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Current research based on positive results and obtained experience of a previous publication has developed a training

course of metrology based on sustainable characteristics such as remote control freeware applications, share of valuable

resources, distance learning methodology and active participation of the students. This is based on a remote control

operation using special software, with a real CMM.Although the CMMwas placed at theUniversity of Zaragoza (Spain),

ten students from Greece, with the valuable help of a remote control freeware application, participated in real time

measuring process from their own computers under the supervision of two instructors. The results of the remote operation

of the CMMwere very successful. A feeling of responsibility for using a remote piece of equipment and the extra care that

the students should prove created amore stimulating learning environment.Moreover, according to the students’ opinion,

the process as awholewas impressive and provided a unique experience.More effort has to bemade in order to increase the

number of the participants and the number of the used pieces of equipment.
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1. Introduction

This study starts from the previously published

results of the use of freeware applications in order

to increase the laboratory capacity in gear measure-

ment practical sessions [1], without needing addi-

tional equipment. The main requirement for that

experience was the use of the Internet to send the

data, although the CMM and the students, using
laptops to control it, were in the same area, as a

preceding experience. A logical evolution of that

research was the application of the developedmeth-

odology with students separated from the equip-

ment. The students in this study were in Kozani

(Greece) and they were controlling a CMM placed

in Zaragoza (Spain).

Distance learning has emerged in response to the
growing demand for educational opportunities,

without the spatial restrictions of the traditional

learningenvironmentsandhasbecomeanimportant

tool in higher education.Basically, time and geogra-

phical constraints make distance learning an appro-

priate and attractive option for many students.

Furthermore, the straightforward need for com-

panies to requalifying their workforce engaged in a
lifetime professional development is something

which should be considered as important for the

future of the distance learning method. Numerous

studies have investigated the differences in out-

comes between distance learning and traditional

learning methods.

1.1 Distance learning

At the early 90s, a novel program was developed, in

which the researchers included the use of computer-

integrated multimedia classrooms at both the home

and remote sites, in order to achieve two-way

transmission of video, audio and data [2]. The
research suggested a feasible televised interactive

multimedia distance education program for engi-

neering courses. Based on that, a series of technical

courses that were taught in Japanese engineering

students offered to professionals at corporations

and government laboratories around the United

States via audiographic teleconferencing and inter-

active satellite broadcasts [3]. The results of this
study supported the assertion that students at

remote sites in a well-planned distance education

program can achieve a performance comparable to

that of students who receive on-site instruction.
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After that a computer-based and interactive

laboratory system was designed and implemented

for theundergraduate electricalmachines anddrives

teaching laboratory. The changing status of the

experimenting in engineering education analyzed,

and the problems identified in the conventional
method of delivering the experiments studied

together with the proposed solutions. It was shown

that the alternative and cost-effective solution can

overcomemost of the problems that academic insti-

tutions are facing in the area of experimental work,

and prepare the academic institutions to the new era

of computer-based teaching and learning [4].

The continuing education of engineering profes-
sionals has been an important objective [5]. This fact

led to a relevant graduate-level program, accessible

to a population of engineering professionals, sepa-

rated from traditional university communities,

working at remote sites while using emerging tele-

communication technologies. It was later that a new

approach was introduced to deliver a senior-level

laboratory course at a distance in real-time [6]. The
enabling technology was the combination of an

interactive TV system and the Internet access. The

two years assessment and analysis of student learn-

ing and achievement of learning objectives of each

laboratory showed that the e-Lab created an effec-

tive learning environment.

Furthermore, a video-teleconferenced course

entitled ‘Principles of Biomedical Engineering I
and II’ introduced, for graduate students [7]. They

managed to provide evidence that upon implemen-

tation of interactive distance learning methods, the

on-and-off-campus students received similar final

grades. Until then, during traditional distance

learning lectures, on-campus students consistently

received statistically significant higher final course

grades than off-campus students.
The effect of a distance course format on the

knowledge acquisition (cognitive learning) and

satisfaction (affective learning) of students were

determined, by investigating student learning

responses and social presence during a graduate

level engineering course taught via traditional (i.e.,

professor present in the classroom) and synchro-

nous distance-learning formats [8]. The results of
the research were that:

� Cognitive learning is not strongly affected by the

social presence.
� Implementing strategies to enhance social pre-

sence may improve the overall learning experi-

ence.

� Distance learning experience is more enjoyable

for students.

