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Abstract

This research is a developmental study of Engineering Laboratory Management indicators. It is formed to assess
the level of quality management of the polytechnic level laboratory. The purpose of indicators is to help provide
input into the management process of an engineering laboratory. Effectiveness of teaching and learning at
technical institution, mostly depending on the teaching and learning strategies by the lecturer during lecture and
practical work in the laboratory. The indicators were developed through four round of the Delphi study. Four
clusters of indicators have been identified namely documentation management, safety, environment and
equipment. Good management of the laboratory is to ensure that facilities and hardware in good condition, safe
and reliable, instruments must be accurate, consistent and can be detected, as well as teaching and learning
activities carried out with guaranteed quality and accountability. The results should provide input to the Board of
Engineers Malaysia (BEM) where it sets out the requirements of Engineering Studies program at the Institute of
Higher Education. It is suggested that the emphasis of the quality should also include laboratory management as
well as training and project development with industry to get recognition.
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1. Introduction

Polytechnics Management Department (IRD) has developed a transformation plan in an effort to upgrade
polytechnic to a university in 2015. This is the right platform for polytechnic to move forward as leading
technical and vocational fields in the country. It is also inline with the higher education minister goal that stated
in its strategic plan: "The goal of the National Higher Education Strategic Plan (PSPTN) is consistent with the
objectives of the National Mission, to develop and build human capital and quality intellectual capital for the
success of Malaysia's aspirations for a progressive, prosperous and competitive nation”. This goal is translated
into the Annual Report of the Management Department of Polytechnic and Community College (2006) that
states “the quality policy of the management of polytechnics are to develop the potential polytechnic students of
Malaysia Ministry of Higher Education for excellence in engineering, commercial and hospitality through the
comprehensive and continuous improvement”. Hence all these vision should be taken through every aspect of
polytechnic management system not excluded the practical teaching and learning in the laboratory.

Laboratory management involves many parties who directly used laboratory. Engineering laboratories are
usually managed by a laboratory coordinator who is normally a lecturer and assisted by laboratory technicians.
The responsibility is mainly on the laboratory coordinator to ensure that all documentation, facilities, safety,
environment, equipments and materials of practical work are in good condition and adequate. Lokman (1997)
found that these management activities encompass all aspects of planning, implementing, organizing, evaluating,
directing, coordinating and controlling. Knowledge and high skills and experience relevant to the management of
laboratory work can help lecturers perform good and perfect process of teaching and practical.

2. Quality Engineering Education through Laboratory Management

The field of engineering education is an area that has become a priority in the education sector in the country.
There are many engineering courses offered by universities, institutes, and colleges through out the world. The
laboratory is a key component in learning for engineering program.
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According to Azizi (2008), that the factor of safety, equipment, environment and management effectiveness
influenced the teaching and learning in the workshop. Practical requirement for quality management systems in
engineering is to ensure quality education services which are able to produce graduates who are competent and
competitive at the global market. Quality education services include the provision of infrastructure and personnel
involved in the process of education (Khoo 2004). While Zulfadly Mohd Othman (2011) describes the
transformation of technical and vocational education is a priority in many developing countries as an alternative
to adopting the changes of globalization. Furthermore Muhammad Afzamiman Ariffin (2011) also discussed the
direction of technical and vocational education in comparison to Avicenna Integration methods and concepts for
all. While the studies by Lee and Kokin (1997), Dennis (1970), Patrick (1998) also discussed the need to
improve the quality of training to achieve greater educational skills as Tommy (1998) relates the elements of
quality requirements in the training program implemented in Hong Kong. Findings by Mason (1991) suggests
three propositions that can guide the thinking of the concept with the principles of quality which are individual
attention to quality, organizational goals and the appropriate management system to determine and coordinate
the work. Further management systems need to be addressed despite an increase in quality and quality
improvement efforts in organizing the project that provides a great benefit to improving quality.

