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Abstract 
 
This paper aims to present a strategy evolution heads to build the ability of system 
thinking of industrial engineering students. The initial strategy starts with a pilot 
test, which provides tools to observe students’ performance with some active 
learning activities. With this experience, the strategy increased the contents of this 
exercise by making more pleasant the building of the system distinction. The 
redesign of the strategy included a tool to verify the construction of the competency 
through absolute improving and explain the improving from lineal to system 
thinking. 

Workshop Topics 
Is learning always evaluable? 

I INTRODUCTION 
The system thinking course is included in the studies programs in the basic cycle of 
engineering, with the aim of develop system analytic skill, by using this language. 
 
After some cohorts, students that have taken it do not show system thinking skills 
while they faced other subjects and courses of the program, by using linear thinking. 
 
By missing completely the course objective, the question arrives, How to evaluate 
the change from linear thinking to systems thinking for industrial engineering 
students? Besides a way to measure the advance and reassure of holistic thinking 
skill. 



 

II STRATEGY FOR FROM CHANGE THE 
LINEAR THINKING TO SYSTEMS 

THINKING  

II.1   First Design 

The strategy is based by including a larger amount of Active learning activities in 
the pedagogical structure of the course, which helps students to get closer to the 
language of system thinking in a pleasantly way.[1].   
 
The course will be focused only by including the activities and measure the final 
results of the first academic period. This design will start on second semester 2008 
in System Thinking Course that will be of 29 students. Two Active Learning tests 
will be used, with the game “The production Lab” [3] and the “The Sneetches 
Story” [14], as pilot tests in order to measure the translation skills in causal diagram 
language, archetype identification “Shifting the Burden” and the system features 
recognition1.  
 
In order to evaluate causal diagrams, these variables have been established: 

• Clearly identify action actors 
• Causal diagram has to follow the rules and use the symbols of the language. 
• Represent variables only once in the causal diagram 
• Diagram reform or balance cycles 
• Establish appropriate variables 
• Graph correctly connections 

   
During “Shifting the Burden” archetype we will consider: 

• Identify each elements of the archetype 
• Establish appropriate elements of the archetype 
• Detail archetype elements 

 
During the first approach different casual diagrams concepts can be observed in the 
students and the problematic to indentify evaluation variables for those diagrams 
arrives. The first casual diagram representation is the prevalent in the diagram 
construction, besides the mix up within actors and actions, and a poor 
characterization.  

II.2   Redesign the Strategy 

As a result of the applied strategy, the course redesign includes more active learning 
activities in order to help Systems thinking learning and introduce systematically 
causal diagram concepts and Shifting the Burden, delay, Fixes that Fail and Limits 
                                                 
1 System features : delay, limits, black box, recursively, classification, loop, synergy, 
auto-organization, biodiversity, feedback, Autopoiesis. 



to Growth Archetypes, as patterns which controls facts [10], and within this schema, 
gradually identify this patterns in Story and then case studies. 
 
After concept introduction, this is reinforced by games focused on business process, 
in order to introduce industrial engineering subjects based on systemic language. 
This last initiative complements Active Learning activities, contextualized in 
technologies related to their own program, by observing and performing specific 
roles among a productive system, this as a strategy in order to learn by doing it. 
 
Regarding how to evaluate the change from linear thinking to systems thinking, the 
strategy is to measure through absolute improvements, considering that traditional2 
academic evaluation won’t measure the changes in students’ mental structure, this 
improvement can be measure through facts [8]. In order to narrow the event, which 
triggers the change from linear to systemic thinking, we have chosen a game that put 
students in a hypothetical situation in a city and they play specific roles with 
decision power in that system, then we choose the game “Construction of The 
Highway”. [6] (Table 2). 
 
As an alternative activity to systemic concept inclusion, there is a final project in 
order to analyze a mobility problem and then represent it with distinctions from the 
course. These projects have been presented at the end of the course by using a poster 
and scientific paper. 
 