Recent advances in technology have introduced

new tools to enhance learning, especially in higher

education. Among these, computer simulations

have been used in a wide range of contexts. Setting

up virtual laboratories via interactive 3-D simula-

tions is one way of augmenting the learning and

training processes with substantial benefits. An

instructional module was developed for a middle
school engineering class and was intended to intro-

duce students to the practice of engineering, using

an original web-basedmultimedia learning environ-

ment as well as off-line, hands-on building activities

[9]. A different research depicted a comparison of

educational outcomes between in-person and remo-

tely operated laboratories in the mechanical engi-

neering curriculum [10]. That study was performed
using a remotely operated and an in-person jet

thrust laboratory. The laboratories illustrate the

fundamentals of compressible fluid mechanics as

part of an undergraduate mechanical engineering

curriculum. Students develop problem solving skills

by deducing the reasons for discrepancies between

theoretical and actual outcomes. The results from a

study (on a jet thrust laboratory) indicated no
significant difference between the instructional out-

comes associated with the students who carried out

the experiments remotely and those who performed

the experimentation in-person.

Based on the same philosophy, a number of

distance courses offered a completely hands-on

experience, where the student remotely controls

equipment over the Internet [11]. So, the distance
laboratory course was introduced, combining

multi-media computer experiments, portable

hands-on exercises, and place-bound laboratory

experiments. Class communication was accom-

plished through e-mail, online discussion groups

and telephone conversations. The result was that

the distance laboratory was successful in introdu-

cing engineering concepts, developing hands-on
skills, and motivating students to become indepen-

dent learners.

The change of the classical classroom lecture

model towards the more active participation of the

students is something necessary [12]. It is considered

that the key issue is the courses to be taught in their

genuine context rather than the currentmore theory

oriented model. This can be done by supporting the
classroom theoretical lectures with real applica-

tions, closing thedistance through remote operation

of the lab rig during the lecture and enriching the

number of utilized rigs through sharing among

institutes.

One of the suitable pedagogical models for engi-

neering education is Kolb’s experiential learning

framework. Kolb’s experiential learning cycle is
particularly suitable for engineering education

which is an experiential field of science [13, 14]. A

model described for laboratory education was

Sustainability and Distance Learning: Technical Universities Sharing High Cost Resources 1665



based on Kolb’s experiential learning theory [15].

The method is implemented using modern teaching

technologies and a combination of remote, virtual

and hands-on laboratory sessions at a Chemical

Engineering Department. The results demonstrate

that designing engineering laboratory education
based on well-developed pedagogical theory can

lead to excellent learning outcomes.

Simulation-based Learning (SBL) was used in

MachiningTechnology at a second year engineering

students [16]. The aim of this study was to investi-

gate the effect of SBL on learners’ motivation and

performance. The research suggested that the stu-

dents perceived their psychological needs to be
satisfied and had high levels of self-determined

motivation. This means that SBL can potentially

enhance self-determined motivation as well as

improve learning in general. Researchers described

the development, implementation and preliminary

operation assessment of Multiuser Network Archi-

tecture in order to integrate a number of Remote

Academic Laboratories for educational purposes
on automatic control [17]. Through the Internet,

real processes or physical experiments, conducted at

the control engineering laboratories of four univer-

sities, were remotely operated. On engineering cur-

ricula about electrical circuits, students often face

problems dealing with conceptual understanding

[18]. With an aim to facilitate the acquisition of

conceptual understanding: a) the traditional condi-
tion was supplemented with computer-based prac-

tice and b) the virtual lab condition was

supplemented with inquiry learning in a virtual

lab. The result was that students in the virtual lab

condition acquired better conceptual understand-

ing and also developed better procedural skills, then

students in the traditional condition.

By permitting designers to realistically, accu-
rately and quantitatively prototype and test multi-

ple intermediatemodelswithin virtual environment,

Virtual Prototyping (VP), also known as Simula-

tion-Based Design (SBD), has rapidly gained popu-

larity and become a crucial part of most engineering

design processes [19]. The luck of classes fixed for

training of this methodology had as result the

development of a rationale and its various stages
for a series of web-based and self-paced VP tutorial

case studies targeted at students on a course in

machine and mechanism design. Interactively

exploration of the process of creating engineering

analysis models in a VP environment, developed

skills for interactive SBD of models and develop-

ment of engineering judgment by interactive

exploration of a spectrum of examples, were some
of the basic outcome of the research.

A network infrastructure wasmade for education

and control of modular production system (a.k.a. a

mechatronics system) and it was analyzed [20]. The

structure was applied to mechatronics laboratory.

