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The main goal of this research is to study the effect of modelling with
system dynamics on learning. Specifically, this research studies if using
inductive or deductive learning methods applied during modelling with
system dynamics has any effect on problem solving skills of students.
This research has three other goals: Firstly, the successful application of
system dynamics approach in teaching environmental topics. Secondly,
helping students to be aware of the environmental problems. Thirdly,
helping students to build solution-oriented system dynamics models. An
experimental design without control group with pretest/posttest is used
in the research. The sample of the research consists of 40 students at 7th
grade. Experiment continued an hour per week for the entire semester of
14 weeks. The students in the experiment group 1 developed their models
using inductive method. The students in the experiment group 2
developed their models using deductive method. Problem solving skill
inventory developed by Heppner and Petersen (1982) was used for data
collection. The data collected was analyzed statistically. As part of the
statistical analysis, the researcher evaluated the model records developed
by students, interviews done with students and observational records of
teachers. Statistically significant differences were observed in the
problem-solving skills of students in both groups after the experimental
study. The increase in the mean scores for problem solving skills of the
experimental group 1 was higher than the increase in the mean scores of
the students in the experimental group 2. System dynamics approach,
which is effective in decision making process, also plays an important
role in improving students’ problem-solving skills.

Introduction

The world that is in continuous change requires individuals that are devoted to learning
lifelong. The novel education paradigm aims to develop individuals that learn how to learn and
identify cause and effect relationships on their own. In fact, one of the most critical issues of
education is that children that are naturally curious minded and own the enthusiasm to make
discoveries yet they lose these abilities as they grow up. Our current education system lacks in
nurturing imagination skills and willingness of learning for children. The Turkish educational
system has to be supported with educational approaches that reinforce the development of
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innate skills of children, orient them to creative thinking and self-learning. Ministry of National
Education (MNE) (2006) in Turkey aims to solve this problem using learning methods based
on constructive learning in their new instruction programs. Constructive learning is an
education philosophy that can solve these problems. System dynamics approach is an inter-
disciplinary learning approach based on constructive learning philosophy.

System dynamics approach has been used in various fields for a long time. The Rome Club
study done in 1970's (Meadows, Meadows, Randers & Behrens, 1972; Forrester, 1973) is the
most popular system dynamics study. This study showed that, if no precautions are taken,
balance of nature on Earth will be severely destroyed by the year 2000. There have been many
debates going on after this study, but upon the discovery of the ozone layer hole in 1980s, the
world public and the political leaders were forced to consider taking immediate precautions. As
a result of these precautions, common decisions were taken and put into action by all the
countries of the world regarding gasses that destroy ozone layer and cause greenhouse effect
and also related to some other environmental problems.

System dynamics research, similar to the Rome study, resulted in important changes in certain
fields such as business systems (Sterman, 2000), ecological systems (Grant, Pedersen, & Marin
1997), socio-economic systems (Forrester, 1969, 1971 & Meadows, 1973), agricultural systems
(Saysel, Barlas, & Yenigun, 2002), political decision systems (Nail, Gelanger, Klinger, &
Peterson 1992) and environmental systems (Vizayakumar & Mohapatra, 1991; Vezjak, Savsek,
& Stuhler, 1998; Ford, 1999; Wood & Shelley; 1999, Abbott & Stanley, 1999; Deaton &
Winebrake, 2000; Guo, Liu, Huang, Fuller, & Yin, 2001). Inspired by this body of research,
system dynamics researchers aimed to improve the quality of education by adapting this
approach to the field of education. Initial educational studies based on system dynamics
(Forrester, 1996) indicate that it is possible to obtain substantial results in this area, too. In the
schools where system dynamics approach was implemented, it was observed that students were
taking on voluntary projects related to course material even after-schools hours, and they got
involved in curriculum so much and even, from time to time, they included their parents in the
course projects.

