
1 
	

	

 
Implementation Planning of a Higher Education Laboratory 

Operations and Logistics Lab 
 

Mariana João Gomes Patrício Dias Valente 
 

Department of Engineering and Management, Instituto Superior Técnico, 2017 
 

	

Abstract	

The students’ education in Higher Education, in the engineering area, has received a growing 
attention in the last years. Each school ambition is to be a reference in terms of learning methods 
and environment, resulting in good levels of exploitation. But the level of education is not the only 
one where schools want to be recognized. The concern of reinforcing their contribution in research 
and strengthen their visibility, causing a higher impact on the society level, is also existing. Is in 
this context that the Operations and Logistics Lab project arises. A higher education laboratory, 
inserted in the areas of Logistics and Operations. This lab pretends to enrich not only the 
proposing group and future coordinators, as also the IST in general, contributing for their own 
fundamental pillars: Education, Research and Society. This paper proposes the planning 
development of the laboratory, until their launch phase. For that, through research of already 
existing laboratories, was developed a benchmarking to be found applied good practices. 
Focusing in the education pillar, was developed an activity plan to be implemented, which has 
resulted in the definition of that activities. A layout for which one was also developed, according 
to the required needs. To finish the laboratory planning was also needed to develop a timeline, 
which includes the planning of the next steps to be followed and which forecast the laboratory 
implementation in a 9 months’ period. 

 
Keywords: Best Educational Practices, Learning Engineering, Active Learning, Engineering 
Laboratories

1. Introduction  

The Operations and Logistics Lab is 
integrated in the group of disciplines of 
Operations and Logistics area, that belongs 
to the Engineering and Management 
Department. This group is presented in 
every education cycle that is offered by the 
Instituto Superior Técnico (IST). The 
curricular units (CU) of this group comprise 
areas ranging from supply chain 
management to logistics and operations 
management.  Thus, the Operations and 
Logistics Lab pretends to be a higher 
education laboratory, dedicated to 
education, research and have also a linkage 

to society. The laboratory has already been 
approved and has an assigned space placed 
in Taguspark campus. 

According to Zull (2004), is through the 
connection from knowledge to experience 
that the concept active learning appear. 
Being that, the best approach to a student 
could take advantage from that type of 
learning is in a laboratory (Krivickas 2005). 
In engineering, every gained knowledge 
should be reinforced with an experimental 
component, where techniques could be 
tested and with that purpose, the Operations 
and Logistics Lab was created.  
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The main objective of this project is planning 
the laboratory’s phases until its launch. An 
activity plan was developed in order to define 
and prepare some of the activities to be 
implemented in the laboratory. It was also 
designed the layout for each activity 
according to technical requirements and 
support materials.  

Although, in order to achieve this goal, 
several other challenges needed to be 
solved. It was required to prove the activities 
developed are within the scope of 
Operations and Logistics group, but also, 
they have significant relevance and can be 
framed in a laboratory in the IST context. 
This analysis intends to focus on the three 
pillars: education, research and society. 

Further, as this work is focus on education, 
a review of relevant literature regarding best 
teaching practices and laboratories for 
higher education in engineering will be 
carried out, to serve as a theoretical basis for 
the problem addressed. 

To reach the main objective, it is still 
necessary to define and apply 
methodologies both to development a 
benchmark, to obtain information about 
already existing laboratories, as well as for 
the creation of the activities plan and their 
definition and layout planning. Lastly, it was 
still necessary to develop a timeline to 
finalize the laboratory planning.  

2. Problem definition 

The Operations and Logistics Lab is a 
project that is inserted in a higher education 
school and pretends to promote not only the 
excellence in education and research, but 
also to be extensive to society, on the topics 
of the group of Operations and Logistics. As 
such, the mission of this lab comprises the 
promotion of the operations and logistics 
areas through the inclusion of the three 
pillars, intervening in IST community, 
companies and people who are associated 
with the lab. As its’ vision, the lab pretends 
to be the first national laboratory, at level of 
a higher education institution, in the 
operations and logistics areas, which has a 
stronger relation with companies and society 
in general. 

Afterwards, focusing in the Operations and 
Logistics group, each pillar will be 
approached to show the purpose of the lab 
creation. 

