in this study. According to the
responses on the questionnaires, the structure was clear and functional for the users.
Moreover, it was easy for the administrator, because the folder structure in the Internet
information server is similar. In the physical folder structure each course has its own
folder where the HTML files (Web pages) of the course are located.
One disadvantage of a division by courses is that it may lead to the repetition of pages.
For example, in our solution each course has its own page for grades, whereas in the
division-by-functions solution grades would be on a single page. In the division-bycourse solution, pages are connected by hyperlinks to each other and the solution uses
shared pages whenever possible.
The Education page is the main page for the educational functions of the laboratory.
The page itself is divided into four sections, which are described in Table 3. The Table
also lists the main links of the section. The Education page is shown in Figure 14.
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Fig. 14. The Education page

Table 3. Sections and links on the Education page.
Section
Basic studies

Links to pages of:
Introduction to Control Engineering, Simulation, Process Control I, Process
Control II, laboratory exercises.

Advanced special studies

Process Optimisation, Fuzzy and Neural Methods in Process Automation,
special exercise.

Other

Simulation exercises, search engine for grades, instructions for studies, student
exchange, and instructions for laboratory exercises.

Information

Jobs available in the laboratory, registration for courses, and feedback.

4.4 The course Web pages
The links on the main page of the two courses selected as examples are listed in Table 4.
There are two columns (frames) on the pages: the left one contains links to subareas and
the right one the actual contents of the page. The description of the course is displayed on
the right frame of the main page.
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Table 4. Sections and links in the Introduction to Control Engineering and Process
Control II courses.
Introduction to Control
Engineering
Administration

Process Control II

Main

Main

Course description,

Course description,

Schedule,

Schedule,

Additional points,

Students registered for course,

Examination results,

Examination Questions,

Feedback from last year,

Dates of examinations.

Dates of examinations.

Results
Examination results,
Additional points 1999 - 2001,
Laboratory exercise.
Development of the course,
Student feedback 1995 – 2000.

Materials

Handouts in pdf format,

Handouts in pdf format,

Chapter 11 (in pdf format),

Experiment design,

Instruction for exercise,

Appendices,

Additional exercise,

Instructions for exercises,

Questions for examinations,

Exercises in brief,

Links to same subject on other sites, Additional exercises,
Literature.

Stages in model design,
Experiment design in exercises,
Regression analysis,
Literature,
Links to same subject on other sites.

Exercises

Groups,

Main

Instrumentation exercise.

Schedule
Groups
Programs
Utility programs and examples,
Hadamard On-line,
Rotary dryer simulator.
Learning environment
LCProfiler,
TelsiPro.

Communication

Chat,

Bulletin board,

FAQ.

Feedback on-line,
Chat,
FAQ.

Laboratory exercise

Results from laboratory exercise.
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4.4.1 Introduction to Control Engineering
This section shows a detailed description of Web pages for the course Introduction to
Control Engineering. The main page for the course is shown in Figure 15.

Fig. 15. The main page of the course Introduction to Control Engineering.

The schedule of the course is presented in the table in Figure 16. The yellow cells
represent lectures or exercises in which the students are expected to participate; the grey
cells are days on which the course is not held and the red days are Sundays.
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Fig. 16. The schedule page of the course “Introduction to Control Engineering”.

Figure 17 presents the extra points earned from the exercises. Such a page can be HTML
or, as seen here, written in a text editor (MS Word) and converted to Adobe pdf file
format. Figure 18 shows the examination results page. The page contains only HTML and
the results are written in the cells of a table. The borders of the table are not shown. In
2001, it was not clear if presenting such information in an open environment was legal
and the personal information was changed to student numbers.
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Fig. 17. The page tabulating extra points from exercises.

In Figure 18 the examination page link in the link list has been clicked. The dates of
examinations appear in the right frame. This page is common to all the courses and is
located in one place. The page consists of both plain text and HTML. In Figure 19, the
previous year’s student feedback has been loaded into the frame. The text was written
using MS Word and converted to an Adobe pdf file. Figure 20 shows the page where the
students can find the dates of upcoming examinations. The page is in HTML format.
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Fig. 18. The examination results page of the course Introduction to Control Engineering.

Fig. 19. The feedback page.
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Fig. 20. Dates of examinations.

The materials section includes documents for the course and links to other Web pages that
include relevant information for the subject. In Figure 21, the lecture handout of the
course has been loaded. The document was written using MS Word and converted to the
Adobe pdf file format. By clicking the “Tenttikysymykset” (exam questions) link, the
student can get a collection of old examination questions. The list was made in the MS
Word and converted to the Adobe pdf file format. Figure 22 presents the old exam
questions.
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Fig. 21. Lecture hand-out.

Fig. 22. Collection of old examination questions.

The pages to which the “Linkit” (links) and “Nettilinkit” (Web links) choices contain
differently sorted collections of Web links on the subject. The “Linkit” page contains
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vendors of measuring devices and the “Nettilinkit” page contains links to other study
materials. Figure 23 presents the “Linkit” page. The page contains links that are sorted by
measuring areas. The result of clicking of “Nettilinkit” is presented in Figure 24.
The “Harjoitukset” (exercises) section contains links that activate documents for
exercises.

Fig. 23. The “Linkit” (links) page.
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Fig. 24. The “Nettilinkit” (Web links) page, which contains links to additional study material.

Fig. 25. Page showing the exercise groups.

By clicking on the “Ryhmät” (exercise groups) link the exercise groups are shown in the
left-hand frame (see Figure 25). The names of groups are also links. By pressing the
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group name, the exercise for the group is loaded in the right-hand frame. The document
was written using MS Word and converted to the Adobe pdf file format. The links and a
loaded document are shown in Figure 26.

Fig. 26. The instrumentation exercise page.

There are two links in the communication section: “keskustelu” (chat) and frequently
asked questions (FAQ). The chat application was programmed using C++. The Web page
has two columns. The left-hand column contains a form with three fields. The
information in the fields is sent to the application by clicking the “Lähetä” (send) button.
The “Tyhjennä” (clear) button is for clearing the fields. The first field is for the user’s
name, the second for the email address, and the third for text. Filling in the first two fields
is optional. The text and the other information is sent to the application on the server,
which builds the answer page, adds the information to it and makes it available on the
browser in the right-hand frame. The chat application is shown in Figure 27. The FAQ
application is a Web page that contains text only: questions and answers. Questions are
sent to the assistant, who finds the answer and writes it on the FAQ page, provided that
the question is of common interest. The laboratory exercise section (Labratyö) contains
only one link. The link is to the page that contains the grades which the students have
earned for the laboratory exercise. Figure 28 shows the grades from the laboratory
exercise.
Towards the bottom of the left-hand frame are two buttons. By pressing the left-arrow,
the user can browse to the next highest page in the page-tree. The button with a picture of
a cottage on it brings the user to the fist page of Control Web. Under the buttons is a
counter. It shows how many times the page has been visited since the time the counter
was last cleared.
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Fig. 27. The chat application.

Currently, the pages do not contain grade information because the recent interpretation of
personal rights does not allow this information to be displayed in public.

4.4.2 Process Control II
The structure of the Process Control II Web pages is similar to that of Introduction to
Control Engineering course. The main page is divided into two frames. The left-hand
frame contains the links and the destinations of the links appear in the right-hand frame.
The links are described in Table 4.4. Because there is more material in Process Control II
than in Introduction to Control Engineering, only the implementation of those pages that
are different in Process Control II is described in detail in this section. The main page for
the course is presented in Figure 29.
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Fig. 28. The Web page indicating grades for the laboratory exercise.

Fig. 29. The main page for Process Control II.

The course description and schedule pages have been created in the same way as the
corresponding pages in Introduction to Control Engineering. The registration page is new.
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The page shows the students who are registered for the course. The page, which is written
using HTML, is shown in Figure 30. The examination questions page is a pdf file similar
to that in the Introduction course. The link to the dates of examinations page shows the
same page as the link in the Introduction course. In the Results subsection, the
examination results, additional points, and student feedback pages are similar to those
pages in the Introduction course. The laboratory exercise page is new in this course. The
page shows grades for the laboratory exercise that deals with the modeling of a flow
process. The page was made using HTML. Figure 31 presents the laboratory exercise
page.

