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Abstract—international markets driven forces are changing Lean production, as a concept, has two drivingdsrdo

continuously, therefore companies need to gainnepetitive edge in
such markets. Improving the company's productscesses and
practices is no longer auxiliary. Lean producti@na production
management philosophy that consolidates work tagtks minimum

waste resulting in improved productivity. Lean pwotion practices
can be mapped into many production areas. One e$eths

Manufacturing Equipment and Technology (MET). Mafsan

production practices can be implemented in MET, elgmspecific

equipment configurations, total preventive mainte@a visual

control, new equipment/ technologies, production ocpss

reengineering and shared vision of perfeciibe purpose of this
paper is to investigate the implementation levetheke six practices
in Jordanian industries. To achieve that a questioa survey has
been designed according to five-point Likert sc@lee questionnaire
is validated through pilot study and through expesview. A sample
of 350 Jordanian companies were surveyed, the msspoate was
83%. The respondents were asked to rate the extént
implementation for each of practices. A relatiopsttonceptual
model is developed, hypotheses are proposed, amkgoently the
essential statistical analyses are then perforfAadassessment tool
that enables management to monitor the progress ted
effectiveness of lean practices implementation esighed and
presented. Consequently, the results show that dkerage

implementation level of lean practices in MET is%,7Jordanian
companies are implementing successfully the coreibielean

production practices, and the presented model hasb@ch’s alpha
value of 0.87 which is good evidence on model «iaecy and
results validation.

continuously eliminate the source of waste, and to
continuously add value. LP is the elimination ofthing not
absolutely required to deliver a quality productservice, on
time, to our customers. Lean production is doingitwou do

in the least wasteful way possible. That's the hetP. The
“Soul” of lean production is getting everyone invedl in the
continuous improvement process so they treat tmapeay,
suppliers and customers like they own the placeisL&oing
more with less inventory, fewer workers, less spdasan
production as a philosophy is to shorten lead tiemes reduce
costs by eliminating waste and improving employee
performance, skills and satisfaction [1]. Non-valadding
sources can be structured into; [2] overproductiwaiting,
unnecessary transport or conveyance, over pProgessin
incorrect processing, unnecessary movement, defeoid
unused employee creativity. Lean Production istaobéools
and methodologies that aims for the continuousieétion of
such sources. The goal benefit of that is the privdty
improvement [3].

Lean practices and tactics involved when managing
Manufacturing Equipment and Technology (MET) systmna
the focus of this research. Results of this papeexpected to
provide advanced insights into the adoption of siledn
practices and their effect on managing MET systeim.
relationship model between MET constitutes willgseposed,

a proper data collection method will be followednsequently

Keywords—Lean Production, SME applications, Visual Control,a comprehensive statistical analysis using SPSSO8Mand

New equipment/technologies, Specific equipment igomtions,
Jordan

|. INTRODUCTION

O enhance the competitiveness of Jordanian ergemri

companies embrace a series of proven techniquespbn
them is lean production (LP) that consolidates wasks with
minimum waste resulting in greatly reduced waitetjmueue
time, and other delays. It involves identifying agliminating
non-value adding activities in design, productismply chain
management and customer relations.

M. D. AL-Tahat is with the Industrial Engineeringepartment. The
University of Jordan. Amman 11942 Jordan. (phor@62 6 5355000/
22933. fax: +962 6 5300813. e-mail: altahat@ju jediu.

S. M. Alkhalil was a graduate student with the Umsity of Jordan.
Amman 11942. Jordan. (phone: +962 6 5355000. #8862 6 5300813. e-
mail: altahat@yahoo.com)

LISREL software will be conducted.

Il. LEAN-BASED MANUFACTURING EQUIPMENT AND
TECHNOLOGY SYSTEM

Management MET may involve several lean practiceh s
as; specific equipment configurations (group tedbogy
cellular layouts, and continuous flow), total pretree
maintenance, visual control, new equipment/techgiel
production process reengineering and shared visibn
perfection. Table | summarizes such practices; equence
sections provide a brief explanation about each.