This time, there were 50 students, who answered the survey, which we used to 
characterize them and gather some perceptions regarding what was going on during 
the systemic thinking course. 
 
As a summary, Table 1 shows active learning activities that we have used in order to 
execute the strategy proposal, and the concept that students have to build in each of 
these activities  
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
2 This measure at the Colombian Universities is  0 to 5. 



 

 
 
Table 1. Description of active learning activities 
ACTIVITY TYPE OF ACTIVITY CONCEPT TO LEARN 
“If you Give a Mouse a 
Cookie” [4].    

Story Casual Diagrams and 
Feedback 

“People Express” [10] Study of Case Casual Diagrams, Delay, 
Balancing and reinforcing 
cycles  

“Whale & Employ & 
Sales” [11] 

Storytelling Casual Diagrams, Delay, 
Balancing and reinforcing 
cycles  

“City & Epidemic & 
Depressing” [2] [9] 

Storytelling Casual Diagrams, Delay, 
Balancing and reinforcing 
cycles  

EXAM 1:   “Rouge 
River” [7] 

Game Casual Diagrams, Delay, 
Balancing and reinforcing 
cycles  

“The Sneetches” [14] Story Shifting the Burden 
Archetype 

“The Cat in the Hut” 
[13] 

Story Fixes that Fail Archetype 

 “Adolescents leads a 
very solitary existence 
by Technology” [12] 
 

Storytelling Shifting the Burden, 
Fixes that Fail and Limits 
to Growth Archetypes. 

“Beer Game”3 Game Balancing Process with 
Delay Archetype 

EXAM 2:  
“Boss, I think somebody 
has stolen our customer 
database” [5].    

Study of Case Archetypes 

“construction of the 
highway” 

Game System Thinking  

 

III RESULTS OF STRATEGY 
 
Results from the redesign of systemic thinking course are shown on Table 2, which 
includes the behavior of each active learning activities regarding absolute 
improvement to change to holistic thinking among the students. 

                                                 
3 This is a game adaptation to the original developing MIT. 



Table 2. Results of Strategy  
DESCRIPTION RESULTS OBSERVATIONS 

Story “If you Give a Mouse a Cookie” 
Story reveals unexpected consequences that 
might happen when a sweet cookie is given 
to a mouse. 
Can be practice the discovery of cause 
effect relations, in order to notice how an 
event can have feedback, then participants 
describe what have happened in History  

A few students repeat 
variables, use verbs 
to named, leave out 
variables 

The Story does not have 
quantitative and easy to 
detect variables, we decided 
no to proceed with this one 
due to the misunderstanding 

Study Case “People Express” 
Recount People Express airline success in 
the USA during 80’s by lowering airfares 
was a success among country’s airlines and 
after that went down hill. 

Students included 
system name as 
variable, they 
succeed to identify 2 
cycles as minimum 
on the system. Some 
includes the signs of 
causal relationships. 

Exercise was complex; this 
exercise could be applied 
later on during the classes’ 
period, when systems 
archetypes have been 
studied. 

Storytelling “Whale & Employ & Sales” 
Three different subjects 
Product market introduction 
Employment opportunities in the cities 
Conservation of an specific type of whale 
that is facing extinction due to fishing 
activity 

Few students identify 
reinforced and 
balanced cycles 
We can notice an 
improvement with 
variables 

These are basic exercises for 
the beginning of the course 

Storytelling “City & Epidemic & Depressing 
Three different subjects 
Small City management 
How a healthy population became sick 
study 
Depression as a particular case of stability 
of a system 

Diagram majority 
signalized (signs of 
cycle type and 
delays) 

These are basic exercises for 
the beginning of the course 

Game EXAM 1:   “Rouge River” 
Simulation plants that produces two 
product, C and A, in a flow shop of 5 steps. 
Raw material is different color Lego bricks.   