As a result of the increase in students’ interest in and understanding of course material, system
dynamics researchers were expecting that this approach would be incorporated to the
educational system in the US. But since then, it has been observed that the applications of this
approach have not reached a satisfactory level (Forrester, 1996). There are various views about
the reasons of this shortcoming. Some of the most probable reasons are as follows: There has
been no focus on developing lesson plans and activities supported by pedagogical methods
while implementing system dynamics approach at K-12 level. Teachers were concentrating on
the rules of system dynamics, and ignoring the practical principles related to implementation
(Forrester, 1996; Lyneis, 2000). To rectify this, curriculum projects based on system dynamics,
Stacin (Mandinach & Cline, 1994), Cc-Stadus (Zaraza, 1995), Cc-Sustain and Science Ware
(Alessi, 2005), have been developed. These projects supplied teachers with new ideas and many
useful models.

System dynamics approach enable students to focus on the causes of phenomena and
understand that complex systems have many underlying cause and effect relationships and these
relationships cannot be resolved superficially. In addition, as a general problem defining and
solving approach, it helps students have the discipline and sensitivity of a scientist, develop
skills such as discovering new problems by observing the environment, as well as modeling
and analyzing these problems using a scientific approach.
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System dynamics is a method used for understanding how complex systems change over time.
With the help of system dynamics approach, simulation environments called “micro world” are
constructed. Within this environment, students can carry out experiments repeatedly using this
model instead of the real world. This allows students to learn, through experience, how system
dynamics approach works. They find the opportunity to observe experiments in this micro
world that would not be possible to experience the same otherwise. At the elementary school
level, experiments in simulation environments are usually done using the program called
STELLA (System Thinking Educational Learning Laboratory with Animation).

While using system dynamics tools, teachers have realized that the learning that takes place is
cooperative and student centered. In traditional educational settings, the teacher sits in front of
the class, delivers information to the students who are passive receivers, whereas in the system
dynamics approach, the teacher promotes research and helps students develop the responsibility
of learning on their own. System dynamics fosters investigation of case studies, problem posing
and collaboration to solve problems (Forrester, 1996; Lyneis, 2000). System dynamics lessons
are enjoyable for both teachers and students. The curriculum was recently revised in Turkey.
This new curriculum is relatively more learner centered and it aims to train individuals who are
capable of reasoning, collaborating and providing alternative solutions to problems that they
may come across in future. The systems dynamics applications in the literature indicate that
system dynamics approach is an effective tool for training such individuals.

In light of this information, the current study aims to investigate whether using inductive and
deductive reasoning while modeling with system dynamics approach has any effect on students’
problem solving skills. Other aims include adopting system dynamics approach to teach current
environmental topics, helping students to become aware of the current environmental problems,
and supporting them to develop models that will provide solutions to these problems.

Background (underlying) goals of the study are as follows:

1. To find concrete evidence related to increasing the quality of education through system
dynamics approach.

2. To develop teaching materials that will help teachers see how the system dynamics
approach can be incorporated to various environmental topics.

3. To help students develop thinking skills such as understanding of cause and effect
relationships, creative thinking, problem solving and decision making.

4. To create a learner centered, multi-disciplinary learning environment.

The ultimate goal in the long term, is to make system dynamics approach a regular feature of
Turkish national educational policy and to support lifelong learning, in order to help students
become individuals who can explore, question, identify problems around them and provide
alternative solutions to these problems.

Methodology

An experimental design without control group and pre-test and post-test was used in the
research. The independent variable whose influence is investigated on the experimental group
1is "Deductive Method Based on System Dynamics", on the experimental group 2 is "Inductive
Method Based on System Dynamics”. The scores of pre-tests and post-tests are compared
between groups and inside groups. The sample of the research is 40 students (20 in experimental
group 1, 20 in experimental group 2) at 7th grade. The students in the experimental group 1
developed the system dynamics-based model using inductive method, the ones in the
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experimental group 2 developed it using deductive method. Table 1 presents how the study is
performed in the experimental 1 and experimental 2 groups in detail.

Data Collection Techniques and Tools
The following measurement and evaluation tools were used in the research:

a) "Problem Solving Skill Inventory™ developed by Heppner and Petersen (1982) that
measures the problem-solving skills of the individual

b) Model records made by the students

c) Observational records written by the teachers and the researcher. Semi-structured
interviews made with the students during the study.

