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Abstract: Lean manufacturing is a methodology to eliminate waste, which is an activity that creates no value for thecustomers. Customers always wish to obtain products that are not defective. Lean tools are implemented to thespecific processes to reduce waste. Examples of lean tools are Just in Time, Total Productive Maintenance, TotalQuality Management, Supply Chain Management, Customer Relationship Management and Human ResourceManagement. Lean tools can be applied simultaneously to eliminate waste, which eventually improve quality of theproducts and services, thus adding more value to the customers. This paper discusses the five mentioned lean toolsin Malaysia’s manufacturing industry and analyses them in ascending order according to their efficiency onproduction output through survey questionnaire. This paper generally helps manufacturers to determine the mostaffected factors in succeeding lean practices.
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1. Introduction

*Anvari [1] expresses "lean manufacturing" is anapproach being practiced to eliminate waste in aproduction that consumes resources but creates novalue to customers. In the book "Lean Thinking:Banish Waste And Create Wealth In YourCorporation" written by Womack and Jones [1], leanprovides a system to identify value, arrange value-adding activities in the best manner, performactivities without waste and continuously improvethem. To be more specifically, lean provides closerapproach to customer demand with less humaneffort, less equipment, less time and space.When it comes to define the value of a product,customers do not concern about the cost ofinventories or overhead cost. Value is defined bycustomers when they see the end products on theirhand. The wastes are hidden in different forms in allthe manufacturing processes. According to Erfan [2],elimination of waste in order to achieve qualifiedsystem is to be done with the application of LM tools.LM has the potential to shorten the production leadtime and reduce space for inventories in an industry.This allows overall cost reduction and promoteshigher profit gain. In this manufacturing industrythat involves different stages of processing rawmaterial to final product, putting more capitalinvestment does not improve the production. In along run, this can only create waste that lowers thequality of products. Therefore LM is proposed toeliminate waste. LM has a comprehensive set of
* Corresponding Author.

technique that maximizes customer value, allowingcustomers to obtain the best quality products.
2. Literature ReviewStated by Womack and Jones [1], waste, or knownas "muda" in Japanese word, is referring to theactivity that consumes resources but creates novalue to the customers. TaichiiOhno identifies 7types of waste in a physical production line, that are"overproduction", "waiting", "transport", "overprocessing", "inventories", "movement" and"defective parts". LM has three main aspects thatmake it a famous philosophy to be practiced, whichare efficiency, quality and responsiveness. In thehighly competitive market, an organization has toreduce production cost and other expenditures inorder to increase profit margin. Besides, productiongoods have to be kept in acceptable quality as lowquality products do not guarantee profit to anorganization. Lastly, responsiveness to customers isimportant for the success of an organization. Anorganization has to continually undergoimprovement in order to produce valuable and highquality products. LM provides the methodologies ormethods to reduce non-value added activities in anorganization. It emphasizes on the continuous flowof production that begin with customer demands,integrates all involving parties in a production, withproper tools handling and time management toprovide an excellent outcome to customers.
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According to Feld [3], Just in Time (JIT) is atechnique that deals with inventory and materialshandling. Based on a research by Alcaraz [4], themain concept of JIT initially is to control materialflow. In a production line, JIT is used to monitorinventory level of a production and control amountof materials used in each workstation to preventoverproduction. In the traditional manufacturing,productions are being "pushed" to the customersand this causes higher production than demand. JITemphasizes on the pull system, whereby productioncan only starts with the order of customers. As JIT isone of the pillars for TPS, it focuses on the wasteelimination where non-value added activities alsooccur in the machine and workers capabilities.In the study conducted by Stamm [5], TotalProductive Maintenance (TPM) utilizes continuousimprovement processes to optimize productionefficiency by reducing equipment downtime. It ismainly used to monitor and prevent machinebreakdown. Machine reliability is very important asmachine breakdown can affect the entiremanufacturing line. Feld [6] identifies and simplifiesproperties of TPM into 3 elements: preventativemaintenance, corrective maintenance andmaintenance prevention. Preventative maintenancehighlights the efforts of preventing machine frombreakdown. It deals with the necessary steps beingtaken to perform scheduled machine checking,identify unusual machine performance, dailymaintenance on tools and equipment in workplace.Corrective maintenance focuses on the sustainabilityof repaired tools and equipment. Maintenanceprevention deals with the proper function ofequipment in certain processes. Every machineryand equipment has to be function in a user-friendlymanner.Total Quality Management (TQM) is amanagement philosophy that requires continuousimprovement, social and technical approach, andteamwork of whole organization as a practice toimprove the quality of production as suggested byCornelison [7]. According to Anvari [8], TQMpinpoints the important of the employeeinvolvement in an organization, through continuousimprovement, strong teamwork spirit with longrange thinking to improve the quality of products,meet customer requirements as well as suppliers'satisfaction. TQM focuses on customers demand andensure the highest quality being delivered. The value

