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A systems thinking approach to classroom instruction is 

a relatively new instructional method, and effects of this 

approach have not been comprehensively documented even though 

interest in this approach is growing rapidly. 

This study examines teachers' emerging conceptions and 

implementation of systems thinking as an instructional 

methodology. The investigation explores the challenge of 

developing a systems thinking orientation among educators. 

Findings are based on the learning experiences of four middle 

school teachers working in an urban Northwestern school 

setting. A case study, ethnographic approach was used to 

investigate the teachers' emerging conceptions and 

implementation of systems thinking in their classrooms. Data 

were derived from journal entries, interviews, observation 

and classroom artifacts. 

Findings suggested that teachers perceived systems 

thinking as a beneficial classroom methodology, yet evidence 

supporting the validity of this perception was insufficient. 

In addition, teachers viewed systems thinking as em importeuit 

life-long orientation and incorporated this view in their 

teaching. The impact of professional development structures 

such as training, resources, coaching, plemning time, outside 

assistance, and a collegial atmosphere was significant. It 

was evident that teachers involved with systems thinking 

developed and articulated theories about the effects of 

systems thinking on their students. 
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CHAPTER 1 

INTRODUCTION 

Overview 

Teachers are challenged with the complex task of 

providing engaging and relevant learning opportunities for 

students, while simulteuieously managing federal and state 

mandated standards. This complexity is compounded with the 

rising criticism of public school education, targeting 

inadequate teaching as a primary cause of poor student 

performance. Competing goals (school, peirent and community, 

district, state, and federal) and the challenge of preparing 

students for am unpredictable future lead educators to the 

investigation of new methods of instruction that work to deal 

with the various components contributing to this complex 

instructional dilemma. 

One new methodology that has entered the educational 

arena is "systems thinking." This term has been commonly 

used for decades in a wide range of disciplines including the 

biological, physical, and social sciences, philosophy, 

mathematics, engineering, business management, and 

government. Within these varied contexts, systems thinking 

remains a vague, nebulous construct which is difficult to 

define and even more challenging to fully understand its 

practical and useful applications. However, the potential 

benefit of systems thinking as a means of managing the 

complex task of teaching and learning in the 21st century is 

an experiment many see as worthwhile and necessaury. 
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The United States Secretary's Commission on Achieving 

Necessary Skills (SCANS) established in 1990 by Elizabeth 

Dole, then Secretary of Labor, published a report entitled 

What Work Requires of Schools (U.S. Depairtment of Labor, 

1991). The report recommends essential competencies 

including; resources, interpersonal information, systems, and 

technology; emd three primary foundation skills; basic 

skills, thinking skills, and personal qualities. To best 

prepare students for the workplace, the report calls for 

increased attention to the development of higher level 

thinking skills, specifically systems thinking, and a 

disposition to articulate that thinking in a problem-solving 

setting (see SCANS, 1991). 

Systems thinking is viewed as an essential lens frc»R 

which to view critical life problems useful to the general 

public. This perspective provides an alternative strategy 

for dealing with the complexity of such problems. In a 

keynote lecture at the Systems Thinking and Dynamic modeling 

conference (1994), J. W. Forrester, professor emeritus from 

Massachusetts Institute of Technology and most renown for 

being considered "the father of system dynamics," reinforced 

the importcince of a systems orientation in schools; 

A systems education should give students confidence that 
they can shape their own futures. . . Inflation, wars, 
unfavorable balemce of trade, and destruction of the 
environment have persisted for hundreds of years without 
public understanding of the causes. Such problems are 
too serious to be left to the self-appointed experts; 
the public must acquire the insights that permit 
paurticipation in debates of such importance. 
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Most states have developed curricular standards and 

benchmeirlcs that establish student learning expectations 

across grades. Frequent reference to concepts consistent 

with systems thinking is evident throughout the 

documentation. A stemdards chart published by the Arizona 

Department of Education Mathematics Task Force (June 26, 

2000) includes proficiency standards that refer to systems 

thinking concepts. Examples of such standards include: 

• Steuidard 1: Compcure and contrast the real number system 
and its various subsystems with regard to their 
structural characteristics (p. 3); 

• Standard 3: Represent and analyze relationships using 
written and verbal explanations, tables, equations, 
graphs and matrices and describe the connections among 
those representations, (p. 7) 

If a systems thinking orientation is beneficial to 

students, the development of systems thinking capabilities in 

teachers is important. Although there has been extensive 

writing and a multitude of applications that promote the 

value of systems thinking in various fields, little is known 

about its potential value as an educational methodology. 

This study examines teachers' emerging conceptions emd 

implementation of systems thinking as an instructional 

methodology. The investigation explores the challenge of 

developing a systems thinking orientation among teachers. It 

is recognized that this orientation may alter existing 

schemas or mental models of thinking. This challenge, 

coupled with the training considerations of teachers new to 

systems thinking is primary to this investigation. Training 

considerations include the necessciry time to leam a new 
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methodology, level of support for teachers as they leam, and 

the implications of new classroaa applications. 

Statement and Discussion of the Problem 

The perceived decline of public school education, its 

causes, and possible solutions generate much discussion 

across political party lines and among the general public. 

One common denominator that appears as both a cause and a 

solution to the problem of the declining perception of 

education is the capability of the teacher (e.g. A Nation 

Prepared: Teachers for the 21st Century, 1986). Debates over 

accountability, pay based on student progress, and level of 

academic preparation permeate the current political spectrum. 

Curriculum standeurds, high-stakes testing, and increased 

levels of teacher and student accountability represent 

strategies for generating growth in student achievement. 

What is missing from this solution-seeking dilemma is the 

realization that policy-makers may not truly understeind the 

system of education as it exists. A pluralistic view 

including multiple perspectives, a realization of the complex 

nature of systems, and meaningful descriptions of such 

systems is necessary to develop such an understanding 

(Forrester, 1968; Gharajedaghi, 1999; Haines, 2000). 

The time, effort, and capability necessary to develop an 

understeuiding of educational problems are misaligned with the 

structxires of today's world that demand immediate solutions. 

Solutions that prcxnise clear cut euid swift results are 

largely motivated by terms of political office (2-4 years). 
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The possibility exists that current, superficial solutions to 

today's problems (education being just one), create new, and 

much more challenging problems over time. 

Current educational reform efforts are often based on 

narrow views of the perceived problems of education, and 

generate hit and miss solutions based on the focus on 

isolated parts of the system. If test scores are low, 

students are not learning and schools are perceived as 

failing. Then, efforts are made to increase the scores in 

order to improve schools. This common practice ignores the 

argument that test scores are a narrow snapshot of student 

capabilities eind may in fact misrepresent students and the 

schools they attend. Thus, educational reform movements 

should recognize the need for, and the desirability of, a 

systems thinking approach, along with other strategies and 

processes that identify and plan for areas for improvement. 

In addition, there is a demand for developing the thinking 

capacity of students as they deal with the complexity of the 

current and future problems. In order to build on that 

capacity, it is argued that teachers need to develop the 

capabilities embedded in systems thinking, and be able to use 

the concepts and tools of systems thinking as a method of 

instruction in the classroom. This study explores the 

process of building systems thinking capacity in teachers, 

while examining the emerging conceptions teachers have about 

systems thinking as they apply it in their classrooms. 



Purpose and Nature of the Study 

Documentation of teacher involvement in systems thinking 

learning and classroom applications is less than a decade 

old. Numerous theories have been posed about possible 

applications of systems thinking in educational settings 

(e.g. Draper, 1993; Richmond, 1993; Scheetz & Benson, 1994). 

It is argued that formally trained systems thinkers have not 

effectively taught their framework, skills, and technologies 

to others, especially educators (Richmond, 1993). 

Investments in systems thinking training in the private 

business sector have far outweighed efforts in schools. The 

motivation, commitment and/or lack of insight as to possible 

application could be factors affecting the differences in 

investment. Richmond (1993) discusses the introduction of 

systems thinking in schools saying, "To transfer 

understanding on a broad scale, we need a clearer view of its 

nature and of the education system into which it must be 

trans ferred" (p. 113). 

Systems thinking is primeirily taught in graduate schools 

of engineering, management information systems, and business. 

It is also a popular training module among business 

consulting agencies (e.g. High Performance Systems, 

Innovation Associates). Some describe a "shift of mind" as 

one effect of a systems orientation (Richmond, 1997, 2000; 

Senge, 1990). Others describe a new "ethic" for systems work 

which minimizes claims of a singly perceived, true 

understanding of the world, resulting in a diminished sense 

of individual arrogance (Anderson, 1989). 



The ability of leeirners to see interrelationships in 

addition to linear cause-effect chains and seeing "processes 

of change" along with individually-viewed series of 

occurrences provide indications that a systems thinking 

framework is present (O'Connor & McDermott, 1997). 

Indicators of a systems thinking orientation have not been 

fully studied, eind it is unclear if individuals new to 

systems thinking eire aware of how their thinking has been 

affected when introduced to systems thinking. 

Systems Thinking Implications for Education 

Although much of what is written and studied about 

systems thinking focuses on business management, policy

making, and organizational learning, there is growing 

interest in applying systems thinking to K-12 schools and 

classrooms. For example, the Waters Foundation is a private, 

non-profit organization that primarily focuses on the 

application of systems thinking in K-12 schools (see website 

www.watersfoundation.org for further information). The 

foundation's work over the past 10 years has grown to involve 

12 sites of varying size (single school-based, level-based 

such as elementary, middle and/or high school, and whole-

district) and type (pviblic, private, and charter). Sites are 

located in Vermont, Massachusetts, New York, Maryland, 

Georgia, Michigan, Iowa, Oregon, and Arizona. The Waters 

Foundation is considered one of the leading orgeutiizations 

that incorporates and investigates the impact of systems 

thinking in schools. The focus of the foundation is on 
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research, develoganent, and dissemination of systems thinking 

and its applications both in the classroom and within the 

school organization. Although research efforts are underway, 

no formal findings have been published about effects of 

systems thinking on teachers and/or student learning. 

