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Maintenance training and educational activities iaoeeasingly exploiting technological innovatioi3esktop
and web-based e-learning applications offer acackeamd industrialists new tools to raise mainteaaetated
knowledge and competence. One recent initiativehia direction is the iLearn2Main project. The madj
employs e-learning technologies, offering customhiz@aintenance management training, while facitiatihe
standardisation of competencies assessment andnligagvaluation. The maintenance curriculum wasgthes!
by taking into account competence requirementsrfaintenance management professionals and a useysur
across several EU countries. This paper provides/arview of the iLearn2Main development and system
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1 INTRODUCTION

Maintenance Engineering and Maintenance Managenwnpetences are necessary for modern enterprigealifiough
maintenance has been researched and taught ageatdal long, the ever more demanding market nesu$ the rapid
technological advances require a thorough treatmfRducation and Training in Maintenance. Enabliechnologies in the
form of e-Learning, mobile learning and virtualitiag expand the toolset available to Maintenamaaing. They also have
the potential to provide a structured and objectiag of accessing competences, facilitating skillsompetences recognition
[2]. One recent initiative in this direction is tileearn2Main project_(www.ilearn2main.purhe project employs e-learning
technologies, offering customized maintenance mamagt training, while facilitating the standardisatof competencies
assessment and learning evaluation.

The Maintenance Management training curriculum wasigned on the basis of the EFNMS Specificatiooutlithe
Competence Requirements for Maintenance Manageremser survey was contacted in 5 EU countrieslemiify learner
and trainer needs for an eLearning system in Maartee Management. The findings of the survey aizhave been taken
into account in guiding the curriculum structuresige. The curriculum comprises largely training is@s related to the Basic
Activities of the Maintenance function, as wellsajects related to the Improvement of the Mainteeaunction [1]. These
are structured in three main course themes, naebet Care’, ‘Asset Performance Evaluation’ ancaiMgement/Economy
of Assets’. e-Learning modules are being built dnttee aforementioned course themes. These arermif structured,
comprising fundamental course identification infation, course theory, practical tips and case etudihe eLearning system
is built on the Open Source Learning Managementeyplatform, Moodle, and the learning coursesheiag packaged as
individual and reusable learning objects.



A key requirement is related to formalizing Mairaece Management qualifications in such a way, s dacilitate the
standardization of competence assessment of perksdnrthe EU, the EFNMS has produced specific gunie to this purpose
in the form of Requirements and Rules to achie@edificate as a European Expert in Maintenancedgament, as well as
Regulations for the EFNMS Certificate as a Europdamtenance Specialist. Building e-tools for Maimance Management
competence assessment can offer significant helprtts satisfying such requirements. The e-Competéssessment tool
currently under development in iLearn2Main may fiort as a standardized means of carrying out thlesasnent of
Maintenance Management qualifications. Taking athge of the Learning Management System featuresetBompetence
Assessment tool is blended with the Learning Objéttthe sense that it can be used to provide teddand guide the
elLearning process.

On the basis of the iLearn2Main Maintenance Manag#ra-Learning platform, specific examples of tbarse structure
and content delivery are provided, along with exspf the competence assessment functionalitibe. évaluation and
piloting of the iLearn2Main tools is currently undeay in several EU countries.

2 IDENTIFYING THE TRAINING OBJECTIVES

2.1 Target Groups & VET objectives

The iLearn2Main project aims to deliver Maintenarfddanagement training using e-Training tools. Speaify the
training target groups comprise both trainers aah¢es:

Teachers/Trainers
v" Personnel involved in maintenance-related training
Learners

v' Managerial personnetheir needs are determined by the necessity t@®mational decisions related to maintenance of
industrial equipment and human resources allocation

v' Senior_engineering personneheir needs are related to the need to make pppte choices to ensure adequate
maintenance policies and technological solutiorss,well as to devise plan and oversee the implertientaf
appropriate maintenance policies and actions

v' Other technical personnéheir needs refer to ensuring adequate techkitalvledge and skills to efficiently carry out
planned maintenance tasks, or to perform rapid texaémce-related audits on industrial machinery.

