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SUMMARY 

This action research was developed in 
order to identify the effects of Systems 
Thinking tools on creativity competen
cies among students ages seven to ten 
years old. Teachers' observations showed 
low levels of flexibil ity, connectivity, 
curiosity and fluency in the creativity 
competency in various subjects. The 
purpose of this study was to determine if 
the use of specific Systems Thinking tools 
and strategies geared for K-12 could im
prove students' creativity competencies. 
The results of this case study showed an 
increase in connectivity, flexibility, flu
ency and curiosity among the students 
using Systems Thinking strategies in the 
classroom compared to students in the 
control group. 

Key words: Creativity, flexibility, 
connectivity, curiosity, fluency, 
Systems Thinking 

RESUMEN 

Recieved: May 24'", 2012 
Approved: June 241

", 2012 

Esta investigación se desarrolló con el 
fin de identificar los efectos de las he
rramientas de Pensamiento Sistémico 
en la creatividad de los estudiantes en 
edades entre los siete y diez años de 
edad. Observaciones de los profes ores 
mostraron bajos niveles de flexibilidad, 
conectividad, curiosidad y fluidez en la 
creatividad aplicada a diversos temas. 
El propósito de este estudio fue deter
minar si el uso de algunas herramientas 
especificas del Pensamiento Sistémico 
y de las estrategias orientadas a K-12, 
podrían mejorar la competencia creati
vidad en los estudiantes. Los resultados 
de este estudio mostraron un aumento 
en la conectividad, flexibilidad, fluidez 
y curiosidad entre los estudiantes que 
utilizan Estrategias de Pensamiento Sis
témico en el aula, en comparación con 
los estudiantes del grupo de control. 

Palabras clave: creatividad, flexi
bilidad, conectividad , curiosidad, 
fluidez, Pensamiento Sistémico. 
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INTRODUCTION 

"Students, please place this exercise in 
your math folder," the teacher told the 
class. A student immediately responded, 
"This is English, not Math. You can't con· 
nect them ! "The Systems Thinking teacher 
exclaimed, "Everything is connected! We 
used this vocabulary exercise to work on 
fractions. How many did you get correct? 
1 see, you got 9 out of 10 correct, and 
you learned sorne new vocabulary along 
the way." 

Why did this student believe that Math 
and English could not be linked? Educa
tion is still departmentalized into sepa
rate subjects and every once in a while 
there is a glimpse of interaction. How 
can students realize that their world is 
intertwined on many levels, not con
tinuously departmentalized? How can 
students be awakened to the world 's 
complexities and be given the tools to 
access creative solutions? 

As teachers, we always hear that stu
dents will learn better if subjects are 
more accessible and personally meaning
ful to them. At present, if students need 
to salve an equation, they have been 
taught the tools or strategies about how 
to salve for x. But what if students are 
asked to find a solution to the traffic 
problems in Bogotá, Colombia, given 
the opportunity to find ways to improve 
international relationships or create a 
plan for conservation of fresh water? 
Would they have the tools and strategies 
to find creative solutions or to visualize 
what actions would give positive results 
or give negative precursors to those 
results? In the end, we work and live in 
sy~tems whether complex or simple, one 
thmg or many things affect other things, 
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from history to politics, from politics to 
the economic state of a country, from 
current road construction toan increase 
in road rage; they are all systems and 

they are dynamic. 

This is where a concept like Systems 
Thinking can be introduced at an early 
age and developed all the way through 
college. When working in social, econo
mic, environmental systems, we often 
assume that one action has one result 
and that it will happen relatively soon. 
However, experience has shown us that 
we are tightly interconnected, delayed, 
complex systems where one action can 
produce multiple results (Sustainability 
lnstitute, 2004). 