Problem Solving Skills Inventory

This inventory developed by Heppner and Petersen (1982) evaluates how individuals
perceive their problem solving skills. It is a 6 point Likert-type scale consisting of 35 items. As
a result of factor analysis, 3 constructs emerged: Problem-Solving Confidence, Approach—
Avoidance Style, and Personal Control. Items numbered 9, 22 and 29 were discarded. Cronbach
alpha reliability coefficient was o = 0,90. Turkish adaptation of the inventory was carried out
by Sahin, Sahin and Heppner (1993).

In addition, Nuhoglu (2009) conducted reliability and validity analysis of the inventory
(Turkish version) for middle school students. First tryout of the instrument, which contained 30
items measuring attitudes towards problem solving skills, was conducted to 215 students from
grades 6 to 8. Data collected from this pilot study was analyzed to check reliability. According
to factor analysis results, 10 of these 30 items (items 4, 7, 9, 10, 11, 15, 23, 25, 27 and 30) were
removed from the instrument. 13 of the remaining items were positive, 7 of them were negative.
Cronbach Alpha reliability coefficient was found as o = 0,826. In the fields of social and
educational science, such a coefficient value is considered as an indicator of high reliability.

In order to check the validity of the Problem-solving skills inventory, both content and construct
validity analyses were carried out. Construct validity was established by collecting expert
opinions, factor analysis was conducted to ensure construct validity and, Kaiser-Meyer-Olkin
(KMO) test was used to check sampling adequacy. Kaiser-Mayer-Olkin (KMO) was found to
be 0,818 and Barlett value was 871,179; which indicate that factor analysis can be performed,
and items correlate with each other.

Model Records

The observations, model records and data collected from the interviews were expressed

according to five criteria (Nuhoglu, 2009). These criteria are the following:

e Criterionl - Using the correct concepts in the model: This criterion measures to
what degree students correctly use basic concepts related to the topic of the model
they have developed. To check whether this criterion is satisfied, qualitative data
collected via observations were examined. During their model development phase,
students were asked verbally what the scenario was about and what they were
supposed to do in relation with the scenario. Their answers were recorded by the
researcher. This criterion was also evaluated by examining the final versions of
students’ models.
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e Criterion 2 - Determining and using the variables: This criterion is used to decide
how students determine stock, flow and converter variables. Data related to this
criterion is obtained from recordings of students’ models.

e Criterion 3 - Determining the relationship between the variables: Students’ ability
to determine the relationship between the basic variables of the model is examined
using this criterion.

e Criterion 4 - Locating numerical parameters: This criterion is used to check
whether the students can correctly locate the research parameters on their model.

e Criterion 5 - Creating and interpreting graphs: Determine whether the students can
create the graph of their models correctly and are able to interpret the resulting graph.

Student Beliefs and Observation Logs

The observation notes recorded by the researcher and observer teachers during the
modeling phase were also examined. In addition, unstructured interviews were conducted with
students and their answers to open ended questions were recorded by a voice recording
machine. These were then transcribed and evaluated. Transcription was done with the help of
two observer teachers. Student responses were evaluated and reported separately by three
people.

Data Analysis

Quantitative data were analyzed to see whether there were any significant differences
in students’ problem-solving skills. Dependent samples t-test was conducted to compare mean
scores of pre and post tests of the groups. The independent t-test was performed for the same
content according to two separate methods in two groups selected as an empirical study and to
evaluate the effectiveness of the methods at the end of the study.

Content analysis was carried out on qualitative data. An ID number was assigned to each
participant and these ID numbers were used during analysis. Two researchers coded the data
independently. Both researchers examined data collected from the workbooks, interviews and
the program evaluation form independently and took notes. The second round of evaluations
was done to reveal repetitions, similarities, and differences. In the end, categories emerged
reflecting student views. Researchers independently formed quantitative charts based on these
categories. Then these charts were compared by counting the number of agreements and
disagreements. Reliability was established with the Miles and Huberman formula: Reliability
= (number of agreements) / (number of agreements + number of disagreements). Formula
revealed that researchers were in agreement 85% during the process.

Participants’ quotes given in the results section are identified using symbols n(B/G)x where “n”
represents participants’ group experimental 1 or experimental 2 (E1 or E2), “B” or “G” their
gender and “x” their ID number. For example, “E1G12” means “experimental group girl with
ID number 12”.