Training Objectives

In Maintenance management training, the traineulshbe able to bring enough knowledge and expeeieio the
learners, so they will be able to fulfil satisfagtaheir basic function in maintenance. The fundarakareas of knowledge
should cover the management capabilities havingbtec activities in place and in proper use, ali a® the usage of
analytical procedures for improvement of the maiatee function.

The knowledge and competences can be illustratachiararchical structure as seen in Figure 1 [1].
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Figure 1. Maintenance Management Competences



2.2 Survey and Analysis of Training Needs

The iLearn2Main project opted to engage relevaakediolders early on in the project. This was pemntat in a number of
ways:

v
v
v

Meetings with business clientele and research/anede@isons
Participation in info-days, workshops, conferences

User survey in UK, Sweden, Latvia, Romania and Gree

Specifically, the user survey involved discussi@ml interviews with relevant stakeholders, distitmu of project
brochures and completion of a lengthy user survestionnaire. Two versions of the questionnaireehzen developed:

v"one for the teachers and trainers in maintenariegetetraining

v" one for managerial personnel, senior engineeringopeel and other technical personnel

The questionnaires comprised questions on theviolig:

v

v
v
v

the respondent’s background, working situation exmerience
the respondent’s knowledge in the field of maintera
the respondent’s wishes for areas in the field afntenance to learn more about

basic computer use and literacy questions, asagdjuestions aimed at identifying the likely adoptprospects of an
e-learning system.

The project collected 70 complete survey respofre@s managerial and maintenance engineering peetdteachers &
learners), as seen in Figure 2.

It is worth focusing on some statistics from thevey. Specifically:

v' 49% of those who completed the questionnaire aneoSEngineers

v' 31% of maintenance learners are Managerial Staff

v 12,7% of learners are Technicians

Regarding the learner interviewees experience imterzance issues, the following can be observed:

v’ 67% of learners work less than three years in ranarice issues and they may not have sufficientrésee

v' 33% are more than three years in the field of nemi@tce and consequently more experienced.
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Figure 2. Survey respondent’s profile



From the collected responses, it is particulartgnesting to note that the teachers/trainers haweden little or moderate
knowledge in:

v" Procurement, selling of service

v' Laws and regulations

As an average they seem to have at least moderataah knowledge in the other actual areas.
The learners have little knowledge in:

v" Economical control, LCC, LCP

v' Laws and regulations

As an average they seem to have at least moderatdddge in the other areas.

Although one might expect that managers would rdwelr training in maintenance to be lower than techl staff, both
managers and engineers (including technicians)edikeir training in maintenance to be at the séwel. A significant
proportion (25%) believe that their training is dieguate (low) which should be regarded as acceptiiom their part that
they are in need of further training in maintenaisseies. As this is a snapshot of the “own viewthaf respondents, it may be
that the level of inadequate training among magtee — related personnel might be even higher.

It is of particular interest to note that managanswers on 'economical control’ were surprisingtyal3% have “very
much” knowledge on economical issues and anoth&s ki3ow “much” on the same subject. In fact a vemgé proportion
(44%) know no more than “little” on the subjectnsething that is not consistent with their functeomd highlights a very clear
training need. It is therefore suggested that @sums economic issues should not only cover basies (for technical staff)
but also more specific issues (for managers).

The fact that engineering and technical personhifly do not consider that they have at least “hiuknowledge on
maintenance subjects is interesting. Perhaps lesanvéh technical background consider that theyehawch practical
knowledge on the subjects but they lack the necgs$kaoretical background. There may be an alter@atxplanation too: as
they are directly involved with the technical diffities of maintenance, they understand the coreditie challenges involved
in maintenance and so they provide more ‘reservesbonses. A further interesting finding is that®af engineers and
technicians do not know more than “little” abouttaand regulations (this proportion for manageijgss 13%). Nonetheless,
knowledge on this subject is mandatory to becorwastenance Specialist according to EFNMS. Yety@anll3% of those
responded indentified ‘Laws and Regulations’ asrefgpence topic for training. This is a clear iradion that learner
preferences should be interpreted with great cauwitd should be looked upon together with theitedt&nowledge on the
subject and the objective requirements to beconvaitenance Specialist. In general it can be shat Engineers and
Technical Personnel consider that they have muomrfor improvement and training on Maintenance essiccompared to
Managerial personnel.