The need far Systems Thinking in edu
cation and the learning process has 
grown exponentially and to date there 
are many organizations and resources 
available; according to Professors Kira 
S. King, Ph. D (University of Central Flo
rida) and Theodore Frick, Ph. D (Indiana 
University Bloomington) in a paper en
titled, "Transformi ng Education: Case 
Studies in Systems Thinking" presented 
at the annual meeting of the American 
Educational Research Association on April 
19, 1999 in Montreal Ca nada: 

"As the amount of information increases 
exponentially, our educational system can 
no longer focus primarily on memorizing 
a core .body of knowledge. There is no 
way any single individual can master ali 
of the information available. Rather, our 
schools must help children become skillful 
manipulators, synthesizers and creators 
of knowledge. .. Society no longer relies 
primarily on factory workers, but on life
long learners who can think critically, sol ve 
problems and work collaboratively. These 



are the skills of tomorrow's "knowledge 
workers" (Drucker, 1994) ... we need entirely 
new concepts in learning and teaching
rather than more efficient industrial age 
schools" (King, Frick,1999, pp. 2). 

According to teachers' experiences and 
observations, specific aspects of creativi
ty need to be directly taught to improve 
students' fluency, connectivity, curiosity 
and mental flexibility. The urgent need 
to find tools and strategies to holistica
lly increase creativity has brought the 
idea of incorporating Systems Thinking 
to the classroom. This study intends to 
investigate if students will be receptive 
to experimenting with Systems Thinking 
in the classroom and if Systems Thinking 
practices are effective in increasing the 
creativity competence of the students. 
This action research took place in a 
prívate school in Bogota, Colombia. The 
students ' a ges ranged between seven and 
ten years. Systems Thinking tools and 
strategies were applied in English, math 
and science classes. The intervention 
took place within the months of March 
and April in 2012. 

lf the results render positive, students' 
creativity competencies will improve 
and students will transfer the tools and 
strategies learned to higher grades and 
other subjects. As a result, students will 
have a different perspective for solving 
problems and will practice this mindset 
throughout their student careers. There
fore, students will be better prepared 
for the ever changing dynamic systems 

of the world. 

RESEARCH QUESTIONS 

Do students ages seven to ten years old 
show improvements in creativity, with 
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respect to fluency, connectivity, curio
sity, and flexibility competencies after 
explicitly having been taught Systems 
Thinking strategies and tools? 

What were students' perceptions when 
considering which tool and strategy had 
the most impact on their creativity de
velopment? 

LITERATURE REVIEW 

Considerations for Second Language 
Learners 

The students in this study are all English 
language learners with various levels of 
English proficiency. This is a component 
that cannot be overlooked in this study. 
Students are currently gaining English 
proficiency in subject areas, in social 
context, and with respect to Systems 
Thinking in English without t he instruc
tor using the students ' nat ive language. 
Students will not on ly be challenged 
linguistically in the new language, but 
also cogni tively and socially as Systems 
Thinking is applied to the classes. 

System Thinking Tools and Strategies for 
K-12 

Systems Thinking research offers a new 
perspective on the way we address 
problems and approach everyday situa
tions. lt is essentially a set of tools and a 
specialized language that we can use to 
understand the relationships among the 
parts of any given system. The idea is 
t hat instead of looking at the individual 
parts of any given system and isolating 
them, one instead looks at the system as 
a whole and takes into account all the 
interactions t hat occur in it , in order t o 
understand how it works (Aronson, 1996-
8). Focusing on how the parts within the 

Investigación y Ciencia del Gimnasio Campest re 



70 

whole work we can sharpen our compre
hension and develop a unique perspec
tive on ~he reality of the relationships in 
any situation. 

Using the tools of Systems Thinking, 
whether they be simulation models, con
nection circles, stock and flow diagrams, 
causal loop diagrams or any type of de
sign that attows the thinker to view and 
understand the connectivity of the given 
system, these tools attow us to explore 
and identify dynamic complexity and re
lationships within any system. Creating, 
for example, a causal loop diagram for a 
specific inquiry can encourage learners 
to examine the way we look at situations 
and problems including our current as
sumptions that often influence the way 
we think and react. By defining the root 
of a problem and examining potential 
solutions, we can learn to anticipate 
possible solutions that pre-empt more 
difficulties. The tools of Systems Thinking 
provide different ways to look at a given 
system as a whole (Waters Foundation 
2012). 

