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Abstract

:

Although Lean Thinking (LT) is becoming popular in service organizations, few studies have applied Lean tools to the education sector. Furthermore, although inventories are one of the main wastes in this sector, to date, no study has presented a decision support system (DSS), based on LT, for stock management in academic institutions. This study aims to design an application of LT in teaching and research laboratories to provide improvements in workplace organization, setup times, and stock management. Lean tools were implemented in a case study, and an e-Kanban DSS was designed to determine when and in what quantity an order should be placed, considering factors such as forecasting demand, demand level (high or low), and component deterioration. For testing the DSS, a simulation was carried out using as an example a set of articles that integrate the protocol of laboratory activity. The implementation of Lean tools improved the organization of the workplace, which contributed to a reduction in unnecessary movements and the setup time of practical activities. Additionally, the study demonstrated that the developed DSS calculates the quantities to be ordered according to the selected mathematical formulas and generates appropriate visual alerts, depending on the need to place an order.
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1. Introduction


The term “Lean” was first used by John Krafcik in 1988. However, the emergence of Lean foundations dates to the forties of the 20th century. Lean management is the culmination of years of continuous improvement in the field of industrial engineering and management on a global scale [1,2].



The Lean philosophy is a system of continuous improvement that emerged predominantly from methodologies adopted by Toyota that generated high levels of quality and sustained corporate profits [3]. This philosophy admits that there are activities that add value, i.e., that transform a product or service, for which customers or users are willing to pay, and activities that do not add value.



The fundamental theory of Lean can be summarized in two words: “removing waste”, meaning “waste” is anything unnecessary to produce a product or service [4]. The principles and practices of Lean management provide high levels of efficiency and quality in business processes, through the minimization of waste, and aim to achieve the maximum in terms of output with the minimum of inputs [5,6].



One of the LT application’s main objectives is eliminating waste that does not add value to a product or service [7]. The application of this philosophy can be beneficial both in a laboratory environment [4] and in the education sector [8], through the elimination of waste in the organization, and in the preparation and execution of educational laboratory activities, making the learning process more effective and efficient.



The term “Lean Laboratory” was used for the first time by Herasuta [4], referring to the application of Lean Thinking (LT) in a laboratory focused on the provision of health care. Since then, the use of the term “Lean Laboratory” has continued fundamentally in the health field [3,9,10,11,12,13,14,15], although the use of the same concept was identified in an article about an analytical chemistry laboratory [16], and also in the educational context, to refer to an exercise that consisted in simulating the assembly of physical parts made in the laboratory, using Lean tools, with a focus on training efficiency [17].



For a better understanding of the “Lean Laboratory” concept and the relevance of its application in research and teaching laboratories, Table 1 addresses the principles of the Lean philosophy from the perspective of a laboratory context.



Many researchers who have tried to identify different types of waste in the higher education sector have argued that the main types of waste in education are waiting times and inventories [18]. Waiting times in the education sector can be waiting for an exercise’s start while the teacher prepares the class or material needed for teaching or waiting for equipment that needs to be moved. Waste in education regarding stocks can be related to stocking items and raw materials more than necessary or required [19].



According to Isack et al. [20], using the 5S methodology, Visual Management, and Kanban in (medical) laboratories is common. In compliance with Chibaira et al. [21], the 5S methodology can be successfully applied to teaching processes. In the study by Hachmoud et al. [17], conducted in an industrial environment simulation laboratory using Lean tools, the use of the Single Minute Exchange of Die (SMED) tool is proposed, as a future investigation, in laboratory simulations.



Additionally, when analyzing studies on the application of the Lean philosophy, it was possible to verify that the 5S and value stream mapping (VSM) methodologies are among the most used in teaching laboratories. It was also found that the implementation of Lean tools and practices resulted in benefits, with a reduction in waiting times being the commonly eliminated waste in studies conducted in an education sector laboratory [8,22,23,24,25]. In addition, the study by Deranek et al. [26] reported that Lean method implementation in a healthcare teaching laboratory contributed to a reduction in procedure cycle times without compromising quality and an improvement in course procedure time effectiveness.



The study by Jiménez et al. [25] was dedicated to the analysis of the implementation of the 5S methodology in engineering teaching laboratories. Although the laboratory typology is not specified, the study by Sremcev et al. [8] also focused on the application of the 5S methodology in a university laboratory. The remaining studies concern health and energy laboratories.



Although there are few studies on the application of Lean in laboratories of the educational engineering sector, the benefits reported in the studies mentioned earlier suggest there is potential to reduce waste and improve processes in the educational sector through LT.



In addition to the fact that few studies have applied Lean tools to reduce waste in teaching and learning processes [8], references are scarce in the literature about the description of decision support systems (DSSs) based on the Lean philosophy [27] and particularly about systems suitable for stock management that can be applied in teaching and research laboratories.



The study by Agostinho et al. [27] presented a DSS based on the Lean philosophy facilitating stock management. In this study, the proposed DSS consisted of e-Kanban that signals the moment to place an order as well as the optimal order quantity. The DSS proposed by Agostinho et al. [27] resorted to the mathematical formulas proposed by Castro et al. [28] and Labuhn et al. [29].



The study by Castro et al. [28] provided a method to determine the optimal time and quantity order. The proposed mathematical models were applied in the management of hospital stocks along with a Kanban system and other optimization techniques. The case study carried out revealed that this approach resulted in improved productivity, increased quality of service to patients, and reduced costs, and, the most valuable impact, increased quality of health services for the population. In addition, it allowed a reduction in stocks, possible stockouts, and associated costs.



Additionally, Labuhn et al. [29] described a successful supply chain optimization project designed for an academic medical center and presented mathematical formulas for calculating optimal stock levels. The implementation of Labuhn et al.’s [29] proposal resulted in a reduction in the number of stockouts per month and an inventory cost saving of 220,500 USD.



Given the seasonality of demand for items in academic environments, it would be useful to create a DSS that uses information about the demand forecast to signal the moment and quantity of an order. Therefore, articles were reviewed on mathematical models that allow the calculation of the safety stock, considering demand forecasts [30,31,32,33].



Beutel et al. [30] used two distinct approaches to stock management. The first approach used regression models to forecast demand and illustrated how the estimation errors can be used to define the necessary safety stocks. The second approach followed linear programming methodology under different objectives and service-level constraints to optimize stock levels.



Additionally, Chen et al. [31] used mixed-integer linear programming (MILP) in a computational simulation optimization framework to determine the appropriate level of safety stock levels.



According to Trapero et al. [32], the variability in forecast errors is used to calculate the safety stock and to reduce the risk of rupture, while ensuring a reasonable investment in stocks. The authors proposed empirical methods based on (nonparametric) Kernel density estimators and generalized autoregressive conditional heteroscedasticity (GARCH) parametric models to calculate the safety stock.



The investigation by Conceição et al. [33] aimed to implement a new stock management in a footwear company through the analysis of indicators obtained from stock data collection. The authors applied the ABC analysis method, demand forecast, safety stock, order point, and optimal order quantity for this.



Regarding methodologies that can be used to obtain predicted demand values, the study by Xu et al. [34], about the demand forecast after the occurrence of natural disasters, as well as the study by Conceição et al. [33] reported linear regression as one of the widely used methods for forecasting demand.



Given the aforementioned gaps in the literature, this study aims to add knowledge about the application of LT in teaching and research laboratories to provide improvements in terms of space organization, setup times for laboratory activities, and stock control through a case study. The case of the Automation and Robotics Laboratory (ARL) of the Faculty of Engineering of the University of Beira Interior (UBI) was selected, since research is scarce about Lean tool implementation in engineering teaching laboratories and the improvement objectives of this laboratory (improve space organization, reduce setup times, and design a stock control system) are aligned with the objective of the investigation.



Thus, this study has as its general objective the recommendation and implementation of Lean tools in the ARL of the Faculty of Engineering of the UBI to verify whether the application of LT can reduce the run time of an experimental procedure. Additionally, the study aims to provide a DSS that allows determining the quantity and timing of an order and ensuring the availability of necessary materials, considering common characteristics of many teaching and research laboratories that influence the management of stocks, namely the fluctuation in demand throughout the academic year, the different levels of demand, the possibility of items being reused, and the deterioration to which fragile components are subject.



After examining the literature review about the “Lean Laboratory” concept and DSSs for Lean stock management, Section 2 aims to present the selected Lean methodologies to improve workplace organization and mathematical formulas to design the e-Kanban DSS. The results of Lean tool implementation in the case study’s laboratory are displayed in Section 3 and discussed in Section 4. Finally, Section 5 shows the main conclusions, theoretical and practical implications, limitations, and future studies.