Another educational organization that supports systems 

thinking in schools is the Creative Learning Exchange (see 

Appendix A for website). This clearinghouse collects and 

distributes teacher-made lessons that apply systems thinking 

and system dynamics in a veiriety of disciplines for varying 

grade levels K-12. This data base includes over 200 lessons 

that vary in format, level of detail, and usability. 

Numerous anecdotal accounts of teacher success using a 

systems thinking approach with students are scattered 

throughout several newsletters, periodicals, eind web sites 

(see Appendix A for systems thinking websites). A clear lack 

of published research describing the benefits and drawbacks 

of a systems thinking approach in the classroom results in 

unsubstantiated claims of the merits of this method, 

including its potential to impact student thinking and 

achievement. 

Because of the limited amount of documentation about 

systems thinking in educational settings, this study explores 

the perceptions of teachers who are introduced to systems 

thinking emd describes teachers' conceptions of systems 

thinking as it is applied as a method of classroom 

instruction. 
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Approach to Research 

The research environment necessary for the investigation 

of teacher perceptions of a systems thinking approach include 

characteristics that would be expected in a systems thinking 

orientation to problem-solving. In discussing the importeince 

of context in research, Goulet and Dolbec (1989) relate 

Gestalt theory to systems thinking, emphasizing a holistic 

view which is derived from the relationship of the "figure" 

and the "ground." Using their premise, this study will 

examine the "figure" as the unit of study (teacher and the 

characteristics of teacher thinking eind teaching behaviors) 

within the context of the "ground" which is the environment 

within which the figure exists. Recommendations include the 

immersion of the investigator into the culture of the ground 

(classroom/school environment). In addition, Goulet and 

Dolbec (1989) stress that methods of observation and 

interview inquiry involve the process of "contacting the real 

person who is often hidden behind the 'ch«»racter' that one is 

expected to be in the organizational context" (p. 68). 

Given that this study presents a preliminary effort in 

exploring the teachers' emerging conceptions and 

implementation of systems thinking, the research approach 

will encompass an in-depth field investigation of a small 

population (n=4). The examination places teachers within the 

context of what they do within the confines of their role 

expectations, both in eind out of the classroom. The dual 

role of the participants as both "teachers" eind "learners" of 

a new way of thinking will define the "whole" of the study. 
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The boundaries of the unit of study will encompass both of 

these roles and the context of the participants' works. This 

ethnographic approach is applicable to the study of systems 

thinking within an educational setting. 

Research Questions 

The research questions in this study necessitate a 

qualitative investigation. This ethnographic design is 

consistent with the descriptive nature of study. These 

qualitative questions guide the study; 

1. What perceptions do teachers have about their own 

thinking as a result of a systems thinking orientation? 

2. What conceptual theories about teaching and learning 

do teachers identify in relationship to systems thinking? 

3. What benefits do teachers identify as a result of 

using a systems thinking approach in the classroom? 

4. What drawbacks or difficulties do teachers identify 

as a result of using a systems thinking approach in the 

classroom? 

5. How do student artifacts relate to teachers' 

perceptions of their thinking and/or teaching behaviors? 

Definition of Terms 

Definitions of the concepts and terminology included in 

this study emerge from an extensive review of literature (see 

chapter 2) of a variety of fields associated with systems 

thinking. There is vast discrepancy across disciplines in 

the definition of major concepts related to systems thinking. 
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Thus, when discrepancies exists, a discussion of the reasons 

for those differences is presented. 

System 

The word "system" is originated from the Greek word 

sunistanaie, which directly translates "to cause or stemd 

together" (Senge, Cambron-McCabe et al., 2000). Within the 

context of systems thinking, "A system is an entity that 

maintains its existence and functions as a whole through the 

interaction of its pazrts" (O'Connor & McDermott, 1997). 

Biological systems, financial systems, environmental systems 

and educational systems are typical, well-known systems. 

N. J. T. A. Kramer (1977) defines a system as "a set of 

interrelated entities, of which no subset is unrelated to any 

other subset" (p. 14). Systems aren't always explicitly 

visible or obviously recognizable. Systems are complex and 

encompass many components entailing numerous connections 

between those parts. 

Related terms include "systemic" and "systematic," in 

addition to fields of study such as Management Information 

Systems and Systems Engineering. For the purpose of this 

study, the term "system" refers to that which is defined 

without reference to mechanistic or computational 

orientations. Systems can be both mein-made (e.g. automotive 

system) and living (e.g. human system, plant system), and are 

intended to produce dynamic behaviors which are affected by 

the structure of the system (how the parts are interrelated). 
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A system, which is made up of interdependent parts, will 

change the way it operates if just one small part is changed. 

Systems Thinking 

Systems thinking is a discipline for seeing wholes and 

the interrelationships that generate patterns of change. It 

is the study of system structure eind its related behavior. 

Over the past four decades the concepts and tools of systems 

thinking have been developed and applied to a wide variety of 

fields and contexts. Senge (1990) describes systems thinking 

as "a sensibility for the subtle interconnectedness that 

gives living systems their unique character" (p. 69). 

Systems thinking provides a common leinguage that meJces it 

possible for individuals from a variety of backgrounds and 

disciplines to communicate their understanding of a system of 

interest (Kramer & de Smit, 1977; Senge, 1990). Anderson and 

Johnson (1997) delineate between peurts and wholes as they 

define systems thinking as "a school of thought that focuses 

on recognizing the interconnections between the pcurts of a 

system and synthesizing them into a unified view of the 

whole" (p. 130). The concepts and tools that are 

incorporated in the instructional agenda of "Introduction to 

Systems Thinking" training is described in Appendix B. The 

desired result of systems thinking methodology is to enhance 

the ability of teachers and students to identify eind describe 

systems of interest (e.g. cardiovascular systems, literary 

systems, mechanical systems), and provide insights about the 

dynamics those systems produce under certain conditions. 
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Thinking skills in systems thinking. Richmond (1993, 

1997, 2000) proposes seven different thinking skills or 

"cognitive processes" that experienced systems thinkers 

employ as they engage in problem-solving (see Appendix C). 

Although no formal sequence is intended, they each describe a 

discreet aspect of systems thinking, detailing peirticular 

concepts and implied tools. These seven skills provide a 

framework which assists and organizes the exploration of 

teacher thinking. The skills characterize not only the 

thinking involved but also specific behavioral manifestations 

that describe the thinking. 

One study examines the use of Richmond's seven systems 

thinking skills in developing a sequenced curriculum for 

grades 4-12 (Draper, 1992). Draper uses classroom 

observational data to develop his proposed sequence of system 

thinking skills for students in grades 4-12. He concludes 

that systems thinking should be viewed as a tool for learning 

and not a piece of content or curricula, emd that aspects of 

each type of thinking cein be incorporated at each grade level 

(grades 4-12). He does emphasize, however, that^ a 

developmental sequence is supported by his observations and 

involves the following: structural thinking, dynamic 

thinking, generic thinking, operational thinking, scientific 

thinking, closed-loop thinking, and continuum thinking. 

Other views of systems thinking. The generic nature of 

the term "systems thinking" results in a wide variety of 

definitions and applications. For the purpose of 
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clarification, discussion of other views are presented. 

Haines (2000) refers to systems thinking as a "new 

orientation to life" (p. 38). He specifies that the process 

of systems thinking is "backwards" thinking, beginning with 

the desired outcome and working backwards while discovering 

the core strategies that maximize the realization of the 

goal. 

Silvern (1965) describes a systems approach to the study 

of public education as an analysis-synthesis iterative 

process and concludes with his unique term "anasynthesis" as 

a description of such an approach. This view of systems 

thinking is sequential and narrow in scope and does not fully 

describe the intended meaning of systems thinking in this 

study. 

Kleiner, as a contributing author of the book Schools 

that Learn (2000), describes different approaches and views 

associated with systems thinking. His examples provide a 

comprehensive view of the breadth of systems thinking as both 

a meta-discipline and a meta-language (Checkland, 1999). 

Examples of various approaches include: organizational 

learning theory (Fullan, 1991); general systems theory (von 

Bertallanffy, 1951, 1955, 1968); the study of family systems 

(K£mtor, 1975); living systems thinking (Maturana, 1998); 

feedback-related systems thinking (Richardson, 1991); and 

system dynamics (Forrester, 1964, 1968). 

Richmond (1994) defines system thinking by first 

describing what it is not He claims systems thinking is not 

about the approaches or theories seen across fields eind 



throughout history listed above. He defines systems thinking 

as "the art and science of making reliable inferences about 

behavior by developing an increasingly deep understanding of 

underlying structure" (p. 139). Richmond's definition is 

consistent with the premise of this study as it describes the 

epistemology that influences the practicality of systems 

thinking as a thinking emd instructional tool. 

System Dynamics 

The first known application of systems thinking in 

education is documented at the graduate level at 

Massachusetts Institute of Technology and referred to as 

"system dynamics," (known at the time as Industrial dynamics; 

Forrester, 1968). System dynamics incorporates the concepts 

of systems thinking and utilizes computer modeling to 

explicitly describe system boundaries, structures, 

interdependencies and dynamics. A system dynamics approach 

delineates the boundaries of the systons of interest in order 

to fully surface the endogenous aspects of the system. When 

studying social systems, the relationships between the 

subsystems within a Icurger system and the nature of 

communication between those smaller systems is an important 

consideration. One of the challenges of system dynamicists 

is the establishment of boundaries, both temporal (time 

boundaries) and spatial when studying a system of interest. 

Thus, the closed nature of predetermined boundaries of a 

system encibles the endogenous dynamics to be better 

understood. George Richeirdson, a system dynamicist from the 
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State University of New York at Albany, clarified the term 

endogenous in his book Feedback Thought in Social Science and 

Systems Theory (1991). 