of quality will be defined solely by customersthemselves depending on goods or services.Management has to determine the customers'requirement and study the culture at the currentlocation before the organization identifies the corevalues and applies the correct principles.
3. MethodologyThis study is conducted to analyze the applicationof LM among the manufacturing companies inPenang and Klang Valley. This research is targetingboth mass production companies and small mediumenterprise. The questionnaire is answered bymanagerial positioned officers as they are familiarwith the companies' practices and information. Thequestionnaire is formed through many findings fromthe literature review about the lean tools. Thosetopics are discussed and analyzed to become thequestions of this study. Once preparation is finished,the survey forms are printed out and passed to themanufacturing companies in certain area. Aftercollecting all forms from the manufacturingcompanies that willing to complete the survey, thedata is recorded into SPSS software, which will beused to analyze the results. It is used to determinethe reliability analysis, normality, descriptiveanalysis, linear regression, correlation and factoranalysis of this study.
4. Results and discussionThere are 5 types of analysis being done in thisresearch. The reason is to find out the most efficientlean tool (according to the answered questionnairereceived) as discussed above.
4.1. Reliability analysisReliability analysis examines whether the surveyquestions are reliable and trustworthy in this study.As a rule of thumb, any variables that obtainindicate they are reliable in such study. Table 1shows the reliability statistics analyzed by SPSSsoftware. The   value of the survey data is found to be0.812.  Hence, the data is reliable. When each of thequestions is removed from this study subsequently,the data remains reliable as the Cronbach's Alpha ishigher than 0.7.

Table 1: Reliability of Survey QuestionsReliability of Survey Data 0.812Scale Mean Scale Variance Total Correlation Cronbach's Alpha if Item DeletedJIT1 58.4080 43.319 0.350 0.806JIT2 57.9902 43.716 0.367 0.804JIT3 57.9175 43.615 0.441 0.801TPM1 58.4993 41.853 0.481 0.797TPM2 58.5902 42.393 0.424 0.801TPM3 58.5356 42.602 0.497 0.797TQM1 58.8447 40.058 0.508 0.795TQM2 58.5720 40.734 0.537 0.792
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TQM3 58.4811 40.374 0.562 0.790SCM1 58.6993 43.716 0.231 0.817SCM2 58.5356 43.125 0.344 0.806HRM1 58.8640 43.876 0.332 0.807HRM2 58.8356 42.173 0.516 0.795CRM1 58.1175 44.365 0.338 0.806CRM2 58.0811 44.152 0.369 0.804CRM3 58.0629 44.465 0.388 0.804
4.2. Normality analysisThis study is proposed that sustainability of LMdepends on the lean tools implemented by theorganizations. The common lean tools that can befound in organizations are JIT, TPM, TQM, SCM, HRMand CRM. Fig. 1 illustrates the hypothesis of thisstudy. In general, normality test can compute thesignificance value of the hypothesis. For anysignificance value, the hypothesis is true and itproves the relation is significant.

: JIT is related to the sustainability of LM: TPM is related to the sustainability of LM: TQM is related to the sustainability of LM: SCM is related to the sustainability of LM: HRM is related to the sustainability of LM: CRM is related to the sustainability of LM
Fig. 1: Illustration of the hypothesisTable 2 displays result for the normality test of alllean tools. Since this study is conducted in apopulation less than 2000, Shapira Wilk significancevalue is sufficient to explain the relations.Significance values of the lean tools are below 0.05.This proves the relations of JIT, TPM, TQM, SCM,HRM, CRM and the sustainability of LM aresignificant.

Table 2: Tests of NormalityShapiro-WilkStatistic df Sig.JIT 0.917 55 0.001TPM 0.938 55 0.007TQM 0.903 55 0.000SCM 0.891 55 0.000HRM 0.891 55 0.000CRM 0.851 55 0.000Normality analysis also gives information on thedistribution of the survey data. Positive value ofskewness indicates the graph is skewed to the left. In