Fig. 30. Students registered for the course.

The Materials section in the Process Control II contains handouts and other instructional
materials in Adobe pdf file format. The “Nettilinkkejä” (Web links) link shows a page
that contains links to other materials of the domain. The page was made using HTML.
Figure 32 shows this page.

61

Fig. 31. Grades for the laboratory exercise.

Fig. 32. Weblinks for the course Process Control II.

The Exercise section in Process Control II is divided into three sub-sections: Main,
Programs, and Learning environment. The Main sub-section contains links to the
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Schedule and Groups pages. These pages contain information similar to that on the pages
in the Introduction course. The programming concept is also similar.
The Programs sub-section contains links to two applications. The Hadamard on-line
link brings up a ToolBook application for the analysis of the experiment design exercise.
In order to run the application, the user needs the Neuron plug-in program in the browser.
The plug-in is free and can be downloaded from the WWW. The rotary dryer simulator
link brings up the page with the Web simulator of the rotary dryer. The application uses
the Matlab Web Server program, which is located on the same Web server as the course
pages. Figure 33 shows the first page of the Hadamard on-line application and Figure 34
the user interface of the open-loop simulation for the rotary dryer. The open-loop
simulation uses the Matlab Web Server technology. It needs special commands on the
Web site to transfer the information to the Web server. The Matlab Web Server requires
only two items in all input HTML documents:
The form action must refer to the matweb program (matweb.exe on NT). <form
action="/cgi-bin/matweb.exe" method="POST">
There is also a hidden field containing the name "mlmfile" and the value of the name
of the application entry point function. <input type="hidden" name="mlmfile"
value="rotary">. The rotary parameter refers to the rotary.m file, which contains the
actual code for the simulator. The rotary.m file also has to be defined in the matweb.conf
file. A simulation result is shown in Figure 35. Users draw their preliminary conclusions
on the effects of the change in the parameters on the basis of the plot.

Fig. 33. The Hadamard on-line application.
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Fig. 34. The user interface for open-loop simulation of a rotary dryer.

Fig. 35. Simulation result.
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4.5 Implemented simulations
Simulations are implemented in the courses using the Matlab and Matlab Web Server
programs. Matlab integrates mathematical computing, visualisation, and a powerful
language to provide a flexible environment for technical computing. The open
architecture makes it easy to use the program and its companion products to explore data,
create algorithms, and create custom tools that provide early insights and competitive
advantages.
Matlab was originally a general-purpose linear algebra package, but it was soon
discovered to be an excellent tool for engineering purposes. Its flexible and extensible
programming language allows one to make one’s own applications easily. Matlab has
since been augmented with graphical user interfaces and simulation tools, to cite some of
the numerous application packages. The Matlab Web Server is a Matlab extension that
provides the calculation features for Internet users.

4.5.1 Simulation of a rotary dryer
The rotary dryer simulation is important for the laboratory. The laboratory uses
programmed models and simulators of the dryer in teaching and also has a pilot-scale
dryer in the research hall. The pilot-scale dryer has been used in research as well as
teaching. The rotary dryer is used as an example in three basic courses given in the
laboratory.
In earlier studies (Yliniemi 1999), a lumped parameter model for the rotary dryer was
created based on mass, heat and momentum transfer equations. In order to perform
steady-state and dynamic simulations, the model was linearised in the neighbourhood of
the operating point and applied to the pilot plant dryer.
The model included parameters which were either determined experimentally or
calculated from correlations presented in the literature. The drying rate and the residence
time of the solids were determined experimentally, while the volumetric heat transfer was
assumed to be constant along the dryer and was determined from the correlation
presented in the literature (Yliniemi 1999).
A dynamic simulator was developed based on the model in order to better understand
the behaviour of the dryer and to examine how various input variables and model
parameters influence the output variables. The primary aim of the dynamic model and
dynamic simulator was to optimise the operating conditions and to assess the design of
various control strategies. The secondary aim was to use the simulator in teaching as a
focus of exercises.
The dryer simulator shown in Figure 36 was programmed using Simulink and linked
to the hypermedia material, which contains the theory related to the dryer. Figure 37
shows the main screen of the hypermedia material. Using the navigation buttons, the user
can select different subjects from drying theory to intelligent control methods for the
dryer. (See Figure 38). Both open-loop and closed-loop simulations can be studied.
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Fig. 36. Simulink interface for the control of the dryer.

The rotary dryer simulator was also implemented on the WWW using the Matlab Web
Server environment. The simulator can be used through the WWW using an interface on
a WWW page. One example of the user interface is presented in Figure 38. The WWW
materials include components for learning the basic theory, modelling, and control of the
rotary dryer.
Both simulators are used in the Process Control II course, which mainly concerns
experiment design. During the course, students study the dryer and do preliminary
experiments on the WWW. The main experiment design exercise they do is using the
dryer simulator on a PC.
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Fig. 37. The main screen of the rotary dryer module.

Fig. 38. User interface for the open-loop dryer simulation.
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4.5.2 The Matlab Web Server
To run the Matlab simulations, the Matlab Web Server was configured to run together
with the Microsoft IIS server. The Matlab Web Server enables one to make Matlab
applications that use the capabilities of the WWW to send data to Matlab for computation
and to display the results in a Web browser (The Mathworks 1999). The basic
configuration of the server is a Web browser running on a client workstation with Matlab,
the Matlab Web Server, and the IIS running on another PC. (See Figure 39).
Simultaneous use may be limited depending on the performance of the IIS and PC. The
server is designed to run continuously in the background as a WinNT service.

User (Web browser)

User (Web browser)

IIS
Matlab Web Server

Fig. 39. Simplified presentation of communication with Matlab over the WWW.

The Matlab Web Server consists of a set of programs that enable Matlab programmers to
create Matlab applications and access them on the WWW (The Mathworks 1999).
Matlabserver manages the communication between a WWW application and Matlab.
(See Figure 40). Matlabserver is a multithreaded TCP/IP server. It runs a Matlab program
(m-file) specified in a hidden field (mlm-file) in the initial HTML document.
Matlabserver invokes Matweb, which in turn runs the m-file. Matlabserver can be
configured to listen on any legal TCP/IP port by editing the matlabserver.conf file. The
number of simultaneous sessions is specified there.
Matweb.exe is a TCP/IP client of Matlabserver. This program uses the CGI to extract
data from HTML documents and transfer it to Matlabserver. Matweb calls the m-file that
a user wants the WWW application to run. Matweb.conf is a configuration file that
Matweb needs to connecting to Matlabserver. Applications that can be run must be listed
in the matweb.conf file. Otherwise, the user cannot run an application on the Web site.
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Generated
Web page

Initial Web
page

http daemon

Matweb.exe

matlabserver

MATLAB

M-files
data

Fig. 40. The Matlab Web Server configuration.

The Matlab Web Server file consists of three parts: input, actual program, and output. In
the input part, the variables are received from the browser and old images are cleared,
among other actions. The following code describes the input part:
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function retstr = rotary(instruct)
% RETSTR = ROTARY(INSTRUCT) creates the plot of output moisture
% of a solid dryed in a rotary dryer and
% returns HTML output in string RETSTR. Handle INSTRUCT is the
% structure created by matweb. It contains variables
% from the HTML input form in rotary.html.
% Initialize the return string.
retstr = char('');
% Set directory path for storage of graphic files.
cd(instruct.mldir);
% Get unique identifier (to form file name).
mlid = getfield(instruct,'mlid');
% Cleanup jpegs older than 1 hour.
wscleanup('ml*rotary.jpeg',1);

The output part creates the images and places them on the output Web page. The
following code describes the actions in the output section.
%Render jpeg and write to file.
plotfile=sprintf('%srotary.jpeg',mlid);
drawnow;
wsprintjpeg(f, plotfile);
close(f);
% Put name of graphic file into HTML template file.
templatefile=which('rotary2.html');
% Put variables that you want to put into HTML output document
% in an output structure.
s.GraphFileName = [ '/Icons/' plotfile];
% Call the function HTMLREP with the output structure just
% created.
retstr = htmlrep(s, templatefile);

5 Results
This chapter presents the results obtained from the student feedback. The feedback
includes both normal lecture feedback and questionnaires that were administered in order
to determine what students thought of the use of the WWW tools on the courses. The last
section presents an analysis of the results.

