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Abstract

:

Lean Thinking is a methodology based on improving the efficiency of productive processes by removing non-value-added issues. This methodology was firstly applied in the manufacturing industry, but it has also been applied to many service companies, bringing very good results. In the last decade, some works have tried to research the adaptation of Lean principles and practices to teaching, especially in technology and other STEAM subjects. In this sense, the aim of this work is to deepen this new trend by establishing what issues are non-value-added (waste) ones in education and classifying these kinds of waste in order to be able to analyze how to eliminate them. For this purpose, we adapt the classification made in other kinds of processes and extend other authors’ findings regarding this topic.
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1. Introduction


Education research community agrees, without doubt, that a deep analysis of the education system in general, and of teaching–learning processes in particular, is indispensable in order to improve them [1]. In this sense, it is reasonable to think that bringing highly effective ideas and methodologies from modern industry to the educational context could be helpful [2]. In particular, from the beginning of this century, there has been a tentative initiative consisting of adopting an interesting methodology coming from manufacturing businesses, known as Lean Thinking, into the educational environment [3,4,5,6,7,8].



This new trend is specially indicated for the teaching–learning process of the most of the STEAM subjects (science, technology, engineering, art, and mathematics), where many difficulties for the motivation of students and the acquisition of abstract concepts appear, demonstrating that traditional techniques are not efficient enough [9].



Lean Thinking is a methodology first known as Lean Manufacturing, which was used by the automotive industry [10]. Thanks to the great improvements achieved as a result of its application, this methodology was also adopted by other sectors of the manufacturing industry, service companies, and public administrations [11]. However, its application in education is quite novel and undeveloped. So far, only some universities and colleges have begun to experiment with Lean principles, although fundamentally for their administrative or institutional processes, while the teaching–learning process has been overlooked or directly eluded [12].



Specifically, Lean is a systematic approach that focuses on customer demand and tries to have more efficient processes and procedures by removing waste from them. Lean aims to be more efficient without becoming less effective in satisfying customer requirements. This efficiency is mainly achieved by removing or minimizing all the issues that do not add any value to the customer (waste sources), such as wasting time, labor, money, and other resources [13].



From the educational point of view, Lean can be seen as a methodology that lets universities, schools, and teachers be equally effective in providing learning to all students, and more efficient by eliminating or minimizing wastes or losses of the educational process. In the last decade, some works have tried to research the adaptation of the principles and practices of Lean Thinking to teaching. However, this research line has been poorly explored and developed until now. In this sense, the aim of this work is to deepen the research on this topic by establishing what non-value-added issues are in education and classifying these kinds of waste in order to be able to analyze how to eliminate them. For this purpose, we adapt the classification made in other kinds of processes and extend other authors’ findings regarding this topic [14,15].




2. Lean Thinking


Lean Thinking had its origins in manufacturing businesses and appeared in order to fight the manufacturing crisis provoked by the Second World War [10]. Specifically, this approach aligned all elements of the production system to better meet customer demand by reducing superfluous activities or processes such as inventories and movements [16]. Due to the excellent results achieved, Lean Manufacturing principles have been translated to many other types of companies. Thus, Lean Thinking was also adopted in the service sector, taking the particularity of the product into account (for instance, services cannot be stored as manufacturing products) and the special role that customers have to service businesses [17,18,19].



Lean Thinking is a (business) philosophy that aims to provide a new way to think about how to organize (business) activities to deliver the required value to customers (effectiveness) while being more efficient through the elimination of wastes [20]. Lean aims to increase the productivity of the organization by analyzing the processes in order to identify non-value-added issues and removing or minimizing them.



From the customer perspective, an activity adds value if the customer is willing to pay for it, i.e., if it transforms the product or service following the customer requirements (the required quality with the required cost in the required time). On the other hand, an activity is said to be non-value-added or waste if the customer is not willing to pay for it. Those are activities that do not contribute directly to building customer requirements of the product, such as, for instance, transport, bureaucracy, and breakdowns. In such a case, these kinds of activities must be removed or minimized.



Assuming that the goal of Lean is to provide customers exactly what they want, how they want it, and when they want it, the methodology to implement Lean Thinking is



	
Determine which are the non-value-added issues (waste); that is, those activities that do not increase the worth of what is delivered to the customer. For the purpose of identifying these waste sources, a very good tool is value stream mapping (VSM), among others. VSM is a tool that displays the chain of processes (both those that add value and those that do not) for producing a specific product or family of products. VSM helps us to quickly visualize the entire process, understand the value-added and non-value-added activities by identifying bottlenecks or inefficiencies, and where the processes can be streamlined or improved [16].