Management-related laboratories research by Charles (1995), Clinton (1998), Nurzatulshima (2009) stated
management means how to make things work. Each administrator and leadership need to understand the
management process to provide maximum benefit to the organization. According to Geoffrey (1996) that there
are five state-of-service quality dimensions, namely: i) tangibles (physical facilities, equipments, appearance of
personnel) ii) reliability (ability to perform the service promised dependly and accurately) iii) responsiveness
(willingness to help and provide prompt service) iv) assurance (knowledge and courtecy of employess and ability
to inspire confidence v) empathy (caring, individualized attention the firm provide its customers). Furthermore,
Homberg & Bakshi (1982) viewed practical work activities as a continuous work. Quality of laboratory work is a
crucial element in the procedures of ensuring that all laboratory practices complied with by staff and students.
According to Md. Nazri (2004) workshop (laboratory) is the place to do practical work and understanding theory.
According to Armstrong (1999) who states that there are four steps that must be observed in the management
goal that can be implemented in the best way are to use resources effectively and planning, organizing, and
controlling motivation. Maslina (2008) stated that accident can occur unexpectedly, thus safety elert is a
condition that should always be in the forefront in any management system. Accidents can cause injury to
persons, damage to property or equipment and so on. Study by Stephen (1999) found safety in the workplace or
laboratory is a branch of management. It should be designed and planned to reduce possible impact of accidents
on the employee or student. According to Nurzatulshima (2008) safety management plan covers how accident
prevention coordinator, security and the action taken in the event of an accident in the laboratory.

Findings by Kelly (2010) described the formal documentation system for recording information on all related
laboratory activities. This is important for the purpose of practical work, as a reference, in case of accident
investigation, for analysis and reporting (tables, manuals, plans, or computer) as well as it is necessary to
facilitate the operations of all maintenance management. Mohd Hazwan (2006) considered the documentation
can also be a source of reference for job growth in the near future. The documentation can facilitate the work
done as a complete history of the laboratory when it being updated over time. According to safety procedure, the
documentation is not a practical course of things, which can be taken for granted because it affects students and
teaching staff if a matter goes wrong. To ensure the success of safety programmes, especially in the engineering
lab, there are three regulations that must be observed, namely (i) always concerned about security problems or
potential problems (ii) must take action in the event and provide an action plan (iii) constantly reinforce safety
planning. A plan will be difficult when students fail to understand the procedures and take action of the accident.
The study by Yun and Stanley (2004) discussed the importance of inventory management system to increase the
level of laboratory management. Safety must be a culture in laboratory practices for example keeping laboratory
environment neat of high level and at all times to ensure that no harm occurred as a result of various factors such
as slips, falls and so on. Equipments or facilitiecs management is also part of the laboratory management.
According to Hasley (2002) that information on equipment is needed in planning a practical method, and it is
also supported by Chin (2003) that explained the teaching of knowledge related to type of equipment and how to
use it could help students carry out practical work smoothly. According to Goetsch (2005) accident prevention
and industrial safety was first introduced by Herbert W.Heinrich who discovered four main things which should
be studied in greater detail in the laboratory management research namely: the documentation, safety,
environment and equipment. Hence, laboratory management and maintenance can be operating in orderly.
According to Mohamad (2012), the improvements to be performed by the laboratory management are aimed to
ensure all parties directly involved in laboratory activities are satisfied with the quality of the laboratory
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management. Since several studies have been proven of the importance of the laboratory management but yet the
continous effort to improve the system should be done continuously. Therefore this study is seems timely to
revolutionized the system of managing the laboratory through empirical study and technological innovation to
improve quality of teaching and learning in the laboratory of the polytechnics system in Malaysia.

3. Methodology

The Study was conducted using the Delphi technique to form a consensus group of indicators on engineering
laboratories management. Fifteen experts in the field of laboratory management were interviewed to get to the
agreed decision. Acording to Yasin et al. (2010), the Delphi technique is the best approach in forming indicators
for a new framework because it involves more than one expert opinion. In this study, four round of study was
conducted. The last round was determined when the result shows the saturated agreement. This is in accordance
to the view of Ludwig (1997) and Bauder (1999), where round session was suspended at the fourth level is
consistent with the stating the number of rounds in a Delphi study was stopped when the researcher to meet the
requirements of the research goals. Round process will be stopped if a high level of consensus among experts has
been achieved and the required information has been obtained or a prior agreement about the number of rounds
has been completed successfully by the researcher. It is supported by Ewing (1991) and Jones (1999) which
holds that the error predicting the future has begun to moderate in the second round and third sessions of the
Delphi study.