2. Materials and Methods


In this section, the selected methodology to improve the organization of the workplace and to design a DSS for stock management using Lean practices is described.



2.1. Workplace Organization


To eliminate waste in the workplace organization, the 5S methodology was applied. As the name of this tool suggests, there are five phases involved in its implementation, which are represented by five Japanese words: Seiri, Seiton, Seiso, Seiketsu, and Shitsuke [35]. The application of the five steps is characterized next.



	
Seiri (sort): All tools, parts, and/or materials must be examined, and only essential items must be kept [25]. First, empty boxes and everything that was not needed were removed from the place intended for storing materials.



	
Seiton (set in order): Necessary items must be kept in designated places for easy and timely replacement. For this, it is necessary to establish adequate criteria for the organization based on the frequency of use, placing the more highly demanded compounds within arm’s reach and those less required in more distant locations [35].






To apply the second step of the 5S methodology, the cabinet items were identified, including the identification of the manufacturer product number in the description of the items for their faster identification, either when they are needed for laboratory activities or to place an order.



The items were also classified into the following categories: tools, drones, communication, drugstore and hardware, housing and wiring, energy, sensors, electronics, and microcontrollers. Items were ranked according to their level of demand (high or low) to ensure that the more highly demanded items were in more accessible locations. Additionally, to plan the purchase of storage materials, the items were classified according to their size. Following the information gathered, a specific location was appointed for each category and item.



	
Seiso (shine): The work area and all equipment must be kept clean and tidy, ready for the next use [25].






After selecting and sorting the materials, the storage place was cleaned to prompt the order in the workplace through waste disposal.



	
Seiketsu (standardize): Visible and simple rules must be established to allow the distinction between normal and abnormal situations [25]. This step guarantees compliance with the standards established in the previous steps so that there is a well-articulated and consistently organized work procedure [35]. In this sense, Visual Management techniques were used. Visual Management is a Lean tool that aims to provide visual information or display requirements to define instructions [36]. This tool can include the use of warning regulatory and guidance signs [20], labels, or color coding [36].






In the laboratory, color labels were assigned to each of the different categories for more expeditious and easier identification of the components, contributing to a reduction in setup times and, simultaneously, establishing rules for the location of materials. The rules established through Visual Management allowed standardization.



	
Shitsuke (sustain): The previously defined standards should be applied regularly [37] to maintain the previous stages and promote the effort to seek continuous improvement in each one of them, which requires commitment and discipline [25,35].






Thus, the method of organization applied was transmitted to the laboratory’s main responsible to encourage the discipline necessary for the consolidation of the applied stages of the 5S methodology and maintenance of the results achieved.



Furthermore, the SMED tool was applied through a reduction in setup times for laboratory activities, the elimination of non-essential operations, and the creation of standardized instructions for the location of components.



The SMED tool consists of a system to reduce setup time [38] and changeover times by simplifying processes, eliminating unnecessary procedures, and standardizing work [39]. This tool aims to reduce waste in the production system by preparing equipment and/or tasks and performing quick changeovers, i.e., with a duration of 9 min or less (corresponding to a number of minutes of only one digit) [40].



In this case study, the application of the SMED tool was combined with other tools and methodologies, namely 5S and Visual Management, according to what [41] defended.




2.2. Decision Support System for Stock Management


According to the information available, since there was no efficient organization of space and given the fragility of some materials, namely microcontrollers, many materials were easily damaged and their scarcity was frequent. Therefore, an additional improvement aim was to create a system that allows stock control and ensures that materials are available whenever necessary, considering their demand over time.



In Japanese, the word “Kanban” means a visual frame or visual presentation. The original concept of Kanban uses cards as communication signals. Kanban cards have the function of indicating when more goods or items are needed [42,43]. In other words, according to this system, the consumption of an item generates a replacement order, which is signaled by the Kanban cards [27].



e-Kanban systems essentially replace the card or physical recipient with an electronic notification [44]. e-Kanban results from the combination of the Kanban tool with digital and software tools, with more efficient and faster application potential [45].



To provide information about the need to place an order, an e-Kanban system was selected as the base methodology of the developed DSS in Microsoft Excel.



A DSS was developed with two objectives: to help manage stocks at the beginning of each semester according to the planning of laboratory classes and, using different mathematical formulas, to allow the management of stocks throughout the semester of articles used in teaching and research activities. The mathematical formulas incorporated in the DSS are described hereafter.



To ensure the availability of materials needed for practical laboratory classes, it is proposed that at the beginning of each semester, planning of the number of materials needed must be carried out according to the number of laboratory classes to be taught during the semester, the number of groups of work per class, and the information contained in the protocols of laboratory activities. This planning will allow the number of materials needed to be determined in advance and ensure their availability.



The developed DSS is an e-Kanban system that signals the need to place an order when the condition is verified:


  S < Q  



(1)




where Q is the number of items needed for each semester’s laboratory classes and S is the existing stock. The fact that there are fragile components that are easily damaged must also be reflected in the calculation of the quantity to be ordered indicated in the DSS. Thus, the quantity to be ordered (Qo) at the beginning of each semester is given by the following expression:


    Q  o  = Q × ( 1 + p ) − S  



(2)




where p represents the expected proportion of ordered items that deteriorate or become otherwise unusable.



The calculation of Q must be different depending on two possible situations. If the materials can be reused, i.e., if they can be used by different groups in different laboratory classes, Q is calculated according to Equation (3). When this is not possible, Equation (4) is used.


Q = G × N



(3)






Q = AL × G × N



(4)




where AL is the number of laboratory classes per semester, G corresponds to the number of work groups per laboratory class, and N is the number of items needed in the laboratory activity for each article.



Regarding stock management throughout the semester, the DSS also indicates when an order should be placed and in which quantity. However, the signage of the need to place an order is different for items, depending on their level of demand. For articles with low demand, the condition of Equation (5) must be verified so that an order is necessary. For articles with high demand, the condition of Equation (6) is considered [28].


S ≤ Smin



(5)






S ≤ EOQ



(6)




where Smin is the minimum stock and EOQ is the economic order quantity. The EOQ can be calculated through Equation (7) [46].


  EOQ =       2 × C  p    × D   am      C h       



(7)




where Cp is the ordering set-up cost; Ch is the holding cost—the cost of the spare part × (interest rate + insurance rate (per month)); and Dam is the average monthly demand.



The quantity to be ordered (Qo) calculation also varies according to demand. For low demand, the order quantity is given by Equation (8). For items with high demand, Equation (9) is considered [28]:


    Q  o  =  S  max   − S +  Q p   



(8)






    Q  o  = EOQ − S  



(9)




where Qp is the pending quantity, i.e., the quantity that remains to be delivered from the previous order.



Equations (5) and (8) proposed by Castro et al. [28] use the maximum and minimum stock levels. The DSS uses an adaptation of the formulas proposed by Labuhn et al. [29], corresponding to Equations (10) and (11).


   S  max   =  D  am   ×  f r  +  Z p  ×  σ d  ×     30    f r      + SS  



(10)






   S  min   =  Z p  ×  σ d  ×     30    f r      + SS +    D  am     30   × L  



(11)




where Dam is the average monthly demand; σd is the standard deviation of the monthly demand; fr corresponds to the frequency of replacement per month, or how often we want to visit the stocking location per month; and Zp is the inverse of the standard cumulative distribution for probability p, i.e., it represents what the fill rate should be (how often will inventory be present when needed). SS corresponds to the safety stock, and L is the lead time, i.e., the time between the act of ordering and the actual delivery.



According to Conceição et al. [33], demand fluctuation is a relevant problem that must be considered when managing stocks. Thus, to calculate the safety stock, mathematical models were used that consider the demand forecast.



Trapero et al. [32] reported that the safety stock can be calculated using the following expression under the assumption that the demand forecasting error is an independent and identically distributed (i.i.d.) Gaussian with zero mean and constant variance:


  SS = K ×  σ L   



(12)




where K is the safety factor obtained by Equation (13) and σL is the standard deviation of the forecast error for a given lead time.




   K =  Φ  − 1   × ( 1 − CSL )   



(13)





In Equation (13), Φ(·) denotes the standard normal cumulative distribution function and CSL is the customer service level, which, according to Chen et al. [31], corresponds to the quotient between the sum of satisfied demands and the total demand.