	
After this analysis, elimination or minimization of these non-value-added activities must be led. For this purpose, projects must be led, involving, on the one hand, different Lean tools depending on the type of waste and, on the other hand, the participation of the involved people.



	
Once the projects are implemented, a new analysis of where the new non-value-added issues are must be developed. The practice of improving all the elements in the process by eliminating waste is an ongoing effort to pursue perfection. Consequently, processes must be analyzed continuously (to see what adds value or not) and improved by using Lean tools and the commitment of the people to finally convert a Lean project into a Lean culture [21]. Lean culture encourages people to participate in all the initiatives of continuous improvement, and think about which of their routine activities add (or not) value to the system.






The goal of this work is to face the first step of bringing into play this methodology in the educational system. As aforementioned, this first step consists of determining what value is and, consequently, what waste is. Thus, once the requirements of the customer are clearly defined, the non-value-added activities of the system (waste) should be identified in order to eliminate or minimize them. Thus, the main challenge is to identify the waste sources.



Typically, Lean Thinking considers seven wastes sources [22].



	
Overproduction: It is defined as producing more than the customer requires or producing something before it is needed.



	
Inventory: It is the excessive storage of raw materials, in-process products, or finished products, which the customer does not need. An extra inventory provokes unnecessary costs because it uses valuable space, it consumes financial resources, extra time is needed for controlling it, and it is a source of product losses since it can become obsolete or suffer damage.



	
Overprocess: It means to do more processes than the customer requests due to internal needs, such as bureaucratic procedures, or to produce better quality than the customer requires, or to pack better than necessary.



	
Defects: They are associated with those products that do not meet quality requirements and, consequently, must be repeated, processed again, or thrown away.



	
Transportation: It is the movements of products needed to pass between processes, e.g., to storage or to send them to the customer.



	
Motion: It refers to all the movements of people without producing anything, e.g., because they have to inform someone, clean an area, or they need a tool, an order, instructions, or even paper.



	
Waiting: It is associated with people not producing and waiting for something to proceed, such as, for instance, to repair equipment, to get permission, or to receive information.






In addition to these typical seven wastes, another waste is lastly considered [23]. This is




	
Unused creativity: This waste refers to the fact of not using the help or the knowledge of people involved in the processes in order to improve the processes, or to have people working in jobs where their capabilities are underutilized.









3. Lean Education Approaches


Lean Thinking, applied to education, can be seen as a philosophy that aims to provide a new way to think about how to organize education processes to be more efficient (through the elimination or minimization of those aspects which do not add value to the learning process), while remaining equally effective [13].



In this context, two different perspectives can be distinguished: Lean education, where Lean initiatives are applied in an educational system or one of its stages (primary education, secondary education, or, specifically, universities), making it work as a Lean enterprise, and Lean Teaching, where Lean techniques are implemented in the classroom, that is, in the teaching–learning process of a subject, where a transmission of knowledge goes from teachers to students [13]. In the rest of the paper, for the sake of concreteness, we focus on Lean Education applied to universities when referring to Lean Education.



In the context of Lean Education, we can distinguish some nuances regarding the model of business. In private education, the degrees can be considered the products, while the students can be seen as the customers since they pay fees and the process starts on enrolment and finishes upon graduation [24]. However, in public education, we can assume that the products are the (graduated) students and the customer is the State (or, more properly, its society) since it assumes the most important part of the educational costs [13]. In this sense, it is worthwhile to emphasize the active role of the students in both approaches, whether students are considered as products or customers. That is, they have a very active role in the production process and must be integrated into it, as happens in all service processes [15,25,26].



On the other hand, when we put the focus on just the academic processes, another different perspective in applying Lean Thinking to education arises, namely, Lean Teaching. Emiliani [5] coined this term to define the application of Lean principles and practices to teaching. Thus, Lean Teaching can be understood as bringing into play Lean Thinking in the teaching–learning process, that is, in the process where the teacher is transmitting knowledge to students and guiding them to acquire the corresponding skills. In this approach, the students can be considered as the customers, the contents and skills to be taught can be assimilated as the products, and the methodology used to teach can be comprehended as the process.



In summary, the main difference between them is the process to be analyzed; for example, just the teaching–learning process, a course, a degree, or the entire educational system (see Figure 1). In fact, Lean Teaching can be seen as a part of Lean Education [7]. The idea of using different labels comes from the fact that it is difficult to convince university managers to implement Lean to the whole system. Therefore, Emiliani [5] used the term Lean Teaching for the part of the educational process that depends mainly on teacher commitment, i.e., the teaching–learning process. This notion is very interesting because it would be easier to start the Lean transformation of educational systems from this point.