contrast, negatively skewed distribution is movedtowards the right side. Kurtosis measurement scaleexamines the distribution of curve in terms of itspeak. Survey data is said to be at normal height whenthe value of Kurtosis is within -2 to +2. Table 3shows the value of skewness and Kurtosis for eachquestion.
Table 3: Skewness, Kurtosis, Mean and Median of Each LMToolsSkewness Kurtosis Mean MedianJIT1 -0.707 0.191 3.9276 4.000JIT2 -1.192 1.352 4.3455 4.000JIT3 -0.767 -0.532 4.4182 5.000TPM1 -0.524 -0.225 3.8364 4.000TPM2 -0.626 0.652 3.7455 4.000TPM3 -0.182 -0.232 3.8000 4.000TQM1 -0.258 -0.850 3.4909 4.000TQM2 -0.604 -0.392 3.7636 4.000TQM3 -0.637 -0.361 3.8545 4.000SCM1 -0.662 -0.113 3.6364 4.000SCM2 -0.958 1.697 3.8000 4.000HRM1 0.424 -0.279 3.4716 3.000HRM2 0.000 -0.304 3.5000 3.500CRM1 -0.665 0.445 4.2182 4.000CRM2 -0.735 0.696 4.2545 4.000CRM3 -0.257 -0.568 4.2727 4.000
4.3. Descriptive analysisAmong 55 respondents in the survey, 52.7% ofthe respondents having less than 50 employees. 40%from the group are considered as medium sizeenterprise as they have 51 - 150 employees. 3.6% ofthe respondents consists 151 - 250 employees andanother 3.6% are more than 250 employees. Besides,20% of the respondents manufacture plastics, 30.9%are metal manufacturers, 9.1% produce electronicparts, 7.3% produce chemical products such asdetergents and adhesive, 5.5% are papermanufacturers and 27.3% of the respondentsmanufacture other products such as furniture, food,labeling and coating. The mean and median for eachquestion are also shown in Table 3.
4.4. Correlation analysisCorrelation Analysis is conducted to determinethe strength of the relationships between thevariables. Correlation between JIT1 and JIT2, JIT1and JIT3, JIT2 and JIT3 are 0.348, 0.374 and 0.420respectively. Correlation between TPM1 and TPM2,TPM1 and TPM3, TPM2 and TPM3 are 0.327, 0.397and 0.697 respectively. There is a strong relationbetween TPM2 and TPM3 which can be due to safety
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issues as maintenance tasks are safe to be conductedwhen the machines are not operating. Correlationbetween TQM1 and TQM2, TQM1 and TQM3, TQM2and TQM3 are 0.871, 0.691 and 0.850 respectively.Correlations of TQM1 with TQM2 and TQM2 withTQM3 show a very strong relation. This phenomenacan be due to the data of quality control is frequentlyrecorded into statistical charts and used forimprovement in the future. Correlation betweenSCM1 and SCM2 is 0.786. This strong relation can beexplained by involvement of suppliers in the productdesigns may help to improve the quality of products.Correlation between HRM1 and HRM2 is 0.357.Correlation between CRM1 and CRM2, CRM1 andCRM3, CRM2 and CRM3 are 0.853, 0.574 and 0.646respectively. The relation of CRM1 and CRM2 is verystrong, the possible explanation is customers'feedback always include comments on product'squality, delivery and service performance.
4.5. Linear regression analysisLinear regression analysis is used to determinethe effects of all independent variables on thedependent variable. In general, significance valuebelow 0.05 indicates an independent variable affectsthe dependent variable. Table 4 shows therelationship between dependent and independentvariable with the respective significance value. SCMis related to JIT because the suppliers delivermaterials based on JIT basis. The relation betweenTPM and TQM is significant, which can be explainedby quality of products strongly depends on thecondition of machine and tools in the productionfloor. SCM, HRM and TPM can affect sustainability ofTQM as continuous improvement on the product'squality may require the involvement of supplier inthe design stage as well as further research anddevelopment. Human resource also play importantrole for quality improvement as they can encourageemployees to enhance knowledge in quality controland quality assurance. Significant relations can beseen in the linear regression of JIT and TQM to theimplementation of SCM. The relation of TQM andHRM is significant, which can be explained by theduty of human resource in employee empowermentand provide additional training. CRM does notdepend on any LM tools as the significance valuesare larger than 0.05.

Table 4: Results of linear regressionDependentVariable IndependentVariable SignificanceValueJIT SCM 0.003TPM TQM 0.002TQM SCM 0.046HRM 0.001TPM 0.002SCM JIT 0.003TQM 0.046HRM TQM 0.001CRM - -