Additionally, the calculation of σL presented in Equation (12) is based on Equation (14).


   σ L  =  L  ×  σ 1   



(14)




where L is the lead time and σ1 is given by Equation (15):




    σ 1  =     MSE   t + 1       



(15)





In compliance with [32], σ1 can be estimated by calculating the mean-square error (MSE) for period t and for period t+1, which are given, respectively, by Equations (16) and (17):


    MSE  t  =  1 n  ×   ∑   t = 1  n     (   y t  −  F t   )   2   



(16)






    MSE   t + 1   =  α ′  ×    (   y t  −  F t   )   2  +  (  1 −  α ′   )  ×   MSE  t   



(17)




where n is the sample size, yt is the actual value of demand in period t, Ft is the forecast value for the same period t, and α′ is a smoothing constant that varies between 0 and 1, although small values between 0.01 and 0.1 are commonly used.



The Ft value is obtained through linear regression. Linear regression is a measurement tool used to determine whether a relationship exists between variables. In forecasting demand, the variables used are time as an independent variable (x) and quantity demanded as a dependent variable (y) [47].



The DSS not only indicates the quantity and time for placing an order but also includes, for each item, a specific coding considering the item’s location in the ARL and the category to which it belongs. In Figure 1, the code corresponding to “Transistor TIP 120” is shown to exemplify the meaning of the characters assigned to the items.



The proposed coding aims to allow faster identification of articles, being associated with their location. Since there is more than one compartment in the drawer in which Transistor TIP 120 is located, a number is assigned to the corresponding position. Figure 2 associates the numbers assigned in the coding with the location of the respective articles. The articles that are circled in white are the articles used as an example of the DSS application shown in the next section.





3. Results


This section presents the results obtained before and after implementing the 5S, Visual Management, and SMED methodologies to improve the organization of space and presents the results of the simulation of the DSS described earlier.



3.1. Organization of the Workplace


Regarding the laboratory spatial organization, it was found, by observation and according to the information provided by those in charge of the laboratory, that due to the acquisition of new equipment and materials, the available storage space was not enough, and these materials started to be stored randomly inside the laboratory cabinets according to the arrival of the orders, i.e., most of the materials were stored in the boxes and packages sent by the suppliers and were not organized in a specific order. Figure 3 illustrates the space where some of the ARL components were stored.



As there was no specific order for storing a wide variety of materials, it was difficult to find materials needed for practical activities, whether teaching or research.



To make the time spent searching for materials measurable, the times involved in performing an experimental procedure by three individuals familiar with the workplace were collected.



The experimental procedure consisted of four main tasks corresponding to temperature measurement, as can be seen in Table 2. The times associated with each task, which were measured once, and the total time that each participant took to complete the laboratory activity can be observed in the same table.



According to the information presented in Table 2, the time associated with searching for materials represented, on average, 79% of the total time for performing the experimental procedure. Since there was no specific place for each item, the search for the materials needed to take the temperature measurement required removing and replacing boxes from the cabinet, which represents unnecessary movement. Thereby, this experience exposed the main waste identified in the ARL—waiting times and movements.



To minimize these wastes, the 5S, Visual Management, and SMED methodologies were applied. After the application of the referred Lean tools, the materials that were previously stored in the cabinet in Figure 3 started to be stored in the cabinets in Figure 2 and Figure 4.



To verify whether the implementation of the 5S, Visual Management, and SMED methodologies effectively resulted in a reduction in setup times, the temperature measurement experimental procedure was repeated. Table 3 summarizes the recorded times.



The results suggest that the implementation of the 5S, Visual Management, and SMED methodologies contributes to a significant reduction in the average time associated with the search for materials.




3.2. Decision Support Systems for Stock Management


A possible scenario for the use of the DSS described earlier is presented next, with the materials indicated in a protocol corresponding to the assembly of an electrical circuit. In this section, the sheets that compose the DSS are displayed to facilitate its replication.



Figure 5 shows the DSS home page, which contains information that informs the user about how the system works.



The following sheet, entitled “Semester Planning,” must be completed at the beginning of each semester, after surveying the number of laboratory classes to be taught and the materials needed for each of these classes. In this simulation, the values accepted for each of the parameters are those observed in Figure 6.



The next three sheets contain the necessary data for stock management throughout the semester.



The “Safety Stock” sheet (Figure 7) shows the monthly demand in the previous academic year. Based on these data, the average demand, the standard deviation of the demand, and the safety stock that must be kept for each article in the current month are calculated, considering the demand forecast obtained through linear regression. In the presented scenario, the considered current month is September. The fields filled in gray refer to information that must be filled in by the user. Although the safety stock is calculated automatically, the cell is grayed out as the user must verify that the values shown on this sheet correspond to the current month.



Figure 8 shows the trend lines of each item, the associated equations and coefficient of determination, and the remaining data involved in the safety stock calculation.



Due to variations in the level of demand, depending on the month, a safety stock must be kept according to the time variable. The safety stock values associated with each month are expressed in Figure 8, as well as the values of the parameters required for their calculation.



For each item, the compliance with the assumption that the demand forecasting error is Gaussian with a zero mean and constant variance was verified through the calculation of the mean error, a normality test, and a homoscedasticity test, corresponding to the cells filled in red in the “Auxiliary Calculation” sheet. The normality test was carried out using NumXL, a suite of time series Excel add-ins, by introducing the demand forecasting errors as “Input Data.” To carry out the heteroscedasticity test, XLSTAT, the statistical software for Excel, was used. The values were obtained by introducing the error values as “residuals” and time (months) variable values as “X/Explanatory variables.”



All normality and homoscedasticity tests available in the aforementioned tools were used, admitting a significance level of 0.05. The DSS was designed to indicate in the “Result” column the value “TRUE” if the normality test indicated that the demand forecast errors followed a normal distribution and whether they were homoscedastic, i.e., with equal variance values.



In the “Data” sheet, illustrated in Figure 9, the values of the necessary parameters to calculate the maximum and minimum stocks of each item appear.



The data in Figure 7 and Figure 9 are transferred to the “e-Kanban” sheet, where visual alerts for stock management appear at the beginning of the semester, aiming to guarantee the availability of the necessary materials for each laboratory class. The data in the column corresponding to the Q parameter must be selected from the “Semester Planning” sheet, depending on the semester for which stock management is intended.



Figure 10 reveals that for the proposed application scenario, the visual alerts appear allowing the management of stocks, either at the beginning or throughout the semester, according to the mathematical formulas described in Section 2.2.



Whenever it is necessary to place an order, the cell with the existing stock is filled in red. Otherwise, the cell appears filled in green.



The DSS was also designed to indicate the quantity to be ordered at the beginning of the semester and throughout it, depending on the level of demand for each item. Furthermore, once most ARL components have small dimensions and, therefore, it is not always easy to identify them, the DSS was also designed to help users to locate each item.





4. Discussion


Regarding workplace organization, Table 4 presents a comparison of the average execution times of each task associated with the experimental procedure before and after the implementation of Lean tools.



The average setup time, i.e., the time involved in finding the materials needed to perform the experimental procedure, reduced by 93%. While before the application of Lean tools, the search for materials represented 79% of the total duration of the activity, after the application of Lean tools, it represented 33%.



Concordantly, studies conducted in university laboratory environments that applied the 5S methodology have reported reductions in setup time. Jiménez et al. [25] achieved a 30% reduction in the setup time of practical activities, and Sremcev et al. [8] reported that the setup time reduced by four times (from 32 min to just 8) and the teaching time reduced by 20% (from 85 min to 68).



Observing the results obtained in this case study, it is relevant to point out that after the implementation of Lean tools, the average execution time of the subsequent activities to the search for materials was also reduced.



The results in Table 4 exhibit a significant run-time reduction in steps 3 and 4, of 54% and 61%, respectively. This reduction can be explained by the experience gained on the part of the participants by repeating the same experimental procedure. However, the most significant gain in time is associated with the search for materials, which verified the highest run-time reduction value—93%.



Regarding the application of LT for the elaboration of a DSS to provide more efficient stock management, an e-Kanban system was conceived, which signals the need to place an order and indicates the quantity to be ordered, to avoid stock ruptures and, at the same time, avoid costs and inefficient use of the workplace, which excess stock entails.



Moreover, the stock control proposed for the beginning of the semester, considering each laboratory protocol and the necessary quantities of material, aims to ensure the availability of materials necessary for teaching. The determination of material needs in advance is based on the pull system, corresponding to one of the basic principles of the Lean philosophy.