The endogenous point of view looks inside a complex 
system for the cause of its own significeuit behavior 
patterns. It can be contrasted to an exogenous point of 
view, in which problems are seen to be caused by forces 
external to the system, (pp. 15-16) 

An ongoing debate between the term "systems thinking" 

euid "system dynamics" weurrants discussion. For the purpose 

of this study, system dynamics is viewed as a subset of 

systems thinking. The frequent synonymous use of both terms 

generate both acceptance and criticism among members of the 

system dynamics community (Forrester, 1994; Richardson, 1991; 

Richmond, 1994). Systems thinking is a term that is used 

frequently, especially in recent popular press best-sellers 

(e.g. Senge, P., The Fifth Discipline). Richmond (1993) 

contends that there is too much debate over terminology and 

describes system thinkers as those specializing in the 

understanding of the interdependent relationships in systems 

which generate particular dynamics. However, Forrester, the 

eminent originator of the field of system dynamics, argues in 

an interview with Keough and Doman (1992), 

A clear distinction should be made between general 
systems thinking and the discipline of system dynamics. 
The former, systems thinking, is becoming a popular 
phrase to describe tctlking about systems, thinidLng about 
systems, and observing that systems are important. But, 
in general, it does not refer to the quantitative and 
dynamic analysis that constitutes real system dynamics. 
. . . Some people feel they have leeimed a lot from 
systems thinking, but they have gone less than 5 percent 
of the way toward a genuine understanding of systems. 
The other 95 percent lies in the rigorous system 
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dynamics—driven by the structuring of models and in the 
simulations based on those models, (p. 16) 

For the purpose of this study, systems thinking as an 

instructional methodology involves all that Forrester 

describes, including the dynamic analysis associated with 

system dynamic computer modeling. 

Systems Thinking Concepts 

The basic systems thinking concepts teachers were 

introduced to in initial training and which are relevant to 

curricula in most disciplines include the following; 

- change over time 

- circular causality 

- feedback 

- interdependence 

- leverage 

- short and long term consequences of actions. 

These concepts and associated tools are described in Figure 

1.1. 

Systems Thinking Tools 

The tools associated with systems thinking concepts 

entail visual representations of models of thinking, graphing 

and mapping tools, emd computer modeling (see Appendix D). 

The following tools were taught in introductory systems 

thinking training and were used in classrooms by teachers in 

this study: ladder of inference (see Appendix E); iceberg 

(see Appendix F); behavior over time graphs; causal loop 



diagrams; stock flow diagrams; computer modeling; and 

computer simulations. 
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Systems thinking concepts Systems thinking tools 

Change over time: 
trends, pattern of 
behavior 

Behavio. 
graph 

r-over-time 

Circular causality: 
causal relationships, 
circular feedback 

Causal loop diagram 

Interdependencies: 
mutual dependence 

Leverage: 
"What if" scenarios 
short and long-term 
consequences of actions 

stock f 

Compute 
si 

low di 

r mode 
mulati 

agram 

Is and 
.ons 

Fi<;^re 1.1. Systems thinking concepts and tools. 

Teacher Conceptions of Systems Thinking 

As defined by the American Heritage Dictionary of 

English Language (2000), conception is "the ability to form 

or understand mental concepts and abstractions; something 

conceived in the mind; a concept, plan, design, idea, or 

thought" (p. 381). The cognitive activity that teachers 
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exercise when learning a new methodology such as systems 

thinking generates new ideas and insights about personal 

theories of teaching and leeuming. These teacher conceptions 

are defined as those ideas and theories that teachers can 

articulate in conversation and/or model through observed 

teaching behaviors in a classroom. 

Teacher Implementation of Systems Thinking 

Teachers implement systems thinking as an instructional 

methodology in meiny different ways. At the most basic level, 

teachers can use preconstrueted lessons that have been 

created by other teachers of similar roles. Teachers can 

teach basic concepts of change over time using behavior over 

time graphs, or causal relationships using causal loop 

diagrams. They can also explore interdependencies with 

students using stock flow mapping and computer models. Other 

systems tools that teach pertinent concepts include the 

ladder of inference and the iceberg. Other than the explicit 

systems thinking tools that have been described above, 

teachers use systems thinking language in their questioning 

strategies emd in their responses to students. The 

implementation of systems thinking in the classroom is 

defined as the explicit teaching or application of a systems 

thinking concept, the teacher eind/or student use of a systems 

thinking tool, or the teacher and/or student use of systems 

thinking language during instruction. 
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Introduction 

In this chapter, literature relevant to this study is 

presented. The chapter begins with a discussion of the 

history of systems thinking including a description of 

several origins of systems thinking and other historical 

perspectives. Highlights of similarities and differences in 

the representation of systems thinking and related theories 

are presented. The influence of significant contributions to 

current interpretations and applications of systems thinking 

include discussion of the state of educational practice in K-

12 settings. Finally, the chapter focuses on issues relating 

to teacher training emd reseeirch findings about current staff 

development practices. 

History of Systems Thinking 

Origins of Systems Thinking 

Although much debate centers around the true origin of 

systems thinking, several significeint efforts contribute to 

what most believe is the origin of the discipline of systems 

thinking. In the mid-1940s, the cybernetics movement was 

inspired by the linking of engineer epistemology with that of 

the social sciences. The mathematicians Weiner and Bigelow 

worked on developing euitiaircraft technology, known as 

servomechanisms, by using mechanical feedback about current 

states that contribute to modifying actions, thus moving a 
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system closer to a goal. Together with Harvard scientist 

Rosenbluth, who studied "purposeful tremors" in patients, 

they recognized the similarities in both machine and human 

systems. In the article, Behavior, Purpose, and Teleology 

(1943), Rosenbluth, Wiener, emd Bigelow divide all active 

behavior into two categories: purposeful (behavior directed 

towards a goal) and non-purposeful (random). In their 

discussion, they posit the logical application of a formerly 

accepted notion of "feedback" in the mechanistic world to 

that which exists in purposeful behaviors, thus formulating a 

behavioristic view of human behavior. 

Some consider the birth of biological sciences, a field 

that emerged from classical Newtonian science in the early 

part of the 20th century, as the impetus for the development 

of systems thinking (Checkland, 1999). Biology establishes 

the study of living things as systems, focusing on the 

organism as a complex entity composed of numerous subsets 

which behave interdependently to survive. One of the 

prominent theoretical biologists of the 1950s, Austrian 

Ludwig von Bertallimffy is considered a great contributor to 

the systems movement as he contends that like organisms, 

social structures exist in a variable environment from which 

they are exposed to inputs which perpetuate their existence. 

All orgcmisms transform those inputs, taken from the 

environment to output including activities, products, and 

behaviors. Recognizing that a systems approach can be 

applied to all social organisms and be extended to euiy other 
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system of interest, he established his new "General Systems 

Theory" (von Bertallanffy, 1951, 1955, 1968). 

Richardson (1991), in his book Feedback Thought in 

Social Science and Systems Theory, defines feedback as "a 

circle of interactions, a closed loop of action and 

information" (p. 1). From the engineering world, 

servomechanisms use feedback loops in terms of differential 

equations. Social sciences use words and diagrams to 

describe feedback relationships as in self-fulfilling 

prophecies, "what goes around comes euround" scenarios, and 

vicious and virtuous cycles. Richardson describes the 

initial collaborative work of Rosenbluth, Wiener, and Bigelow 

(1943) as integral to the formulation of the cybernetic 

movement. 

A cybernetic methodology, primarily utilized in 

organizational settings, involves a theory of control in a 

self-correcting system. Using the basis of engineering emd 

applied mathematics in computers, cybernetics provides a 

framework for tracking eind establishing a communication flow 

in biological systems (Liebhardt, 1990). 

Historical Perspectives 

Importance of the "whole.A number of other 

perspectives are considered to provide a comprehensive view 

of systems thinking. Checkland (1999) in an historical 

discussion about systems thinking describes three 

orientations to this meta-discipline that clarifies the 

generic applications to many fields. Checkland's study of 



the "wholes" in nature, the "human-designed systems," and the 

"study of human affairs" in the fields of management and 

information systems encompass a usable framework for 

understanding the scope of systems thinking. In natural 

systems, biologists and ecologists attend to the cycles of 

growth and decay and utilize systems concepts and tools to 

predict and test out scenarios to best understand patterns 

and trends. In human-designed systems, the focus is on 

controlling behavior and designing structures which will 

maximize the controllability of a system. Checkland contends 

that the first two system categories typically have a close 

relationship with reality, or the world as it is. The third 

however, involves the establishment of a specific objective, 

and then efforts to engineer systems are put into place to 

meet that objective. Basically, a new reality is created to 

satisfy the desired result. 

In 1912, philosopher-psychologist Max Wertheimer 

described Gestalt psychology as the study of patterns or 

configurations within the context of an organized whole in 

contrast to the identification and examination of the peurts 

(Bigge, 1964). Gardner Murphy (1949) discussed the thinking 

frcxn pre-Socratic Greece as he argued that things can best be 

understood through "laws of arremgement" or "principles of 

order," rather than the isolation of specified individual 

elements. These laws and principles contend that things can 

best be understood by the examination of the whole, rather 

than the atomist approach of attending to the parts making up 
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the whole. The former is considered by some as early Gestalt 

theory eind is also characteristic of systems thinking. 

Hard and soft systems thinking. Another distinction 

that is cited throughout the literature is the difference 

between "hard" and "soft" systems thinking (Checkland, 1981; 

Forrester, 1994; Jackson, 1991; Thomas, 1989). Hard systems 

thinking assumes that systems can be engineered to enact 

prescribed desired results. Hard systems thinking operates 

within a rigorous quantitative foundation. Soft systems 

thinking interprets the world as complex and impossible to 

accurately depict. The soft orientation is derived less from 

the positivistic aspects of quantifiable sciences, and more 

from the study of phenomena as understood through exploration 

of experience and interpretation. Checkland (1999) says that 

"the process of enquiry into the world can itself be 

engineered as a learning system, one in which soft systems 

thinkers have the option consciously to adopt the hard stance 

if they so wish" (p. 52). However, some argue that soft 

systems thinking is too subjective and has a limited domain 

of application (Jackson, 1982). 