Systems Thinking 

The concept of Systems Thinking has 
been in existence for many decades. lt 
originated in the 1920's within areas such 
as ecology, biology and engineering. An 
American computer engineer and systems 
scientist, Jay Wright Forrester, created 
the concept of Systems Dynamics, during 
the mid 1950's, while he was a Professor 
at the Massachusetts lnstitute of Tech
nology (System~ Dynamic Society, 2012). 
Systems Thinking has a deep foundation 
in the area of Systems Dynamics, which 
is an approach to understanding com
plex systems over time. The tools, as
sociated with this approach to thinking, 
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enable teachers to explore how to help 
students understand the world around 
them and how it works. According to the 
Waters Foundation, an American based 
organization, dedicated ~o promoting 
Systems Thinking in e~ucat10n ~t sch~ols, 
Systems Thinking ~1ms to, . ... del1ver 
academic and lifet1me benefits to stu
dents through the effective application 
of Systems Thinking concepts and habits 
and tools in classroom instruction and 
school improvement" (www. iseesytems. 
com, Waters Foundation, 2012). Systems 
Thinking tools and strategies will help 
students develop a comprehensive world 
view by taking pieces of the problem or 
situation, chunking it together, and final
ly developing patterns that make sense 
about the world and its' issues to find 
plausible and effective solutions. This 
type of thinking requires practice and 
a distinct change in mindset in order to 
realize that subjects cannot and should 
not remain isolated. 

While this action research will be based 
on the educational habits that can be 
developed through Systems Thinking 
in understanding the flexibility of this 
approach to thinking, it might be wor
thwhile to note that the process of Sys
tems Thinking has been used by different 
companies around the world to solve 
sorne of their dilemmas and reinvent 
their way of thinking. "The company 
also brought in Peter Senge, the pioneer 
of Systems Thinking, as a moderator" 
(Triple Pundit, 2011 ), so in 2009, after 
much controversy and criticism about 
its' non-recyclable cups and other en
vironmental practices, Starbucks, an 
international coffee company based in 
the United States, began to use Systems 
Thinking to ensure that their new recy-



dable cup was sustainable; according to 
an article posted on a website called the 
Triple Pundit. 

Reflecting the need to prepare gradua
tes with a different desire to confront 
daily complex systems, aspects of Sys
tems Thinking are also offered at the 
university level in many countries. The 
Cambridge, Massachusetts based Har
vard University offers various programs 
that incorporate Systems Thinking into 
their curriculum. The Harvard Gradua
te School of Education offers a program 
called, "Leading Education Systems at 
the National Level: Effective Policy and 
Practice for lmproving Outcomes." A key 
part of the program's objectives is to 
actively practice Systems Thinking and 
go beyond the step-by-step strategies 
already practiced worldwide and instead 
make improvements by taking a "holistic 
view" of the world. 

. Seeks to understand the 
· "big picture" 

A Systems Thinker 
focuses on the forest 
rather than on the 
details of any 
one tree. 

Questions to ask ... 

"How can I maintain balance between 
the big picture and important details?" 

"What time frame shou/d be considered 
as I view the system?" 

"Am / keeping my focus on oreas of 
influence, rather than on oreas of 
concern that I cannot influence?" 

K-12 Habits of a System Thinker (Waters Foundation 2012) 
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Creativity 

In the particular school setting for this 
action-research , one competence that 
is developed in the educational plan is 
creativity. According to the Academic 
Council and concept bases from Novem
ber 2011 , the defini tion of creativity 
is "a group of knowledge, abilities and 
att itudes that a student should put into 
practice to use theories and knowledge 
in different contexts, to deduce non 
evident results, recognize non-evident 
conclusions; to establish the value of 
the ideas and authorship; to demonstra
te originality and ownership in design, 
productions and achievements." Taking 
into consideration that creativity is also, 
"a special attitude towards life that is 
expressed in a manner that is cognitive, 
affective, deliberate, and experimental 
and that reflects achievement. lt is cha
racterized by four conditions: fluency, 
flexibility, connectivity, and curiosity. " 

ldentifies the circular nature of 
complex cause and effect 

· relationships 

A Systems Thinker sees 
the interdependencies in 
a system and uncovers 
circular causal 
connections. 

Questions to ask ... 