5.1 Data acquisition
The data for this thesis was collected from the student feedback system during the 1990s.
Additional data was collected using two additional questionnaires in the years 1999 and
2000. which students completed when giving normal feedback. These questionnaires
were presented to the students in autumn 1999 on the course Introduction to Control
Engineering and in spring 2000 on the course Process Control II.

5.1.1 Questionnaire 28 Sep 1999: Introduction to Control Engineering
In the autumn of 1999, a questionnaire was administered among the third-year students
who took the course Introduction to Control Engineering. Thirty-two students returned
the questionnaire. The questions were as follows:
− Have you visited the course pages on the laboratory Web? Estimate how many times.
− What things did you search for on the pages?
− Were the pages useful?
At that time, the laboratory Web consisted administrative information (timetable, results
etc.), material, and communication pages (questions and answers) and was used in a
supporting role for the course. There were no interactive applications on the pages.
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Thirty-two answers were received to the first question. The highest number of visits
during the course was 15 and the smallest was only 1. The average number of visits was 4
and the median 2.5. Table 5 presents the results and Figure 41 shows the frequency chart
of the visits the students made during the course. Figure 42 shows the percentages of the
visits which the students made to the laboratory Web pages during the course.
Table 5. Visits to the course pages.
Answer

Number

%

1
2

12
7

37.5
21.9

3

5

15.6

4

1

3.1

5

3

9.4

10

2

6.3

12

1

3.1

15

1

3.1

Total

32

100

Average

Median

4

2.5

Frequency of visits

Number of students

12
10
8
6
4
2
0

1

2

3

4

5

10

12

15

Number of visits

Fig. 41. Frequency of visits to the laboratory Web pages during the course Introduction to
Control Engineering in 1999.
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Fig. 42. The percentages of the visits during the course Introduction to Control Engineering
in 1999.

Table 6 shows the different items that were sought on the laboratory Web and on the
particular course pages. As can be seen, the materials (lecture handouts, notes, and course
outline) were the most frequently sought items (90%). General information (course
content and agenda, information about other courses, extra credits from exercises, etc.)
about the course was the next most popular item (28%), but not as popular as the
materials. Some students browsed other pages just out of curiosity. Because 90% of the
students downloaded materials, one can conclude that most of those who visited the Web
pages once searched the materials only. The results are presented as a chart in Figure 43.
Table 6. Items sought on the laboratory Web pages during the course.
Item
Materials
Timetable
General information
Old examinations
Staff
Appearance of pages
Job advertisement

Number of answers
29
9
9
2
1
1
1

% of 32 answers
90.6
28.1
28.1
6.3
3.1
3.1
3.1
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The most items frequently requested on the
laboratory Web
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Fig. 43. The most items frequently requested on the laboratory Web.

The last question concerned the usefulness of the laboratory Web pages. Twenty-nine
(90%) students found the pages useful; no one (0%) said they were not useful. Two
students (6%) expressed doubt.

5.1.2 Questionnaire 3 Oct 2000: Introduction to Control Engineering
An improved questionnaire was distributed a year later on the same course. The questions
are presented in Appendix 2. Twenty-two students, of whom 14 were male and 8 female,
returned the questionnaire.
The course was taught by the professor and the exercises were given by two acting
assistants, because the permanent assistant was on leave. The acting assistants were not
familiar with the use of the WWW and email and, for example, did not use email to send
general information to students. However, they did answer a couple of questions that
were received via email.
To the question “From where did you use the laboratory WWW pages” the students
could give several answers, for example, from university and home. Thus, the number of
answers is higher than the number of students. The results for this question are presented
in Table 7. Table 7 shows that most of the students used the laboratory WWW at the
University. Some used the laboratory WWW from home. One problem that was
mentioned in this context was that terminals at the university were seldom available. The
number of terminals has been increased over the years, but there are still too few
terminals for student use on campus. Table 7 is presented in chart form in Figure 44.
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Table 7. Location where students used the Web.
Choice
Univ.
Home
Elsewhere

Male

Total

%

All %

Female

%

All %

12

85.7

54.5

8

100

36.4

5

35.7

22.7

5

62.5

22.7

0

0.0

0.0

1

12.5

4.5

17

121.4

77.3

14

175

63.6

Locations where the students used the WWW (%)
100
80
%

60
40
20
0

University

Home
Male

Elsewhere

Female

Fig. 44. Locations where the students used the WWW (%).

Table 8 presents the quality of the connection the students have. Only 50% of the male
students answered this question; 35% of these respondents used a fast connection. These
users had access to the connection at the student dormitories or at the University. Most of
the female students did not know the level of the connection used. Table 8 shows that
more interactive elements can be implemented on the laboratory WWW pages. The table
is presented in chart form in Figure 45.
Table 8. Level of the network connection.
Male

%

All %

Female

%

All %

Modem

Choice

1

7.1

4.5

2

25

9.1

ISDN

1

7.1

4.5

0

0

0.0

ADSL

5

35.7

22.7

0

0

0.0

Do not know,

0

0.0

0.0

6

75

27.3

7

50.0

31.8

8

100

36.4

(DN)
Total

75

Level of the network connection
80
70
60
50
% 40
30
20
10
0

Modem

ISDN
Male

ADSL

DN

Female

Fig. 45. Level of the network connection.

Home page creation on the WWW was not very popular among third-year students. Only
two male students answered “yes” to the question whether they have WWW pages. The
overall percentage was 9. Table 9 presents the results of the answer to this question. Table
9 is presented in chart form in Figure 46.
Table 9. Number of persons who have WWW pages.
Choice

Total

Male

%

All %

Female

%

All %

Yes

2

14.3

9.1

0

0

0

No

12

85.7

54.5

8

100

36.4

14

100

63.6

8

100

36.4
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Fig. 46. Number of students who have Web pages.

Table 10 shows that even though the students have the opportunity to create Web pages
on the university server, they do not know about this. Only half of the males and almost
2/3 of the females knew about the possibility. This has to be taken into account when
planning exercises where the students have to make Web pages for themselves or for the
group. Table 10 is presented in chart form in Figure 47.
Table 10. Opportunity to make a home page on the WWW
Choice

Total

Male

%

All %

Female

%

Yes

6

42.9

27.3

5

63

All %
22.7

No

6

42.9

27.3

3

38

13.6

12

85.7

54.5

8

100

36.4

Most of the students visited the laboratory Web pages once or twice. The questionnaire
asked students for an estimation of the number of visits they made during the course. The
results for this question are presented in Table 11. The number of visits may be low
because the pages were not very dynamic. The pages included the material and
information to begin the course but were not used to deliver any further information. The
pages remain static after the beginning of the course. The dynamic use of the Web pages
depends on the teacher, in this case on the assistants. If the teacher does not have
motivation to update and use the pages, the number of visits will remain low. Table 11 is
presented in chart form in Figure 48.
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Fig. 47. Opportunity to make a Web page.

Table 11. Number of visits to the course pages during the course.
Male

%

All %

Female

%

All %

1-2

Number

9

64.3

40.9

6

75

27.3

3-5

4

28.6

18.2

1

12.5

4.5

>5

1

7.1

4.5

1

12.5

4.5

14

100

63.6

8

100

36.4

Total

Number of visits to the Web pages
80
60
% 40
20
0

1-2

3-5

>5

Number of visits
Male

Female

Fig. 48. Number of visits to the laboratory Web pages during the course.