A distinguishing difference between the hard emd soft 

approach entails the view of a system as to how it really 

exists (hard) versus the consideration of the veuying 

perspectives of how the system is understood (soft). It is 

the intent of this study to blend the language of hard and 

soft systems thinking. The practices of the soft tradition 

including the value of varying perspectives and the 



examination of the system within the context it exists, emd 

of the hard tradition of utilizing data and scientific 

inquiry to understemd the realistic behavior of a system are 

deemed importzuit aspects of a teacher's developing capacity 

to understand and use systems thinking in the classroom. 

Systems Thinking in Education 

In education, John Dewey may be recognized as one of the 

first systems thinkers to describe learning. He describes 

learning as an iterative cycle of invention, observation, 

reflection and action. As described in two pivotal works by 

Dewey, The School and Society (1900) and The Child and the 

Curriculum (1902), students develop capability within the 

flexible boundaries of school, family, and community, with 

experience and the relationships students have with those 

experiences as the most significant influences to learning. 

It can be argued that the manner in which schools are 

structured have chcinged little since the Industrial 

Revolution. Students study subject matter in fragmented 

segments, and move froa one grade level to another paced with 

the progression of chronological growth. From a systems 

perspective, there must be reasons why schools work to retain 

such long-practiced traditions. School is a common 

experience which is relevemt to most members of society, and 

the comfort derived fran that which is known and familiar may 

in fact diminish efforts to cheuige. 
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Current Perspectives 

Challenging the mechanistic, assembly-line structure of 

today's public schools, Senge, author of The Fifth Discipline 

(1990), is critical of the lack of innovation and cheinge in 

education. His blame does not point to a lack of capability 

in educators, but to a perspective that can be understood 

based on the philosophical and theoretical history of 

education. He says. 

There eire another set of transcendent assumptions that 
are embodied in the institution we call school, how it 
is organized and the way it does what it. does. Like our 
deep assumptions about learning and the nature of humein 
development, these assumptions—about specialization, 
the nature of knowledge, and stages and speed—are very 
difficult for us to see, because we have lived in the 
institution we call school for much of our lives, (p. 
56) 

In the populeur press, meuciy business and political 

leaders call for new ways of thinking and acting in order to 

manage the ccxnplexity of the problems of the 21st century. 

John Sterman (1994), a leading well-known system dynamicist 

contends, "The challenge facing all is how to move from 

generalization eibout accelerating lecuming and systems 

thinking to tools and processes that help us understand 

complexity, design better operating policies, and guide 

organization—euid society-wide learning" (p. 292). 

Research in Educational Settings 

The Systems Thinking and Curriculum Innovation Network 

(STACI) Project which was funded by the U.S. Depeirtment of 

Education and the Educational Testing Service conducted 
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research to explore the impact of a systems thinking approach 

using computer simulation modeling softweire. The purpose of 

the project was to test the use of technology in problem-

solving approaches to instruction and the teaching of 

content-specific knowledge (Mandinach & Cline, 1994). The 

systems thinking approach of the STACI Project consists of 

three interrelated elements: system dynamics, STELLA (a 

modeling software created by High Performance Systems, Inc.) 

and the Macintosh computer. In em eirticle in the System 

Dynamics Review, Mandinach and Cline (1993) conclude that 

"Modeling broadens the range of cognitive representations and 

instructional strategies that students emd teachers bring to 

bear in solving problems" (p. 205). The findings describe 

computer modeling as a means for generating hands-on leeurning 

with active psurticipation while problem solving. 

Richmond (1993) cites results of the implementation of 

systems thinking in schools, claiming increases in student 

motivation, higher rates of student assimilation, decreases 

in disciplinary instances, and increases in students' 

capacity for critical thinking. Although Richmond and others 

(Draper & Swanson, 1990; Peterson, 1990) have observed and 

written eibout some of these isolated student results, and 

have published several papers citing anecdotal stories about 

student successes, conclusions remain unsubstcuitiated and 

premature. Very little valid, statistically significant 

evidence of the effects of systems thinking on student 

learning exists. 



Richmond (1993) suggests three approaches that 

simultaneously formulate a new learning gestalt that support 

an evolution of the current educational system: the 

educational process, a thinking paradigm, and learning tools. 

The education process refers to learner-directed learning 

which necessitates a rethinking of the traditional "teaching" 

role. In addition, the process espouses a theory of learning 

as a construction rather them assimilation. Richmond borrows 

from both Piagetian and Vygotskian learning theories as he 

explains, "Meaning and understanding are 'making' processes, 

not 'imbibing' processes. Extending this assumption leads to 

the conclusion that because there are meuay strategies for 

'making,' learning cannot be standardized" (p. 115). 

Systems thinking paradigm. A systems thinking paradigm 

provides a framework for thinking in circles or feedback 

loops. The shift from one-way, linear thinking to circular 

causality generates a new way of looking at the world; a 

shift from a sequential, stimulus-response, lineeir view to a 

dynamic process of interdependent relationships. 

The tools for lecuming a systems thinking peuradigm 

within a learner-directed learning setting include the 

traditional textbooks and chalkboard in addition to other 

visual tools that consist of both computer and non-ccxnputer 

orientations. Visual tools include behavior over time 

graphs, causal loop diagrams, and stock-flow mapping (see 

Appendix D), which can be further enhcuiced to build computer 

models of systems. 
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Systems Thinking as an Instructional Method 

The methodological status of systems thinking is still 

unclear. Some cirgue that systems thinking is a meta-

discipline encompassing a language which can be used to 

discuss the subject matter of many different fields 

(Checklemd, 1999). Others describe it as a "style" or "art 

of problem-solving" (Gasparski, 1991). Philosopher Ervin 

Laszlo (1972) discusses the merits of systems thinking, 

illustrates the unfortunate consequences of specialization, 

emd identifies its inevitable barriers to knowledge and a 

better understanding of reality. Laszlo contends. 

We are drilling holes in the wall of mystery that we 
call nature and reality on many locations, and we carry 
out delicate analyses on each of the sites. But it is 
only now that we are beginning to realize the need for 
connecting the probes with one another and gaining some 
coherent insight into what is there, (p. 4) 

In the business world, systems thinking is seen by some 

as a conceptual framework with delineated concepts, a full 

eirray of tools working to magnify the "whole" of a system and 

surface the patterns of behavior, and the interrelationships 

that exist between the parts so that the complexity of a 

system appears more manageable and less overwhelming (Senge, 

1990). By others, the capacity to view a problem from a 

systems thinking point of view may have opposite effects. 

Tendencies to focus on one part of a system, rather than the 

whole and the relationships within the whole, may be 

considered more managecible emd less overwhelming. 

Systems thinking is the method of instruction of 

interest in this study. The use of the term "method" to 
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describe this cognitive orientation brings caution to the 

interested teacher looking for new ways of encouraging 

student thinking. In a discussion about methodology, 

Noddings (1992) reminds. 

The desire to reduce teaching and learning to one well-
defined method is part of a larger pattern in science, 
epistemology, and ethics . . . Philosophers, 
scientists, ethicists, and many other thinkers have 
tried since the time of Descartes to substitute 
foolproof method for a situated, living human being 
who must think and decide, (p. 7) 

Systems thinking methodology, as a method of thinking and the 

representation of that thinking, encompasses the unique 

perspective from which a system is studied and the context 

from which the system exists. Nodding's weimings are 

considered and acknowledged within the confines of a systems 

thinking orientation. 

Teacher Learning 

The challenge of training teachers in a systems thinking 

approach outside of undergraduate and graduate degree 

programs is problematic. The time needed for leeuniing, the 

expense of training, and the expertise necesscury for teachers 

to be cible to use such a methodology sire factors that 

minimize the effective implementation of new instructional 

methodologies. Richmond (1993) provides a guiding question 

that frames this dilemma both for schools and, in general, 

society's own thinking and leciming. He asks. 

How can the fram^ork, the process, and the technologies 
of systems thinking be transferred to the rest of the 
world in an amount of time that is considerably less 



than what it currently takes to get a master's or Ph.D. 
degree in our field? (p. 114) 

Studies have shown that schools vary in the level of 

learning opportunities afforded to teachers smd also vary in 

examining the source of new ideas which interest teachers 

{Rosenholtz, 1991). In Rosenholtz's research of schools with 

high levels of learning opportunities she finds that 

creativity, problem-solving, and faculty collaboration are 

the most prevalent sources of teacher renewal. Whereas, in 

impoverished schools with little opportunity for teacher 

learning, teachers appear content to complete routine tasks 

with little change or experimentation. She also finds that 

in the latter schools, teachers see their teaching as 

"instinctive" and find little use for augmentation. This 

study focuses on teachers interested in learning and applying 

systems thinking. The study does not consider motivational 

factors or conditions that would initially interest a teacher 

in a new instructional methodology. 

Conditions that Support and Hinder Teacher Learning 

Studies have shown that teacher skills, attitudes and 

environmental conditions affect the degree to which teachers 

leam new methodologies or adapt models of learning (Joyce & 

Showers, 1988; Weil & Joyce, 1978). Learning can be defined 

as ". . .a function of the amount of active mental effort 

invested in the exercise of intelligence to accomplish 

cognitive work" (Snow, 1982, p. 5). Learning a new method of 

instruction is time intensive, especially as in systems 



thinking, when an individual is challenged to think about 

complex systems in novel ways. 

The quality of the initial training or intervention, 

adequate opportunities for teachers to observe models of best 

practice, reasonable practice opportunities, and coaching 

support are all essential characteristics that positively 

impact classroom implementation of a new instructional 

method. A theoretical foundation should also provide 

teachers with the answer to "why" the method is worthy of 

consideration and consistent with other efforts to meucimize 

student learning. Bennett (1987) contends that when 

conducting teacher training, the most effective training 

methods include a theoretical foundation along with 

demonstration, practice, feedback results, and coaching. 