Of particular interest was to focus not only on thguirements for Maintenance Management training,also on the
adoption prospects of an e-Training system for Kaiance Management. An especially high proport@h5 %) uses
computer in a daily basis and believes to be “vemych” familiar with computers (81,8%). Furthermof€0% of the
interviewees responded that they expect to behafitch” (40%) or “too much” (60%) from a computerdea automated
learning platform. There were no negative or iredié#ht replies on this question. These responsed tvefi with potential
future use of e-training for Maintenance Management

The survey responses were taken into account iigrdeg the Maintenance Management Training curtoul described
in the next section.

3 MAINTENANCE CURRICULUM AND COURSES DEVELOPMENT

The iLearn2Main maintenance curriculum was strigrtuon the basis of the specified VET objectives el survey
findings (Table 1), as well as by taking into aaaioprevious related activities in this area. Ttaning content development
process had as a key objective to provide boththieretical background that trainees should posseddaintenance
Management, as well as the practical skills neeednplement the maintenance function. It is vemyportant for a
Maintenance Manager to have knowledge about thentar@nce terms and their definitions, in order Wi
misunderstandings in the oral and written commuigoawithin the maintenance function — internaltythe company as well
as with external suppliers or customers. Corredtfarmal definitions are required to understand ri@ntenance terms used
in requirements, specifications, instructions, cacts and associated maintenance standards in aieemance function in
general. Therefore, it has been necessary to pecawmmprehensive structured generic maintenamssayly containing the
main terms and their definitions.



Table 1

ILearn2Main Maintenance Management Learning Culuitu

CATEGORY MODULE
Performed activities on ttassets (Asset Care) 1.1 Maintenance involvement in design, procurena@at operation
of assets
1.2 Preventive and inspection activities
1.3 Repair techniques and methods
1.4 Goal, strategies, results
15 Work execution
Asset Performance Evaluation 2.1 Analysis of tlohécal performance of the assets
2.2 Condition monitoring
2.3 Measurements
2.4 Information systems
Management/Economy of Assets 31 Maintenance concepts (Dependability / Availability
Performance)
3.2 Analysis of the economical results
3.3 Documentation
3.4 Laws and regulations
35 Determination of human & material resources

The ilearn2main Glossary was produced using sewenalces so as to be as objective, comprehensiveagmglobally
acceptable as possible Maintenance terms includéuki Standard “EN 13306: Maintenance Terminologgie used as well
as the “Terminology” module from the TraininMain flBpean project and other published papers, stuales scientific
internet portals in relation to maintenance terrdigy. The maintenance terms included in the Glgssae then enriched
during the training content development for eadlrse, a process that resulted in an extended maimte glossary. .

The main training content is structured in thresidaourse categories, each of which is composeddiyidual courses,
following the curriculum structure. The above casrsvere firstly assigned for development to thenteamiance experts of the
iLearn2Main partnership. The assignment proceduas @& combination of the partners’ preferences &edassignment
proposal by Atlantis Engineering who led the cohtégvelopment effort. In order to achieve a unifdonmat for the courses,
a template was produced that specified the streicthe content as well as the style of writing. Therses template follows
the basic structure seen next:

. Introduction (1.1 Objectives, 1.2 Learning Outcome , 1.3 Sumnbd Prerequisites / Related Topics, 1.5 Keywprds
. Theoretical Background(2.1 Prerequisites, 2.2 Main part, 2.3 Review §aes)

. Implementation (3.1 Action plan, 3.2 Success factors, 3.3 Reviaigsions)

. Case Studies

. Assessment Questions

. Glossary

N o o A~ WwN P

. List of References

The courses template foresees both review / corapsétn & independent assessment questions. Theweyiiestions are
placed in-between the training content and thedr iasfor testing comprehension while learning. Soméew questions are
placed at the end of the training course in ordgorbvide an overall test of how effective the teag was. The assessment
guestions belong to a different batch of questam are used for the Assessment test (e-Assessmodnt



Finally, a quality control / review process for thaining content was included. The quality contpobcedure that was
performed for each course can be described asvglifor each training module made available byat#hor, a quality check
was performed by an appointed reviewer. Then thal fraining module content was produced, afteinthinto account and
acting upon the review comments.