A. Specific equipment configurations

Specific equipment configurations are a supporting
discipline, according to lean principles such difine could
be considered as a source of waste. However a lgatilof
specific equipment configurations would lead to lzaatic
situation without any progress at all in most pctge the
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difficulty lies in identifying just enough specifiequipment
configurations to be effective without waste [4].
TABLE |
LEAN PRACTICESIN MET IMPACT AREA

Impact Lean Production Practice
Area

) 1. Equipment configurations
Mg”“f_aa“””g 2. Total preventive maintenance
qu;ﬂrgent 3. Visual control
Technology % New equipment/technologies

MET 5. Processes reengineering
6. Shared vision of perfectit

Group Technology (GT) is a processing philosophgeba
on the principle that similar products should b&gessed
similarly. GT is a technique for identifying and irging
together related or similar components in a pradagbrocess
in order to take advantage of their similarities gain the
inherent economies of flow line production. Howevére
scope and scale of implementation will vary with thariety of

components being made, the volumes of productibe, t

stability of demand, and most importantly, the prcttbn
processes required to make them. Cellular
continuous production flow can be followed to efiatie waste
when considering specific equipment configuration.

B. Total preventive maintenance

Preventive maintenance (PM) is defined as a period

inspection, and preventive repairs designed to aedthe
probability of machine breakdown [5]. The primaasons
for preventive maintenance are to

When maintenance is delayed, one risks losingrte talue
of the capital, premature equipment failure, anedpct
damage and production delays. Essential care @srgitation
of processes that will prevent failures from ocimgr For
example lubrication, alignment, balancing, cleanirand
operating procedures, adjustments and installggionedures.
PM is essential care that prevents failures anddfixime

layoud an

reduce unexpect
downtime and repair costs caused by machine breakdo

C.Visual control

Visual control (VC) is any communication mean usethe
work environment that tells at a glance how workwt be
done and whether it is deviating from the stand#rdhelps
employees to see immediately how they are doing.ski@wvs
where items belong, how items belong there, whatdztrd
procedure is, the status of work in process, anierot
production data. In the broadest sense, visuakraorgfers to
the design of Just-In-Time (JIT) information of &jpes to
ensure fast and proper execution of operationspaodesses
[2]. It is a process to help increase efficiency affectiveness
by making things visible using visual signals. Wlikimgs are
visible, they are kept in conscious mind that h&psryone to
have a common viewpoint of what is being displayef
Implementing VC would help companies to exposing
abnormalities, problems, deviations, waste, unegssnand
unreasonability to people, thus corrective acticas be taken
immediately, therefore waste can be reduced.

D.New equipment/ technologies

As corporations expand into new markets, their ssgds in
part determined by the ability to transfer compeit
technologies to local subsidiaries. A good techgplansfer
can enable a company to improve productivity. Tebtbgy is
embodied in every value activity of a company anohvolved
in achieving linkages between activities. By impnav
efficiency of these activities, technology helpseduce waste
ElO]. Technology is knowledge of systematizationd &t is
about design, production method or management rayste
involved hardware or software. It focuses on thevkimow
towards a specific technique and method to solpeoalem.

chnology has been evolved by science researclit asd
critical element for economic development of induydt0].
With the rapid advancement of technology, prodifetdycle
is shortening continuously. In order to competeirsiaother
companies in competitive global markets, a compaay to
keep developing new technology to differentiatelftsrom
others. The acquisition of new core technology epent is
especially important for manufacturing advanceddpots, and
the technology know-how of the equipment must be

maintenance together. PM reduces the amount oftiveac transferred completely from equipment supplier tmieeers

maintenance to a level that allows other practiceshe
maintenance process to be cost effective [6].

responsibility and has greater visibility. The LRjanizations
rely much more heavily on the operator for many tloé

maintenance tasks, especially simple PM [7]. Sioperators
are the closest to the machines, they are included
maintenance and monitoring activities in order tevent and
provide warning of malfunctions [8]. LP is essehtmaprevent
maintenance needs and to perform the remainingtemance
more effectively. If the previous concepts are iempénted,
then the production reliability will increase ancus

production costs, including maintenance costs asstscfor

storage decreases.

and operators of the firm to effectively utilizeetlequipment

In LE1]
organizations, the maintenance function assumestegre

E. Production process reengineering

Production process reengineering also known asnessi
process reengineering (BPR) is defined as a raticisign of
processes in order to gain significant improvemeéntsost,
quality, and service, thereafter to reduce waste].[1
Companies have been reengineering various budimestons
for years, ranging from customer relationship mamnagnt to
order fulfillment, and from assembly lines to ldgis. A
business process [13] is a series of steps destgreduce a
product or a service. It includes all the actitidat deliver
particular results for a given customer. Businesecess
reengineering is one approach for redesigning e work is
done to better support the organization's missiwh r@duce
waste.
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F. Shared vision of perfection

A basic LP principle is to seek perfection; it wdbduggest
there is no end to an organization's lean jourhewpdership
strategies that target perfection, focus on meand, sustain
commitment maximally position individuals and besses to
become excellent [14]. Perfection begins in smadysvby
doing excellent work. Perfection consists not iindaamazing
things, but in doing ordinary things extremely wglb]. LP

principles begin with a systemic evaluation of wastoverall

throughout the entire product value chain, activehgage
employees on an on-going basis, depend on ancttrelfiese
coordination with customers and suppliers, and ldgverack,
and publicly display performance metrics. Importanthese
principles are also embedded in a continual impre
system that reflects a commitment to “pursue pédetand
the belief that improvements and change is nevenpéete
[16].