Follow-up support after initial training opportunities 

is cited as crucial for long-lasting transferable learning 

(Joyce & Showers, 1983, 1988; Weil & Joyce, 1978). Coaching, 

peer study groups, peer observation, and collaborative 

networks are all structures that work to maximize teacher 

learning. Structured time allocated for teacher 

collaboration during the school day optimizes opportunities 

teachers have to problem-solve, discuss, and process new 

skills and methods that are being practiced and perfected 

(Fullan & Pomfret, 1977; Schein, 1992; Zemelman, Daniels, & 

Hyde, 1998; also see How People Leam, National Reseeirch 

Council, 1999). Too many times teachers are required to 

attend one-shot introductory trainings during the summer and 

be expected to effectively implement new strategies without 
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the benefit of hands-on practice, follow-up coaching, or 

collaborative support. School districts are challenged in 

times of high budgetary demands with the development of 

professional learning opportunities that include structures 

that support teacher learning. Many times, districts are 

financially limited and invest in one-shot workshops without 

consideration of effective follow-up services. 

The level of challenge and difficulty of the new method 

is also an important consideration for teacher learning. If 

the method encompasses a completely novel approach that has 

never been experienced by the teacher, it is expected that 

time to leam, practice, and effectively implement the method 

would be a lengthy process. The level of discomfort a 

teacher can tolerate, the level of persistence that is 

optimal for managing such discomfort, and external forces 

that establish the expectations and time lines for such 

learning are factors that need to be considered (Joyce & 

Showers, 1988). Figure 2.1 depicts one familiar scenario of 

a vicious cycle of external pressure, teacher discomfort and 

avoidance behaviors for learning that depicts undesirable and 

unrealistic expectations for teacher learning. Thus, it is 

critical that teachers be provided an adequate amount of time 

to both master new skills eind methods and to transfer that 

new learning to the classrocm environment. One- or two-day 

workshops without follow-up support, including coaching 

and/or structured collaboration, do not provide enough time 

to develop competence to apply a new skill or method in the 
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classroom (Joyce & Showers, 1983). In addition, Joyce and 

Showers (1988) contend that 

. . . fully elaborated training systems develop a 
"learning to leaum" aptitude; that, in fact, individuals 
leam more efficiently over the long term by developing 
the metacognitions that enable self-teaching in settings 
where essential training elements eire missing, (p.72) 

Personal discomfort 

Avoidancc behaviors 

Pressure to leam new methods 

Efforts to leam new methods 

Implementation of new methods 

Figure 2.1. Vicious cycle of the effects of external 
pressure on teachers. Drawn upon wide reading, 
especially that of Joyce eind Showers, this reinforcing (R) 
causal loop serves as a synthesis of pertinent literature. 
As pressure to leeim new methods increases, personal 
discomfort of teachers increases, which increases 
avoidance behaviors. Avoidance behaviors decrease efforts 
to leam new methods, therefore decreasing implementation 
of new methods which feed into increased pressure to 
leam new methods, and so on. 
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The ability for teachers to internalize the theory and 

concepts of a new method of instruction is a cognitive aspect 

that is typically underestimated in professional develofanent 

activities. This metacognitive approach exceeds basic skill 

instruction and challenges teachers to reflect upon and 

integrate the new method into existing instructional 

repertoires. 

In times when standards for student learning are the 

focus, resulting in increased expectations for professional 

development (e.g. recertification credits, pay increases 

based on professional development hours) cuid pressure on 

schools to reform for the sake of improvement, teacher choice 

and intrinsic motivation for learning appears to be waning. 

Although this study does not examine teacher motivational 

aspects for learning new methods, there is limited research 

supporting choice and volunteirism as optimal for effective 

professional developnent programs (Showers, Joyce, & Bennett, 

1987). So often, schools adopt a comprehensive improvement 

plan that necessitates teachers learning new skills, methods, 

or programs. The organizational premise of "commitment after 

competence," may be challenged as teachers are pressured to 

enroll in school-wide reform efforts before a level of 

understanding emd competence is achieved (e.g. "Success for 

All"). This view of professional development can be viewed 

as having the end (adoption of a program) way before the 

means (teacher leeiming and professional development), thus 

trivializing the effort necessary for developing and 

nurturing effective, learning opportunities for teachers. 
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Sustaining enthusiasm for a new method as teachers invest 

time and effort in the leeiming process is a challenge which 

should not be underestimated (Showers, Joyce, & Bennett, 

1987). One question that teachers often ask as new methods 

or programs are introduced, "Is this the next flavor of the 

month?" Teachers are accustomed to the fleeting nature of 

innovations that pop up continuously, as they are encouraged 

to leam and adopt faddishly popular instructional practices. 

Teacher burnout. As a multitude of school reform 

initiatives seep into school communities, teachers are faced 

with increased expectations for student achievement and the 

need to expand their own repertoire of instructional methods. 

Teacher burnout, low morale, and job-related stress have been 

identified as some of the systemic effects of school reform 

(Darling-Hammond, 1984; Dworkin, 1997). 

Dworkin argues that stress is a contributing factor to 

teacher burnout, especially the stress that is associated 

with the changing expectations associated with school reform 

efforts. 

Teacher biimout is the product of job-related stress, 
frequently organizationally and structurally created. 
Although many cases of burnout can be traced to the 
absence of collegial support on the part of campus-level 
administrators or to district-level attempts to deny 
teachers their professional status eind autonomy, teacher 
burnout over the past decade can also be traced to the 
implementation of school reform. This is because 
changes in the conditions of teaching occasioned by 
school reform add to job stress, even if the reform is 
intended to increase the degree of decision-meiking 
accorded to teachers, (p. 459) 
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Those teachers who possess and practice effective coping 

skills are more likely to handle the stress associated with 

teaching and therefore less likely to experience burnout. 

Dworkin further asserts that burnout is more closely 

associated with inexperienced teachers than those teachers 

with 5 or more yeeirs of teaching experience. 

Teacher innovation. While stress and burnout cure 

important considerations when examining the teachers who are 

faced with changing expectations, the factors that generate 

and nurture innovation are also considered. The degree to 

which the teacher views the new methodology, innovation or 

reform strategy as valuable and worthwhile greatly 

contributes to the effectiveness of the new inclination 

(Rogers, 1983). Doyle and Ponder (1977) suggest that 

teachers consider and make judgments about new innovations 

based upon three factors: (a) the practicality of the 

innovation; (b) the degree to which the innovation is 

congruent with existing philosophies and practice; and (c) 

the time and effort needed to implement the innovation. 

The degree to which a teacher is eible to take a new idea 

cuid adapt it based on existing skills, capabilities and 

external expectations is significant in the study of 

innovation in the classroom (Randi & Como, 1997). One of 

the questions Randi and Como ask is "When re-examined 

through the lens of innovation, what Ceui practitioners' 

adaptations of instructional innovations reveal eibout how 

teachers learn?" (p. 1165). They argue that "teachers infer 
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new knowledge and invent new practices based on instructional 

models introduced by resecirchers and others. Classroom 

innovations are thus co-constructed and socially derived" (p. 

1166), 

Coaching. When teachers eire involved with staff 

development workshops that teach new methodologies, the 

importance of post-workshop collegial support for those newly 

acquired practices and skills is often overlooked (Joyce & 

Showers, 1988). Joyce and Showers contend that limited 

opportunities for follow-up and collaborative structures that 

keep new ideas and methods alive for teachers diffuse the 

impact of the initial intervention. In addition, limited 

collegial support increases the stress level of teachers when 

expectations for quick, effective implementation are present. 

Numerous staff development researchers argue that coaching 

and other structures that support collaborative teacher 

learning are critical factors in successful professional 

development (Joyce & Showers, 1981, 1982, 1983; Rosenholtz, 

1991; Showers, 1984; Weil & Joyce, 1978). 

When teachers have the opportunity to be observed in the 

classroom and participate in collaborative feedback sessions, 

they are more likely to be reflective about their practice 

and internalize new instructional skills (Pasch & Harberts, 

1992). Showers (1982) curgues that coached teachers are more 

likely to practice n&a strategies and develop skill in 

implementing the new strategies them teachers who cure not 

coached, even though both groups had experienced the same 
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initial training. After initial training opportunities, 

coaching and other collaborative structures are critical to 

the quality of teacher learning experiences. 



CHAPTER 3 
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Introduction 

This chapter discusses the research methods and 

procedures with other information necessary for an 

understeinding of the study design, methodology, emd 

investigative process. 

A restatement of the problem and the purpose of the 

study begins the chapter. The research design, along with a 

brief description of the conceptual framework used to guide 

the design of the study is described. The conceptual 

framework depicts a teacher learning process as new concepts 

and implementation strategies emerge when introduced to 

systems thinking. Resecirch questions are described, as are 

sampling procedures, instrumentation design emd development, 

data collection, and methods of data analysis. Finally, the 

limitations of the methods eind procedures of the study eure 

outlined. 

Restatement of the Problem and 

the Purpose of the Study 

This research study was designed to explore teachers' 

emerging conceptions and implementation of systems thinking 

as an instructional methodology. Systems thinking is a 

cognitive orientation which encompasses concepts emd tools 

for gaining a deeper underst£uiding of the problem at hand. A 

systems thinking approach to classroom instruction is a 
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relatively new instructional method, and effects of this 

approach have not been comprehensively documented even though 

interest in this method is growing rapidly. 

Although this approach has been primarily utilized in 

graduate level programs and the business community, newly 

developed national and state educational standards eind 

benchmeurks for K-12 education, and federal recommendations 

for skills needed for the work place of the new century (see 

Skills for a New Century, SCANS, 1999, 2000), explicitly 

incorporate systems thinking as an essential component to a 

student's K-12 educational experience. In addition, several 

publications in the current popular press support and 

encourage K-12 applications of systems thinking (e.g. Senge, 

1997; Senge, Cambron-McCabe et al., 2000). 

The purpose of this study is to describe the emergence 

of teachers' understanding of systems thinking, both as a 

conceptual process and as an instructional methodology. 