78
A question was asked to determine how many times the students use the pages outside
course time once they have become familiar. Table 12 presents the results for that
question. The table shows that once the Web pages are known, students will use them,
even outside the course time. This finding places demands on teachers and assistants to
update the pages frequently. It also shows that if there are some useful things on the
pages, students will use them, no matter whether they are on an ongoing course or not.
Table 12 is presented in chart form in Figure 49.
Table 12. Number of visits to the course pages outside course time.
Times

Male

%

All %

1-2

8

57.1

3-5

1

7.1

>5

3

21.4

2
14

0
Total

Female

%

All %

36.4

4

50

18.2

4.5

0

0

0

13.6

2

25

9.1

14.3

9.1

2

25

9.1

100

63.6

8

100

36.4

It is essential that the Web pages perform well. If not, the user will lose interest in the
pages very quickly. Table 13 presents the results to the question how the laboratory pages
performed. Only one student (4.5%) said that the pages functioned poorly. The
explanation in her paper explained or revealed that the problem was in her PC not the
pages. Table 13 is presented in chart form in Figure 50.
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Number of times
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Fig. 49. Number of visits to the laboratory Web pages outside course time.
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Table 13. How the pages functioned.
Male

%

All %

Female

%

All %

0

0

0

0

0

0

Well

12

85.7

54.5

7

87.5

31.8

No

0

0

0

0

0

0

opinion
Poorly
Total

0

0

0

1

12.5

4.5

12

85.7

54.5

8

100

36.4

Most of the students considered the Web pages helpful. No one said the pages did not
give any help. Three students of 22 (13%) were doubtful and could not say what the
importance of the pages for them was. Table 14 shows the results for this question. The
table is presented in chart form in Figure 51.
Table 14. Were the pages helpful?
Male

%

All %

Female

%

All %

Yes

12

85.7

54.5

7

87.5

31.8

No

0

0

0

0

0

0

CS

2

14.3

9.1

1

12.5

4.5

14

100

63.6

8

100

36.4

Total

Performance of the Web pages
100
80
%

60
40
20
0

Poorly

CS
Male

Female

Fig. 50. Performance of the laboratory Web pages.
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Fig. 51. Answers to the question whether the pages were helpful.

The next question concerned how the laboratory WWW pages motivate the students. The
idea was to study if the WWW pages motivate students to participate in the course
(lectures or exercises). The pages did not motivate students to participate very much.
Only six students answered “yes” (27%). Eight students (36%) said the pages did not
motivate them, and eight could not say what the importance of the pages was for their
motivation. The results are presented in Table 15, and the table is presented in chart form
in Figure 52.
Table 15. Did the pages motivate you to participate?
Yes, both

%

All %

Female

%

All %

3

21.4

13.6

2

25

9.1

Yes, only one

0

0

0

1

13

4.5

No

4

28.6

18.2

4

50

18.2

7

50

31.8

1

13

4.5

14

100

63.6

8

100

36.4

CS
Total

Male

Exc.
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Fig. 52. Effect of the Web pages on the motivation of students to participate in the
exercises and lectures.
During the course, email was not used for the whole student group. A couple of emails
were received from students and answered as they were received. The acting assistants
were not aware enough of the importance of the use of email during the course due to
poor preparation for the course. Nevertheless, there were eight students (36%) who
wanted to retain the email communication at this level and four (18%) could not say if
this mattered. However, there were ten students (45%) who wanted more emails from
teachers. No one said that email communication should be decreased during the course.
Table 16 is presented in chart form in Figure 53.
Table 16. Use of email.
Male

%

All %

Female

%

All %

Increase

6

42.9

27.3

4

50

18.2

Decrease

0

0

0

0

0

0

Maintain Unchanged

6

42.9

27.3

2

25

9.1

2

14.3

9.1

2

25

9.1

14

100

63.6

8

100

36.4

CS
Total

82
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40
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0
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Fig. 52. Opinion of students on the use of email on the course (with a couple of exceptions,
email was not used generally on the course).

5.1.3 Questionnaire 19 Apr 2000: Process Control II
In the beginning, the intention was to make a survey using interviews, but because the
course was given in the last period and the students wanted to go to their summer jobs, it
was decided the survey to would take the form of a questionnaire instead. This section
does not present all the answers received but concentrates on the answers that are most
common and representative of those given on the questionnaire. The questions are
presented in Appendix 1. There were 24 students who answered the questionnaire.
Questions concerning the laboratory WWW
Q.1. Where do you use WWW?
Table 17 shows the results for the question where the students used the WWW. The
University seemed to be the most favourable place. Quite few used the WWW from
home, although fast network connections are available in the student dormitories. Table
17 is also presented graphically in Figure 54.
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Table 17. The location in which students used the WWW.
Choice

Amount

%

Home

5

20.8

Univ.

12

50%

7

29.2

24

100

Home & Univ.
Total

Locations in which the students used the WWW

50
40
30
%
20
10
0

Home

Univ.

Home & Univ.

Fig. 53. Locations in which the students used the WWW.

Q. 2. Did you visit the WWW exercise pages?
In the second question the students were asked if they visited the WWW pages at all.
Table 18 presents the results to this question. It shows that all students visited the exercise
pages and some of them indicated "often".
Table 18. Visits to the exercise pages.
Choice

Number

%

Yes

24

100

Often

3

12.5

Q.3. What did you search for on the site?
Twenty-four students answered this question. Table 19 presents the answers and the
number of students who included the sub item in their answer.
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Table 19. Motivation for visiting the laboratory Web pages.
Materials (lecture and exercises)

15

Timetable

9

General information

6

Examinations (old examinations and examples)

5

Help with LCProfiler

3

Rotary dryer simulator

2

Examples for exercises

2

General help

1

Curiosity

1

Job announcement

1

Hints

1

Q 4. How did the pages perform?
There were 24 students who answered this question. Table 20 presents the number of
answers and the corresponding percentages. The answers revealed that two students
confused the laboratory Web with LCProfiler.
Table 20. The performance of the laboratory Web pages.
Very good
Good
Fairly good
Satisfactory
Total

Number
1
16
2
3
22

%
4.5
72.7
9.1
13.6
100

Q 5. Did you find the pages useful?
There were 24 “yes” answers to this question. There were no negative comments. Five
representative sample comments are presented below.
−
−
−
−
−

“I found everything I searched for there.”
“The best pages of any laboratory.”
“I got a lot of information about the courses.”
“Yes, indeed!”
“In the sense that you don’t need to sit in the exercises.”

Q 6. What things should be included on the pages?
There were nine answers to this question. The most requested thing was the answers to
old examinations (4 times). However, this request cannot be fulfilled because we would
run out of problems. The dates of examinations also were requested (1). This feature has
been implemented since the questionnaire was given by linking the examination schedule
of the department to the course WWW pages. Links to other pages that deal with the
same subject were also requested (1). This request has been fulfilled since the
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questionnaire. One student also requested revision and an indication of the topic on which
the students should focus.
Q 7. What things should be taken away?
There were six answers to this question. “Nothing” was mentioned three times. Three
representative comments were selected and are as follows:
− “Nothing comes to my mind.” (Twice)
− “I did not find any excess things.”
Q 8. Were the teachers easy to reach via email or in the learning environment?
This question inspired 20 students to answer. All answers were positive; no one said that
they had problems in reaching the teachers. Three students said that they had no need to
use email (15%) in communicating with the teachers.
Q 9. What is your opinion of the use of email and WWW to support courses?
There were 24 answers to this question. Every answer was positive; no one said anything
negative about the methods. The following comments were selected from among the
answers:
− “Good. One doesn’t have to call or visit the University so often to ask help. Exercises
can be returned quickly and easily”
− “A good solution. Especially good communication in direction teacher -> student.”
− “OK, if they are not ends in themselves.”
− “Nice change, not an essential thing.”
− “A great help, because we do not work 8 to 16.”
− “A good thing. I could familiarise myself with the subject when I had time.”
− “Useful. I can get information when I want and I can choose my study times freely.”
Q 10. Do you prefer network courses or courses that use also traditional methods?
There were 22 answers to this question. Nineteen students (86%) said they would prefer
courses that use both the WWW and traditional methods. One student (4.5%) said that he
would prefer WWW courses. Two students (9%) said they could take both choices,
depending on the subject.
Questions about LCProfiler
Q 11. Did you use LCProfiler during the course?
There were 23 answers to this question. Seventeen students answered “yes” (73.9%) The
others did not answer directly, but included comments such as the following:
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−
−
−
−
−

“Not yet.”
“I tried.”
“Yes, but too little…”
“Not yet, but intend to do so soon.”
“If I had the passwords, I would.”