The DSS calculates the quantity needed, considering two possible situations: the materials can be used in more than one laboratory activity, or they can be used only once.



In addition, since it is common for some materials to deteriorate, the percentage of items that are expected to become unusable is added to the order quantity.



Using different mathematical formulas, the stock management proposed throughout the semester considers the level of demand and aims to guarantee the availability of necessary materials, not only for teaching activities, but also for research, according to the expected demand.



According to Figure 8, the coefficient of determination (R2) values indicate that despite being one of the widely used methods for forecasting demand [33], the use of linear regression might not be appropriate for all the items. The simulation results illustrate the need for further research on how to incorporate in the designed DSS a mechanism to choose and apply a better method for forecasting demand, considering demand fluctuation for each item.




5. Conclusions


The proposed implementation of Lean tools grants to achieve the project’s goals, which consisted in improving the organization of the ARL space to reduce the setup time of practical activities and propose a DSS with the potential to improve stock management. There was a 93% reduction in the average setup time of an experimental procedure and a reduction in the total average execution time of 84%.



Additionally, it was possible to demonstrate that the DSS correctly calculates the quantity to be ordered for the various items used, according to the selected mathematical formulas. The DSS is divided into two systems: one of them must be used at the beginning of the semester and applied to all the items necessary to carry out the practical activities of laboratory classes throughout the semester. This system can be an asset in the teaching laboratory environment, as it ensures in advance the presence of items necessary for teaching activities.



Regarding the benefits associated with the proposed model, it is important to highlight the ease with which it can be used in different organizations. Although the model was designed for teaching and research laboratories, the mathematical formulas used for stock management throughout the semester can be replicated for stock management in other organizations.



An additional positive aspect of the designed DSS is the fact that it can be easily applied since it uses a tool commonly used in several organizations for data processing (Excel) that has reduced implementation costs when compared to other computerized and automatic methods.



Concerning theoretical implications, this study contributes to the literature by developing an e-Kanban DSS for stock management in teaching and research laboratories. In addition, this study adds to the literature on stock management by including, in a single decision system, factors such as demand forecasting to calculate safety stocks, the level of demand (high or low), and the deterioration to which the most fragile components are subject.



Furthermore, notwithstanding the limited sample selected to assess the impact of Lean tool implementation, this study confirms that by implementing 5S and Visual Management methodologies, the setup time of laboratory activities can be reduced.



Regarding practical implications, by describing the approach followed, this study provides a practical guide to implementing Lean tools in teaching and researching environments regarding workplace organization, codification, and stock management that might be useful for policymakers in academic institutions.



This research, however, is subject to several limitations, namely:




	
The run times of the temperature measurement were only taken once for each participant, before and after Lean tool implementation, and the experimental procedure was carried out only by three individuals.



	
The safety stock calculation used in the DSS is only valid if the demand forecasting error is an i.i.d. Gaussian with zero mean and constant variance.



	
The absence of real data makes it impossible to evaluate the effectiveness and efficiency of the proposed model in reducing costs and increasing the quality of teaching service or to quantify its real impact on the reduction in the frequent scarcity of materials.



	
The efficiency of the DSS depends on the frequent updating of the existing stock values for each article.








Concerning proposals for future research work, the following topics are highlighted:




	
Application of the same lean methods (5S, Visual Management, and SMED) in other teaching institutions and test their efficiency;



	
Assessment of the impact of the 5S methodology on the reduction in damaged materials, since in environments where fragile components are used, there are relevant associated costs;



	
Application of the proposed DSS in a real context and assessment of its impact in terms of reducing stockouts and costs;



	
Development of a training plan for technicians, professors, or managers about how to keep the database always updated and reliable;



	
Evaluation over time of the effectiveness and efficiency of the implementation of the 5S methodology in the ARL and in other laboratories where similar Lean methodologies were applied;



	
Automatic identification of materials, which would allow a permanently updated record of the existing stock;



	
Research on more appropriate empirical approaches applied to safety stock calculation, since often the forecast error does not fulfil the assumption that the demand forecasting error is an i.i.d. Gaussian with zero mean and constant variance;



	
Inclusion of a mechanism to choose and apply an appropriate method for forecasting demand, considering the demand fluctuation for each item in the designed DSS.












Author Contributions


Conceptualization, S.M.M., T.M.L. and P.D.G.; methodology, S.M.M., T.M.L. and P.D.G.; software, S.M.M.; validation, S.M.M., T.M.L. and P.D.G.; formal analysis, S.M.M.; investigation, S.M.M.; resources, S.M.M., T.M.L. and P.D.G.; data curation, S.M.M.; writing—original draft preparation, S.M.M.; writing—review and editing, S.M.M., T.M.L. and P.D.G.; visualization, S.M, T.M.L. and P.D.G.; supervision, T.M.L. and P.D.G.; project administration, T.M.L. and P.D.G.; funding acquisition, T.M.L. and P.D.G. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Data Availability Statement


Not applicable.




Acknowledgments


This work was supported in part by the Fundação para a Ciência e Tecnologia (FCT) and C-MAST (Centre for Mechanical and Aerospace Science and Technologies) under project UIDB/00151/2020.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Protzman, C.; Whiton, F.; Kerpchar, J.; Lewandowski, C.R.; Stenberg, S.; Grounds, P.; Bond, J. The Lean Practitioner’s Field Book: Proven, Practical, Profitable and Powerful Techniques for Making Lean Really Work, 1st ed.; Productivity Press: New York, NY, USA, 2016. [Google Scholar]

	



Sinha, N.; Matharu, M. A comprehensive insight into lean management: Literature review and trends. J. Ind. Eng. Manag. 2019, 12, 302–317. [Google Scholar] [CrossRef]

	



Graban, M.; Padgett, S. Lean laboratories: Competing with methods from Toyota. Lab. Med. 2008, 39, 645–648. [Google Scholar] [CrossRef]

	



Herasuta, M. A “lean” laboratory. Lab. Med. 2007, 38, 143–144. [Google Scholar] [CrossRef]

	



Silva Delgado, P.E.; Kapanen, A.; Dressler, S. Effective teaching of lean management to industrial engineering students in Germany. INTED2020 Proc. 2020, 1, 3343–3351. [Google Scholar]

	



Sharma, G.V.S.S.; Prasad, C.L.V.R.S.V.; Srinivasa Rao, M. Industrial engineering into healthcare–A comprehensive review. Int. J. Healthc. Manag. 2021, 14, 1288–1302. [Google Scholar] [CrossRef]

	



Hallam, C.R.A.; Contreras, C. Lean healthcare: Scale, scope and sustainability. Int. J. Health Care Qual. Assur. 2018, 31, 684–696. [Google Scholar] [CrossRef]

	



Sremcev, N.; Lazarevic, M.; Krainovic, B.; Mandic, J.; Medojevic, M. Improving teaching and learning process by applying Lean thinking. Procedia Manuf. 2018, 17, 595–602. [Google Scholar] [CrossRef]

	



Cherqaoui, F.E.; Elhaq, S.L.; Lri, M.C. Implantation of the approach lean: Case of quality control laboratory of a pharmaceutical company. In Proceedings of the 2018 4th International Conference on Logistics Operations Management (GOL), Le Havre, France, 10–12 April 2018; pp. 1–8. [Google Scholar]

	



Coskun, A.; Serteser, M.; Altinayak, R.; Unsal, I. Evaluation of the performance of INDEXOR® in the archive unit of a clinical laboratory: A step to Lean laboratory. Clin. Chem. Lab. Med. 2017, 55, e62–e64. [Google Scholar] [CrossRef]

	



Dundas, N.E.; Ziadie, M.S.; Revell, P.A.; Brock, E.; Mitui, M.; Leos, N.K.; Rogers, B.B. A lean laboratory: Operational simplicity and cost effectiveness of the Luminex xTAGTM respiratory viral panel. J. Mol. Diagn. 2011, 13, 175–179. [Google Scholar] [CrossRef]

	



Halwachs-Baumann, G. Concepts for lean laboratory organization. J. Med. Biochem. 2010, 29, 330–338. [Google Scholar] [CrossRef]

	



Knowles, S.; Barnes, I. Lean laboratories: Laboratory medicine needs to learn from other industries how to deliver more for less. J. Clin. Pathol. 2013, 66, 635–637. [Google Scholar] [CrossRef]

	