4. Lean Education and Lean Teaching: Non-Added-Value Issues


Attending to customer demand in time is the highest priority of any Lean company. The customers have expectations on the product or service required, that is, the utilities that they are willing to pay for. It is fundamental that the producer sends the customer the product with the proper requirements (quality) in the required time.



In the context of universities, although customer demand is slightly different in the several approaches already mentioned, normally, the requirements of the customers are similar to other sectors’ customers. That is, to have a product with the required quality at the required amount and in the required time. In a Lean University, this expectative can be understood as obtaining a degree that will be useful in the future and paying an appropriate cost (time, resources, and so on). Normally, this usefulness refers to having degrees of quality, which let students join the labor market in well-reputed and remunerated positions in the lowest amount of time. On the other hand, an appropriate cost means adequate academic prices, no repeating of subjects, and reasonable living and travel expenses while studying,



As in any Lean context, in the educational one, value- and non-value-added activities (waste) from the customers’ point of view (expectations) must be analyzed. From the students’ point of view, value is the contents, procedures, and methods that allow them to develop the knowledge and skills needed for getting to the next step, with a proper cost (normal time). On the contrary, non-value-added issues are those that are superficial, irrelevant, or redundant to achieve their course or degree.



Specifically, at universities, value is associated with those content, procedures, and methods that allow students to develop the knowledge, skills, and attitude needed to become the right professionals in the right amount of time, and, consequently, to have success in their working lives. On the contrary, non-value-added issues are those that do not contribute adequately to their capability to pursue their desired profession.



From this definition of value-added and non-value-added activities, a classification of the different types of waste can be stated by adapting the ones coming from an industrial context.



	
Overproduction:






In the university (education) approach, overproduction means to offer and/or teach more degrees than the labor market needs, which can finally imply more graduated students than the labor market can absorb. This overproduction provokes unnecessary costs, e.g., administration control or teacher workload imbalance. In this sense, the offer of STEAM degrees must be higher to cover social demand, while there is an overproduction or excess of other kinds of degrees since the labor market cannot absorb these graduate students.



In addition, when Lean is applied in the teaching–learning process (Lean Teaching), overproduction can be comprehended as offering more subjects, content, resources, or knowledge than the students need. Usually, this means to teach more content or knowledge than the curriculum or course planning establishes, to use more (technological) resources than needed, or to prepare activities or to elaborate materials that will not be used in the teaching–learning process. Examples of overproduction can be, e.g., to offer language courses that students do not need when they enter in a specific labor market, or to teach other content that does not appear in the guide of the subject, or curriculums that are not well adapted to job requirements. In particular, in the case of mathematics, although it is interesting to use a computer algebra system, it should be adequate to choose one of them, either for mobile phones or personal computers, instead of working with many different systems.



	
Inventory:






Again, in the education approach, as the product is, or is related to, a service (knowledge), it cannot be stored in a physical sense [19]. Therefore, inventory can be understood as unemployed university graduates. This inventory is caused by the overproduction waste, that is, by the excessive offer of degrees, subjects, or courses that schools and universities suggest to their students, without good perspectives. This inventory provokes, for instance, frustration and migration.



From the point of view of the teaching–learning process, inventory will be all the content, activities, materials, and (technological) resources that, although prepared, are not taught in the corresponding course or lesson.



	
Overprocess:






It means to have more processes than the customer requires. From the education point of view (public or private), overprocess can be to provide more teaching and/or administrative processes than the customer requires, for instance, repeat subjects and tedious enrolment processes.



In the teaching–learning context, overprocess implies to work on content that students already know or to repeat explanations on content because they do not understand or simply do not pay attention. In particular, overprocess means to perform superfluous or redundant activities, such as practical activities repeated excessively or to employ methodologies that are not adequate (and consequently not successful). In this approach, to avoid overprocesses, it is fundamental to adapt the content, activities, and resources to the knowledge and skills that the students have to acquire. That is, it is essential to elude very easy or very difficult pieces of knowledge, practical activities, and evaluation elements, i.e., inadequate content, inappropriate methodologies, and unfair assessments, since they can provoke a lack of motivation and failure, which finally lead to more overprocesses. In order to do this, it is necessary to evaluate the previous knowledge of the students and to properly plan the teaching process [27], going from the simplest concepts to the most difficult ones, incorporating adequate practical activities, and performing adjusted assessments.



	
Defects:






In the educational context, defects are those degrees, courses, subjects, content, or skills that students do not learn, which is what leads them to fail. Thus, they must repeat the teaching–learning process, so causing overprocesses or, worse, abandonment, therefore producing important losses.