This study characterizes the process four different teachers 

go through as they leam about systems thinking, as they 

begin to apply the concepts and tools in their classrocxns, 

and as they begin to formulate their own theories about its 

effect on student learning. The study focused on four 

teachers who teach at the same middle school and who were 

initially new to this methodology. The investigation tracked 

the process the teachers went through as they developed 

systans thinking skills cind capeJailities throughout one 

school year. 
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Conceptual Framework 

This study examined the iterative process teachers go 

through when they eire learning eibout a new way of thinking 

that can be used as a new instructional methodology. It is 

theorized that after introduction, teachers formulate 

conceptions about systems thinking that build upon previous 

leeuming and generate new ways of thinking. Once initial 

conceptions cure formulated, the teacher can seek assistance 

to generate applications for implementation in the classroom. 

Then, the teacher revisits initial conceptions about systems 

thinking as an instructional methodology. A general 

framework of the process is characterized using an upward 

spiral path (see Figure 3.1). After an initial introduction 

to systems thinking, teachers formulate initial conceptions, 

seek outside assistance, implement in the classroom, revisit 

conceptions, and so on. Each rung of the spiral represents a 

segment of a continuous learning process, but explicitly 

characterizes each iteration as a "process of learning," 

which builds on previous experience. 

This framework describes a theory of teacher leeuming 

and implementation and provides an organizational structure 

to the collection and analysis of pertinent data. The 

sources of data that provide a basis for the description of 

each teacher's learning journey with systems thinking include 

teacher journals, teacher interviews, classroom observations, 

study group observations, and student artifacts. Limited 

data involving student artifacts are supplemental sources of 

information that serve to clarify teacher perceptions of 
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Figure 3.1. Systems thinking: A conceptual 
framework of teacher leeiming. 
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student learning. Student artifacts are supplemental to the 

focus of this dissertation and not considered as primary data 

sources for the investigation. 

Research Design 

This study utilized qualitative methods of 

investigation, citing the qualitative process described by 

Miles and Hubermein (1984). An ethnographic approach to 

exploring teachers' emerging conceptions and implementation 

of systems thinking is consistent with the premise of systems 

thinking, in that a "truer picture of reality" with increased 

validity can be seen if examined within a natural context, 

from a variety of perspectives, using multiple means of 

examination (Altricher, Posch, & Somekh, 1993; Freeman, 

1998). Mason (1996) encourages qualitative researchers to 

"think, plan and act in systemic and rigorous ways in the 

research process" and to be aware of "a sensitivity to the 

changing contexts and situations in which the research takes 

place" (p. 5). 

Qualitative Study 

In the study of system thinking, which can be 

characterized as dynamic, interdependent cognitive activity, 

and its impact on teacher thinking and behaviors, it is 

necessary to maintain an open-ended research approach. 

Qualitative inquiry enables the provision of such information 

and produces descriptive data which is drawn from the teacher 



peirticipant's own written and spoken words (Taylor & Bogdan, 

1984). 

Teacher participants were asked to maintain a journal 

depicting their thoughts and insights associated with a 

systems thinking approach to their teaching as directed by 

predetermined questions. In addition to responding to 

questions, journal entries provided teachers an opportunity 

to report information eUx)ut their interaction with systems 

thinking, including the reading of articles and/or books, 

computer-based tutorials, and/or related conversations with 

others. Informal interview sessions and documented dialogue 

during coaching sessions, along with classroom observations 

provided additional data describing participants' le«irning 

opportunities, insights, and teaching behaviors as they 

clarified their thinking and their actions. Miles and 

Huberman (1984) support this methodology contending that 

qualitative data provide a valuable source of well-grounded, 

rich descriptions and explemations of processes which occur 

in local contexts. 

Two basic types of qualitative data, "descriptive" and 

"contrast" infojnnation, were collected during the study using 

both journal and interview documentation (Spradley, 1979). 

Descriptive information focused on participants describing 

their thinking etnd teaching behaviors. Peshkin (1993) 

categorizes descriptive resecorch as outcomes of processes, 

relationships, setting and situations, systems, and people. 

In this study, descriptive research delved into the 

peLtticipants' thinking and teaching practices within their 
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unique contexts. For example, teachers were asked, "Can you 

describe the process you currently use for planning 

instruction?" and "Can you describe any thoughts or insights 

you had as a result of using a systems thinking tool while 

teaching your students?" 

Contrast information required the participants to recall 

similarities and differences in their thinking and teaching 

practices as they examined the effects of a systems thinking 

approach. For example, teachers were asked, "In what ways 

does a systems thinking approach result in similar (or 

different) questioning strategies in your classroom?" and "Do 

you approach instructional planning any differently now 

compared to last yeeir, and if so, how?" 

Research Questions 

1. What perceptions do teachers have about their own 

thinking as a result of a systems thinking orientation? 

2. What conceptual theories about teaching and lezuming 

do teachers identify in relationship to systems thinking? 

3. What benefits do teachers identify as a result of 

using a systems thinking approach in the classroom? 

4. What drawbacks or difficulties do teachers identify 

as a result of using a systems thinking approach in the 

classroom? 

5. How do student artifacts relate to teachers' 

perceptions of their thinking emd/or teaching behaviors? 
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Sample 

Participants were volunteer teachers from em urban 

middle school in northwestern United States. There were four 

teachers who were new to systems thinking and were willing to 

participate in the study. The middle school comprised 521 

sixth through eighth grade students with a racial/ethnic 

meikeup of 57% African-American population, 30% Caucasian, 

6.5% Hispanic or Latino, 4% American Indian or Alaskan 

Native, and 2.5% Asiein. Seventy-seven percent of all students 

were eligible for free or reduced lunch; 36% of the student 

body were new to the school. 

Since it is important to identify teachers new to the 

systems thinking approach, staff members were considered who 

only recently demonstrated interest in exploring a systems 

thinking approach as a new instructional methodology. The 

participants were identified from a pool of teachers who 

voluntarily participated in an introductory summer training 

session in systems thinking or an equivalent introductory 

training session. No random selection was used, eind 

participation was dependent on teachers volunteering from the 

pool of newly trained teachers. All volunteer peurticipcints 

were accepted into the study. 

The four participants included one male and three female 

teachers. Other interested teachers were deemed not eligible 

because of their extensive background in systems thinking and 

because of personal situations that would limit their ability 

to participate for a full school year (e.g. maternity leave 

of absence). 
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The participants were identified by the school's systems 

thinking project coordinator and were invited to voluntarily 

participate. The primary investigator traveled to the school 

once per month to conduct informal interviews and classroom 

observations, to make observations of coaching sessions, and 

to collect journal entry information. 

Data Collection and Research Instrumentation 

The research instruments that were designed to collect 

data in this study included: (a) teacher journal entries; (b) 

notes from informal interviews of teachers, coaching sessions 

and small-group meetings; (c) classroom observations, field 

notes; and (d) archival student data supplied by teachers. 

Each of these instmments is described here. 

Journal Entries 

Each teacher participant responded electronically to 

predetermined questions via email in a reflection journal 

format. The questions focused on systems thinking and the 

conceptions teachers had about their own learning and that of 

their students, various approaches to teaching, and other 

classroom practices, such as instructional planning, 

instructional delivery, classroom meuiagement, emd assessment. 

Each teacher was asked to respond to the questions via email. 

Initially, all teacher participcuits responded to the same 

three questions every other week by writing responses and 

sending them electronically. It was expected that each 

response session necessitated approximately 20 minutes. 
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Journal entries were reviewed during one-on-one coaching or 

informal interview sessions in order to clarify content as 

needed. The questions were both descriptive and contrast in 

nature. For example, the first set of questions which 

teachers responded to during the initial 4-week period was; 

1. In reviewing your instructional plans from the past 

week, what (if any) systems concepts naturally connected to 

the curriculum you were teaching? 

2. Describe euiy systems lessons you taught recently find 

the nature of some of these lessons. 

3. Can you describe your thinking in relationship to 

your teaching that may be related to a "systems orientation" 

to classroom instruction? Can you provide one recent 

example? 

4. Can you describe any changes or new insights you had 

in your thinking and/or teaching? 

5. Thinking about the curricula and lessons you taught 

last year, how (if at all) have you changed how you currently 

teach similar units/lessons? 

6. Has applying systems thinking had any negative impact 

on you, or your students? 

As new themes emerged from the teacher journal entries, 

questions were designed to investigate those th^es. During 

the first half of the study (September-November), joumad. 

questions remained consistent for all teacher participants. 

During the second half of the study the questions were 

designed to match each individual in both the context of 

his/her teaching, the nature of his/her learning, and as 
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follow-up inquiries to previous journal entries. This 

qualitative approach is supported by Mason (1996) as she 

reinforces the importcince of flexibility within a research 

environment of changing contexts such as that which exists in 

classrooms. 

Informal Interviews, Coaching Sessions, and 

Small Group Sessions 

Teachers met with the primary investigator once per 

month in em informal interview, and either a coaching session 

or small group session. Small group sessions, with more than 

one teacher participant, were scheduled when group planning 

or a joint coaching meeting was desirable. Informal 

interviews provided participants the opportunity to further 

explain or cleurify their journal entries, eind respond to 

follow-up questions. During this time, teachers had an 

opportunity to describe their teaching, the nature of their 

classrooms, and their assessment approaches. Notes were 

taken during these meetings in order to document teacher 

ccxranents, questions, insights and plans for the future. 

Seidmcui (1991) discusses the value of interviews as 

individuals make meaning of experiences within their own 

context, providing the investigator access to an 

understanding that may not be apparent through observation 

alone. 
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Classroom Observation 

Monthly classroom observations enabled the teacher to 

demonstrate the teaching and classroom characteristics that 

he/she described in both the journal and informal interviews. 

Although it was not expected to observe all that is both 

talked about or described in writing, observations provided 

another means for validating the information teachers shared. 

The observations were scheduled and announced ahead of time 

so that the teacher could decide the most opportune time for 

observation. Observations served as a check point to see if 

there was a match between the information the teacher 

provided in the journal entries and the informal interviews 

with what was actually occurring in the classroom. 

Archival Data 

Data was supplied by the teacher when supporting 

evidence from student work, test scores, and lesson plans 

were relevant and appropriate. When appropriate, 

standardized test scores, attendance records, aggregated 

language and/or special education classifications, average 

test scores or report card grades were collected. At no time 

were student names or identities associated with work samples 

or other products requested in the data collection process. 