A couple of students had problems with the login ID and password. The problem could
not be solved during the course.
Q 12 Was LCProfiler easy to use? If not, which kind of problems did you have?
There were 20 answers to this question. Twelve students (60%) said that the environment
was clear and easy to use, but in additional comments the respondents brought up
problems. The sample comments represent the problems. Most of problems concerned
file transfer to the environment. One student said that the environment was too
complicated, although this student used LCProfiler only twice. Two students (10%)
answered “no” to the question. Some sample comments are listed below:
−
−
−
−

“The program threw me out for some reason, otherwise easy.”
“Confusing in the beginning.”
“Environment is too complex -> too many subdirectories, or no good instructions.”
“Formless user interface. A couple of buttons at the bottom of the screen, some links
at the top, etc.”

Q 13. Were the links in the Profiler clear? Which link or subenvironment caused
problems?
Fifteen students answered this question. Six students (40%) answered “yes”; only one
(6.7%) answered “no”. The others included some additional comments. Selected
comments are listed below:
− “Too many links.”
− “The whole environment is like a jungle.”
− “All links and functions were clearly arranged at the bottom of the UI. Everything
worked perfectly.”
− “Confusing.”
− “Links were clear and easy to use.”
− “There were problems in the use of Workshop.”
− “There were problems in communication.”
− “Easy to use, although our text disappeared in the workshop.”
− “Links performed well.”
Q 14. Did the use of LCProfiler motivate you to learn?
Twenty answers were received to this question, nine positive (45%) and seven negative
(35%). There were four students (20%) who were doubtful. Some selected comments are
presented below:
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−
−
−
−
−
−

“Nice addition, but does not contribute to learning very much.”
“A little, we do not have much time to use Profiler.”
“New things increase the interest.”
“Actually, I do not know. It seems to be a place to show your output.”
“Profiler was new and interesting, but did not affect learning.”
“We did not use it very much; we only tried to upload our own file and read what the
others had done.”

Q 15 Did you let the other students view your document? If not, what was the
reason?
At the beginning of the course a decision was made that teams would let other teams
view their documents. However, as the teams had the same project with different
parameters only, they were not eager to make their results available to others.
Accordingly, a date at the end of the course was agreed when every team would make its
documents available. The following comments characterise the reasons why the students
were not eager to make the documents public:
− “Not before everybody has returned their work. Copying is not acceptable and
everyone has to work.”
− “I tried, but do not know if the file ended up in Profiler.”
− “Yes.”
− “Not yet.”
− “No, we do not want to publish an unfinished document and things do not need to be
made easy for others.”
− “No, I do not want somebody else to use the same basis with just a little modification.
Only if a team that copies does not get additional points or is disqualified.”
Q 16 Did you read the comments written by the other students or the teacher?
Because the students did not let the other teams read their documents, they could not
comment on the documents made by the other teams. However, the teacher could read
and comment on the work of the teams during the course. The selected comments show
the answers of persons who received comments from the teacher:
− “Yes, I read them and got hints for the next stages.”
− “With help of the feedback, I could correct the errors in the documents.”
− “Yes, I read the teacher’s comments. We corrected our work.”
Q 17. Are you satisfied with the amount of interaction? Would more interaction help
in learning?
Twelve answers were received to this question. Three students (25%) were satisfied and
did not want more. The others wanted more interaction, both with the other students and
with the teacher. One student (8.3%) wanted more time for exercises where everybody is
present. One student made a very important finding:
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− “The work was based too much on your own activity…the system would be good if it
was the only course at the same time. Along with the other courses it takes too much
time.”
If there are very many network courses going on at the same time or there are network
courses going on when the students have many traditional courses, the workload places a
considerable burden on the students. Network course designers should pay attention to
careful planning of the courses.
Q 18. Did you feel that you belong to a community in LCProfiler?
Sixteen students answered this question. Ten students said “no” (62.5%) and three “yes”
(18.75%) Three students said “not very much” (18.75%). The following comments
describe the feelings of the students:
− “I have not had such a feeling.”
− “Yes, although it was difficult to get other students to chat with each other.”
− “It is a closed system, at least to some extent, I think.”
Q 19. Did the cooperation with other students and the teacher help you in learning?
There were 12 answers to this question. Nine students said “yes” (75%) and one said
“no” (8.3%). One student answered “perhaps” (8.3%). One (8.3%) said he had not
engaged in cooperation. The selected comments describe the attitudes:
− “I can imagine it helps.”
− “It helps when the others are busy with the project. Five heads think better than one.”
− “I have not participated in any cooperation yet.”
Q 20. Did the document feedback help in learning?
This question yielded nine answers. Each comment was positive. One student (11.1%)
said he had not seen the comments yet. Two students (22.2%) answered a simple “yes” to
this question. The others added some comments to their answers. For example, the
following comments were received:
−
−
−
−
−

“It gave hints.”
“Comments are positive in every situation.”
“I believe it has positive effects on learning.”
“Too early to say.”
“Yes. It prompted me to reconsider things.”

An additional comment
One student added an additional comment, which is worthy of mention. He said that the
course was too short to use this kind learning environment. The exercises were too
fragmented. The use of these methods requires solid exercises and the additional
examples worked on in teams should complement the things learned in exercises. The
environment could act as an environment where the documents are uploaded and as an
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information and discussion source. He ends his comment “There is still a little bit to
develop, but the idea is brilliant!”
However, the student does not mention if he participated in the exercise every time.
The comment reflects the thoughts of the students well.

5.2 Analysis and discussion of examination results
This section presents the grades the students earned on examinations during the years
1993 - 2000. These are the years in which the course Process Control II was developed
and new methods were taken into use. Process Control II has been selected, because the
course has been changed the most and the results from the analysis can be applied to the
course Introduction to Control Engineering.
The data collected was transferred to Microsoft Excel and processed in Excel
worksheets. The most representative comments were selected from the comments
included in the answers. The sample comments are italicised and presented in quotation
marks.
The results of examinations show that the changes in the teaching methods on the
courses affected to the distributions of the grades. Sometimes a change, be it negative or
positive, can lead to positive improvement, but studying results from several years after
the change can show the effect of methods and whether improvement has been achieved.
However, the effect of the use of the Web sought here cannot be found in the results.
There are several factors (learning method, use of the Web, teachers’ and students’
motivation, additional points) that changed at the same time and the result is a
combination of these factors. The attitude of students towards use of the Web is studied
elsewhere in the thesis. Here, it can only be shown that the effect of the change in
methods has been positive.
The method of giving extra points to students who show active participation in
exercises was taken into use in 1994. The common way to carry out the additional
exercises was to give problems that students had to solve on their own time. A copying
problem has been observed when using this method; i.e., one student solves the problem
and the other students copy the solution and claim the result as their own. To avoid this
problem, the additional problems are done during the exercise time if possible. However,
a couple of problems remain to be solved on the students’ own time. The approach of
solving the additional problems in the exercises is well accepted. One reason is that the
assistant participates in the work and can help the students if they have problems.
Helping means that the teacher gives clues or different ways to proceed to the final
solution, not the final solution itself. These are problems that have a couple of solutions
that are right. The students have to determine the way to the final solution by themselves.
One further reason for adopting the additional point method in exercises was that the
author found that absences were common. The students did not show up at the exercises.
The extra point method was created to motivate the students to participate.
Since the beginning, the students had been given a maximum of 5 extra points, but in
the year 2000 this was raised to 6 points. It was decided the additional point would be
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given to groups that showed active use of the LCProfiler network environment. This was
to encourage and motivate students to take the new environment into use.
However, during the first years the students did not realise how the extra points
affected their grades. In 1994, 68.6 % of students were not given extra points and the
average number of points given was 2.7.
Table 22 presents a summary of the number of students in each year that took the
examination without having additional points from exercises. The relatively high number
of such students in the year 1998 includes students who tried to pass the examination in
advance without attending the lectures or exercises. The Avg. column presents the
average number of points earned in the exercises. Table 22 shows that participation in the
exercises and the number of extra points have grown since 1994. Table 22 is also
presented graphically in Figure 55.
Students can obtain a maximum of 30 points from the examination. The grades and
corresponding points that will yield each grade are presented in Table 21. Thus the 5 - 6
additional points from the exercises added approximately 0.5 - 0.75 to a grade.
Frequency distributions of the grades for the course Process Control II from 1993 to
2000 are presented in Figures 56 - 63. The cumulative percentages of grades in each year
have been calculated and plotted on the chart along with the values for year 1993, which
makes visible the drop in fails and the shift in grades. Although the values of percentages
are discrete, lines are drawn between points to make the charts more readable than
column charts.
Table 21. Points and corresponding grades for examinations in Control Engineering
laboratory.
Points

12

13-14

15

16-17

18-19

20-21

22-23

24-25

26-27

28-30

Grade

0.75

1

1.25

1.5

1.75

2

2.25

2.5

2.75

3

Table 22. Number of students who did not get extra points during the years 1994 – 2000.
Year

Number (N)

%

Avg.