Also, defects can be those degrees, courses, or content that do not accomplish customer requirements. That is, they cannot be used in the future because they are not properly homologated or do not have enough employment opportunities.



To avoid defects, a very good Lean tool is total quality management (TQM), which is in charge of improving the effectiveness of the processes. TQM approaches can help to have “meaningful learning” by using, for example, active methodologies, EduScrum, cooperative learning, and project-based learning.



	
Transportation:






Literally, transportation waste would mean courses and content that have to be transported to the students. However, similar to other services, they cannot be physically transported, and, in the educational context, as in any other service, the customer has an active role and must be integrated into the service creation [25]. Therefore, this waste implies the transport of students from home to university/school. Many times, students avoid these costs by renting a flat or living in a different residence than their homes. This type of accommodation costs, although they are normally not directly paid by the producer but by the customer, must be taken into account in this waste source.



In the Lean Teaching approach, physical movement of students could seem irrelevant, since movements are limited to the classroom context. In this sense, this waste concerns the excess movements of content, activities, and resources, both virtually and physically. Examples of this kind of waste can be, for instance, uploading content, activities, or materials on various platforms (teachers’ websites, corporate websites, Facebook (if used), email, paper), put them in photocopies, and give the content one by one to students.



In any case, this topic is associated with the availability of different resources to the students and the possibility of giving online assistance or virtual teaching resources to them. Then, the use of this kind of online technology is a very good option to avoid unnecessary transportation and to get a continuous flow in the teaching–learning process [28]. Moreover, the introduction of ICT and the internet in classrooms provides the use of social media, social networks, and other communication apps in classrooms. Nevertheless, the use of several apps different from an integrated virtual learning environment could represent a transportation waste since it would suppose an unnecessary transport of the concerns from one platform to another.



	
Motion:






Motion indicates all these movements of workers (teachers and other staff) without producing education. In the educational context, if we took this waste literally as physical motion, it may not have much relevance [25] since the production context can be reduced (e.g., small universities and schools). However, it could be understood as the time that workers employ to do other activities different from those which are not needed to properly develop their jobs. Therefore, in the educational context, this waste can refer to the time that teachers are doing other kinds of tasks other than teaching, and they are not contributing to the teaching–learning process (bureaucratic tasks, research in different contents, photocopying).



In addition, motion has two different perspectives: a physical one (displacement to different buildings and offices) and a virtual one (displacement into different applications and websites to obtain or publish resources). In this sense, to reduce this type of motion, it is interesting to have a system of alerts or notifications which allow the action of “Just In Time” for the process.



	
Waiting:






Literally, waiting refers to workers that are stopped from producing, that is, workers (teachers and other staff) waiting for the development of their tasks. As in other cases, students must also be taken into account in this kind of waste due to their special role in the teaching–learning process. Specifically, in Lean Education, waiting waste refers to students who are not learning and teachers who are not teaching because they are waiting for something. For example, teachers and students waiting for the beginning of the course, exams, and delays in the enrolment process.



When applying these ideas into the classroom context (Lean Teaching), this waste implies delays of teachers and all or some of the students at the beginning of the classes, technical problems or system breakdowns, and students waiting for teacher feedback. An important point to remark on is that when the group is very heterogeneous, the different learning rhythms of the students can produce waiting for the more advanced students, while the teacher clarifies the doubts of the remaining students. This indicates the suitability of addressing measures to attend the needs of diversity and/or working with homogeneous groups, where the learning can maintain a steady pace.



To avoid these kinds of waste, a very good Lean tool could be 5S, which is in charge of having all resources organized and everything ready (clean and tidy) in the process to avoid waiting for teachers (operators) and students.



	
Unused creativity:






This waste refers to the fact that the education system does not involve workers (teachers and other staff) to improve it or that the system has people working in jobs where their capabilities are underutilized (e.g., researchers as teachers, teachers as researchers, administrative staff as concierges).



In the same way, as with waiting waste, the students’ unused creativity also has to be considered since teachers have to involve students in the improvement of the teaching–learning process, getting not only their continuous feedback but also their ideas and concerns.



It is worthwhile to remark that this waste is mainly due to having all the components of the process pre-established by the curriculum (or in Lean Teaching, by the guide of the subject, adjusted to the curriculum). That is, the content, skills, and attitudes to be achieved, the methodology to be employed, and the assessments to be applied by the teachers are predetermined. In this sense, the participation of students and teachers in order to enhance the process is limited. Although some universities have course and degree coordinators to exchange ideas, the proposals of teachers (and students) are rarely considered and transferred to the course of the degree curriculum.



Table 1 summarizes the Lean waste sources adapted to Lean Education.