Validity 

Throughout the study, efforts to check the accuracy of 

data collected were made. Several summary methods (behavior 

over time graphs and support continuum) asked teachers to 



recall and retell information discussed at eeurlier tiroes. In 

addition, all field notes were typed and sent to each 

participant to check for accuracy in both information and 

representation. Each participant had em opportunity to 

suggest modifications to the investigator's notes. Although 

this member checking process ensured increased comfort for 

each participant, modifications suggested by each participemt 

were compared to data collected and were considered 

independently during the analysis. 

Reliability 

During the final stages of the study, a neutral reader 

independently reviewed the journal entries and wrote 

interpretations of the factual data presented as a means to 

minimize investigator bias. Acceptable levels of agreement 

between the investigator and the neutral reader were set at 

80%. This area is further discussed in the "Limitations to 

Research Methods" section of this chapter. 

Data Analysis 

Data analysis involved both a triangulated approach to 

the reading and interpretation of the data and the 

consideration of two models of euialysis. First, Mason (1996) 

suggests three levels of analysis when "reading data," 

including literal, interpretive, and reflexive levels. The 

most difficult being literal because it can be argued that a 

pure literal reading of data is impossible because of the 

nature of the social world from which the data are being 
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collected. The interpretive level involves the construction 

or documentation of a version of what the data might meem or 

represent. Interpretive levels focus on the context from 

which the data are collected. The reflexive level explores 

the role of the investigator and degree to which that 

individual is implicated in the data collection process. 

Secondly, Miles and Huberman's (1984) interactive model 

of data analysis was also used. They suggest three 

"concurrent flows of activity" in the analysis process 

including data reduction, data display and conclusion 

drawing/verification. All three of these processes occur 

throughout and subsequent to the data collection period. 

Data reduction involves the selection of pertinent data from 

the raw data which focuses emd organizes existing data. The 

researcher must pick and choose relevant data in relationship 

to research questions. The process of sifting out irrelevant 

data is a challenging task in that one ceuinot be assured that 

data once deemed irrelevant at one stage of a study cure so 

during later phases. Data displays illustrate the results of 

the reduction process in a usable, meaningful representation. 

Displays can be in narrative form, tables, graphs, or 

figures. Finally, conclusions and verifications of those 

conclusions are made and revisited throughout the study and 

subsequent to the data collection period. Hecuiing which 

emerges frcHn the data should be plausible, valid, and 

confirmeUale. 

During the data collection, participauits were frequently 

presented with data displays in order to increase the 
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validity and reliability of the representation of the data. 

In addition, a neutral coder analyzed the data displays and 

conclusions as a second look into reliable interpretation and 

verification. Only displays and verified conclusions with at 

least an 80% agreement establishing reliability were used in 

this study. 

Limitations of Research Method 

Subjects 

Since there was no random sampling of subjects «md study 

participation was based on teacher volunteers, those willing 

to psurticipate had an interest in systems thinking which may 

have influenced and limited the results of this study. 

However, because this study was not investigating the factors 

that generate interest in, or motivation to use systems 

thinking, the level of interest and motivation of a teacher 

to participate did not factor into the results and adversely 

affect the validity of the data collection emd analysis. 

Another limitation of the subject pool involved the 

initial introductory systems thinking training session. The 

four teacher p2urticipeuits did not all attend the same 

training session. However, all training opportunities were 

conducted by the same instructor, using the same basic 

objectives, techniques, and practice exercises resulting in 

similar and equivalent introductory experiences. 
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Role of the Researcher 

During the initial phases of the study, the reseeurcher 

assumed the role of outside observer. However, as the study 

progressed and more contact time was spent throughout the 

year, friendly, collegial relationships developed between the 

investigator and the pjurticipants. The personal 

relationships between the investigator and the teacher 

participants were considerations that affected the data 

collection and analysis. Mason (1996) discusses the 

importance of the interviewer-interviewee relationship and 

warns the reseeurcher to develop a professional rapport that 

is personable, without developing strong friendships that may 

influence the collected data. A limitation arising from 

variance in relationships exists because of differences in 

time spent between the investigator euid the teacher 

participants and other considerations that affect 

relationships in a qualitative research setting. During 

school visits, the amount of time spent with each peurticipant 

was not consistent because of scheduling conflicts and 

extenuating circumstances such as illness and school 

scheduled activities. 

It was recognized that bias existed as qualitative data 

was collected through the documentation of meeting notes, 

classroom observations, and journal review. The data 

collected provided a representation of the reality of the 

situation. The representation of that data, and the lens, or 

perspective from which the reseeurch was collected and 

interpreted, resulted in seme degree of unavoidable bias. 
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Careful scrutiny of interpretations based on the data were 

facilitated by method, location, time, investigator, and data 

triangulation (Freeman, 1998). 

In order to guard against selective interpretations of 

journal entries that were ambiguous or incomplete, a neutral 

reader examined the entries as a check to minimize 

investigator bias in interpretation. 

In addition, Lincoln and Guba (1985) recommend regular 

opportunities to member-check collected information which 

contribute to increased trustworthiness and credibility of 

the portrayal of each teacher participemt. During the 

informal interviews, the investigator often reread from notes 

to check to see if there was an accurate representation of 

what was sheired by the teacher. In addition, during the 

March visitation, teachers were asked to create eight 

behavior over time graphs depicting various constructs that 

had been general topics discussed throughout the year. The 

teachers were asked to account for their graphs by 

identifying critical changing points for each construct 

graphed. These graphical accounts served as checks for data 

collected throughout the year and also served as a vehicle 

for posing clarifying questions when misconceptions arouse 

between the graphs and previous accounts. In addition, 

during the first weeks of June teachers were provided with 

the notes collected throughout informal interviews and 

classroom observations in order to check for accuracy. 

During this time, the participant had an opportunity to 

clsurify, correct, add to, ewid/or veto information that the 



investigator reiterated as an interpretation of what was seen 

emd heard during any of the interactions (e.g. classroom 

observations, interviews). The neutral reader of journals 

and regular member-checking minimized the limitations of the 

role of the researcher. 

Data Collection 

Journal entries. The participemts responded to journal 

questions electronically via email. Teachers differed in 

their comfort level and daily habits of using email. Some 

typically read and responded to their email on a daily basis, 

while others used it only once per week. Also, knowing that 

an email from the investigator resulted in reflective time 

for response, a delay in responding was expected. The 

response rate and timeliness of responses varied and the 

quality and queintity of responses diminished as the school 

year progressed. 

Classroom observations. The purpose of classroom 

observations was to validate the teachers' perceptions that 

are communicated both in writing and during informal 

interviews and coaching sessions. The observations served as 

an visual illustration of the instructional scenarios 

teachers described. Announced observations were limitations 

to the validity of observed teacher behaviors. The time of 

observation, nature of instruction to be observed, and the 

preparation of students preceding the observation were 

factors that influenced the observational data. 
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Introduction 

This study focused on the experiences and perceptions of 

four teachers who taught in an inner-city public middle 

school in northwestern United States. The school was 

identified as a school "targeted for success" because of low 

test scores. 

The four teachers who participated in this study had 

varied backgrounds, levels of experience, emd approaches to 

their teaching roles. This chapter describes the findings of 

a one-year examination of these four teachers' perceptions of 

their developing capacity to understand and implement systems 

thinking in their classrooms. 

The ethnographic nature of the study necessitated a 

thorough description of the school setting and einecdotal data 

that were associated with each research question. The 

findings illustrated emerging themes that were generated as a 

result of data that addressed each research question cuid an 

analysis of the similarities, differences, and patterns of 

thought and behavior of the teacher participants (see Ted>le 

4.1). Anonymity of peirticipants and the school was ensured 

in the description of data findings in order to respect the 

confidentiality of the school, the teacher participants, and 

the students, staff members, and parents. 
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Table 4.1 

Resgargh Qug8<^i<?n§ and Emgrginq Thsm^s 

Research Questions Emergent Themes 

What perceptions do teachers 
have about their own thinking 
as a result of a systems thinking 
orientation? 

•Perceptions of outside 
assistance 

•Time for learning and 
collaboration 

• Transfer of thinking 
and reflective 

practice 

What conceptual theories about 
teaching and learning do teachers 
identify in relationship to 
systems thinking? 

• Theories 
-Student confidence 
-Motivation 
-Reading 

comprehension 
-Consequences of 

actions 

What benefits do teachers identify 
as a result of using a systems 
thinking approach in the 
classroom? 

• Communication 
• Engagement 
• Making connections 

What drawbacks or difficulties 
do teachers identify as 
a result of using a systems 
thinking approach in the 
classroc»n? 

• Classroom challenges 
• Teacher learning 

The School 

This study tooic place in em urban middle school in 

northwestern United States, which represented a diverse, 

multi-cultural educational institution offering a broad reinge 

of programs and opportunities for students and conmunity 

members. Built in 1952 on a 2.7 acre campus, the school 
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served the neighborhcxxi's middle school-aged students. The 

school building was 94,775 squauce feet and housed 521 

students and a total of 62 certified and classified staff 

members. 

The written introductory school overview, available 

electronically and at the school office, advertised em 

interdisciplinary learning approach to instruction. The 

teachers worked in grade level teams, with daily planning 

time used for both subject-area planning and team planning. 

In required classes (math, science, language arts, and social 

studies) students worked toward meeting or exceeding state 

and district standards. The daily schedule allocated blocks 

of time to core and elective subjects. Students spent their 

laurgest block of time with one teacher (approximately two 

hours) in the "core" class which integrated writing, 

literature and social studies. In addition, math, science, 

and health were scheduled in periods of time longer than one 

hour. The school adopted "Connected Math" as a school-wide 

math program which incorporated a spiraling curriculum 

focused on mathematics and connections to real world concepts 

through the study of gecxnetry, proportions, number sense, 

algebraic relationships, probability and statistics. 