Organizations of all sizes are trying to stay pithe for a
long-term period. Most companies have a major cpipdy to
reduce source of waste through the application &f
principles. LP implies many tools and techniquest thllow
solving various problems thought the eliminationsofirce of
wastes in various production areas such as mandgig

PROBLEM DEFINITION OBJECTIVESAND METHODOLOGY

IV. DATA COLLECTION AND MODEL ANALYSIS

Questionnaire packets were personally distributed total
of 350 companies. A total of 290 companies respdndéich
generates a response rate of a bout 83%, datacebeeted
through production managers, quality engineerssuitents,
and owners. A five-point Likert scale (Poor, F&ood, Very
good, and Excellent) was used. The questionnairs wa
designed to direct respondents to follow-on iteamy if the
practice was used within the organizatiorhe
structure chosen for the survey items not only mipéd the
amount of time to complete the survey, but alsovidexd the
respondent with additional details on a particuteiactice
through the follow-on items. Because the follow-@ms
referenced more specific aspects of the LP praciice
question, this reduced the likelihood that the oesient would
misunderstand the overall practice. To evaluatdetel of LP
awareness and lean practice implementation at @ngiv
company, a set of commonly applied LP elements were
identified from previous research [17, 18, and 2jda
experienced. The questionnaire was reviewed by sxperts
who are working in consultation companies; feedhsak also
Lobtained from other specialists. In addition tatfta pre-test
pilot study was conducted. A random sample of 2&mganies
was selected to test the questionnaire for clarity,
comprehensiveness, and acceptability [19]. An ededat mail

systems, Production and inventory control, Shoporflo consisted of a personalized cover letter and a egurv

management product design and development etc

Implementation of LP practices in such impact arefs
production provides a potential solution to improtee
competitiveness of industries; therefore a devekgnof an
assessment tool for the implementation of leanciples can
effectively guide the implementation. A need forclsu
assessment tool arises to improve company’'s efigieThe
implementation of the right lean practice at thghtitime on
the right impact area of production relies on esien
knowledge and experiences.

questionnaire was sent to each of the 25 compaiiiks.
received responses were carefully analyzed.

Responses of participants were collected, coded| an
entered into a Microsoft Excel spreadsheet. Thetaildd
statistical analysis has been carried out. Freguenc
distributions, contingency tables, and descriptstatistics
were used to summarize high-level analysis of nesg® [19].

V.THE PROPOSEDLEAN -BASED MET RELATIONSHIP MODEL
The developed relationship conceptual model is show

The main goal of this paper is to investigate th€&igure 1; the figure illustrates the hypotheseswbenh the

implementation of the six lean practices listedahle 1 that
enable Jordanian industries managing MET
successfully according to LP principles, then @&velop an
assessment tool for measuring the implementatioel lef
every considered lean practice, that provides &ectfe way
to guide and evaluate the implementation procehs. dffort
exerted in this paper aims also to empirically este the level
of awareness LP principles.

In order
guestionnaire is selected as a data collectiongdesince it is
feasible and available way to be used in this typeesearch.

A sample of 350 Jordanian companies was surveybe. T

respondents were asked to rate the extent of inggl&ation
for each of practices. A relationship conceptualdeiois
developed, hypotheses are proposed, and consegubstl
essential statistical analyses are then performed.

to achieve the aforementioned objectives,

different lean practices of the MET model. The teda

systeproposed hypotheses proposed are explained in Tiable

MET Model

Visual
Control
vC

Shared
Vision of
Perfection

Process
Reengineering

Total
Preventive
Maintenance

New
equipment /
Technologies

Specific
Equipment
Configuration

Fig. 1Relationship conceptual MET model
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TABLEII
SUMMARY OF PROPOSED HYPOTHESES FOR MET
Hypothesis Ref.