4. Finding and Discussion

The findings from the interviews conducted from 15 expert panel Delphi study has produced four indicators and
15 features (elements) of laboratory management for lecturers and 14 features (elements) for students. The four
indicators are:

* documentation management
+ safety management
* environmental management
* equipment management.
While the 15 elements for the lecturers are:
+ the implementation of quality
* planning practical work
+ practical work preparation
* management recording
+ recording equipment
+ information security
* security management procedures
* training
* monitored security
+ information management environment
+ environmental management procedures
* environmental monitoring
+ information management tools
* equipment management procedures
+ actions

The element of training is only appears in the elements for the lecturer but not the student. All these factors are
certainly needed to ensure the high quality maintainance of polytechnic laboratory in accordance to production
skills to the students and verification of by external parties. The field of engineering education is an area that has
become a priority in the education sector in the country. The classroom learning emphasizes on understanding of
theories, while practical in the laboratory is the transfer and validation of theories and principles learned in class.
In this regard, the preparation of laboratory learning needs to play a very important step for the students who
study engineering. Various forms of measurement and evaluation can be employed in ensuring the quality of
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laboratory management to be implemented in accordance with established procedures. Quality service starts
from the top (management).The dedication shown by staff from the management. Management must provide
advice and training to customers and staff in especially in communication between all parties to form a better
relationship. This is clearly reflected in the performance of laboratory work relations between lecturer,
technician, department management and the students where everybody can help in the implementation of
laboratory / workshop experiment with great success.

The laboratory is the place where evidence is obtained and used for the development of scientific concepts.
Literatured showed that the laboratory is the place where the activities carried out can gather scientific evidence
which enabled the field of science continues to grow. Indirect interest of usability and management of laboratory
activities is to be given priority in ensuring that each laboratory lesson plans can be implemented in an orderly
and organized manner. It seeks to explain the implications, particularly for lecturer’s new curriculum
implementation. Among the aspects given in the description of the curriculum orientation program is changing
the curriculum content, equipment and additional facilities, knowledge and skills of lecturers, language used and
the credit system. To emphasize the understanding of theory, facilitate solutions of the theory and principles
learned in class, laboratory work should aim to encourage students to gainmanipulative skills, observational
skills, the ability to interpret experimental data, and the ability to plan experiments. Practical in the laboratory or
workshop can help students to acquire the skills in analyzing the phenomena, designing and developing a
system.

Therefore the laboratory learning must be properly managed to enhance the transfer of learning of students
happen in a conducive environment. In addition, the monitoring of all aspects of laboratory management can
build the interest of students to study in the subject area as well as for advance in the future.

5. Conclusion

Engineering education excellence is certainly contributed by the quality of laboratory services and provision of
equipment to meet the practical requirements of a teaching module. This is a yardstick for the quality of an
engineering laboratory. Competencies and skills the students will prevail, partly as a result of laboratory work
conducted in the laboratory. This is emphasized by external parties, particularly the industry who is constantly
looking at the quality of skills shown by students during their industrial training or who will be taken as an
employee. Quality hands-on is part of the determinant factor of the quality and skills of a student. Management
features of the formation of this documentation are a crucial element. This can be seen clearly in which a panel
of experts has seen interest from different angles, namely the implementation of assessment in accordance with
quality procedures, planning each laboratory practical work by the management, recording and documenting
each transaction in the laboratory and laboratory safety. This defines management as a process to achieve
planning, harness, control commands to achieve a set goal. For the implementation of quality, areas of concern
are the responsibility of coordinating the laboratory quality management process run smoothly, valued,
immediate actions taken when any complaints occur and implemention of process improvements from time to
time.

Planning structures and methods of implementation of the study serves as a guideline to achieve the empirical
evidence to a quality manament of polytechnic laboratory. Overall, the laboratory management research is an
indicator of innovation in developing a management indicator system for engineering laboratory. This is to
ensure that those responsible in the management of the laboratory to perform the duties conferred on procedural
set by the authority in assessing the quality. There is significant correlation between the constructs developed by
the management in the polytechnic engineering laboratories and the findings of the expert panel in this study.
However this study appear to be the most comprehensive study that provide detail elements which further will be
developed for the purpose of innovative laboratory management system for the continuous improvement of the
quality of the Malaysian politechnics.
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