2.1. Education 

Along the bachelor and master of Industrial 
Engineering and Management, there are five 
other courses that belong to the group: 
Operations Management (OM), Supply 
Chain Management (SCM), Logistics and 
Distribution (LD), Warehouse and Materials 
Management (WMM) and Operations and 
Planning Control (OPC). These courses, 
according to the topics they address, have a 
very limited experimental component. The 
only experimental component is related with 
the activities performed with software 
simulation. With the emergence of the lab, 
students could have greater contact with 
reality, through activities and equipment 
inserted in it, making their learning more 
dynamic and effective. 

2.2. Research 

The group of Operations and Logistics has a 
major role in research, ranging from doctoral 
theses, postdocs, research projects and 
programs that include the visit of 
researchers for a certain period. Thus, the 
lab appearance would also influence the 
research level, with the possibility of carrying 
out further studies, which would benefit both 
researchers and the laboratory itself. 

2.3. Society 

In this pillar, there have also been activities 
linked to society, such as field trips to 
companies, like Sonae MC, Luís Simões and 
Coca-Cola. Furthermore, in each course 
from the group of operations and logistics, 
several seminars have taken place with 
invited speakers representatives from 
various companies. This group is also 
indirectly incorporated in some events that 
occur in Taguspark. Despite this, there are 
some events that currently do not have a 
connection to this group, however the 
creation of a laboratory will enhance 
inclusion of this group in this type of 
activities. This would give bigger emphasis 
not only to Operations and Logistics group 
itself, but also to IST in general. 
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3. Literature Review 

According to Chickering and Gamson 
(1987), to improve the education system at 
university level, there are 7 fundamental 
principles based on good teaching and 
learning practices: encourage contact 
between students and the university, 
development of cooperation between 
students, the use of active learning 
techniques, give feedback, evidence the 
time in a task, having a high expectation, 
respect various learning skills and methods. 
Among these principles, the one that has 
more interest for the case under study is the 
active learning techniques, although others 
are also present indirectly. 

In an Engineering course, sometimes 
students have contact with curricular units 
with a more theoretical component, such as 
the curricular units of Operations and 
Logistics group. In this type of subjects, the 
student has to acquire knowledge by 
practicing outside school time what teachers 
have showed during classes. According to 
Hamouda and Tarlochan (2015), this 
creates a passive involvement by the 
students who are learning, where the 
retention of knowledge becomes very 
reduced, thus becoming a great challenge in 
fulfilling all the defined learning outcomes. 

Krivickas (2005) through the creation of a 
learning pyramid, hierarchized the 
percentage of retention of knowledge 
according to the level of involvement. The 
pyramid is subdivided into two large areas 
according to the level of involvement, 
passive or active. Regarding to the level of 
passive involvement, a student tends to 
retain 10% of what reads, 20% of what hears 
and 30% of what sees. By combining what a 
student sees and hears at the same time, he 
is able to retain 50% of information. Through 
active learning, this percentage of retention 
increases. It is considered that a student can 
retain between 70% and 90% of what he 
says while performing a certain action. 

As a way of teaching and learning, Goodhew 
(2012) assumes that regardless of the 
engineering area, active learning methods 
are more effective that passive learning 
methods. Kolb (2014) states that is through 

experience that someone really learns. The 
experience based education has grown in 
higher education and is now considered as 
one of the main methods of choice for 
development, not only in terms of learning 
but also in a personal level. In a higher 
education school, one of the forms of 
learning through experience is established in 
a laboratory. 

Feisel and Rosa (2005) state that 
laboratories have been a key component in 
engineering education. According to the 
authors there are three different types of 
engineering laboratories: educational, 
research, and development. A laboratory for 
educational purposes is aimed at students to 
learning the concepts taught, but in a 
practical component. However, for a 
laboratory to have the desired results, it is 
necessary the effort devoted to it to be based 
on well-defined learning objectives 
according to the activity in question. A 
research laboratory, aimed at hosting 
researchers, is used to deepen broader 
knowledge. A development laboratory is 
identical to a research laboratory, but the 
aim is to develop a new product. 

Laboratories are an important element in 
education (Faltin et al. 2002).The authors 
reaffirm what has already been mentioned 
by other authors. Laboratories serve to apply 
and test theoretical knowledge in practical 
situations. Within the different types of 
laboratories, can also exist different formats 
such as real and online laboratories. 
According to this author is through a real 
laboratory that the students can see, hear 
and have contact with the environment and 
equipment, and this set of sensations can 
only be felt in a real laboratory. For 
Balamuralithara and Woods (2009) there are 
two different approaches to driving online 
labs, the simulation and remote laboratories.   