Median

1994

24

68.6

2.7

0

1995

10

37

3.4

2.5

1996

12

27.9

4.4

5

1997

10

18.9

4.1

4.5

1998

19

31.7

4.3

4

1999

7

20

4.7

5

2000

2

5

5.6

6
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Fig. 54. Percentages of students who did not get extra points during the years 1994 –2000.
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Fig. 55. Distribution of grades in Process Control II in 1993.
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Fig. 56. Distribution of grades in Process Control II in 1994.
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Fig. 57. Distribution of grades in Process Control II in 1995.
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Fig. 58. Distribution of grades in Process Control II in 1996.
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Fig. 59. Distribution of grades of Process Control II in 1997.
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Fig. 60. Distribution of grades in Process Control II in 1998.
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Fig. 61. Distribution of grades in Process Control II in 1999.
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Cumulative percentages of grades (2000, N=41)
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Fig. 62. Fig. 63. Distribution of grades in Process Control II in 2000.

Figure 64 presents the average grades on examinations in Process Control II from 1995 to
2000. The reason for selecting data starting from the year 1995 is that these years are
similar to each other as regards the extra points given for exercises. According to Table
22, 68.6% of students did not get extra points in exercises in the year 1994. The
corresponding chart for total points in the same years is presented in Figure 65. Figure 65
includes 95% confidence intervals. Figure 67 shows that the grades vary between years.
The variation is real because it has also been observed in Process Control I (Jaako 2000).
As the present author does not teach that course, there is no personal influence on the
results Jaako found.
If Figure 65 is considered, the students in the year 2000 passed the examinations
normally. The average value is the same as in earlier years if one takes into account the
confidence intervals. The differences can stem from the different persons who evaluated
the examinations in the autumn of 2000. The evaluation of the examinations is a
subjective process and varies to some extent, although Figures 65 and 66 show that when
the same person is doing the evaluation in long run, the variation in the evaluation
process is minimal.
Although, according to Figures 65 and 66, the students performed well on the
examination, Figure 65 shows that the number of higher grades (2.5 - 3) remained around
10 percent. Moreover, the expected number of fails before adding the extra points shows
that the students taking the course in 2000 relied heavily on extra points and did not
prepare as well for the examination as the students on the course in 1999.
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Average grades on exams in the years 1995 - 2000
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Fig. 63. Average grades on examinations in Process Control II in the years 1995 - 2000.

Correlations of distributions in each year compared to each other by calculating
correlation coefficients show that there are few years in which grade distributions
correlate with each other. The correlation matrix of the frequency distributions for grades
is presented in Table 23. Moreover, the correlation at its best is small (= 0.832), giving χ2
a p-value of 0.001. The other p values for the grade distributions are zero (p=0.000). The
same results can be seen on the charts, as the distributions of the years 1998 and 1999
resemble each other. The other distributions differ from each other as seen in Figures 56 63. Chi-square for the year 2000 is calculated with reference to an average distribution
from the years 1995 to 1999. The distributions of the average grades and grades for the
year 2000 grades are presented in Figure 66.
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Fig. 64. Mean values with 95% confidence intervals for total points on examinations in the
years 1995 - 2000.

Table 23. Correlation coefficients for frequency distributions of grades in the years 1993
- 2000.
Year

2000.0

1999

1998

1997

1996

1995

1994

1993

2000

1.000

0.125
1.000

0.091
0.832
1.000

0.035
0.437
0.401
1.000

-0.326
0.442
0.483
0.434
1.000

-0.252
0.226
0.073
0.460
-0.146
1.000

-0.276
-0.792
-0.603
-0.161
-0.338
0.111
1.000

-0.437
-0.232
-0.607
-0.038
-0.024
0.106
0.157
1.000

1999
1998
1997
1996
1995
1994
1993
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Fig. 65. Frequency distributions of average grades and grades for the year 2000.
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Fig. 66. Frequency distribution of fails during the years 1993 - 2000.

Figure 67 presents the frequency distribution of fails and indicates the overall trend. A
descending trend can be seen in the grades since the year 1993, although the year 1996
shows a high number of fails. In that year many students without extra points from the
exercises took the examination. Figure 67 shows that the changes in the methods have
had an effect on the grades. However, one cannot say what has been the proportion of the
use of WWW in that effect.
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If the distributions of the grades in the years 1993 and 2000 are compared on a chart,
the change can be seen (Figure 68). The number of fails decreased and the number of
good grades increased.

Frequency distributions of grades for the years 1993
and 2000
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Fig. 67. Frequency distributions of grades for the years 1993 and 2000.

6 Discussion
Learning
Web-based learning is still quite new in the Department of Process and Environmental
Engineering at the University of Oulu. However, as the results of questionnaires show,
Internet-based learning interests students and the attitude towards it is positive. Most
students have the possibility to use the Internet at home or at the University. For example,
at the end of 1999 a network connection was installed in every apartment in the student
dormitories on the campus. The Control Engineering Laboratory has responded on this
development by extending its use of network and the WWW in teaching. Gradually, the
courses given in the laboratory have set up their own WWW pages and obtained other
supporting applications through the WWW.
Although the two courses chosen for the probes deal with different subjects, the same
learning methods have been used on each. Teamwork and learning by doing combined
with conventional lectures are applied on both courses. Feedback collected from students2
shows that the methodological choice was right. Because of the extensive hands-on, inclass exercises on the Introduction course, the Web pages of that course do not contain as
many interactive functions as the Web pages of Process Control II. The basic structure of
the Web pages, however, is the same to maintain consistency in Control Web. No
significant differences can be seen in the feedback that dealt with the realisation of the
courses. This also supports the assumption that the courses are valid for the probes.
One can say that there are as many learning styles as there are students. However,
learning by doing has been found to be particularly effective. On the other hand, learning
by doing suits a certain learning style, and learners who prefer other methods should have
a possibility to complete the courses using those. This has also been requested from time
to time in the feedback. Supporting many learning styles is also a matter of resources. It
can often happen that only one or two different styles can be accommodated.
The results on the questionnaires show that motivation has increased due to changes in
the learning methods from traditional “sitting in the classroom” to collaborative learning.
The Web has had a more supporting role in Introduction to Control Engineering than in
2