Students repeat 
variables with 
different names, for 
example demand, 
customer, the 
costumer as infinite 
inventory 

We can notice the effort to 
indentify cycles. There is a 
weakness to identify the 
features of a system in the 
diagram, although 
identifying them, there is not 
a correct correlation 
 

Story “The Sneetches” 
Story relates how prejudgment and 
exclusion can follow of energy waste and 
total consumption of resources  
 

Students identified 
archetype elements 
properly  

Total appropriate, students 
succeed archetypes essence  
 
 
 
 
 



 

Story “The Cat in the Hut” 
Dr Seuss explains a great tale about no 
intentionally searched effects of our action 
and selections. When a big cat enters a 
house and ends in a big mess  

Group A succeed to 
identify more Fixes 
that Fail 

Students enjoyed and learned 

Storytelling “Adolescents leads a very solitary existence by Technology” 
Newspaper article about technology 
addiction and their consequences, such as 
the suffering of electronic generation that 
show up as a violence wave in British and 
American schools 

Students identified 
“Shifting the Burden” 
and “balancing 
process with delay” 
archetypes. 

Identification level of the 
problems is low; students 
didn’t indentify the real 
problem. 

Game “Beer Game”[1] 
This game is a supplier chain of 10 links 
2 customers 
2 minor providers 
2 providers 
2 distributors 
2 factories 
 
We included 2 cost: 
Inventory Maintenance cost 
Pending orders cost 
Each link students don’t talk with others 
links; they have to make their own 
decisions. 

To the “Shifting the 
Burden” archetype, 
students included a 
fundamental solution 
which is not provided 
by the game 

Teams are different 
There are interesting 
constructions, very 
consistent and well 
signalized. 
There are diagrams where 
don’t show the information 
flow, instead, there are actors 
and causal relations among 
them. 

Study of Case EXAM 2: “Boss, I think somebody has stolen our customer database” 
Flayton Electronics has just learned that its 
database security is at risk and must take 
decisions about how to face this situation. 

Students identified 
archetypes with 
simple structures; a 
few of the draw a 
structure of “tragedy 
of the commons” 

Group A identified clearly 
“Fixes that fail” archetype 
but not for “Limits to 
Growth” archetype 
Group B showed up  a 
different behavior 

 Game “construction of the highway” 
Build an highway in map formed by 149 
hexagons according to an assigned roll, (city 
councilor, tax payer, archeologist, resident, 
trader or engineer); during the building, 
some housing, malls, mountains, 
monuments and archaeological sites should 
be removed or destroyed, each one has a 
different value according the assigned roll. 

Students don’t make 
diagrams, they face a 
situation for systemic 
skills 

Recognize thinking type, 
who has accomplished to 
change his/her thinking 
succeeds to identify a city as 
a system, and don’t limit to 
its roll. 

 
 
 



V CONCLUSION 
Active learning practice has to be build based on causality concept learning, in the 
Story “If you give a mouse a cookie” students name variables as they show up on 
the Story, as well making causality relationships among them. The practice does not 
allow to face a multi cycle system and this first interpretation will be repeated on 
further exercises. Causality Relationships tagging with positive or negative signs, 
showed to be confusing, therefore a specific strategy must be established to 
reinforce this. 
 
“The Sneetches” Story, is practice which allow students a clear and precise 
understanding of “Shifting the Burden” structure, Students succeed to identify the 
archetype on the system and moreover on other systems as well. 
 
There is a need to design a practice to teach “Limits to growth archetype”, because 
between the current strategy, it was the only archetype which doesn’t fulfil the 
design of having a smooth introduction of concept through story and then by case 
study. 
 
Causal Diagram building differs from a Forrester Diagram, because of this a 
transition to difference them has to be enforce  
 
Absolute measures allowed seeing that understanding level increases during the 
course and students accomplish to build more complex of causal diagrams and go 
deeper with the studied problem. 
 
With “Construction of a Highway” activity, that game confirm the change in the 
students from linear to system thinking, besides that the activity assigns specific 
rolls, students now identify themselves as members of the system and give a higher 
priority to this benefit 
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