Implementation Stages

Experimental study lasted a semester, one hour each week, 14 hours in total. During the
first 6 weeks in the experimental group 2, basic concepts related with systems thinking and
system dynamics approach were explained through different games and activities in accordance
with constructive learning principles, then STELLA program was introduced. In the next eight
weeks, students worked as a group of two, as they chose one of the proposed environmental
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problems developed models. In the experimental group, students were first introduced with
System Zoo 2 simulation book inside Simulation Models Climate, Ecosystems, Resources
developed by Bossel, (2007) Then basic concepts related with system thinking and system
dynamic approaches were presented using that model. At the same time, students were asked

to develop a model for one of the environmental problems.

Topics in Experimental group 1 / Experimental group 2

Theory of systems

Dynamic and static systems and related examples

Systems thinking

Historical development of system dynamics
Basic elements of the system

J Stock-flow diagrams
J Causal relationships
J Feedback loops

Table 1. How Topics are Thought in the Experimental Group 1 and Experimental Group 2

Experimental group 1 INDUCTION

Experimental group 2 DEDUCTION

Introduction to Introducing the topics one by one Introduction of the system and

System Dynamics Introducing STELLA program

(Weeks 1-6) Elements of the system on a sample
Preparation for Working on sample scenarios model

Modelling Determining the study groups

(Weeks 7-8) Choosing the topic for modelling Modelling

Modelling Stage 1: | am curious about the system Determining the study groups

(Weeks 9-13)

Stage 2: | am discovering the system

Stage 3: | am getting familiar with the
system

Stage 4: | am modelling the system

Stage 5: | am evaluating the system

Choosing the topic for modelling

Developing a model about

environmental problems

Creating the model by connecting each

element of the system Interpreting the model

Presentation of the
Models
(Week 14)

Student presentations

Environmental Topics Offered to the Students

Student groups were asked to choose one of the 14 available topics (given in Table 2)
and conduct a research on this topic. They were then asked to develop a model using STELLA
program. Students in the experimental group 1 group worked inductively during modeling
while the experimental group 2 worked deductively.

Table 2. Offered Study Topics

Energy flow in the food chain

Water cycle

Carbon cycle

How epidemic diseases are spreading
Traffic problem

Young and adult bluefish problem in Turkey
Caffeine addiction

Alcohol addiction

Drug addiction
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10 Relationship between population and natural sources

11 Medicine absorption

12 Predator-prey relationship

13 Management of a country or a company

14 Comparison of populations of five different countries (Tanzania, Turkey, United States, India, Russia)

2.5. A Sample Model That Students are Expected to Develop

In this section, an ideal model that students are expected to develop is given as an
example. This is a model explains the predator-prey relationship. Table 3 shows the model, the
related mathematical data and how the model works.

Table 3. A sample model about predetor prey relationship

Topic Predator Prey Relationship
Model i)
Deer Population norq:l,af fﬂeer death ratio
£ b
def T b hi ,/r deerﬁ;aths
/ 1—_-)“". e" I‘

7 / /
o _‘/ |

/
bmh ratio Q deer dknsﬁ'y» i V@ I)

spage
deer hunting per hunter !

L8 /

i,

hunter birth ratio "‘.f" hunter d#ath ratio
\
| Hunter Population £4
i
hunterfzﬁths P& hungt deaths
X 7 N /

Mathematica| 1 Deer_Population(t) = Deer_Population(t- dfy + (deer_hirths - deer_deaths) * dt

INIT Deer_Population = 70000
Data IMFLOWS:

=% deer_hirths = Deer_Population*hirth_ratio
OUTFLOWYS:
=5 deer_deaths =
Hunter_Population*deer_hunting_per_hunter+normal_deer_death_ratic*Deer_Population
[ Hunter_Populationity = Hunter_Populationct - dfy + thunter_births - hunter_deaths) * dt
INIT Hunter_Population = 1000
INFLOWS:
=2 hunter_births = Hunter_Population*hunter_birth_ratio
OUTFLOWYS:
=2 hunter_deaths = GRAPH{Hunter_FPopulation*hunter_death_ratio)
(0.00, 0,00, {10.0, 0.00), (20.0, 0.00}, {30.0, 0.00), {40.0, 0.00y, (50.0, 0.000, {60.0, 0.00),
(70.0, 0.00), (80.0, 0.00), (90.0, 0.00y, {100, 0.00}
hirth_ratio=1.25
deer_density = Deer_Populationfspace
hunter_hirth_ratio= 0.25
normal_deer_death_ratio=0.05
space = 2500
deer_hunting_per_hunter = GRAPH{deer_density)
{0.00, 0.00y, (50.0, 50.0y, {100, 97.5), (150, 145), (200, 193), (250, 245), (300, 295), (350, 348), (400,
393), (450, 440y, (500, 500}
% hunter_death_ratio = GRAPH(deer_densit)
{0.00, 0.47y,(10.0, 0.398), (20.0, 0.36), (30.0, 0.323), (40.0, 0.288), (50.0, 0.248), (E0.0, 0.188), (70.0,
0.158), {(80.0, 0.124), (30.0, 0.075), (100, 0.035)
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Findings