4  THE LEARNING MANAGEMENT SYSTEM

4.1 The Learning Management System

E-learning has redefined the way education is pieiin schools, academia and industry. It is ddfia& a technological,
organizational and management system that enahkbdazilitates web-based learning. E-learning yskeoh trainers and
learners, are offered integrated solutions whidilifate authoring, structuring and delivering edticnal content, as well as
assessing the educational outcome. Such solutienseamed Learning Management Systems (LMSs). Mosent LMSs
include functionality to handle lesson contentenfin the form of Learning Objects (LO). A Learni@ject is an entity that
can be used, reused or referenced in e-learnirgreTdre many obvious advantages in web-based mgarcompared with the
conventional training. Typically, e-learning enabinytime, anywhere and to anyone with authorisedss, to participate in
the learning process. Apart from this flexibilitg;learning is usually associated with lower costsnpared to engaging a
qualified teacher. On the other hand, e-learninglires extra costs in producing the actual edunaticontent, as well as in
customising it for the e-learning environment, whiffort is needed for the setup and customisatibrthe learning
environment itself.

When considering the choice for an LMS to be emgdbfor developing a Maintenance Training Toolkigre are several
options available. Comparisons have been made stgairsingle criterion, such as adaptation capddity functional
assessment or SCORM conformance [5] or againstipteuitriteria [6-8]. Evaluations consider both tiewpoint of those
concerned with producing an LMS solution for a sfi@application, as well as for specific targete@cher and learner user
groups. The LMS developers are concerned with & ffered features for customising, extending,logpg, upgrading or
for migrating the content from one platform to dreat Users on the other hand are more concernédtiétoffered features
to support the learning process, as well as withdyistem usability. The iLearn2Main e-training kitoemploys the open
source Moodle LMS platform. Moodle is an acronym ‘felodular Object-Oriented Dynamic Learning Enviroent”. Most
evaluations cited above consider Moodle to be amihegtop LMS in terms of reusability, accessibijligdaptability,
affordability, durability and interoperability. Rlnermore, it is used and supported by a wide usemaunity, providing new
versions, FAQs and tutorials, offering SCORM suppwhile it remains a free and open source solutismong other,
Moodles enables us to:

v" Design lessons with text, graphics, animations\adeo

v"Incorporate comprehension and final assessmentigogs

v' Define custom learning paths and pre-requisitesefsgons

v' Define meta-courses, which are aggregation of esuier specific subjects
v"Include dynamic Glossaries with terminology

The iLearn2Main courses have been developed anbydepin the Moodle platform that was setup andtamssed at
CETI/R.C.Athena to fit Maintenance Management irajmeeds. The Learning system resides insideritjeqt site, which is
accessible at www.ilearn2main.alfhen a user first arrives at the project siteish@esented with a list of the offered learning
material, as it is shown in Figure 3.

Users can have access to courses summary and fdremther users online. If the user selects a eus clicks on the
login hyperlink, he is presented with a login fowhere he has to enter his credentials. Inside esepunder the course title,
there are the different parts that comprise anribi®dain course (Figure 4):

v' Course modules in the centre of the screen, inofudessons, Glossaries and References. This tsdiméng content.
Links to other participants in the course to faatk communication, if needed.

Links to activity types in the course for easievigation.

Direct access to the student history.

List of all other courses the student has enrdthed

NN

Latest news and events relevant to the courseypleading of a new module.
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Figure 3. ILearn2Main training home page
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Figure 4. Example of ILearn2Main course page

The courses content includes pointers to referesoethat trainees can seek additional informationesources, should
they wish to do so. References can be accessedegmeate web page, which is convenient for dineking from the courses
but also as a collective reference for externalent Adequate training requires familiarisationithwthe typical terms
relevant to the course content. This is supportethé use of an e-glossary. The e-glossary providks to definitions for all
the terms that have been used inside the course Glbssary is integrated with the training contemias to provide direct and
easy access to any of its terms. These terms &eatically linked everywhere they exist in thesiess, and comprise a full
and analytic reference guide of all maintenancaser



4.2 Maintenance Management Competence Assessment

In modern industry it is of fundamental importaribat personnel involved in the maintenance functiame the right
knowledge and skills to perform their intended fimt. This is necessary in order to attain excekeim productivity and cost
effectiveness for the benefit of the company. bfiparticular interest to note that training ispiontant at different stages for
all professionals, before and during their workiifigy as seen in Figure 5 [1].