Lokesh, K.; Samanta, A.K.; Varaprasad, G. Reducing the turnaround time of laboratory samples by using Lean Six Sigma methodology in a tertiary-care hospital in India. In Proceedings of the 2020 International Conference on System, Computation, Automation and Networking (ICSCAN), Pondicherry, India, 3–4 July 2020. [Google Scholar]

	



Yerian, L.M.; Seestadt, J.A.; Gomez, E.R.; Marchant, K.K. A collaborative approach to lean laboratory workstation design reduces wasted technologist travel. Am. J. Clin. Pathol. 2012, 138, 273–280. [Google Scholar] [CrossRef]

	



Fichou, D.; Morlock, G.E. Office Chromatography: Miniaturized All-in-One Open-Source System for Planar Chromatography. Anal. Chem. 2018, 90, 12647–12654. [Google Scholar] [CrossRef]

	



Hachmoud, S.; Meddaoui, A.; Allali, H. A new method to measure efficiency in learning by doing environment: A case study of assembly line simulation. Int. J. Learn. Technol. 2017, 12, 315–325. [Google Scholar] [CrossRef]

	



Douglas, J.A.; Antony, J.; Douglas, A. Waste identification and elimination in HEIs: The role of Lean thinking. Int. J. Qual. Reliab. Manag. 2015, 32, 970–981. [Google Scholar] [CrossRef]

	



Klein, L.; Tonetto, M.; Avila, L.; Moreira, R. Management of lean waste in a public higher education institution. J. Clean. Prod. 2020, 286, 125386. [Google Scholar] [CrossRef]

	



Isack, H.D.; Mutingi, M.; Hileni, H.; Vashishth, A.; Chakraborty, A. Exploring the adoption of Lean principles in medical laboratory industry. Int. J. Lean Six Sigma 2018, 9, 133–155. [Google Scholar] [CrossRef]

	



Chibaira, B. Lean Pedagogy: Using Lean Thinking to Improve Student Results and Optimise Classroom Costs, 1st ed.; BookBaby: Pennsauken Township, NJ, USA, 2015. [Google Scholar]

	



Ibrahim, I.; Sultan, M.; Yassine, O.; Zaki, A.; Elamir, H.; Guirguis, W. Using Lean Six Sigma to improve timeliness of clinical laboratory test results in a university hospital in Egypt. Int. J. Lean Six Sigma 2022, 13, 1159–1183. [Google Scholar] [CrossRef]

	



Siegel, S.C.; Kramer, S.B.; Deranek, K.M. Lean Methods Applied to CAD/CAM Pedagogy in the Dental Simulation Laboratory. J. Dent. Educ. 2019, 83, 1081–1091. [Google Scholar] [CrossRef]

	



Viera, R.J.; Sardoueinasab, Z.; Lee, J. Improving the efficiency of energy assessments with application of lean tools—A case study. Energy Effic. 2019, 12, 1717–1728. [Google Scholar] [CrossRef]

	



Jiménez, M.; Romero, L.; Domínguez, M.; Espinosa, M. 5S methodology implementation in the laboratories of an industrial engineering university school. Saf. Sci. 2015, 78, 163–172. [Google Scholar] [CrossRef]

	



Deranek, K.; Kramer, S.; Siegel, S. Technology-dependent pedagogical process redesign: Leveraging lean methods. Int. J. Qual. Reliab. Manag. 2021, 38, 1816–1832. [Google Scholar] [CrossRef]

	



Agostinho, A.; Guilherme, H.; Marcelino, S.; Lima, T.; Gaspar, P.D. Decision Support System for the Application of Lean Healthcare in Stock Management in Health Facilities. 2021 Int. Conf. Decis. Aid Sci. Appl. DASA 2021, 2021, 886–891. [Google Scholar]

	



Castro, C.; Pereira, T.; Sá, J.C.; Santos, G. Logistics reorganization and management of the ambulatory pharmacy of a local health unit in Portugal. Eval. Program Plan. 2020, 80, 101801. [Google Scholar] [CrossRef] [PubMed]

	



Labuhn, J.; Almeter, P.; McLaughlin, C.; Fields, P.; Turner, B. Supply chain optimization at an academic medical center. Am. J. Health Syst. Pharm. 2017, 74, 1184–1190. [Google Scholar] [CrossRef]

	



Beutel, A.L.; Minner, S. Safety stock planning under causal demand forecasting. Int. J. Prod. Econ. 2012, 140, 637–645. [Google Scholar] [CrossRef]

	



Chen, Y.; Pekny, J.F.; Reklaitis, G.V. Integrated planning and optimization of clinical trial supply chain system with risk pooling. Ind. Eng. Chem. Res. 2013, 52, 152–165. [Google Scholar] [CrossRef]

	



Trapero, J.R.; Cardós, M.; Kourentzes, N. Empirical safety stock estimation based on kernel and GARCH models. Omega 2019, 84, 199–211. [Google Scholar] [CrossRef]

	



Conceição, J.; Souza, J.; Gimenez-Rossini, E.; Risso, A.; Beluco, A. Implementation of inventory management in a footwear industry. J. Ind. Eng. Manag. 2021, 14, 360–375. [Google Scholar] [CrossRef]

	



Xu, X.; Qi, Y.; Hua, Z. Forecasting demand of commodities after natural disasters. Expert Syst. Appl. 2010, 37, 4313–4317. [Google Scholar] [CrossRef]

	



Gutierrez, J.; Santaolalla, A.; Tercjak, A.; Rojo, N.; Encinas, D.; Gomez-de-Balugera, Z.; Gallastegu, G. Creating a green chemistry lab: Towards sustainable resource management and responsible purchasing. Sustainability 2020, 12, 8934. [Google Scholar] [CrossRef]

	



Cruz-machado, V.; Simas, A. Proceedings of the Eleventh International Conference on Management Science and Engineering Management; Springer: Berlin/Heidelberg, Germany, 2017. [Google Scholar]

	



Palange, A.; Dhatrak, P. Lean manufacturing a vital tool to enhance productivity in manufacturing. Mater. Today Proc. 2021, 46, 729–736. [Google Scholar] [CrossRef]

	



Sugai, M.; McIntosh, R.I.; Novaski, O. Metodologia de Shigeo Shingo (SMED): Análise crítica e estudo de caso. Gestão Produção 2007, 14, 323–335. [Google Scholar] [CrossRef]

	



Tasdemir, C.; Gazo, R. A systematic literature review for better understanding of lean driven sustainability. Sustainability 2018, 10, 2544. [Google Scholar] [CrossRef]

	



Junior, R.G.P.; Inácio, R.H.; Silva, I.B.; Hassui, A.; Barbosa, G.F. A novel framework for the single-minute exchange of die (SMED) assisted by lean tools. Int. J. Adv. Manuf. Technol. 2022, 119, 6469–6487. [Google Scholar] [CrossRef]

	



Silva, I.B.; Filho, M.G. Single-minute exchange of die (SMED): A state-of-the-art literature review. Int. J. Adv. Manuf. Technol. 2019, 102, 4289–4307. [Google Scholar] [CrossRef]

	



Lean Production. Top 25 Lean Tools. Available online: https://www.leanproduction.com/top-25-lean-tools/ (accessed on 22 April 2022).

	



Krishnaiyer, K.; Chen, F.F.; Bouzary, H. Cloud Kanban Framework for Service Operations Management. Procedia Manuf. 2018, 17, 531–538. [Google Scholar] [CrossRef]

	



Sly, D. Internet Based eKanban/eKitting Involving Suppliers. Procedia Manuf. 2018, 17, 484–490. [Google Scholar] [CrossRef]

	



Pekarcikova, M.; Trebuna, P.; Kliment, M.; Mizerak, M.; Kral, S. Simulation testing of the e-kanban to increase the efficiency of logistics processes. Int. J. Simul. Model. 2021, 20, 134–145. [Google Scholar] [CrossRef]

	



Nagarur, N.N.; Hu, T.S.; Baid, N.K. A Computer-based Inventory Management System for Spare Parts. Ind. Manag. Data Syst. 1994, 94, 22–28. [Google Scholar] [CrossRef]

	



Indriyanti, A.D.; Prehanto, D.R.; Prismana, I.; Nuryana, I. The web-based estimation of motorcycles sales using linear regression method. IOP Conf. Ser. Mater. Sci. Eng. 2021, 1098, 052115. [Google Scholar] [CrossRef]








[image: Designs 07 00017 g001 550] 





Figure 1. Coding proposed. 