Findings Related to Problem Solving Skills of the Students in the Experimental Group
1 and Experimental Group 2

In order to determine whether there was a significant difference between problem
solving skills scores of experimental group 1 and experimental group 2 prior to the experiment,
independent samples t-test was conducted. The results can be seen in Table 4 below:

Table 4. Independent Samples T-Test Results for the Problem-Solving Skills Pretest Scores

Group N X S t P
Experimental 1 (E1Pre) 20 73,45 11,83 1,49 0,07
Experimental 2 (E2 Pre) 20 68,00 12,69

When Table 4 is examined, it is seen that mean pretest scores of students in both groups are

close ( Yexperimemm 1=73,45; X experimental 2 =68,00). There is no significant difference between
problem solving skills scores of the students before the experiment (t= 1.49; p>0,05). Pretest
and posttest problem solving skills scores of the students in the experimental group 1 are given
in Table 5.

Table 5. Pretest and Posttest Problem Solving Skills Scores of the Students in the Experimental
Group 1

Group N Y S t P
Experimental 1 (E1 Pre) 20 73,45 11,83 13,79 0,00
Experimental 1 (E1 Post) 123,80 7,4

It is seen that mean scores for problem solving skills of the experimental group 1 students
increased after the experiment and the difference between pretest and postest scores were
statistically significant (t=-13,79; p<0,05). Table 6 shows the t-test results related to pretest
and posttest problem solving skills scores of the experimental group 2.

Table 6. t-test results related to pretest and posttest scores for problem solving skills of the
experimental group 2.

Group N X S t P

Experimental 2 (E2 Pre) 20 68,00 12,69

Experimental 2 (E2 Post) 92,75 10,00 -8,22 0,00
0
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There is a significant difference between the pretest and posttest scores for problem solving
skills of the experimental group 2 (t=-8,22; p<0,05). Mean problems solving scores for the post
test is significantly higher than the pretest scores. The comparison of posttest scores of
experimental group 1 and experimental group 2 after the experiment are given in Table 7.

Table 7: Independent Samples t-Test Results for Posttest Scores of the Experimental Group 1
and Experimental Group 2

Group N X S t P
Experimental 1(E1 Post) 20 123,80 7,4 11,23 0,00
Experimental 2 (E2 Post) 20 92,75 10,0

The results indicate a significant difference between pretest scores (t=11,23 p<0,05). System

dynamics approach has a positive impact by improving students’ problem solving skills (Y
experimental 1:123,80; X experimental 2 :92,75)-

Findings Related to System Dynamics Model Records of the Students in the
Experimental Group 1 and Experimental Group 2

Findings related to system dynamics model records of the students in the experimental
group 1 and experimental group 2 are examined with respect to five criteria as shown in Table
8.

Table 8: Findings related to students” model records

Criteria Content of Criteria Experimental Group1 Experimental
Group 2
f % f %
Criterion 1 Using the correct concepts 19 95 19 95
Criterion 2 Stock Determining the stock 19 95 19 95
Flow Determining the stock 18 90 17 85
Direction of the flows 18 90 16 80
Converter Determining the converters 16 80 14 70
Criterion 3 Determining Stock-flow relationship 15 75 12 60
relationships Intermediate variable-stock 13 65 10 50
relationship
Intermediate variable-flow 13 65 8 40
relationship
Criterion 4 Mathematical data Locating numerical 10 50 8 40
variables
Criterion 5 Graphing Creating the graph 9 45 7 35
Interpreting the graph 9 45 5 30