H1 Specific equipment configurations are positively

related to visual control. [17,19]
H2 Specific equipment configurations have asignificant,  [20, 21,

positive effect on process reengineering. 22, 23]
H3  Total preventive maintenance has a significant,

positive effect on process reengineering. [24]
H4  Tota preventive maintenance has a significant,

positive effect on shared vision of perfection. (6l
H5  Visual control has asignificant, positive effect on

production process reengineering. [29]
H6  Visua control has asignificant, positive effect on

MET
H7 New equipment/ technologies are positively related [26, 27,

to process reengineering. 11]
H8 New equipment/ technologies have a significant, [28]

positive effect on shared vision of perfection.
H9 Process reengineering has a significant, positive [29, 30]

effect on shared vision of perfection.

H10  Shared vision of perfection has asignificant, positive  [14]

effect on MET.

VI. THE DEVELOPED ASSESSMENT TOOL

The developed assessment tool reviews the level of
implementing lean practice, the tool is used in conjunction
corporate goas for MET and it's lean practices to point out
areas of opportunity for "Breakthrough Improvement”, to
monitor progress and effectiveness of the process
improvement effort, and to provide a sense of where the
company is today on its lean journey. The assessment tool is
based on an Excel Spreadsheet; navigates through the tabs
shown as Figure 2. Begin by clicking "Introduction” Tab,
followed by the "Specific" Tab, entering a score of 1 to 5;
continue for the six lean practices. Once the 6 scores are
entered, a composite score is automatically calculated, then a
Spider Graph for quick review as shown in figure 3 is
automatically generated.

i oft Excel - B pl If- tool for the i i
1= REWEYI= RN s W R WaR A AR RASRAL- R

Edb Vew et Fomst Toos

T
‘ Assessment Tool For the Implementation of Lean Practices

The Lean Assessment tool should be used to monitor progress and effectiveness of the
process improvement effort. The current status can be charted along with the target

14 |

E3

1 6 | Focused Areas

7] 1 |Specific equipment ions (eroup cellular layouts, i flow)
18] 2 |Total preventive mai

19 3 |Visual control

10] 4 |New equi

11 5 |Production process reengi

1 12] 6 _|Shared vision of perfection

113 7 ing equipment and

T NIntroduction {Speciic /. marienarce {visial £ equiprent £ reenginesring  perfection { Manufactuing /. Assesmentscascad /i jv
ipowy s |awotopesr N N IO M A S BE| DL A =S=2 8 @

Ready CAPS M

Fig. 2 The devel oped assessment tool

Manufacturing equiy tand technology

Specific equipment
configurations

NManufachiring
“mequipment and
\ technology

\

Total preventive -
maintenance

qmShared vision of
perfection

Visual contr ol‘\

N\ /

N\ /
New equipmenti— — — — — — gProduction process

technologics reenginecring

=@ « FirgtTarget =M= 9%Maximum ---®-: of Max Score%

Fig. 3 Spider graph of the developed assessment tool

VII. INTERPRETATION OF RESULTS

For each lean practice, practice score average for al
received responses is calculated, consequently implementation
level of the practice is evaluated, results are interpreted as
explained asin Tablelll.

TABLEIII
RESULTSINTERPRETATION KEY
1% 20% < 40% < 60% < 80% <
< 20% 1% 1% 1% 1%
< 40% < 60% < 80% < 1000%
Poor Fair Good Very Good Excellent

For example; considerer the first leans practice: “specific
equipment configurations’. Questions score average and
practice score averages of responses are represented in Table
V.

TABLEIV
SPECIFIC EQUIPMENT CONFIGURATIONS QUESTIONS AND THEIR AVERAGES
lean practice: Specific equipment configurations

Question Question
Scor e aver age

The eguipment follows a documented procedure
to control changes to configuration items/units. 4.06
Changes in the definition of the product and its 351
specific components are tracked and reported. .
Periodic audits are performed to verify that
equipment baselines conform to the 4.10
documentation that defines them.
Products are classified into groups with similar 393
process requirements. .
Awareness of the variety of specific equipment
configurations that can be utilized to improve 4.00
the production process.
Work cells have been developed and
implemented to support specific product 3.76
families and equipment configurations.