Maintenance Competence Assessment
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Figure 5. Maintenance Competence Assessment

The training content, ported in the form of Leagni@bjects and delivered to the trainees through.M8, is an essential
tool to deliver Maintenance Management e-traini@me of the key advantages of employing e-trainig,opposed to
conventional training is the ability to customisainiing according to the circumstances and the ressgachieved by each
learner. In that way it is possible to personakseaining, on the basis of user roles, performaacd recognition of
knowledge and competence gaps. This is not to lsaly donventional training cannot aim at achievirggspnalisation.
Nonetheless, the additive value offered by theitgtib automatically process training history datad the interaction of the
trainee with the LMS is that the e-training can maksystematic, automated and independent assdssheach individual
training case and thus seek to customise the dffieating accordingly.

Through the use of comprehension and review tésis,possible identify knowledge and skills gapsirthermore, it is
possible to divert the learning sequence to betieress the identified gaps, by encouraging thieeato focus its training in
areas that he seems to need additional trainingnathis way different trainees can follow distincaining paths, making the
whole training procedure more efficient and taitbte individual needs. It is worth noting that centional training require
much more substantial effort by the trainers toieh a similar level of customisation, thus the LM&juipped with
knowledge testing becomes a powerful tool for ®esntoo, in their function to provide adequatenirsy. Maintenance
Management training involves knowledge and skillsicln are multi-disciplinary by the very nature dietMaintenance
Management function. Therefore, the ability to offéis level of customisation by e-training and wiedge assessment tools
is particularly beneficial for the delivery of Ma@mance Management training. A typical exampleesting during the e-
training is shown in Figure 6.

While knowledge testing constitutes an essentiakction that is blended with the e-training deliveayd facilitates
efficient e-training and personalisation of the wihis is delivered to each trainee, there is araed for an independent
assessment of Maintenance Management competertiesndependent assessment is needed in ordeppmian objective
assessment of Maintenance Management competendégsarn2Main, this independent assessment is degitp be offered
by a separate and stand alone tool. The underlygsign consideration is that a number of testscezated, to cover the
breadth of the iLearn2Main curriculum courses. Ehessts are placed in a competence assessmenptedtand the e-
Assessment tool randomly picks a subset of thosh &me to offer a different competence assesshestt Although the
choice is random, care is taken so that the chtess&s cover the range of topics an courses thatleeened essential to
successful perform the Maintenance Managementiim{igure 7).



ILearn2zMain » 12ZM2.4 » Quizzes » 5. Assessment Questions > Review

5. Assessment Questions
Review of Attempt 2

Started on: “Wednesday, 3 June 2009, 07:59 PM
Completed on:  Wednesday, 3 June 2009, 03:06 PM

Time taken: 7 mins 16 secs

Raw score: B/15 (40%)

Grade: 4 out of a rmaximum of 10

Feedhack ] ]
Your score is below average, so you should read again the theary.
Continuel
1 Which of the following statements is not true?
Marks:
11 Choose one  a. Mean time to failure (MTTF) decreases as failure rate increases. x
answer. & b. Availability increases as mean time to repair (MTTR) increases. o
. Reliability does not depend on maintainability.  x
© d. Owerall equipment effectiveness (OEE) increases as downtime decreases. x
|Correc1 Answer! | Llj

Figure 6. Example of training review testing.
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Figure 7. The e-Assessment Tool

FUTURE STEPS

The next steps in the development of the iLearn2Mairaining for Maintenance Management are:
v Enriching the training content with additional tiaig modules
v' Completing the development of the e-Assessment tool

v" Piloting and Evaluation



Training courses All training courses specified in the iLearn2Maftaintenance Management Training Curriculum will be
included in the iLearn2Main e-training platform. & burriculum can expand to incorporate additior@htng content, case
studies and tests. Additional courses can alsmdiaded. In this way iLearn2Main may offer coursésut both the essential
knowledge for Maintenance Management basic traiamgeell as for targeting the improvement of tharitanance Function.
In the future it may be beneficial to employ as muultimedia training content as possible, in thenf of images audio,
video or animation. Such content can offer enham@ding experience and user engagement duringaing process.