5. Discussion


In view of the good results in other sectors, Lean Thinking gives the impression of being a good option to analyze education systems in general, and the teaching–learning process in particular, in order to improve them [7]. The idea is to provide a new way to think about how to organize education activities to be more effective and efficient through the elimination or minimization of those aspects which do not add value to education and can be considered waste [13].



Thus, in this work, a classification of those non-value-added activities in education is presented, using the Lean Thinking approach that other sectors have established. Previous works have set out some classifications of wastes [14,15], where no differences were considered between the whole education process and the teaching–learning process. In this sense, we clarify and extend such results, detailing the nuances that differentiate these two different perspectives.



This classification is fundamental for the Lean transformation of education since this methodology aims to lead customer demand through reducing and eliminating the non-value-added activities present in the process. For this reason, identifying the waste sources is essential and constitutes the first step in this transformation.



The study of the non-value-added issues in Lean Teaching not only corroborates the importance of teacher planning, but it also encourages a continuous analysis of the increase of efficiency in the process due to the incorporation of any new methodology or technological resource in teaching. In this sense, it also reveals that teachers should be up-to-date in relation to these new methodologies and technological resources, both general ones (such as learning virtual environments, communication tools) and particular ones (such as computer algebra systems [29], mobile apps [30], 3D-drawing systems [31]). Thus, Lean Teaching advocates for the analysis and elimination of methodologies and resources that lead to a lack of motivation or understanding of abstract concepts. This produces wastes, especially in the teaching–learning process of STEAM subjects.



The study also shows the relevance of considering the creativity of students and involving them in the learning process, as an active part of the design and progress of their own learning, whose commitments with their professors and other classmates should be fluid. This leads to a model of cooperative and collaborative learning [32], instead of a competing one, which is fundamental to the homogeneity of a group of students in a classroom. This brings to light that many Education for Sustainable Development (ESD) competencies, such as working creatively and innovation, dialog, critical thinking, self-motivation and motivating others, planning and implementation, interdisciplinary work, managing emotions and concerns (respect), are also related to this model of Lean Learning.



Since in Lean systems, the processes must be analyzed continuously as an effort to pursue perfection. In Lean Teaching, teachers have to ask themselves constantly: Is this part of the content a non-value-added issue? Is this practical activity or material a non-value-added issue? Is this new teaching method a value-added issue? Is this new (technological) resource a valued-added issue? Is this new assessment method a value-added issue? Moreover, they should show an increase in efficiency, in any case.



Among the limitations, we have to say that, many times, to develop a project to improve a whole system is difficult since many people are involved and/or management commitment is not easy to obtain, especially if we want to involve different levels of education. However, to start the Lean transformation from Lean Teaching, that is, just in the teaching–learning process, could be quicker and easier since it mainly depends on every teacher’s commitment. Therefore, it is important that teachers analyze their teaching process from this point of view.
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Figure 1. Different focuses of applying Lean Thinking to education. 
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Table 1. Summary of Lean Education and Lean Teaching waste sources.
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	Waste Source
	Lean Education
	Lean Teaching





	Overproduction
	To offer and produce more degrees than needed
	To teach more subjects and content, and to endow with more skills than required



	Inventory
	To have more graduate students than required
	To have content, activities, technological resources, and materials prepared but not used



	Overprocess
	To do or repeat academic or administrative processes that are excessively complex, redundant or unnecessary
	To teach content that is already known.

To repeat the teaching or assessment of content due to the use of an inappropriate methodology or because of difficulty (poor planning)

Excess of practice activities.



	Defects
	Degrees (graduate students) without the proper knowledge, skills, and attitudes
	Erroneous or low-quality content, activities, or materials.

Inappropriate technological resources.

Inadequate methodology and assessment system.



	Transportation
	Excess movement of the students from home to the university
	Excess movement of the content, activities, and materials, physically or virtually



	Motion
	Teachers and other staff doing tasks that are irrelevant for the flow of the education system
	Teachers doing tasks other than teaching



	Waiting
	Teachers and students waiting for the start of the course or degree (e.g., due to lack of flow of information, administrative processes, social events)
	Teachers and students waiting for the start or continuation of the class, to receive feedback or attention (e.g., due to technological breakdown, slow technological systems, delays of people, heterogeneity of students)



	Unused creativity
	Teachers, staff, stakeholders, and students not involved in the improvement of the educational system.

Teachers and staff working in underutilized jobs.
	Teachers and students not involved in the improvement of the teaching–learning process.

Teachers in underutilized jobs; students’ creativity not considered.











© 2020 by the author. 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 (http://creativecommons.org/licenses/by/4.0/).
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