In this way, an educator provided the education of

trainees, from any location with internet access.

Efforts to introduce training at a national level led

to the European project EUKOM,which developed
a user-centered training course, using new learning

methods to meet the demands of coordinate

measuring machine (CMM) operators [21]. Today,

this association offers manufacturer-independent

courses in coordinate metrology and it is continu-

ally improving its learning methods and learning

contents. The courses combine face-to-face teach-

ing, workshops and online learning in a blended
learning environment. Within EUKOM, training

for coordinatemetrology is being developed, aiming

at synchronizing and harmonizing the training

activities in Europe, while applying new learning

arrangements for vocational training in a user-

centered approach. Additionally, EUKOM intro-

duces the training concept for coordinatemetrology

and invests on the internet as a medium for deliver-
ing learning contents and establishing learning

groups [22].

Coordinate metrology is a subject that has

evolved, driven by two important factors: hardware

and software development. An innovative learning

tool was developed and can complement existing

models for CMM based training [23]. This tool

simulates a complete measuring environment
encompassing: the CMM, the human operator, a

robot or automated system for manipulating the

parts. An additional project was established and

allows the implementation of an interactive teach-

ing model, focused on the student. It combines

master classes and virtual applications, in an envir-

onment known as DE–learning (driven e-learning)

[24]. In particular, this project simulates the func-
tion, the calibration and the measurement imple-

mentation using a horizontal coordinate measuring

machine (HCMM).

1.2 Sustainability

Nowadays sustainability concepts meet with gen-

eral acceptance worldwide and are developed and
implemented for awide range of industries, research

and development andmanufacturing products. In a

globalized, rapidly developing world, training and

education sustainability is considered an important

issue. In the future, only those regions and compa-

nies that develop modern training concepts with an

emphasis on sustainability will continue to be

competitive. Sustainability has received increasing
attention in education over the last decade. The

terms Education for Sustainability and Education

for Sustainable Development increased their use

internationally. It is in this context, that new educa-
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tional programs, research institutions and scientific

publications, all with an emphasis on sustainability

in higher education, have emerged.

There are different pedagogic methods that have

been used in order to educate engineering students

about sustainability [25]. These methods were sup-
ported with data, indicating whether they achieved

their learning targets. Lectures, in-class-active-

learning, readings and appropriately targeted

homework assignments can achieve basic sustain-

ability knowledge and comprehension. This

becomes reality by requiring students to define,

identify and explain aspects of sustainability.

Another way for educating sustainability can be
considered the development of case studies and the

application of software tools with an aim to achieve

application and analysis competencies. Project-

based learning (PBL) and project-based service-

learning (PBSL) design projects can reach the

synthesis level and may also develop affective out-

comes related to sustainability.

Attempts are being made to distinguish different
types of sustainability in Higher Education projects

[26, 27]. The can be categorized into:

� greening the campus initiatives/campaigns, with a
focus on operational improvements (eco-effi-

ciency),

� revision of learning outcomes and curriculum

reformulation and

� institutional research and development projects.

However, despite the progress achieved, sustain-

ability has not become yet an integral part of the

university system and further research is needed to

tackle the complex challenges and demandswithin a

transition to sustainable universities [28].
Current research is developed based on charac-

teristics of the three pillars of sustainability (social-

economic-environmental). From the economic

point of view, the expensive CMM equipment

(hardware and software license) could be virtually

shared to other laboratories all over the world. The

only resources needed are the remote control soft-

ware and the commonly available personal compu-
ters. The rest of the financial costs are low while

apart from the CMM, the used equipment (or

similar) is commonly available in the universities

or training centers worldwide. Moreover, many

travel costs are avoided, thus making this method

more attractive and appropriate for theUniversities

and companies cooperation. At this point should be

mentioned that the total cost of a CMMmachine is
superior to 50.000 euro, while in the case of in-

person educating method, the travel, accommoda-

tion and the rest of operational costs for the ten

students who participated to this process are esti-

mated to approximately 10.000 euros, plus the

additional required time. In this way, there are

many possibilities for creating revenue, especially

for the Universities. From the environmental point

of view, the distance learning courses prevent people

from traveling, which has a great effect on the

environmental protection. Furthermore, the need
of fewer pieces of equipment makes possible to

decrease the energy and material consumption.

Last but not least, from the social point of view,

this study promotes the cooperation between uni-

versities and training centers in all over the world.