Figure 1. Coding proposed.
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Figure 2. Numbering assigned according to location. 
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Figure 3. Cabinet before the implementation of Lean tools. 
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Figure 4. Cabinet after the implementation of Lean tools. 






Figure 4. Cabinet after the implementation of Lean tools.
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Figure 5. Decision support system’s home page. 
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Figure 6. “Semester Planning” sheet. 
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Figure 7. “Safety Stock” sheet. 
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Figure 8. “Auxiliary Calculation” sheet. 
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Figure 9. “Data” sheet. 
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Figure 10. “e-Kanban” sheet. 
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Table 1. Lean principles in a laboratory context of teaching and research.






Table 1. Lean principles in a laboratory context of teaching and research.





	1. Identify Value



	Identify aspects of the work environment that are important and that meet the user’s needs (students and teachers). In a laboratory, the value can fundamentally refer to time (e.g., time to prepare for a laboratory activity).



	2. Identify the Value Stream



	Identify all activities that add value and their sequence and minimize activities that do not add value (e.g., searching for materials needed for an experimental procedure).



	3. Flow



	Contribute to the uninterrupted movement of service throughout the system to the user, for example, by initiating tests or activities as early as possible, which reduces the time spent on one activity and allows time for the execution of another educational activity.



	4. Pull System



	Provide products or services when the user needs them (e.g., adjusting the purchase of items according to the forecast of their consumption).



	5. Perfection



	Repeat the previous processes as often as possible to improve working conditions.
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Table 2. Initial experimental procedure run times.






Table 2. Initial experimental procedure run times.





	
Steps

	
Run Time (Minutes)

	
Average Time




	
Participant 1

	
Participant 2

	
Participant 3






	
1—Search for materials.

	
10:48

	
09:59

	
08:19

	
09:42




	
2—Assemble the plate.

	
01:19

	
01:16

	
01:01

	
01:12




	
3—Connect the assembly to the computer.

	
00:16

	
00:05

	
00:12

	
00:11




	
4—Run the program and get the result.

	
00:32

	
02:18

	
00:35

	
01:08




	
Total time

	
12:55

	
13:38

	
10:06

	
12:13
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Table 3. Experimental procedure run times after the implementation of Lean tools.
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Steps

	
Run Time (Minutes)

	
Average Time




	
Participant 1

	
Participant 2

	
Participant 3






	
1—Search for materials.

	
00:41

	
00:37

	
00:40

	
00:40




	
2—Assemble the plate.

	
00:46

	
00:53

	
00:50

	
00:50




	
3—Connect the assembly to the computer.

	
00:05

	
00:06

	
00:04

	
00:05




	
4—Run the program and get the result.

	
00:29

	
00:25

	
00:26

	
00:26




	
Total time

	
02:01

	
02:01

	
02:00

	
02:01
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Table 4. Reductions obtained in the experimental procedure run times.






Table 4. Reductions obtained in the experimental procedure run times.





	
Steps

	
Average Run Time (Minutes)

	
Reduction (%)




	
Initial

	
% of Total Time Value

	
Final

	
% of Total Time Value






	
1—Search for materials.

	
09:42

	
79%

	
00:40

	
33%

	
93%




	
2—Assemble the plate.

	
01:12

	
10%

	
00:50

	
41%

	
31%




	
3—Connect the assembly to the computer.

	
00:11

	
2%

	
00:05

	
4%

	
54%




	
4—Run the program and get the result.

	
01:08

	
9%

	
00:26

	
21%

	
61%




	
Total time

	
12:13

	

	
02:01

	

	
84%

















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file13.jpg





media/file4.png
Row Position N°

3058

fEnwN
“

3=
= 'lﬂ.
mmuru_nj
1,22
"Row N°






media/file18.png
ltem 1291.2E Demand

7
©
@6
-
I y=0.0545x + 3.4
£ a R?=0.0102
o
>3 / v N
€2
S 1
o}
0
1 2 3 4 5 6 7 8 9 10
Time (Months)
Iltem 1236.1E Demand
7
©
© 6 %
R p—. -+ Cds
g y=05273x+0.2 g L.F
u 4 R2=0.8527 ...~
Q T e
> 3
2 g
R
d ......
0
1 2 3 4 5 6 7 8 9 10
Time (Months)
Item 1236.2E Demand
7 y=-0.097x + 4.1333
o
a6 R2=0.0318
- )
&5
gl
Y A T T, s A
52
£ 2
51
o}
0
1 2 3 4 5 6 7 8 9 10
Time (Months)

CSL 0.4
K 0.26
a' 0.05
Month n Yt n Ft Error  Error*  Accumulated Error® MSE t MSEt+1 o1 oL SS
. | 2 3.455 -1.455 | 2.116 2.116 0.212 0.307 | 0554|1752 0
2 5 3.509 1.491 2.223 4.339 0.434 0.523 |0.723 | 2.288 1
3 6 3.564 2.436 5.936 10.274 1.027 1.273 | 1128 ( 3.568 | 1
4 3 3.618 -0.618 | 0.382 10.657 1.066 1.031 [1.016]3.212| 1
- 2 3.673 -1.673 | 2.798 13.455 1.345 1.418 [ 1.191|3.766 | 1
6 2 3.727 -1.727 | 2.983 16.438 1.644 1.711 (1308|4136 | 1
7 3 3.782 -0.782 | 0.611 17.049 1.705 1.650 | 1.285|4.062| 1
8 6 3.836 2.164 4.681 21.731 2.173 2298 | 1516|4794 | 1
9 7 3.891 1.109 1.230 22.961 2.296 2.243 | 1498|4736 | 1
10 3 3.945 -0.945 | 0.894 23.855 2.385 2.311 | 1520|4807 |1
Demand Forecasting Error
Mean
Normality Test C.V. P-Value Result  |1510%
Jarque-Bera 1.19 5.99 55.2% TRUE
Shapiro-wilk 091  #N/D 26.9% TRUE
Doornik Chi-Square  4.80 5.99 9.1% TRUE
P-Value Result__[{15.0%
Breusch-Pagan test 35.0% TRUE
White / Squared terms only test 63.1% TRUE

Error Error? Accumulated Error? MSE t MSEt+1 ol ol
1 2 0.727 1.273 | 1.620 1.620 0.162 0.235 |0.485(1.877| 0
2 1 13255 -0.255 | 0.065 1.685 0.168 0.163 [0.404|1.565| 0
3 1 1.782 -0.782 | 0.611 2.296 0.230 0.249 (0.499|1.931|1
4 2 2.309 -0.309 | 0.096 2.391 0.239 0.232 |0.482(1.865| 0
5 3 2.836 0.164 | 0.027 2.418 0.242 0.231 |0.481(1.862|0
6 3 3.364 -0.364 | 0.132 2.550 0.255 0.249 |10.499(1.932|1
7 3 3.891 -0.891 | 0.794 3.344 0.334 0.357 |10.598(2.315(| 1
8 5 4.418 0.582 | 0.339 3.683 0.368 0.367 [0.606(2.346| 1
9 3 4.945 0.055 | 0.003 3.686 0.369 0.350 (0.592|2.292|1
10 6 5.473 0.527 | 0.278 3.964 0.396 0.390 |0.625(2.420| 1
Demand Forecasting Error
Mean
Normality Test C.V. P-Value Result -

Jarque-Bera 0.47 5.99 79.2% TRUE

Shapiro-Wilk 0.96 " #N/D 76.7% TRUE

Doornik Chi-Square 5.99 65.6% TRUE

ST
Breusch-Pagan test 89.0% TRUE
White / Squared terms only test 89.6% TRUE

Error Error? Accumulated Error? MSE t MSEt+1 ol oL SS
1 2 4.036 -2.036 | 4.147 4.147 0.415 0.601 (0.775(2.452|1
2 6 3.939 2.061 | 4.246 8.393 0.839 1.010 (1.005(3.177| 1
3 4 3.842 0.158 | 0.025 8.418 0.842 0.801 (0.895(2.830| 1
4 2 3.745 -1.745 | 3.047 11.464 1.146 1.241 (1.114(3.523|1
5 6 3.648 2.352 | 5.530 16.994 1.699 1.891 (1.375(4.348| 1
6 2z 3.552 -1.552 | 2.407 19.401 1.940 1.963 (1.401(4.431|1
4 S5 3.455 1.545 | 2.388 21.790 2.179 2.189 |1.480|4.679|1
8 4 3.358 0.642 | 0.413 22.202 2.220 2.130 |1.459(4.615|1
9 3 3.261 -0.261 | 0.068 22.270 2237 2.119 |1.456(4.603| 1
10 2 3.164 -1.164 | 1.354 23.624 2.362 2.312 |1.521|4.808| 1
Demand Forecasting Error
Mean 0.000
Normality Test Score C.V. P-Value Result -