Through the formats of laboratories 
presented, the one that best suits the 
purpose of the Operations and Logistics Lab 
is the real format. This is the one that allows 
to have a better exposure, bringing the 
greater benefit expected in the education, in 
order to enable contact with real 
experiences, improving the practical 
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capacities and consequently the knowledge 
transferred to the student. 

4. Methodology 

The methodology developed for this work 
was defined in five different stages.  

The initial stage is a benchmark 
development. This benchmark includes a 
research about existing laboratories about 
the topics covered in Operations and 
Logistics group, and is used as a guideline 
to implement the laboratory proposed.  

For the second stage, an activity plan related 
to education is created, so that it can be 
used as part of the laboratory, serving at the 
same time as a support to the curricular units 
for the Operations and Logistics group. This 
plan emerged through a focus group 
discussion between the faculty members 
allocated to this area. 

After the activity plan has been structured, 
the third stage begins with the definition of 
each of these activities according to their 
corresponding objectives. These objectives 
were developed according to the revised 
Bloom’s taxonomy. As an introduction, this 
will also allow to develop in more detail some 
of the activities, to provide two different 
guidance supports for teachers and 
students.  

In a fourth stage, the activities’ layouts were 
developed with the purpose of being 
included in the laboratory, but in a versatile 

way, to make the laboratory flexible by 
involving not only these teaching activities, 
but also other activities that may arise.  

For the last phase, a timeline was 
developed, to include the steps to be 
followed until the implementation of the 
laboratory, including the time factor, to reach 
the pre-determined milestone that is the 
laboratory inauguration. 

5. Benchmark  

This benchmark includes laboratories 
inserted in three different institutions: 
Technical University of Dortmund, Georgia 
Tech and Instituto Politécnico de Setúbal. 
The main aspects of these laboratories are 
presented in table 1. 

All laboratories considered have links to the 
three pillars. However, in all of them there is 
a pillar that is the main focus. This is related 
to their type of equipment and their activities. 
The same can used for the Operations and 
Logistics Lab. The available space may not 
be comparable to the space available in 
Innovation Lab, for example, nor have the 
same range of equipment, but this does not 
mean that the pillar on research could not be 
present. Research projects may also be 
proposed and created in this laboratory, as 
they are carried out in University of 
Dortmund and Georgia Tech laboratories. 

Another pillar, that despite not being the 
main pillar involved in these laboratories, is 

Table 1: Aspects of the different laboratories 

Institution 
Technical University 

of Dortmund - 
Germany 

Georgia Tech - USA 
Instituto 

Politécnico de 
Setúbal – Portugal 

Constitution 16 universities 6 faculties 5 schools 

Laboratories Innovation Lab 
Laboratory for 

Interactive 
Optimization and 

Learning 

Virtual Factory 
Lab Logistics Lab 

Date creation 2011 -(*) 1996 2016 

Covered areas 
Logistics and 
warehouse 

management 

Logistics, supply 
chain and 

warehouse 
management 

Supply chain, 
warehouse 

management and 
operations planning 

Logistics 

Main pillar 
involved Research Research Research Education 

Partnerships Research Institutes, 
companies 

Research centers, 
companies 

Research centers, 
companies Companies 

Equipment 
Intelligent autonomous 

equipment (robot, 
drones), computers, 

fixed systems 

High performance 
computers 

High performance 
computers 

Racks, pallets, 
computers 

(*) there is no information
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presented in all of them is the society, in 
terms of connection to companies. In the 
case of University of Dortmund and Georgia 
Tech laboratories, all areas of research are 
intended to create new innovative ways of 
improving the efficiency of different 
processes. Who benefits from this research 
are the companies, who seek these 
laboratories in order to improve their own 
efficiency, applying these processes to the 
company itself. In the case of the virtual 
factory lab, the companies themselves 
appeal to the lab to solve specific problems 
together. In the case of the Logistics Lab of 
Politécnico de Setúbal, there are not already 
concrete cases because it was created 
recently, however it is intended that 
companies ask the lab to solve real 
problems that they face. Therefore, this is a 
practice that can be implemented in 
Operations and Logistics Lab, which allows 
not only to apply knowledge, but also to 
become a laboratory with numerous projects 
powered by these companies, extending 
ever further the connection between IST and 
the industry. 