This kind of co-operation is considered as promis-

ing for the future. The participants have to collabo-

rate with people from different countries, with
different culture and beliefs. It is an experience for

the students to be taught from foreigner tutors and

operate equipment in a different country just by

sitting in their laboratory.

2. Case study: training students via the web

In all aspects of engineering, metrology plays a

significant role in acquiring precise and reliable

measurements and thus results. For this reason,

CMMs are used more and more often due to their

universality and flexibility. It plays a vital role in the

mechanization of the inspection process. Some of

them can even be used as layout machines before

machining and for checking feature locations after
machining. Measurement and analysis involve

gathering quantitative data about products, pro-

cesses and projects. A number of actions and plans

are influencing on the results from analyzing these

data. Operators of CMMmachine should be highly

trained in order to minimize technicians’ influence,

they need to be provided with the necessary knowl-

edge to carry out such tasks.
In this study, a group of 10 students, with ages of

20 to 24 years old, during the spring semester of

course 2014–2015, participated in this pilot study.

They were Greek students of the Dept. of Mechan-

ical Engineering and Industrial Design, Western

Macedonia University of Applied Sciences,

Kozani, Greece.

Each student had a laptop, which was a property
of the CAD/CAM/CAE laboratory, Dept. of

Mechanical Engineering and Industrial Design.

The operating system was WindowsTM XP. A

basic step before the starting of the process was

the installation of the AnyDeskTM software. Each

laptop used the available campus’s wi-fi for their

connection to the web, in order to link the local

computers with the computer that controlled the
CMM. Two projectors (SONY VPL-VW1100ES)

were connected to a set of two cameras used at the

laboratory in Spain.

The connected computer to the CMMwas placed
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at the Centre of Professional Training ‘‘Corona de

Aragon’’ at Zaragoza, Spain. It was a PC with Intel

Core 2 6400, 2.13 GHz and 1GBRAMand 128 GB

hard drive. The operating system wasWindowsTM

XP.TheAnyDeskTMsoftwarewas installed on this

computer too and the Ethernet protocol was used

for the web connection. The main software for

controlling the CMM was MCOSMOSTM 1 v3.0.
Two conventional video cameras were used. The

first one was providing real-time images from the

CMM probe when performing the measurement

process on the workpiece used (Fig. 1). The second

was used to show a panoramic view of theCMM lab

environment and the Spanish Tutor at the same

time. The CMM model was a Mitutoyo EURO-

C544 and the sample workpiece measured was
recommended by the equipment manufacturer for

training purposes. The lecturers on both labora-

tories used whiteboards, that were useful for the

required explanations of the measuring process,

supporting conventional explanations and present-

ing interesting graphical materials.

A day prior to the implementation of the web-

based training, an additional course was organized
for the students participating. The aimwas to offer a

presentation of the next day’s session and explain

the aims and the steps to be followed.

In addition, a specially prepared material about

the operation of the CMM and the measurement

process was delivered in order to provide a better

understanding of the next day’s experiment.

At the beginning of the class, the Tutor from
Spain explained how to use the CMM in order to

measure dimensions using a series of generic work-

pieces. He connected his laptop to the CMM

computer using AnyDeskTM and performed a

workpiece partial measurement. At the same time

with the tutor, the students had their laptops con-

nected to the Tutor’s laptop via AnyDeskTM and

watch the CMM control software. Simultaneously
with the use of two projectors, they were following

up both the:

� measurement process via the camera placed next

to the CMM probe, and

� presentation of the tutor from the CMM room

camera.

After the initial measurements performed by the

tutor, each studentwas connectingwith its laptop to

the computer controlling the CMM and was taking

a series of measurements of the workpiece geome-
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try. They were performing the measurements in real

time, while everybody else was watching all the

measurement activities. It was then that each stu-

dent participated as a user of the CMM, although

he/she was in a different country.

3. Results

In order to evaluate the success of the presented new

teachingmethod, itwas crucial that the students had

no previous knowledge related to CMM. Students

were, prior to the measurement training class,

evaluated with an initial test, named pre-training

test. Questions used in this test were directly linked
to required mathematical concepts and aspects

related to numeric control, computer aided manu-

facturing and machining technology. After the

training class, students were reevaluated, using the

same questionnaire (post-training test) in order to

evaluate the acquired knowledge.

Figure 3 depicts the number of the total right

answers from both the tests (pre and post training)

for each of the participating students. The difference

between the number of correct answers delivered by

the students is clear. Only two students answered

correctly in the same way on both tests.

The rest of the students greatly increased the
number of correct answers given in the post-training

test.