When Table 8 is examined, it is seen that students in the experimental group 1 and experimental
group 2 were successful at easily determining the basic elements of the system, stock and flow.
However, they had difficulties in determining the other variables that affect the system.
Specifically, students in the experimental group 2 had more difficulties in determining
relationships than students in the experimental group 1. It was observed that while determining
the relationship between converter and flow, they drew the direction of the relationships
incorrectly. These mistakes impacted the final graph of their model. On the other hand, students
in the experimental group 1 made fewer mistakes while they were developing their models,
because they were deductively constructing their model as opposed to the experimental group
2 who were building their model step by step in an inductive fashion.
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Opinions of the Students in the Experimental Group 1 and 2 Related to System
Dynamics Modelling

In this section, student views gathered by the unstructured interviews conducted with
the participants are presented.

Data collected by the interviews were examined under the following categories: The changes
in students’ interest in understanding current issues, difficulties they encountered during the
system dynamics modeling process, what students gained from system dynamics approach.

Changes in the interest towards learning:

Students in the experimental group 1 and 2 stated that, after the experimental study, they
became more interested in current issues and paid attention whenever they heard some news
about these issues. They also mentioned that while developing models about environmental
problems, instead of breaking the problem into pieces, it had to be considered as a whole.
Students also pointed out that they realized they started to look for relationships among all kinds
of subjects.

Some student opinions are as follows:

E2Bo2 “I was very surprised that epidemic diseases are spreading so fast. There
are many factors that we have not thought of before.”

E1G12 “Previously I was trying to find solutions to the traffic problem by myself
and offering simple solutions. | never thought traffic problem could be this
complicated.”

E2Go7 “While I was modeling, | learned that natural sources are related to
population growth and this relationship is really important.”

E2B13 “While I was building a model for medicine absorption with my friend, we
found the opportunity to examine the contents of the medicines that we take. I don’t
ask my mom to give me medicine whenever a part of my body is aching anymore.”

E1G12 “I had been watching young-adult bluefish problem in the news but I had not
fully understood what it was about. Before starting modeling with STELLA, we did
some research with my friend and with the model we developed, we now have a
better understanding of the reasons why young bluefish should not be caught.
Whenever | hear a news about this problem now, | explain my parents the details of
the situation.”

E1B1s “With the STELLA approach, I began to see phenomena as a whole. I learned
that every event is related to each other and everything affects each of us. This was
very surprising for me.”

Difficulties encountered during the modeling phase

Students stated that, after doing some research on the topic, they did not have any
problems in determining the stocks yet they had some difficulty deciding the directions of the
flows at first-later figuring it out after a couple of tries. According to the students, the hardest
part was to understand how pieces influenced each other while they were determining
relationships between variables. Besides they stated that, after the model was formed, they
made mistakes writing the mathematical equalities, encountered difficulties when they had to
write formulas instead of quantitative expressions. Also, when the graphs were wrong they
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realized they had to go back and correct the model and had to do this a couple of times, then
they got frustrated but somehow did not give up without fixing it. It was noticed that, since the
students in the experimental group were working from whole to parts as they built the model
first and then tried to add the parts affecting the system in it, they made less mistakes compared
to the students in the experimental group 2.

Some student opinions are as follows:

E1G11 While modeling the water cycle, it seemed like the direction of the flows was
apparent but we were arguing with my friend when we were determining the
directions; | argued that there should be an inward flow and my friend thought it
should be outward. We discussed it and reached an agreement. We also had
difficulty in deciding what the converters affecting the water cycle should be in the
model.

E2BGos The biggest difficulty | experienced was in deciding who was related to
whom and which one was affecting the other, because one variable seemed to be
affecting a second variable but at the same time it could also be affecting another
variable. This was confusing me a lot.”

E1Gog We thought with my friend that we couldn’t correctly write numbers in the
model, because we kept getting a constant graph. We were writing the numbers, but
we also wrote numbers where we were supposed to write formulas so our graph
turned out to be wrong. The difficult part for us was to place the numbers on the
model.

E2Gos To be honest, | was a little bit bored with constant adjustments made in the
model; | wanted to get the graphic part right away. But we kept making mistakes
and turning back to the model. | wanted to finish the model as soon as possible.