The possible explanation is whereby customers'feedback does not directly affected by other leantools.
4.6. Factor analysisFactor analysis is used to study thedimensionality of variables and classify themthrough data reduction method. As a general rule,numbers above 0.4 in the factor matrix is classifiedunder one component. Table 5 shows the rotatedfactor matrix with 4 main factors for analysis. 4components are related to the implementation ofLM.First component is "quality improvement". Topmanagement should implement qualityimprovement on the products by identifyingdefective items, continuous monitoring andstatistical charts to record data and develop betterproducts. Quality improvement also requires theemployees' knowledge to carry out quality controlactivities as well as enhancing the quality ofproducts. Employee empowerment and additionaltraining help to enhance quality improvement.Regular maintenance of machinery and tools in theproduction line ensures high quality products areproduced all the time.Second component can be known as "customer'smanagement". From the point of view of customers,quality of the products can be defined in terms ofreliability, durability and safety. Manufacturer canproduce items that are more favorable in the market,which indirectly allow the manufacturer to staycompetitive. Customers also concern about theserviceability of a product. On-time delivery, ease ofgetting repair and attitude of sales person contributeto the service performance of the products. Thirdcomponent is known as "supplier management".Suppliers have to deliver good quality raw materialsto the manufacturers. This is to ensure no reworkand defective products in the production, which isthe philosophy of LM. Involvement of supplier ishighly recommended in the implementation of LM assupplier can provide opinions on product design andquality enhancement. Punctuality of materialdelivery is very important as manufacturers need toproduce goods when there is customer order. Excessraw material in the storage is considered as waste inLM implementation.Last component can be known as "maintenance".It explains the servicing of machinery and tools tocontrol the quality of products. In LMimplementation, TPM emphasize on preventativemaintenance, corrective maintenance andmaintenance prevention. Maintenance is encouragedto be carried out in daily basis and not only duringmachinery downtime. Machine availability is crucialfor maximizing production of an organization.Besides, functionality of the machinery has to beuser-friendly in order to ease servicing andmaintenance.
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Table 5: Rotated Factor MatrixFactor1 2 3 4TQM2 0.962TQM1 0.851TQM3 0.841HRM2 0.473TPM1 0.472HRM1 0.435CRM2 0.947CRM1 0.900CRM3 0.626JIT3 0.474SCM1 0.766SCM2 0.748JIT1 0.629JIT2 0.473TPM3 0.729TPM2 0.678
5. ConclusionThe objective of this study is to identify thecommon lean tools in the manufacturing industry,construct survey and determine the effectiveness oflean tools to the organizations. By conductingsurvey, respondents' opinion regarding lean tools isrecorded and it is used for data analysis. This surveydata is reliable, supported by Cronbach's Alpha =0.812. Another test is conducted to ensure thereliability by removing each survey questionindividually from the test. Results shown in Table 4.1confirmed that the survey data is reliable.Hypothesis of this study is confirmed by normalityanalysis, which proves the relations of JIT, TPM,TQM, SCM, HRM and CRM are significant to thesustainability of LM. Table 3 shows that LM tools arestrongly implemented in the manufacturing industryas the mean values are very close to the median ofdata. Mean value of JIT, TPM, TQM, SCM and HRM areslightly below the median while mean value of CRMis slightly above the median. Effectiveness of theseLM tools is favorable because most of theorganizations implemented LM.Correlations between these lean tools are in therange of moderately strong to very strong relation.In linear regression analysis, JIT depends on SCMwith the significance value of 0.003. TPM depends onTQM with the significance value of 0.002. TQMdepends on SCM, HRM and TPM with the significancevalue of 0.046, 0.001 and 0.002 respectively. SCMdepends on JIT and TQM with the significance valueof 0.003 and 0.046 respectively. HRM depends onTQM with the significance value of 0.001. CRM doesnot depend on any LM tools as the significancevalues are larger than 0.05.Factor analysis also shows that the common leantools in the manufacturing share the similarproperties, which has been classified to qualityimprovement, customers' management, suppliers'management and maintenance. Some elements in thelean tools overlap with each other’s in theimplementation of LM. Therefore, factor analysisreduces and groups the lean tools into 4

components. Organizations can focus on these 4main areas whenever they wish to improvecompanies' efficiency and increase value of theproducts to the customers.It is concluded that sustainability of LM isstrongly affected by JIT, TPM, TQM, SCM, HRM andCRM.
6. Research limitation and recommendationA total of 120 survey forms were distributed tothe manufacturing companies, due to short period ofresearch, only 55 respondents returned the surveyforms. It is recommended to extend the duration ofstudy. Among the population of manufacturingindustry in Klang Valley and Penang, there could becertain amount of companies do not implement LM.To prevent survey bias, it is advised to increase thesample size and target survey on large companiessince most of the companies approached in thisstudy are Small Medium Enterprises. To enhance theaccuracy of survey data, it is recommended toconduct survey with different departments within anorganization since one respondent representingwhole organization may cause survey bias. Besides,sustainability of LM can be further studied byinvestigating its effect on business performance.
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