"How do parts affect one another?" 

"Where does circular causality /feedback 
emerge?" 

"Is one feedback loop more lnfluential 
over time than another? lf yes, how?" 

Investigación y Ciencia del Gimnasio Campestre 
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In this study, the focus was to increase 
these four conditions systematically in 
arder to improve creativity in general. 

There are four conditions that comple
ment creativity and can be developed. 
Fluency can be described as generating 
ideas, using resources to avoid mind 
blocks, and finding alternate ways to 
overcome obstacles. In conjunction with 
fluency it is necessary to be mentally 
flex;ble which permits valuing different 
perspectives, and using them to reach 
specifics goals. Connectivity plays an 
important role to establish relationships 
or to identify patterns that go beyond 
the obvious to detect possible solu
tions. Curiosity is the collective act of 
exploring, questioning, inquiring, and 
imagining possible solutions or problems 
when faced with uncertainty (Gimnasio 
Campestre, 2011). 

Methodology 

Both qualitative and quantitative re
search methods were used in this study. 
The main sources were student work and 
teacher observations. A post survey was 
applied in arder to examine students' 
experiences after the intervention. A 
teacher survey has been included in this 
study. Specific rubrics were designed to 
measure aspects of the students' com
petency levels in the four conditions of 
Creativity. 

Rubric: In specific activities the students 
were scored on creativity using the fol
lowing criteria: flexibilit y, connectivity, 
curiosity and fluency. Students were 
scored using the rubric befare and after 
the intervention. The pre and post inter
vention rubrics were compared. 
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Observational notes: Observational no
tes were important to the study in arder 
to capture how students were i~terpr~
ti ng the strategies and tools m the1r 
second language. With the expectation 
of continuing the full immersion model, 
teachers and students used minimal na
tive language, only when necessary to 
clarify any misconceptions. 

Surveys: Teachers were invited to answer 
a survey to share their perceptions about 
any increase or decrease in students' 
creativity competencies. Students were 
surveyed and specifically asked which 
tool and strategy had the most impact 
on them far f uture use. 

During the months of March and April of 
2012 students were int roduced to System 
Thinking ha bi ts, then, they practiced 
the strategies, and finally used Systems 
Thinking and its tools in various subjects. 
Students received information with 
definitions and practice exercises on a 
weekly basis for 5 weeks using System 
Thinking theory and tools with various 
posters displayed in the classroom. One 
first grade class and one third grade class 
were used to apply System Thinking in 
the English, math and science. The prin
ciples and tools of System Thinking were 
scaffolded by varying the degree of diffi
culty in the practice exercises. First, stu
dents were introduced to the concepts, 
the teacher modeled a strategy or tool, 
then students worked in small groups, 
and finally in pairs or individually using 
the tools learned for that week. During 
the second week in April , students and 
teachers completed the surveys. 

In this particular investigat ion, st udents 
have been explicitly taught the following 
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concepts and strategies of Systems 
Thinkers: seeing and understanding 
the big picture, accepting that change 
happens over time, knowing that things 
depend on each other, finding that cycles 
persist and exist, willingness to change 
perspective, and recognizing that sys
tems have structure (Waters Foundation, 
2012). The students learned to use the 
tools of behavior-over-time graphs and 
connection circles. Although there are 
many more tools and strategies, this stu
dy led to the use of the ones mentioned 
above due to students' ages and second 
language development. 

Analysis 

The following information resulted from 
analyzing surveys, observational notes, 
and comparing student work with a ru

bric. 

Four Conditions of Creativity 

A specific rubric was developed to quan
tify the increase or decrease of the four 
conditions of creativity and to compare 
students' results in the intervention 
group and the control group. Work sam
ples from different subject areas were 
compared to the rubric and rated by the 
criteria for each of the four conditions. 
Thirty-six of the forty-nine students that 
were introduced to Systems Thinking re
ceived seores that demonstrated mastery 
by receiving Excellent or Superior in all 
four conditions of creativity. Fifteen of 
the forty-seven students in the control 
group showed Excellent or Superior in 
all the conditions of creativity. Below is 
a breakdown of each condition in which 
students received Excellent or Superior 
in the work samples scored. Overall more 
students in the intervention group scored 
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Excellent and Superior than in the con
trol group in each of the competencies. 