Jarque-Bera 0.89 5.99 64.2% TRUE

Shapiro-Wilk 0.96 r #N/D 83.9% TRUE

Doornik Chi-Square 1.63 5.99 44.2% TRUE

P-Value Result  [115:0%
Breusch-Pagan test 15.5% TRUE
White / Squared terms only test 31.2% TRUE






media/file21.jpg





media/file3.jpg





media/file22.png
Item Code Item Dam Fr Zp m L Cp Ch 0Q Q S Qp
1291.2E TIP120 transistor 3.7 2 1 1.6364 0 10 1.2 0.5 4 5 7 1
1236.1E Resistance 2.2 KQ (Transistor) 3.1 1 1 1.7288 0 15 1.2 0.5 4 5 1 0
1236.2E Resistance 22 KQ (Pull-Down) 3.6 2 1 1.6465 1 10 1.2 0.5 4 5 10 2
1236.3E Resistance 220Q) (Voltage Divider) 6.1 1 1 1.1972 0 15 1.2 0.5 5 5 1 0
12101E 1N4007 Diode 2.6 2 1 1.6465 1 10 1.2 0.5 4 5 5 0

1281E Light switch 2.2 1 1 1.6193 0 10 1.2 0.5 3 5 5 0

1237E LDR 2.8 1 1 2.2509 0 10 1.2 0.5 4 5 5 0

1271E Universal breadboard 4 1 1 2.3570 1 10 1.2 0.5 4 5 5 0

12133E Arduino 4.2 1 1 2.7809 0 10 1.2 0.5 4 5 5 0
Information Information

From a previous analysis, the user must fill in the fields colored
in gray, for each article.

Once the values have been entered, you must go to the E-

Dam - Average monthly demand for the article [units]

Fr - Replacement frequency [x/month]

Zp - Relative frequency of the presence of an item in inventory when needed
od - Standard deviation of monthly demand

SS - Safety stock [units]

L - Time between order and delivery [days]

EOQ - Economic order quantity [units]

Cp - Cost of ordering [in euros]

Ch - Monthly cost of stock maintenance [in euros]

Q - Quantity of items needed for each semester's laboratory classes [units]
S - Existing stock [units]

Qp - Pending Quantity [units]






media/file7.jpg





media/file10.png
ﬁ Welcome to LabStockEasy

LabStockEasy will allow you to control stocks by simply inputting values into the system, according to
the given specifications.

In the Semester Planning sheet, the user must insert the data indicated regarding the planning of the
needed materials for the laboratory activities of each semester.

The user must, in the Safety Stock sheet, insert the monthly demand data for each item, corresponding to
the fields that are grayed out.

In the Auxiliary Calculations sheet, the values used for the safety stock calculation are presented.
In the Data sheet, the user must fill in the fields that are grayed out, based on a previous analysis.

In the e-Kanban sheet, you can check the need to place an order and the quantity to be ordered of each
item, at the beginning and throughout the semester.






media/file19.png
Quantity Demanded

Quantity Demanded
O = N W AR U

Quantity Demanded

NoWw s U

Item 1236.3E Demand

y=-0.2333x+ 7.2778
R*=0.2534

4 5 6
Time (Months)

Item 12101E Demand

3 4 5
Time (Months)

y =0.097x + 2.0667
R*=0.0318

6 7

Item 1281E Demand

y =0.2303x + 0.9333
R*=0.1854

Time (Months)

Error? Accumulated Error? MSE t MSEt+1 ol
1 8 6.891 1.109 | 1.230 1.230 0.123 0.178 (0.422|1.636|0
2 7 6.715 0.285 | 0.081 131 0131 0.129 (0.359|1.389| 0
3 7 6.539 0.461 | 0.212 1523 0.152 0.155 (0.394|1.526|0
4 S 6.364 -1.364 | 1.860 3.383 0.338 0.414 (0.644|2.493|1
5 6 6.188 -0.188 | 0.035 3.418 0.342 0.326 |0.571|2.213|1
6 5 6.012 -1.012 | 1.024 4.443 0.444 0.473 (0.688|2.664| 1
7 4 5.836 -1.836 | 3.372 7.815 0.781 0.911 (0.954|3.697| 1
8 7 5.661 1.339 | 1.794 9.609 0.961 1.003 |1.001(3.878( 1
9 5 5.485 0.515 | 0.265 9.874 0.987 0.951 [0.975(3.778| 1
10 6 5.309 0.691 | 0.477 10.352 1.035 1.007 |1.004|3.887 1
Demand Forecasting Error
Mean 0.000
Normality Test Score C.V. P-Value Result -
Jarque-Bera 0.89 5.99 63.9% TRUE
Shapiro-Wilk 0.94 g #N/D 59.4% TRUE
Doornik Chi-Square 1.62 5.99 44 4% TRUE
Breusch-Pagan test 54.8% TRUE
White / Squared terms only test 23.9% TRUE
Month [l v Ft Error Error? Accumulated Error  MSEt MSEt+l ol oL SS
1 5 2.164 2.836 | 8.045 8.045 0.804 1.167 [1.080|3.415|1
2 3 2.261 0.739 | 0.547 8.592 0.859 0.844 |0.918(2.904| 1
3 il 2.358 -1.358 | 1.843 10.435 1.043 1.083 (1.041|3.292|1
4 1 2.455 -1.455 | 2.116 12.550 1.255 1.298 [1.139(3.603| 1
5 1 2:552 -1.552 | 2.407 14.958 1.496 1.541 (1.242|3.926| 1
6 2 2.648 -0.648 | 0.421 15.378 1.538 1.482 (1.217|3.850| 1
7 1 2.745 -1.745 | 3.047 18.425 1.842 1.903 (1.379|4.362| 1
8 3 2.842 0.158 | 0.025 18.450 1.845 1.754 (1.324|4.188| 1
9 5 2.939 2.061 | 4.246 22.696 2.270 2.368 [1.539|4.867| 1
10 4 3.036 0.964 | 0.929 23.624 2.362 2.291 |1.514|4.786( 1
Demand Forecasting Error
Mean 0.000
Normality Test Score  C.V. P-Value Result -
Jarque-Bera 0.90 5.99 63.9% TRUE
Shapiro-Wilk 0.93 " #N/D 47.4% TRUE
Doornik Chi-Square 1.65 5.99 43.8% TRUE
Pvaue — resut NS0
Breusch-Pagan test 60.8% TRUE
White / Squared terms only test 77.4% TRUE

Error Error> Accumulated Error? MSE t MSEt+1 ol
i & 0 1.164 -1.164 | 1.354 1.354 0.135 0.196 [0.443(1.401|0
2 1 1.394 -0.394 | 0.155 1.509 0.151 0.151 [0.389(1.229| 0
3 2 1.624 0.376 | 0.141 1.650 0.165 0.164 [0.405(1.280| 0
4 4 1.855 2.145 | 4.603 6.253 0.625 0.824 |0.908(2.871(1
5 2 2.085 -0.085 | 0.007 6.261 0.626 0.595 |0.771(2.440( 1
6 0 2:315 -2.315 | 5.360 11.621 1.162 1.372 |1.171(3.704| 1
7 5 2.545 2.455 | 6.025 17.645 1.765 1.978 |1.406(4.447 |1
8 3 2.776 0.224 | 0.050 17.696 1.770 1.684 |1.298(4.103| 1
9 3 3.006 -0.006 | 0.000 17.696 1.770 1.681 |1.297(4.100( 1
10 ) 3.236 -1.236 | 1.529 19.224 1.922 1.903 |1.379|4.362| 1
Demand Forecasting Error
Mean 0.000
Normality Test Score  C.V. P-Value Result -