A second questionnaire used a five-level Likert

scale, in order to access the feeling of the participat-

ing students about the proposed methodology

(Table 1). A series of outcomes were concluded

after the students experience in using the distance

learning methodology:

� The workpiece model used for the study gave the

students the opportunity to experience the remote

control of the CMM from their own laptops via a

web connection. Both the students and the web-

based tutor collaborated very effectively.

� To a great extent, students strongly believe that
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Fig. 3. Right answers for each participating student for pre and post training tests.

Table 1. Results of the students’ satisfaction assessment

Item

(Five-level Likert: 0 = ‘‘Totally disagree’’ ; 5 = ‘‘Totally agree’’)

Total number of students: 10 Average value Standard deviation

1 Learning to use the CMMwith is method is better than just watching the teacher
using the machine.

4.8 0.42

2 I feel I can measure the manufacturing quality of a gear after this class. 3 0.47

3 With this method, I can take a more active part in class. 4.1 0.56

4 I think I will apply these tools (teleconferencing and remote desktop) in future
works, either as a student or as a professional.

3.8 0.78

5 I think that this is a friendly learning method. 4.6 0.51

6 I have been paying attention and I have understood what has been taught in class. 4.1 0.56

7 I think that with this method I can learn more details about how to use a CMM
than just by watching somebody else measuring a gear.

4.1 0.73

8 I think this is a good method to learn how to use this type of machinery. 4.1 0.56

9 This method has improved my learning process. 3.7 0.82

10 The class has been pleasant. 4.5 0.70



learning to use the CMM with the proposed

methodology is better than watching the teacher

using the equipment.

� A high proportion (60%) of the students men-

tioned that, after their experience, they feel com-

fortable that they can measure real workpieces in
an industrial manufacturing environment.

� The majority of them reported that with this

methodology they felt the satisfaction of actively

participating in the class.

� Because of their exposure to the new use of the

aforementioned communication tools, they con-

sider both teleconferencing and remote desktop

utilities extremely useful for the future. They
would even prefer to use them either as students

or as professionals.

� They found themethodology proposed extremely

friendly and very interesting for themselves. The

responsibility of using a costly piece of equipment

led the students to be focused on the tutor’s

guidelines.

� To a great extent they felt that the proposed
methodology is successful for learning how to

use this type of machinery and their experience

was very positive and improved their learning

process.

The development of the user-friendly piece of

software helped the whole process to be implemen-

ted with a minimum amount of resources and thus

promote the low cost and sustainable use of the

available CMM.

The use of both measuring and data analysis

offered a complete learning experience to the stu-
dents. They have the opportunity to get involved in

the measurements and then obtain valuable results

from the analysis of the data acquired.

After the practical session, all students were able

to access their own educational material (i.e. tutor’s

notes, measurement files) for further study. They

were able to share results among themselves and

generate valuable feedback for their final report.
The role of the tutors was also extremely important.

All tutors on both sides of the web had to assess

continuously the process on both laboratories,

making corrections or improvements in the design

and implementation of the class.

4. Conclusions

Further development of this kind of resource-shar-

ing projects would help to the creation of an educa-

tional network is absolutely necessary to increase
the number of benefited students or professionals

that will be able to practice with real life equipment.

The majority of similar approaches are based on

remote laboratories and simulations. The current

project is based on the use of professional tools,

which are useful for the students, who are learning

now the real machines and their control software.

The visualization of the path of themeasuring probe

on a CMM, which is projected in real time, made

possible to understand all the software commands
and their effects. It is very important that the time

required to adapt classes to use this method and

prepare tutors to put it into practice was not

excessive, especially if it is compared with the help-

ful results. The results can be considered only as

positive. According to student opinion about the

whole process, this study should be continued, while

managed to improve factors such participation,
interest, friendliness and even professional applic-

ability of the introduced tools. The obtained experi-

encemade both the university laboratories to decide

to keep on using this teaching methodology, at least

in the metrology sector, in which the required

equipment has been already installed. The most

promising aspect is that those laboratories would

also be able to share other machines conversely
following the same process. The future plans have

as target this methodology to be cultivated to the

CNC machines sector. In a sustainable society,

where people take more responsibility for the con-

sequences of their actions and play a more active

role as citizens and workers, they must have access

to quality education throughout their lives. This

process can facilitate the development of collabora-
tive projects with participants from different cen-

ters, not necessarily in the same country. This kind

of actions is conventional with the rules of the

globally free market promoting simultaneously the

value of the three pillars of sustainability.
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