Presented partly in section 5.1. More can be found at http://ntsat.oulu.fi/
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Process Control II, as can be seen in chapter 4. However, the option whereby student
groups on the Introduction course are given separate problems aims to increase the use of
the Web environment in that course. According to the feedback from Process Control II,
the students do not want to make public the answer to the same problem because they are
afraid others will copy it. It is believed that if students are given different problems, they
will be more likely to make their work available to others.
The students participated in the conventional3 examination, (which was in the same
format as exams in previous years). Although it was planned that students could get their
credits without an examination, this option was not made available in the
implementations of the courses due to a lack of resources. The assumption that the new
learning methods can affect the completion times of courses is not explicitly borne out in
the results. However, the use of a closed learning environment on the Process Control II
course implicitly decreases the time needed to complete the course; the more extra points
the students have got, the more motivated they are to take the examination as soon as
possible.
The use of LCProfiler on Process Control II made control of the learning process more
comprehensive by enabling the teacher to follow the learning step by step. The teacher
could follow the learning process of each group and guide students if needed. The other
matter of importance was that the students could do the last exercises in the learning
environment even if they were running in all directions to work in summer jobs. Process
Control II was given in the last period in the spring.
According to the feedback, the students liked the learning by doing on the courses.
This implies that interactive exercises are an important feature in the learning
environments. In addition, they liked the Web environment because of its possibilities to
upload the exercises and to communicate with the teacher. Some said that the Control
Web did not affect learning as such, but was a nice and motivating feature.
Teacher’s part – material development and teaching
In designing the Web application, the educational subarea of the Control Engineering
Laboratory was divided by course. The division could also be done according to the
subject, for example, but the selected division has been found to be clear. Division by
subject was not tested.
There are many approaches to material preparation. A common approach is to let the
students create the course material by themselves. This, however, is not quite applicable
to engineering education, because of the fact that engineering can hardly be considered a
matter of surfing the Web or discussing philosophical issues. However, students can find,
for example, preliminary materials for a project from the Web or the literature. These
materials can be transferred into electronic form and presented in a learning environment.
There is seldom time in exercises to create materials that can be adapted to the subject.
However, these materials could be created as part of the special exercises.
The implementation of Control Web was started in the 1995 as a form of simple Web
pages containing information on the course and some materials. The first course was
Process Control II and the second was Introduction to Control Engineering. The role of
3

Five questions from the area of the course to be answered in writing in four hours.
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the Web pages was to support traditional teaching. As the feedback was gathered and the
Web technology developed, more features were implemented.
It was clear that development was started on the basis of the course content. The
content was analysed to define what things were to be learned; then the methods and
materials were thought out. During the implementation, technological and human
resources were one limiting factor. As the technology developed, more functions were
requested in the student feedback. It became necessary to classify the functions into
administrative, materials, exercises, and communication functions. Process Control II
exercises have their own pages because there are more interactive functions on the Web.
The Process Control II exercise pages include utility programs, a tool program and an online simulator. If a new function was desired, it was first considered in light of the
existing course and the opportunities provided by the Web. Thereafter, the function was
implemented, and following the course the need for the function was considered in light
of the feedback. Not all the functions on the course were implemented in the Web. Some
functions work better in the classroom. For example, a large process instrumentation
exercise on Introduction to Control Engineering is better carried out in the classroom.
Technology can still be a limitation in some cases. Learning-by-doing exercises were the
best form of practice according to the student feedback. Old questions, handouts, and
other materials were also frequently requested.
The role of the teacher during the implementation of the course was more that of
developer or consultant than materials developer. Moreover, the whole development
process and use of new learning methods forced the teacher to think through his own idea
of teaching. The change in the role of the teacher can be difficult in some cases.
The balance between the use of classroom and network teaching can vary between
courses. It was planned in the beginning of the Web implementation that both courses had
to be implemented on the same level. At the end of the implementation, it was realised
that the courses are so different that there is no sense in insisting that the Web solutions
be the same. The finding is that the balance between the network and classroom
components depends on the course. If a network-only course has to be planned, Process
Control II course is more suitable, because the content of the course is better suited to
network implementation.
One problem faced when implementing the environments developed is that the course
developers assume an ideal student in the course planning. Problems are faced when the
students do not act as they are assumed to. Students can be lazy; they may not be active
and may try to minimise the work needed to get the credits, not to mention suffer from a
lack of motivation. One concrete example was the unwillingness of the students to
present their solutions in LCProfiler during Process Control II.
The time the teacher worked on the course more than doubled when using new
environments. The time applied to the course can be divided into three parts: the first was
the normal administration of the course; the second was the time to read and comment on
the documents; the third was just time to be on call in the chatroom if a student wanted to
discuss something with the teacher. Added to this was the design work with the Web as
one additional element in the course implementation, where the teacher is also the
programmer, the workload can increase still further, and significantly. This is a matter of
resources, as was discussed in section 1.1.
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The demand of commercialisation that is proposed by financiers can prevent
developers from testing their applications or systems thoroughly. Often, a test means that
the functions of an application or system are tested. This is not enough in the case of
learning environments. The application or system also needs pedagogical testing. Such
tests often take more time than a functional test only. The problem with pedagogical tests
is to fit them into a tight project schedule. Pedagogical planning in the design phase
cannot be overemphasised. However, pedagogical aspects have to be tested to some
extent in the test phase as well.
Learning environments – added value?
The development of learning environment platforms has brought several commercial
programs onto the market. Nowadays it is possible to select one that is appropriate for a
given course. However, the platforms have many functions in order to fit every situation.
This means that they can be complex or confusing in use. One can construct one’s own
learning environment on the WWW if the details presented in this thesis are kept in mind.
The benefits are greatest if attention is paid to the main aspects of the course when the
content of the course is transferred to the Web. Programming one’s own environment is
feasible when the case is special and it is clear that the platforms on the market do not
suit the purpose very well. One advantage in having a platform of one’s own is
independence from a single vendor, licences etc.
LCProfiler was used as a closed place where the teams could discuss problems and
look at the work of the other teams. “Closed” meant that one needed a password to log
into the environment. It took a couple of hours from the exercise time to teach students
how to use the environment. Given the tight schedule, this may be too much, and in the
future time has to be reserved for studying the environment.
Only two of ten teams did not publish their work in LCProfiler. One said they had no
resources to use the environment and the other said they had problems inserting files into
their documents. However, after a discussion the second team used the cut-and-paste
technique to make a document in the environment.
A more significant problem was that the teams did not want to make their exercises
available to others. The reason was that the students did not want the other teams to copy
their work or ideas. At the end of the course, a day was set when all teams published their
work. It was too late to start a common discussion, but the teacher could read all the
documents and comment on them.
In the future the exercises will be changed so that the teams will each do their own
exercises, not the same ones, as has been the case to date. The teacher has to make some
questions beforehand to open the discussion,. For example, there could be one question
for each week.
One lesson learned is that one must also keep in mind that simple Web pages can be
enough to support learning. There is no need to construct complicated learning
environments if the course subject does not necessitate it. Simple Web pages are easy to
maintain and students can download them quickly, even with a rather modest network
connection. When data transfer rates increase, more complicated objects and services can
be put on the pages.
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Feedback and results
A proper feedback system is needed in the developing process of a learning environment.
It is essential in the development phase of the environment, but also needed later in the
fine-tuning phase. In the development phase, feedback is necessary to show what is
needed in the environment and what can be left out. According to our experiences,
systematic collection of feedback supports the fine-tuning of an open learning
environment after the development phase.
As the results in chapter 5 show, grades have improved with the use of new and
different new learning methods. However, the results do not reveal what the influence of
the Control Web is. On the other hand, the feedback during the course combined with the
results show that use of Control Web has a positive influence. Moreover, it can be
assumed that the use of the closed learning environments has made it easier to control the
students’ learning process of. This is one reason for the better results achieved on the
examinations. In keeping with the probe method, the results can be extended to apply to
the whole Control Web.
One can find several good practices mentioned in the student feedback. The use of
simulation, learning by doing, and teamwork are among the key elements that brought
about the change in fails and grades during the 1990s. The use of email was seen an
important matter in the control of learning. The use of email increased during the 1990s
because new students were given an email address when they arrived at the University.
The effect of the change in the methods used on the courses can be seen in Figures 57 to
64. These figures show the cumulative percentages of grades from 1994 to 2000. The
year 1993 is the starting point to which the other years are compared. The curves start
from column 0, which means the percentage of fails. The shift to the right in the curve
means that the students earned better grades in that year. Only in the year 1994 were the
grades worse than in 1993. However, the number of fails in 1994 was lower than in 1993.
If the grade of 2, which is approximately the average, is studied, a descending trend in the
cumulative percentages can be seen. It tells that a shift towards higher grades has
occurred. Figure 69 shows the curve.
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Fig. 68. Cumulative percentages of the grade 2 during years 1993 - 2000.