What students gained from system dynamics approach (learning outcomes)

With systems dynamics approach, students learned to see phenomena as a whole. They
realized that when faced with a problem, they need to spend some time to figure out how to
solve it, and problems may have more than one solution. Students saw that the outcome of an
event could be something unexpected and when phenomena affect each other differently, the
outcome changes.

Here are some of the student quotes:

E2B12 “We never thought things would be this complicated when we chose to model
the traffic problem. We kept adding more and more variables...then it became too
complicated for us. After that we removed some of the variables and our model
became simpler.”

E1Gis “I saw how one event affects the other. After we finished the model, it was
very surprising to see that the solution I had in mind at first did not work.”

E1Bo3 “During modeling we kept coming across problems, we worked hard to
overcome a problem, just after we finally solved it, we came across another. | think
at the end of the process, we developed resistance to problems.”

E2Gos When we first started developing our model, we kept adding each variable
we learned about to our model, and then we realized that our model became huge
and difficult to understand. We thought about what we could do, we examined our
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friends’ models and we decided to keep it simple. We built the model in its simplest
form, drew the graphs, and then we improved our model.

Discussions

Most of the educational studies are about teaching system dynamics approach to
students from different age groups, through different topics. There are some studies (Evans,
1988; Shaffer, 2006) on subjects such as computer programming, management and psychology
at the university level, but a majority of the studies (Davidsen, Bjurklo, & Wikstrom, 1993;
Draper & Swanson, 1990; Schecker, 2005; Cruz, Gonzélez, Restrepo & Zuluaga, 2007; Zuman &
Weaver, 1988; Tinker, Nemirovsky, Mokros, & Barclay, 1990; Fisher, 2011) investigate the
effects of system dynamics approach on high school students’ achievement and improvement
of their various skills. System dynamics approach was used in high school physical and social
science subjects such as economics, social ecology, population, mechanics, and Newton’s laws
of motion as well as mathematics. In studies related to applications of system dynamics
approach at the primary school level (Draper & Swanson, 1990; Penner, 2000; Hassell, 1987;
Webb, 1988), the topics worked on were simpler compared to high school and software
programs other than STELLA were tested. Results of these studies indicate that, system
dynamics approach can be adapted to preschool successfully (Ticotsky, Quaden, & Lyneis,
1999) as well. Apart from the studies focusing on adaptation of system dynamics approach to
school, there are also studies on developing curriculum plans and course descriptions based on
system dynamics approach (Schecker, 1994; Albin, 1996; Zaraza & Fisher, 1997; Fisher, 2000;
Lyneis & Fox-Melanson, 2001). Furthermore Andersen, LaVigne, & Stuntz (2013), created
online curriculum material for K-12 students with Characteristics of Complex Systems Project
(CCSP).

When literature is examined, it is witnessed that there are not many studies at the primary school
level and teaching materials that can be used in implementation are limited. Furthermore, there
is not enough information about the problems faced during implementation. In this study,
system dynamics approach is implemented at the middle school level; with a view to helping
students begin constructing knowledge at an earlier age and fostering their desire and need to
learn new things using technology. With system dynamics approach, students developed
models for dynamic systems related to various environmental problems, and difficulties
encountered during modeling phase were recorded. This study aims to contribute the literature
with new ideas and applications.

While systems dynamics approach is used in various fields in the U.S.A and many European
countries, in Turkey it is mostly used in engineering. Fisher (2011), stated that system dynamics
modeling concepts that have been successfully taught for 20 years to students in the U.S.A.,
ages 5-18 years, are presented, with high-lights describing some of the lessons/activities used.
First system dynamics applications in the educational field were done by Nuhoglu (2008) in
Turkey. The current research is conducted with the aim of increasing the use of system
dynamics approach at the primary school level.

Education teaches a static image of the real world. But problems in the real world are dynamic
(Forrester, 1992). Therefore, system dynamics modeling is being used in educational period
from preschool to undergraduate level, in the fields of mathematics, physics, social studies,
history, economics, biology and literature (Forrester, 1996).