Another practice that should be 
implemented is the existence of 
partnerships. From companies to research 
centers, partnerships become an important 
factor to include in the laboratory. These 
partnerships can range from providing 
equipment, specific software and training, as 
well as the possibility of the creation of 
common projects. 

Regarding to the education pillar, although 
no specific activities have been found during 
research, through the information available 
was possible to perceive that students who 
attend these higher education schools are 
also involved in these laboratories, through 
research opportunities and the chance to 
deal with real-life situations. 

6.  Activities 

This section is divided in two different parts. 
The first one, the activity plan is presented, 
and in the second the definition of each 
activity contemplating the respectively 
learning objectives developed.  

 

6.1. Activity Plan 

In the focus group discussion, an initial plan 
was proposed. Through some comments and 
suggestions, this plan was modified to result in 
the final activity plan that is represented in table 
2. This plan has eight different activities framed 
each one in the corresponding curricular unit. 

Table	2:	Activities	Plan	

CU/ 
Activities MO SCM LD WMM OPC 

Beer Game  •    
Incoterms   •   

Picking 
Strategies    •  

Picking    •  
Pallet 

construction    •  

Kits 
production •     

Line 
balancing/ 

layout 
    • 

Risk Pooling 
Game  •    

 
6.2. Activity definitions 

The beer game simulates the operation of a 
supply chain. This allows to understand the 
dynamics involving several entities in the 
distribution of a product, starting in its 
production and finishing in final customer. 
This activity has two different scenarios, the 
first, where entities are allowed to share 
information and the second where entities 
are not allowed to share relevant 
information. The objectives for this activity 
are: 

Objective 1: define a supply chain, 
identifying the entities present in it. 

Objective 2: distinguish and explain the 
function and position of each entity in the 
chain, as well as identify the different 
existing flows; 

Objective 3: predict differences in the chain 
with and without information sharing 
between entities, exemplifying possible 
variations in the chain; 

Objective 4: develop and execute a strategy 
to minimize the total costs of the chain, 
keeping inventory low while all the 
customers' needs are satisfied; 
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Objective 5: analyze the bullwhip effect that 
is created along the chain; 

Objective 6: compare the two supply 
chains, in relation to information sharing, 
criticizing their influence on costs; 

Objective 7: in case of information sharing, 
plan and create the best way to do it, to 
minimize the total costs of the chain in 
general. 

The incoterms activity simulates the 
negotiation procedures that are involved in 
the transaction of a product, when it goes 
beyond borders. This activity enables 
students to develop and evaluate prices and 
conditions of sale for an export transaction, 
based on the incoterms. The objectives of 
this activity are: 

Objective 1: define the existing incoterms; 

Objective 2: classify these incoterms (type 
of transportation), explaining the obligations 
involved for the importer and exporter; 

Objective 3: analyze cost information to 
compare the different options (in the case of 
exporters, to make proposals and in the case 
of importers to analyze those proposals); 

Objective 4: evaluate the different 
proposals (executed from the point of view of 
the exporter and received from the point of 
view of the importer); 

Objective 5: develop the negotiation power, 
proposing alternatives to reach an 
agreement between the parts. 

Through the picking of products distributed 
in several locations in a fictitious aisle, the 
picking strategies activity simulate 
different picking strategies taught in the 
WMM course and used in real warehouses. 
The objectives for this activity are presented 
below: 

Objective 1: define the concept of picking, 
as well as the different existing strategies; 

Objective 2: distinguish the different 
strategies, comparing them on different 
situations where they are susceptible to be 
applied; 

Objective 3: apply and test the strategies to 
achieve greater efficiency in the operation, 
justifying the options applied; 

Objective 4: analyze each of the applied 
strategies, comparing their results; 

Objective 5: justify the inefficiency of 
applying certain strategies to the operation; 

Objective 6: plan and propose new ways of 
performing the operation, suggesting other 
strategies or different arrangements to 
achieve better results. 