105
A drop can be seen after 1997. It may be caused by the more extensive use of Control
Web. The increase in the percentage for 2000 may be coincidental. On the other hand, if
the feedback questionnaires and results are studied at the same time, they suggest there
may be problems in the realisation of the closed learning environment. It may have
increased the cognitive load of students, especially given that the readiness of the
students to use new tools was not very high. The situation in this regard will be better in
the future, because the students become familiar with computers and new learning tools
early on in school. In addition, the ability to use new learning environments should be
included in the first computer courses at the University. Moreover, the University is
making more computers publicly available on campus and students more often have their
own computer and a network connection at home, which enhance their possibilities to use
modern learning environments.
The investment in the development of Control Web can be considered profitable if a
lower rate of fails and faster completion times with better learning can be shown. The
decrease in the number of fails and improvement in grades seen in the present study
indicate that the changes in learning methods have been successful. Educating more
teachers to use modern methods in the future can help offset shortages in resources.
Where resources are limited, the step-by-step design approach described in this study can
be applied.
If Figure 67 is studied, two significant drops can be seen. In the years 1994 and 2000,
the percentage of fails was significantly lower than in the preceding years. If one leaves
out the fails in the year 1996, a rising trend in fails from 1994 to 1999 can be seen. The
rising trend can be used as an indicator that the course parameters changed and the course
needs adjusting. It is assumed here that the parameters indicate the group of learners who
participate in the course. The variables or the change in their parameters were not studied
in this thesis. In 2000, LCProfiler was taken in to use on the Process Control II course. It
solved the problem of the last exercises not being done by the students because they were
hurrying off for the summer. When they were able to do the exercises in the learning
environment, they earned extra points, which had a direct effect on the number of fails.
This development could be a subject for further study. Data after 2000 can be collected
and analysed. The analysis of fails can be a tool for teachers to see when course
parameters need changing. Figure 70 shows the percentages of fails from 1993 To 2000
(without the fails in 1996). A distinct drop in the number of fails can be seen in 1994 and
2000 and a rising trend from 1994 to 1999.
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Fails during the years 1993 - 2000
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Fig. 69. Fails in Process Control II from 1993 to 2000.

Extended model for new training environments
Korhonen’s simple model for building a learning environment is sufficient. It asserts that
learning theory and course content affect the learning environment. However, if a
learning environment is being planned, these factors have to be “opened,” which means
spelling out the contents of the factors.
The validation of Control Web was done using the “drilling” method proposed by
Manninen (Fig. 3). It means that a large system is validated by taking a probe from the
system and making a full validation for that part. Partial validation is applied to the other
parts of the system. The decision to take the two courses discussed here under full
validation was successful. The partial validation4 from other courses in the system shows
results similar to those of the full validation with the two probes.
On the basis of the results, experiences and feedback, Korhonen’s model (Korhonen
1999) for building a learning environment can be enhanced to cover the factors that have
been found to be significant in this study. His Figure 2 (Korhonen 1999) can be replaced
with Figure 71, which presents a model that can be used as the basis for the development
of an open learning environment on the WWW. This model also takes into account the
dynamic situation represented by the course pages. Technology develops all the time,
creating new possibilities to introduce better pages. Student feedback is essential after the
first prototype of the system is launched; feedback can be used to fine-tune the system.
The content of courses changes over time, and the content of Control Web pages will
need updating. The professional and educational abilities of the teacher will also change
as time passes. These factors will change the contents of the learning system. Different
conceptions of learning get support at different times. How humans learn is still
uncertain.

4

This refers mainly to feedback from other courses and can be accessed at http://ntsat.oulu.fi.
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Fig. 70. A model for the development of an open learning environment.

The lack of social contact in a simple Web environment is obvious. The feature of
presence can be implemented by using closed learning environment programs. The
student will be connected firmly to the community in the learning environments. The
feeling of belonging to a community was asked in one of the questionnaires.
Furthermore, according to our experiences, deadlines must be more strictly adhered to
when learning in the learning environments (distance learning) than in traditional
learning. Otherwise, there could be difficulties in synchronising the learning (if there is a
group studying on the same course at the same time). Moreover, face-to-face lectures are
recommended, if possible, to provide the students with a chance to interact in the
traditional way with other students.

7 Conclusions
The assumption that the new learning methods can reduce course completion times is not
explicitly borne out in the results. However, the use of a closed learning environment on
Process Control II implicitly affects the time needed to complete the course; the more the
students have got additional points, the more motivated they are to take the examination
as soon as possible. This is partly a response to the need to shorten graduation times. New
examination methods were not implemented, although the platforms would make them
possible. The current identification technology does not verify the identity of the
examinee.
The analysis of fails during the years 1993 to 2000 shows that the changes in the
course affected the number of failing grades. However, there are too many variables
changed on the course at a time to make a reliable study of the effect of the Control Web.
As it was one of the variables, the conclusion that it does have an effect can nevertheless
be made. A clearer effect can be seen in the drop in fails from year 1999 to 2000, when
LCProfiler was used on Process Control II. Obviously, the use of Control Web has a
positive influence. The graphical analysis of fails can be a tool for teachers to see when
the course parameters need changing. It is one tool among others to shorten the
graduation times, although it is a slow indicator.
The balance between the use of classroom teaching and network teaching can vary
between courses. It was planned in the beginning of the Web implementation that both
courses would be implemented on the same level. At the end of the implementation it was
realised that the contents of the courses are somewhat different and that there was no
sense in insisting that the Control Web solutions be the same. The finding is that the
balance between the network and classroom components depends on the course.
This study shows that it is possible to build a learning environment for engineering
that combines different learning methods. According to the feedback, Control Web was
accepted among the students. It was at least a motivating factor for them. The efficacy of
Control Web was more difficult to show in this study, but it solved some problems on the
courses and according to the grade and fail analysis, it was one thing that contributed to
improved examination results. Learning by doing was considered to be a good method in
the study of engineering.
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Questionnaire on the use of the laboratory WWW pages for
students attending Process Control II. Spring 2000.
1.

Where do you use the WWW?

2.

Did you visit the WWW pages for the course exercises?

3.

What did you search for on the pages?

4.

How did the pages perform?

5.

Did you find the pages useful?

6.

What things should be included on the pages?

7.

What things should be taken away?

8.

Were the teachers easy to reach via email or in the learning environment?

9.

What is your opinion of the use of email and the WWW to support courses?

10.

Do you prefer network courses or courses that also use traditional methods?

Questionnaire on the use of the laboratory WWW pages for
students attending Introduction to Process Control. Autumn
2000.
BACKGROUND INFORMATION
1) Sex
a) Male
b) Female
2) From where do you use WWW?
a) University
b) Home/ student dormitory
c) Other
3) If you have a network connection in your home, what is the level of it?
a) Modem, speed?_______________________
b) ISDN
c) ADSL
d) Do not know
4) Do you have your own Web pages?
a) Yes
b) No
5) Do you have the possibility to make your own Web pages on a server?
a) Yes
b) No
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6) Estimate how many times you visited the laboratory Web pages during the course.
a) 1- 2 times
b) 3 – 5 times
c) > 5 times
7) Estimate how many times a week you visited the laboratory Web pages other than
during the course.
a) 1- 2 times
b) 3- 5 times
c) > 5 times
8) How did the pages perform?
a) Well
b) Cannot say
c) Poorly, the reason was___________________________________________
9) Did the pages help you in your studies?
a) No
b) Yes
c) Cannot say
10) Did the pages motivate you to participate in the lectures and exercises?
a) Yes, both
b) Yes, which one?_____________________________________
c) No
d) Cannot say
USE OF EMAIL DURING THE COURSE
11) Did you receive email from the teacher,
a) Sufficiently
b) Too much
c) Too little
d) Cannot say
12) Did the teachers answer your email
a) Quickly enough
b) Too slowly
c) Cannot say
13) Should we use email on the courses
a) More
b) A little more
c) To the present extent
d) Cannot say
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DIRECT QUESTIONS ON THE USE OF WWW AND EMAIL





What topics did you search for on the pages?
What should be added to the pages?
What should be removed?
What is your opinion of the use of email and the WWW to support courses?

Exercise
Exercise:
get
acquainted
http://ntsat.oulu.fi/opetus/education.htm.
1.
2.
•
•
•
•
3.

with

services

in

What kind of services are there and how is the functionality
solved?
When you are doing your analysis, pay attention to the following
matters:
Functionality of pages.
Easiness of the use.
Usability (architecture and functionality).
Hints for development.
Aspect of quality, structure and functionality.