Most of the research in the literature (Davidsen, Bjurklo, & Wikstrom, 1993; Draper &
Swanson, 1990; Schecker, 2005; Cruz, Gonzélez, Restrepo & Zuluaga, 2007) reports that, while
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the system dynamics approach has a positive impact on students and teachers, some problems
occur at the execution/application level. Students usually tend to confuse stock with flow
(Forrester, 1992). They also cannot differentiate flow and cause-effect relationship. They are
inclined to constructing unnecessarily complex and abstract models instead of ones that reflect
reality. They have the tendency to adapt models in textbooks or shown by their teachers when
they should develop their own models. The biggest mistake teachers make here is reported as
assuming that their students can develop a complex model (including multiple stocks, flows
and cause and effect relationships) within a few weeks (Alessi, 2005). Similar difficulties were
observed in this study as well. Since these difficulties were detected in the literature beforehand
and thereupon the necessary precautions were taken, the students were able to proceed with
higher levels of awareness and made fewer mistakes during the modeling phase.

According to the results of Fisher’s (2011) workshops in math course, some very interesting,
new problem scenarios were introduced to students (drug models, resource models,
predator/prey models, etc.), stimulating both teachers and students to maintain an interest in the
use of system dynamics models. Andersen, LaVigne, & Stuntz (2013), enabled students to work
with more complex models via the project called “characteristics of complex systems”. Students
developed models where they acted as Wildlife Manager (managing the prey population of the
predator-prey-biomass model), Peer Coach (advising fellow students regarding burnout cycles)
and Local Newspaper Journalist (investigating hog farming for the commodity market versus
raising heritage breeds of hogs for a more specialized market). In line with these studies related
to system dynamics, students in the current study also developed models about environmental
issues; such as energy flow in the food chain, how epidemic diseases are spreading,
management of a country or a company.

Conclusion and Suggestions

There were no significant differences between problem solving skills scores of the
students in the experimental group 1 and 2. The experiment has no deviation. The participant
students had equal problem-solving skills at the beginning of the study. Statistically significant
differences were noted in the problem-solving skills of students in both groups after the
experimental study. The increase in the mean scores for problem solving skills of the
experimental group 1 was higher than the increase in the mean scores of the students in the
experimental group 2. System dynamics approach, which is effective in decision making
process, also plays an important role in improving students’ problem-solving skills.

The significant increase observed in experimental group 1 and 2, as a result of the experimental
study, can provide evidence for considering system dynamics as an approach for defining and
solving problems. Students in the experimental group 1 received higher scores than students in
the experimental group 2 for they used a deductive method- they examined and modeled the
problem going from whole to parts-as opposed to the students in the experimental group 2 who
resorted to an inductive method.

Rote learning is fundamental problem that inhibits productivity in many aspects of life. System
dynamics approach helps students focus on meaningful learning instead of rote learning as with
theis approach students model a problem on their own and discover concepts, the cause and
effect relationships between these concepts and the dynamic behavior of the system by
experimenting. During this process, students experience making discoveries and they gain
insights into the discipline of carrying out a scientific research. More effective learning takes
place because students are at the center of the learning process conducting their study.
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With system dynamics approach, students will be aware of the problems around them and try
to come up with alternative solutions all their lives. This approach helps them develop a
scientific perspective. As a result, students will stop just passively answering the questions they
are asked. They will be able to observe their environment, discover new problems and use
scientific approach to model and examine these problems. Without doubt the scope of education
is beyond just “teaching” certain topics to the students. Education aims to enable students define
problems on their own, in addition to providing solutions to them. Defining a problem requires
a deeper understanding than answering a given question (problem). It calls for making detailed
observations, necessitates approaching matters with a critical point of view and being able to
come up with questions that have not been asked before. People who have developed this
perspective become more adaptable and productive, because they realize that truth can alter in
time an under different circumstances. Such people add higher values to their environments
because they unearth hidden problems and come up with effective propositions to solve these
problems.

Getting accustomed to doing experiments in the micro-world prepares people for possible
scenarios that may take place in the real system. When one of these scenarios start taking place,
one can identify the new dynamic from the first indicators as they are already prepared for
doing so.

As a result of this study, it can be said that in addition to the improvement in their problem
solving skills, students using the deductive method could also determine cause and effect
relationships more clearly and precisely. In order to help students better comprehend causal
relationships more scenarios including such relationships can be incorporated.
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