The picking activity is also performed in a 
fictitious warehouse, where there are 
products distributed through several 
locations, with several levels along an aisle. 
Different orders must be satisfied, 
guaranteeing high levels of service, i.e. the 
products must to be picked in the right 
quantities, in the shortest possible period. In 
this activity, two different picking flows can 
be carried out: by order or by product. For 
this activity, the objectives are: 

Objective 1:  define the picking process; 

Objective 2: identify the different locations 
in the warehouse with the aid of the locations 
code; 

Objective 3: execute and test the best 
strategy for picking operation, proceeding to 
the fulfillment of the orders; 

Objective 4: compare the different flows in 
the warehouse (order vs product); 

Objective 5: analyze and test different 
product locations; 

Objective 6: propose these locations for the 
products, to make the operation more 
efficient, reducing flows and consequently 
operating times. 

The pallet construction activity consists in 
the test of several product layouts with 
different dimensions on a pallet, to maximize 
the quantities to be placed in it, while 
minimizing unused spaces. The objectives 
for this activity are: 

Objective 1: identify different loading units; 

Objective 2: recognize problems associated 
with the different product layouts on a pallet. 
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Objective 3: arrange the products on the 
pallet by testing different layouts, 
considering certain specifications 
(dimensions, stability); 

Objective 4: analyze the different layouts 
considering the used and unused 
area/volume. 

Objective 5: propose alternatives for the 
palletization of the products with irregular 
formats, to maximize the used space, always 
considering the limitations. 

Another activity is the kits production. This 
activity simulates the preparation of kits with 
various products inside. By simulating a 
work cell, it must be supplied, to guarantee a 
continuous flow, where the work cannot be 
stopped due to the lack of products. For this 
activity, the objectives are: 

Objective 1: define the work cell concept; 

Objective 2: identify different work cells 
formats and their different applications; 

Objective 3: identify problems associated 
with inefficiencies that arise in work cells; 

Objective 4: carry out the kits, according to 
the orders coming from the customers, 
guaranteeing a high level of service; 

Objective 5: analyze the performance in the 
kit production, questioning possible changes 
to the process to improve the operation;  

Objective 6: create solutions using the lean 
philosophy and test new tools that help to 
improve the efficiency of the operation. 

The line balancing/ layout activity 
simulate the operation of multiple work 
stations, with the purpose to improve 
production cycle times through line 
balancing and considering different layouts. 
The objectives of this activity are: 

Objective 1: define the line balancing 
concept; 

Objective 2: identify consequences of 
inefficient line balancing; 

Objective 3: perform the tasks in different 
workstations, to create a continuous flow of 
products; 

Objective 4: analyze bottlenecks along the 
product flow, inquiring the reasons; 

Objective 5: create new strategies and test 
them on the different workstations, to 
improve the process. 

The last activity is the risk pooling game. 
This activity pretends to simulate two 
different systems: centralized and 
decentralized. Through this simulation 
activity, it is possible to verify that when 
demand variability is high, the effect of risk 
pooling is higher, and so, it is better to adopt 
a centralized supply chain. The objectives 
for this activity are presented next: 

Objective 1: define the concepts associated 
to risk pooling; 

Objective 2: explain the differences 
between centralized and decentralized 
systems; 

Objective 3: develop and execute a strategy 
to maintain sufficient inventory to meet 
demand and consequently maximize profits; 

Objective 4: analyze the evolution of profit 
over time, comparing the difference between 
the two systems. 

Objective 5: justify the reasons for possible 
decreases in profit over time; 

Objective 6: evaluate how profit varies 
according to different demand conditions 
from different markets, justifying the 
correlation between demand (positive, 
negative or independent); 

Objective 7: formulate a strategy to respond 
to the market according to demand being 
positively or negatively correlated. 

The objectives developed are clear and 
concise, and include the organized 
management of the students’ learning 
process, to facilitate the development of 
skills and competences, achieving the 
expected results. The fact that these 
objectives are defined as descriptions of the 
students’ behaviors, also helps this learning 
process, as in this way they can have a clear 
understanding of what is to be learned. 
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7. Layout definition 

The laboratory space will be the merge of 
two different rooms with a total of 107 m2

.  
This space is subjected to a construction 
intervention where the wall between the 
rooms will be removed and where a glazed 
wall will be placed to promote the dynamics 
of the laboratory. To facilitate the 
comprehension of the layouts, table 3 shows 
a legend of used symbols. 

Table 3: Symbols label

 

Beer game, incoterms and risk pooling 
activities present two aspects in common: 
both are static activities, which require a 
group discussion for their accomplishment 
and resort to the use of one computer per 
group/table. So, these three activities share 
the same layout that is presented in figure 1. 
The use of round tables is purposeful. Thus, 
it is possible to involve all the members of 
the group in the discussion achieving the 
best results in the activities. 