Practice score aver age 3.89
Implementation level of lean practice 1% 78 %
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VIIl. HYPOTHESES ANDSTATISTICAL ANALYSIS

For more detailed statistical analysis Collectedadaas
entered into spread sheet and then it was uploaalethe
Statistical Package for Social Sciences SPSS s&ftwersion
19. The model was checked, validated and testefintys 16
software; results are presented in Figure 4. Tredysis of
developed model includes the following statistiealalysis

5 R
PP NG

)
L7 o
¥ Y en

57

Total

2

i

£

Shared vision of
perfection

g

Fig. 4 Model Analysis Using Amos 16 Software tool

A.Multicollinearity Test

Multicollinearity test was conducted between thesjions
of each lean practice in the MET model; correlatiaatrix for
every lean practice is investigated, as an examgfe
correlation matrix between components of specifjuigment
configurations latent is sown in Table V Resultdidate that
all lean practices have a positive correlation \eitiire MET.

B. Reliability Test

Cronbach’s alpha coefficient is used to measurerrial
consistency and model reliability. Table VI reprasel
Cronbach’s alpha for MET model constitutes. A vahie).6
or less for Cronbach’s alpha generally indicatesatisfactory
consistency reliability [31]. Results show that afodel
constitutes have a value of Cronbach’s alpha ohtgrethan
0.7, the overall model has a high Cronbach’s alpdlae of
0.87.

C.Model fitness
A classic goodness-of-fit measure to determine alver

model fit isy2. A largeyx2 and rejection of the null hypothesis

means that model estimates do not sufficiently pcedsample
covariance; the model does not fit the data weflcBntrast, a
smally2 and failure to reject the null hypothesis is gnsif a
good model fit. Another commonly reported statisicthe

Root Mean Square Error of Approximation (RMSEA),

incorporates a penalty function for poor model paosy and
thus becomes sensitive to the number of paramegtirnated
and relatively insensitive to sample size. The Anuser's
guide suggests that a value of the RMSEA of abodb @r
less would indicate a close fit of the model iratien to the
Degrees of Freedom (DF).

Another test used to compare models with respestadel
parsimony is the Comparative Fit Index (CFl) thealeates
the fit of a user-specified solution in relation & more
restricted, nested baseline model, the covariamseng all
input indicators are fixed to zero or no relatiaqpsamong
variables is posited.

In general, if the ratio between the chi squaredgess of fit
measure and degrees of freedom is less than Sndidel is
accepted [32]. In this model, the ratio is 3.1%l#san 5.0,
which is accepted according to the recommendeckvalu

Generally, the fit of the model using chi-square nist
always as straight forward as assessment of theffithe
model, because chi-square value is not indeperafesample
size. Minimization was achieved for the developextiel with
a degrees of freedom of (681) and probability lesie(p =
0.00) which is less than p < 0.01 [28], as in Tatle The
results are within the acceptable ranges of themetended
values. Convergent validity was assessed by remigithe t-
tests for each hypothesis. If all the hypotheseshe relations
were greater than twice their standard errors, pameter
estimates demonstrated convergent validity. Theultes
showed that all t-tests were effectively measuring same
construct.

TABLE V
CRONBACH'S FOR EACH LATENT

Lean production practice (latent)  Cronbach’s alpha

Specific equipment configurations 0.78
Total preventive maintenance 0.73
Visual control 0.80
New equipment/ technologies 0.79
Production process reengineering 0.85
Shared vision of perfection 0.83
The overall MET model 0.87

TABLE VI
SPECIFIC EQUIPMENT CONFIGURATIONS QUESTIONS AND THEIAVERAGES

Question S1 S2 S3 S4 S5 S6

S1 1.00 0.33 0.24 0.12 0.0&% 0.17
S2 0.33 1.00 0.04 0.25 0.06 0.04
S3 0.24 0.04 1.00 0.39 0.11 0.13
S4 0.12 0.25 0.39 1.00 0.0z 0.11
S5 0.05 0.06 0.11 0.02 1.00 0.26
S6 0.17 0.04 0.13 0.11 0.26 1.00
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TABLE VI

RESULTS FOR THE HYPOTHESIS TESTING FOR DEVELOPED MBD

Hypothesis % DF p-value  RMSEA CFlI Estimated number t-value Decision
H1 240. 1 0 0.046 0. 0.55 7.89 Support
H2 320. 1 0 0.044 0. 0.54 4.95 Support
H3 393. 1 0 0.053 0. 0.60 6.97 Support
H4 351. 1 0 0.051 0. 0.36 4.22 Support
H5 265. 9 0 0.041 0. 0.68 6.99 Support
H6 155. 6 0 0.042 0. 0.91 11.7 Support
H7 357. 1 0 0.045 0. 0.69 3.75 Support
H8 317. 9 0 0.032 0. 0.68 4.15 Support
H9 218. 8 0 0.040 0. 0.72 5.56 Support
H10 102. 5 0 0.039 0. 0.92 3.66 Support
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