e-Assessment ToolThe e-Assessment Tool is offered separately fthen e-training toolkit. It comprises hundreds of
guestions and tests on the taught subjects. A sobsests is chosen in random order each timehabdifferent competence
assessment tests can be offered. As tests arel litokepecific taught module subjects, the e-Assessrool is not only
employed for overall competence assessment, bottalg&lentify specific weaknesses of the assessaet, so as to guide
future training on specific Maintenance Managengefijects. The e-Assessment tool will be extendeddade test from all
courses included in the iLearn2Main curriculum.

Evaluation and piloting. iLearn2Main employs ex-ante and ex-poste evalnago as to engage stakeholders at different
stages. The ex-ante evaluation focused mainly ofopaing a user survey, while the ex-post evaluatomprises different
piloting activities, such as training workshops.eTpiloting events seek participation and feedbaoknfboth academia and
industry. Participants have the opportunity to tree Learning and the e-Assessment Toolkit. Evalnatjuestionnaires are
being designed to assemble feedback from partioipattakeholders. This feedback will be particylankeful in driving
improvements and next development steps for thea@ifig and e-Assessment toolkits. Piloting adggitorganised as
workshops are intended to include presentatiomstdntive training, case study analysis and tests.

6 REFERENCES

1  Franlund, J., Some European Initiatives in Rexgnénts of Competence in Maintenance, Proc. of CMRME008, &
Int. Conf. on Condition Monitoring & Machinery Faile Prevention Technologies, 15-18 July 2008, Hdigi, UK.

2  Emmanouilidis, C., Papathanassiou, N. and Papsdotinou, A., Current trends in e-training and spexts for
maintenance vocational training, Proc. of CM-MFRID, §" Int. Conf. on Condition Monitoring & Machinery Faie
Prevention Technologies, 15-18 July 2008, Edinbutgt

3 Bakouros, Y., and Panagiotidou, S., An analySismaintenance education and training needs in EBaoBSMEs and an
IT platform enriching maintenance curricula withdirstrial expertise, Proc. of CM-MFPT 2008" ft. Conf. on
Condition Monitoring & Machinery Failure Preventigiechnologies, 15-18 July 2008, Edinburgh, UK.

4  Graf, S. and B. List (2005). An Evaluation of @p@ource e-Learning Platforms Stressing Adaptdtisnes. % IEEE
International Conference on Advanced Learning Teldgies (ICALT 2005). Kaohsiung, Taiwan, IEEE: 1685.

5 Garcia, F. B. and A. H. Jorge (2006). Evaluatingarning platforms through SCORM specificatiodsDIS Virtual
Multi Conference on Computer Science and Infornma8gstems (MCCSIS 2006), IADIS.

6 Itmazi, J. A. and M. M. Gea (2005). Survey: Congmn and Evaluation Studies of Learning Conteninaggement
Systems. MICROLEARNING2005: Learning & Working inelN Media Environments. International Conference,
Innsbruck, Austria.

7  Kljun, M., J. Vicic, et al. (2007). Evaluating @parisons and Evaluations of Learning Managemergte®ys.
Proceedings of the ITI 2007 29th Int. Conf. on niation Technology Interfaces, Cavtat, Croatia,BEE

8 Itmazi, J. A. and M. M. Gea (2005). Survey: Congmn and Evaluation Studies of Learning Conteninaggement
Systems. MICROLEARNING2005: Learning & Working inelN Media Environments. International Conference,
Innsbruck, Austria.

Acknowledgments

The authors wish to acknowledge the financial suppeceived through the UK/O7/LLP-LdV/TOI-004 profe
iLearn2Main, which is a collaboration of the Unaf Portsmouth, the Athena Research & Innovationt@erATLANTIS
Engineering, the Swedish Maintenance Society UTHKK, Latvia Technology Park and the CNIPMMR Natio@aluncil of
Small and Medium Sized Private Enterprises. Pdaticinanks are due to Nikos Papathanassiou at ®ETlAthena for his
work on the Learning Management System implemeontati

10