 
Figure 1: Beer game, risk pooling game and 

incoterms layout 

Regarding the strategies picking activity, it is 
required to have a fictitious aisle. The best 
way to simulate this environment is through 
a set of tables as they are represented in 
figure 2. This allows to have a great 
flexibility, so that the different picking 
strategies can be tested. 

 
Figure 2: Picking strategies layout 

Considering all the equipment needed for 
the picking activity, the warehouse that is 
required presents an inflexibility due to its 
large dimensions. For that, its location must 
be thought not only for this teaching 
activities, but also for future activities and 
events that may be held in the laboratory. 
Contemplating these aspects, this 
warehouse was thought to be placed in the 
area represented in figure 3 and 4. Thus, this 
warehouse location allows to have space 
immediately thereafter so that the continuity 
of the activities can arise. In this case, the 
marks that arise after the warehouse point 
out where the pallets/boxes should be 
placed after the picking of products. 

As this activity has two different approaches, 
in figure 3 is represented, in the layout, a 
flow by order. This shows that, in this case, 
are created too much flows when no 
previous planning to the location products is 
done. 

 
Figure 3: Picking layout - flow by order 

In a flow by product, as the previous 
planning is be done, the flow in the 
warehouse better organized. This can be 
understood consulting the figure 4. 

 
Figure 4: Picking layout - flow by product 
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The layout for the pallet construction activity 
is relatively simple. This includes only the 
marks that indicate where the pallets can be 
placed to carry out the activity. The zone 
location selected is justified by the proximity 
to the warehouse. Thus, the pallets and 
boxes required for that activity can be 
removed at the beginning and placed again 
in end, in the warehouse. This layout is 
represented in figure 5. 

 
Figure 5: Pallet construction layout 

The kits production activity requires work 
cells and they can be represented by 
different tables. The arrangement of these 
cells is showed in figure 6. As this activity 
has the supply component of the cells, the 
layout also includes the warehouse of the 
laboratory. 

 
Figure 6: Kits production layout 

Lastly, is the line balancing activity. As the 
activity involves the creation of a layout to 
improve the efficiency of the process, will be 
presented an initial and a final layout.  

So, in figure 7 is displayed a possible layout, 
just to verify its inefficiency, where the 
different workstations, besides not being 
together, there is no ordered sequencing 
between them, causing numerous wastes. 

 
Figure 7:Initial line balancing layout 

In figure 8, is already present the layout that 
is closer to what students are expected to 
suggest over the development of the activity. 
With this layout, the order of product 
assembly is now properly sequenced. 

 
Figure 8: Final line balancing layout 

8. Implementation planning 

To proceed with the implementation of the 
laboratory, it is still necessary to follow a set 
of outlined steps that will be represented in a 
timeline, to provide an overview, taking into 
consideration a time factor.  

The timeline developed includes the 
laboratory planning from current state, until 
the time of its inauguration. The timeline is 
represented in figure 9.

 
Figure 9: Laboratory timeline 
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Following all the steps, is expected that by 
the end of 9 months, the implementation of 
the laboratory will be completed, with a time 
reservation of one month, before the pre-
defined milestone that is the inauguration of 
the laboratory in September. Afterwards, the 
laboratory is ready to be used and to explore 
more strands included in the three pillars. 

9. Conclusions 

Once implemented, this laboratory has a lot 
to develop integrating the three pillars, while 
creating interconnections between them. 
The focus of this work was the education 
pillar, but the activities developed here can 
perfectly be performed by two different 
groups.  One are the employees of different 
companies, with the goal to expand their 
knowledge regarding the function they 
perform. Another are the students from 
primary and secondary schools, who may 
have contact for the first time with the 
operations and logistics’ thematic. In this 
case, there would be a relationship between 
the education and society pillars. 

Regarding the connection between the 
research and society pillar, projects could be 
developed, whereas presented in the 
benchmarking results, companies would 
seek the laboratory to jointly analyze 
operations and processes for problems 
solving. These projects, depending on their 
size, could also link these pillars to 
education. Another alternative is the 
development of collaborations with other 
laboratories. 

This laboratory has a massive potential to be 
able to create, conditions that allow it to be 
recognize for its functions and projects 
developed within the framework of the 
connection between the three pillars. 
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