Confidence in Creativity 

The responses found in the surveys given 
to the students after applying System 
Thinking to the intervention groups were 
taken into consideration when analyzing 
perceptions of various levels of creativi
ty. Students also rated the tool they be
lieved was the most beneficial for them 
when working with Systems Thinking. 
In addition, they selected which stra
tegy helped them f eel more confident 
when working and thinking creatively. 
Likewise a similar survey was given to the 
control groups. The surveys in the con
trol group demonstrated that students 
were not as confident about creativity as 
the students in the intervention group. 
In the survey, we found that students 
preferred the connections circles as a 
tool to for creativity and the strategy 
that had the most impact was seeing and 
understanding the big picture. 

The results from the teacher survey of 
the control groups indicate the number 
of students did not significantly impro
ve in creativity in the last semester. On 
the other hand, the intervention group's 
teachers noticed an increase especially 
in connectivity and flexibility among 
the students after applying Systems 
Thinking. 

In this study, we checked to see if stu
dents would naturally make connections 
in their writing. Random English, math 
and science work samples were taken to 
see if there are any connections made in 
students' writing. Transference of the 
ideas and tools were evident in their 
work samples. 
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Language Learning and Creativity 

The observational notes for the inter
vention group indicate the ease with 
which the students were using the tools 
and gaining the language necessary to 
express their ideas when using Systems 
Thinking in the classroom. In one of the 
lessons, students gave many examples of 
systems that they were familiar with and 
there were "a-ha" moments in several 
lessons where the students were fully 
engaged and making out of the ordinary 
connections verbally and in their written 
work. Very rarely the teacher needed to 
use the students' L 1 . 

Based on the information gathered in 
the study: Students in the intervention 
group showed an increase in the four 
conditions of creativity more than in the 
control group. 

Students in the intervention groups felt 
more confident about their own creati
vity than students in the control group. 
Students that learned how to use the 
System Thinking tools said they could 
apply the tools to other subjects. 

Seeing and understanding the big picture 

t 

IL1tioD 

First Grader's Connection Circle: Human lmpact on the 
Env,ronment 
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and using the connections circles were 
the preferred strategies and tools from 
Systems Thinking selected by the inter
vention group. 

CONCLUSIONS 

Systems Thinking has evolved into a key 
tool for educators particularly in primary 
grades. Schools and educators alike 
have realized the importance of helping 
children to see beyond each particular 
assignment and instead, develop higher 
level thinking skills. Organizations like, 
The Waters Foundation, an Educational 
Partnership whose network of educators 
examine and research the impact of sys
tems thinking and dynamic modeling in 
elementary and secondary schools, are 
dedicated to furthering the benefits of 
Systems Thinking in all students' edu
cations. The Waters Foundation aims to 
"develop the capacity of K-12 educators 
to apply Systems Thinking and Dynamic 
Modeling (ST /DM) effectively in clas
sroom instruction and organizational 
planning ... " (Pegasus Communications, 
2011 ). Among all the evidence gathered, 
and research currently being reviewed, it 
has become apparent that children learn 
Systems Thinking through understanding 
relationships, whether it be relationships 
between characters in literature, be
tween events, numbers, symbols, natu
ral resources or more - this relationship 
provides a basis for deeper exploration. 
In conclusion, this study demonstrates 
how explicitly teaching the tools and 
strategies of Systems Thinking increases 
the four conditions of creativity in first 
graders and third graders at this private 
school in Bogotá, Colombia. Students 
were challenged to think outside of the 
box and practiced using thinking skills 



that will benefit them in their future 
classes and careers. This is a small step
ping stone for the students learning to 
use Systems Thinking; however this study 
shows how young children in first and 
in third grade can begin to master the 
world of systems for solving problems 
with creative solutions. There are many 
other aspects in continuing to work with 
Systems Thinking, but for this study these 
initial steps showed an increased effect 
in flexibility, connectivity, curiosity, and 
fluency, the elements necessary for crea
tivity in learning. 
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