Jarque-Bera 0.31 5.99 85.7% TRUE

Shapiro-Wilk 0.94 4 #N/D 53.9% TRUE

Doornik Chi-Square 0.77 5.99 68.0% TRUE

P-Value Result_15:0%1]
Breusch-Pagan test 91.6% TRUE
White / Squared terms only test 29.7% TRUE






media/file14.png
Monthly Demand

1 2 3 4 5 6 7 8 9 10
Item Code Item Category Demand Sep| Oct| Nov| Dec|Jan | Feb| Mar| Apr|May| Jun I =1 ETGEL T I ET od SS
1291.2E TIP120 transistor Electronics High 25| 6|32 |2]|3]|]6|5]3 37 3.7 1.63639 0
1236.1E Resistance 2.2 KQ (Transistor) Electronics Low 2|1 112 |3|3|3]|5|5]6 31 3.1 1.72884 0
1236.2E Resistance 22 KQ (Pull-Down) Electronics Low 2| 6| 4|2 |6|2|5|4|3]|2 36 3.6 1.64655 1
1236.3E Resistance 220Q (Voltage Divider) Electronics Low 8|7 |7 |5|6|5|4|7]|6]|6 61 6.1 1.19722 0
12101E 1N4007 Diode Electronics Low 51| 3 1 111 2 1 35| 4 26 2.6 1.64655 1
1281E Light switch Electronics Low 0|1 2 4 2|0 5 3 3 2 22 2.2 1.61933 0
1237E LDR Electronics Low 0|0 1 34| 2 5 71 4|2 28 2.8 2.25093 0
1271E Universal breadboard Electronics High 2 (8| 4|2 |(8|2|5|4|3]|2 40 4 2.35702 1
12133E Arduino Microcontrollers High 68| 9|1 (|4|1]|3|5]|3]2 42 4.2 2.78089 0
Information

Dam - Average monthly demand [units]
od - Standard deviation of monthly demand
SS - Safety stock [units]
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Quantity Demanded
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1 4 2 3 4 o 6 7 8 9 10
Time (Months)

Error? Accumulated Error? MSE t MSEt+l ol oL SS
1 0 0.618 -0.618 | 0.382 0.382 0.038 0.055 (0.235|0.744( 0
2 0 1.103 -1.103 | 1.217 1.599 0.160 0.213 (0.461|1.458(0
3 1 1.588 -0.588 | 0.346 1.944 0.194 0.202 (0.449|1.421(0
4 3 2.073 0.927 | 0.860 2.804 0.280 0.309 |0.556(1.759| 0
5 4 2.558 1.442 | 2.081 4.885 0.488 0.568 |0.754|2.383|1
6 2 3.042 -1.042 | 1.087 5.971 0.597 0.622 [(0.788]2.493| 1
7 3 k E907 4 1.473 | 2.169 8.140 0.814 0.882 (0.939]2.969| 1
8 7 4.012 2.988 | 8.927 17.068 1.707 2.068 |1.438(4.547|1
9 4 4,497 -0.497 | 0.247 17.315 I 4 | 1.657 [1.287|14.071| 1
10 2 4,982 -2.982 | 8.891 26.206 2.621 2.934 |1.713(5.417|1
Demand Forecasting Error
0.000
Score  C.V. P-Value Result  15:0%

Jarque-Bera 0.12 5.99 94.1% TRUE

Shapiro-Wilk 0.93 " #N/D 42.9% TRUE

Doornik Chi-Square 0.94 5.99 62.4% TRUE

Pvalue — esut JISGH
Breusch-Pagan test 6.7% TRUE
White / Squared terms only test 15.0% TRUE

Error Error? Accumulated Error? MSE t MSEt+1 ol ol
1 2 4.873 -2.873 | 8.253 8.253 0.825 1.197 (1.094(3.459( 1
2 8 4.679 3.321 |11.030 19.283 1.928 2.383 [1.54414.882|1
3 4 4.485 -0.485 | 0.235 19.518 1.952 1.866 [1.366(4.320( 1
4 2 4.291 -2.291 | 5.248 24.766 2.477 2.615 [1.617|5.114|1
5 8 4.097 3.903 |15.234 40.000 4.000 4,562 |2.136(6.754| 2
6 2 3.903 -1.903 | 3.622 43.622 4.362 4.325 |2.080|6.577| 2
74 5 3.709 1.291 | 1.666 45.288 4.529 4,386 |2.094|6.622| 2
8 4 3.515 0.485 | 0.235 45.523 4.552 4.336 |2.082|6.585]| 2
9 3 3:321 -0.321 | 0.103 45.626 4.563 4.340 |(2.083(6.588]| 2
10 2 3:427 -1.127 | 1.271 46.897 4.690 4,519 |2.126(6.722| 2
Demand Forecasting Error
Mean 0.000
Normality Test Score  C.V. P-Value Result -
Jarque-Bera 0.79 5.99 67.2% TRUE
Shapiro-Wilk 0.96 4 #N/D 73.5% TRUE
Doornik Chi-Square 1.14 5.99 56.7% TRUE
vaive —mesur JNSERN
Breusch-Pagan test 11.0% TRUE
White / Squared terms only test 27.2% TRUE
Month - Yt . Ft Error Error? Accumulated Error? MSE t MSE t+1 ol oL SS
i | 6 6.600 -0.600 | 0.360 0.360 0.036 0.052 |0.228(0.722( 0
2 8 6.067 1.933 | 3.738 4.098 0.410 0.576 |0.759(2.400| 1
3 9 5533 3.467 |12.018 16.116 1.612 2.132 [(1.460|4.617|1
4 1 5.000 -4.000 | 16.000 32.116 329 3.851 [1.962|6.206( 2
3 4 4.467 -0.467 | 0.218 32.333 3.233 3.083 [1.756|5.552| 1
6 1 3.933 -2.933 | 8.604 40.938 4.094 4.319 (2.078(6.572| 2
7 3 3.400 -0.400 | 0.160 41.098 4.110 3.912 [(1.978|6.255| 2
8 5 2.867 2.133 | 4.551 45.649 4.565 4.564 |[2.136|6.756| 2
9 3 2.333 0.667 | 0.444 46.093 4.609 4.401 |2.098(6.634| 2
10 2 1.800 0.200 | 0.040 46.133 4.613 4.385 |2.094(6.622| 2
Demand Forecasting Error
Normality Test Score C.V. P-Value Result _
Jarque-Bera 0.31 5.99 85.% TRUE
Shapiro-Wilk 0.96 g #N/D 73.3% TRUE
Doornik Chi-Square 0.64 5.99 72.5% TRUE
vaiue  esu NSO
Breusch-Pagan test 9.2% sHBRHREEEE
White / Squared terms only test 21.1% TRUE

TRUE
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Item Code

Demand

Location

At the Beginning of the Semester

Throughout the Semester

1291.2E TIP120 transistor High 1 2 -, 1 0 8
1236.1E Resistance 2.2 KQ (Transistor) Low 1 > 3 6 3 13 12
1236.2E Resistance 22 KQ (Pull-Down) Low 1 2 3 6 ” s 14 8
1236.3E Resistance 220Q) (Voltage Divider) Low s 2 3 6 4 13 10
12101E 1N4007 Diode Low : | 2 10 1 6 12 8
1281E Light switch Low 1 2 8 1 3 11 10
1237E LDR Low 1 7 3 74 3 15 13
1271E Universal breadboard High 1 2 7 1 0 18 15
12133E Arduino High 1 2 13 3 2 20 17

Information

S - Existing stock [units]

Smax - Maximum stock [units]
Smin - Minimum stock [units]

Qo - Quantity to be ordered [units]

Existing Stock (S)

order must be placed.

Green Cell: the amount of existing stock does not
reflect an order need.

Red Cell: the amount of existing stock is too low. An
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Material Requirements Planning

Item Code Item S Reusable P N Q 1st Semester | Q 2nd Semester |
1291.2E TIP120 transistor 10 Yes 0.2 1 5 5
1236.1E Resistance 2.2 KQ (Transistor) 2 Yes 0.05 1 5 5
1236.2E Resistance 22 KQ (Pull-Down) 3 Yes 0.05 1 5 5
1236.3E Resistance 220Q) (Voltage Divider) 1 Yes 0.05 1 5 5
12101E 1N4007 Diode 0 Yes 0.1 1 5 5

1281E Light switch 2 Yes 0 1 5 5
1237E LDR 3 Yes 0.1 1 5 5
1271E Universal breadboard 5 Yes 0 1 5 5
12133E Arduino 3 Yes 0 1 5 5

AL G

Information I 1st Semester 5 5
I 2nd Semester 8 5

S - Existing stock [units]
AL - Number of laboratory classes per semester
G - Number of work groups per laboratory class

N - Number of items needed in the laboratory activity for each article [units]
p - Proportion of ordered items that deteriorate or become unusable per semester
Q -Number of items needed for laboratory classes for each semester [units]
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