Advanced math students had the opportunity to take both 

advanced classes (6th grade) and algebra (7th and 8th grade) 

for high school credit. Other unique course offerings 

included biotechnology, ecology, marine biology, and Star lab 

(a computer-oriented laboratory science class). Electives 
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included visual arts, Spanish, media production, and 

performing arts such as African dance, choir, and band. 

In general, students, staff, and parents had positive 

feelings about their school. In a survey given during the 

spring of 1999, students, staff eind parents were asked if 

they thought their school was a good one. Seventy-three 

percent of the students agreed or strongly agreed that they 

thought their school was good, while 78% and 77% of the staff 

and parents, respectively, agreed or strongly agreed about 

the goodness of their school. According to the survey, 

issues of concern (i.e. lowest percentages of satisfaction) 

included school safety and the number of computers of which 

students had access. A difference of opinion surfaced when 

those surveyed were asked about the condition of the school. 

Fifty-seven percent of the surveyed students thought the 

school was kept in good condition while 83% (staff) and 88% 

(parents) of the adults surveyed agreed that the school was 

kept in good condition. Response rates for the survey were 

79% of all students, 52% of all staff, and 22% of parents. 

Although there were opportunities for parent involvement 

(e.g. Parent Teacher Association: P.T.A., Local School 

Advisory Committee, and site council) observational data 

suggested that few parents took advantage of such 

opportunities. During the September "Back to School Night," 

an estimated 50 parents participated. On another occasion, 

one afternoon and one evening session was scheduled to 

expleiin the new report Ccurd format and no parents attended 

either session. 
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The school offered a daily breakfast program for 

students, before the st«irt of school which is 9:00 a.m. Memy 

students were seen having breakfast and socializing in the 

cafeteria. During most non-scheduled periods of time, both 

before and after school, and in the evenings, students were 

both playing and watching basketball in the gymnasium. 

Basketball appeared to be a popular extracurricular activity 

in the school and the athletic record and high-performing 

alumni who had graduated from the school contributed to the 

long-steinding tradition. One evident aspect of the school's 

culture was the pride displayed for famous, positively 

contributing alumni who had graduated. Recognition of their 

accomplishments, identifying them as role models, took place 

during each spring's graduation ceremony and during various 

assemblies throughout the school yeeu:. 

Data describing the school's student turnover rate was 

conflicting. In one district document the school's stability 

index was listed as 86.9%, and an average daily attendance 

rate of 90.6%. The stability index was the percentage of 

students who attended the school for one school year without 

withdrawing or moving to another school. Other docximentation 

from the school office indicated that close to 40% of the 

students were mobile in that they either withdrew during the 

school year and/or enrolled during the school year. Seventy-

seven percent of students were eligible for the federally-

sponsored free or reduced lunch program which was determined 

by the annual income of each family. In the area of special 

services, 75 female and 113 male students (out of 521 
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students) received special education, English as a second 

language, chapter I reading and/or math, and/or alternative 

education services. The racial and ethnic makeup of the 

school for the 2000^2001 school year encompassed a student 

population of 57% African American, 30% Caucasian, 6.5% 

Hispanic or Latino, 4% American Indieui or Alaskan Native, and 

2.5% Asian. 

Systems Thinking and Dynamic Modeling Foundation 

The school housed both the national eind local offices of 

a non-profit foundation project focused on systems thinking 

and dynamic modeling in K-12 education. The full-time 

director of the project was on-site, and she also served as a 

teacher coach and training facilitator. During the 2000-2001 

school year, partial release time (1-2 hours) was provided 

for five teachers who had shown a sincere interest and 

propensity for systems thinking. The director communicated 

that for this initial year, she wanted the teachers to spend 

time learning about systems thinking through reading, 

completing computer tutorials and collaborative meetings. She 

indicated that in the future she weinted these teachers to use 

their partial release time to serve as instructional coaches. 

Of the four teacher participants, two had received partial 

release time. 

The school staff, along with other interested staff from 

schools in the area, were provided with various training 

opportunities throughout the school year and during the 

summer through the non-profit foundation. Teachers had 



opportunities to attend training, and then were able to meet 

with a trained coach for assistance in planning, instruction, 

and assessment of lessons using systems thinking methodology. 

The school cited systems thinking and dynamic modeling 

as one of its featured programs (e.g. school overview 

material, "Back to School" night literature), although 

training and classroom implementation was a choice among 

staff. It was estimated that since 1999, close to half of 

all staff members (approximately 30 of 59) received sratie sort 

of systems thinking and dynamic modeling training, 

participated in a study group and/or attended a systems 

thinking conference. Approximately 12 teachers (out of 37 

faculty members) from the school utilized outside assistance 

and implemented the methodology in their classroom after some 

level of training. The school administration voiced support 

and praise for the program, but there was no evidence that 

the administration emphasized a systems thinking approach to 

the planning and operations of the school. There was 

evidence to show that teacher leaders used the concepts and 

tools of systems thinking during school improvement meetings 

and grade level and discipline-based meetings. This area of 

organizational application will be discussed in more detail 

later in this chapter. 

Teacher Participants 

Data collection 

Each of the four participants were asked to respond 

electronically to reflective questions, participate in 
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informal interviews, and agree to classroom and study group 

observations. There was a recognizable difference in the 

amount of data collected for each participemt for several 

reasons. 

First, teachers had different response rates and wrote 

varying amounts in response to electronic journal questions. 

For example, one teacher who often took more them a week to 

respond wrote four times as much as any other participant. 

Whereas, another participant responded often, sometimes 

responding two or three different times to one set of 

questions. 

Second, during visitations, one teacher had several 

conflicts during pre-scheduled meeting times, thus 

necessitating several cancellations. She was also absent 

during two different visitation periods. The time planned 

for meetings also varied among participants. One teacher 

allocated 30-minute time periods before school for meeting, 

while another had full afternoons avail£ible to talk and share 

impressions. 

Third, two of the four teachers peurticipated in a 

collaborative action research group of which there were 

regularly scheduled meetings. At one point, this group met 

for an entire weekend (with other action resecirch groups). 

Notes frcm these meetings were a peurt of the data collection 

process. 

Fourth, although all teacher participants were observed 

teaching in their classroc^ns, only two of the four were 

observed specifically using systems thinking methodology. 



All notes fr<M journal entries, observations, meetings 

and other artifacts were collected for each participant. As 

a part of the data analysis, each participant was ranked as 

to the amount of data collected for all areas (journal, 

classroom observations, interviews and artifacts) with the 

most receiving a ranking of "1" and least with a rsinking of 

"4." This ranking does not consider quality of data, but 

quantity measures were established to report the variability 

in the data collection process for each participant. 

Overcoming Differences in Data Quantities 

Behavior-over-time graphs. Knowing that flexibility in 

qualitative studies was critical for the unexpected nature of 

studying social systems and human behavior (Mason, 1997), 

additional means for collecting data were developed and used. 

Towards the end of the data collection period, each teacher 

participant was asked to use behavior-over-time graphs to 

illustrate the changes they saw in eight different variables 

over the span of the calendar year. The time span of one 

school year (August to June) was placed on the "x" axis and 

the "y" variable was delineated by general levels of high, 

medium and low. Teachers were asked to graph the following 

eight different "y" axis variables: time spent leeuming about 

systems thinking, systems thinking use in the classroom, time 

spent reflecting eibout systems thinking, structured 

collaboration, unstructured collaboration, and finally, a 

blank graph where the teacher was asked to graph something of 

personal relevancy and interest (see sample instmment in 



Figure 4.1). The data for all four teachers are included in 

Appendix H. 

After generating the graphs, teachers were asked to 

either write or discuss the justifications they had for their 

graphs, (e.g. the things they saw causing the upward, 

downward, or oscillating trends they depicted). For one 

graph, teachers were asked to choose and graph a variable of 

their ovm selection such as motivation, understanding, emd 

confidence. One teacher did not complete the choice graph. 

Behavior-over-time graphs (BOTGs) were systems tools that all 

teacher participants were familiar with because each teacher 

was trained to use them, and each had taught BOTGs to 

students in their own classrooms. 

Teacher assistance continuum. As teachers described 

various instances when they implemented systems thinking into 

their classrocxn, both with and without assistance, a 

continuum of differing levels of assistance emerged (see 

Appendix I). For example, on one end of the continuum, the 

teachers were characterized as "observers" of other teachers 

teaching systems thinking lessons. The opposite end of the 

continuum described teachers as "independent users" with no 

use of assistcince in planning, teaching, or assessing. The 

continuum described the range of assistance teachers chose as 

they implemented systems thinking into their teaching. As 

Miles and Huberman suggest, the data display is part of an 

iterative process that is developed over the course of data 
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HIGH 

Time 
spent 
learning 
systems 
thinicing 

MEDIUM 

LOW 

August June 

MONTHS 

Figure 4.1. Sample behavior-over-time graph. Teacher 
perception of the changes in time spent learning 
systems thinking throughout the school year. Teachers 
were asked to complete seven additional graphs and 
justify the dynamics they illustrated. 
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collection and reduction. This continuum was developed and 

used as a summary tool during the final visitation day. 

Teacher participants were asked to look over the continuum 

and categorize each of their systems thinking teaching 

experiences. This summary tool served as a check for 

validity of previously collected data and provided teachers 

with a reflective experience as they recalled their systems 

thinking experiences of the school year. 

Teacher Participant Descriptions 

A general background and brief description of each 

participant, their data collection ranking, and how they 

became interested in systems thinking is described (see Table 

4.1). 

Participant #1. Participant #1 was a female, African 

American teacher teaching 7th grade core which included 

language eurts and social studies. She taught one afternoon 

block period which was her core class and a reading class. 

She was given em additional planning period which was funded 

by the systems thinking foundation for extended time to leam 

about system thinking and its applications to the classroom, 

and to assist interested teachers as necessary. This teacher 

began her teaching career in elementary education in 1989. 

She taught grades 3-5 for 7 years and subsequently spent 3 

years working for the Urban League teaching alternative 

education. In this alternative setting, she taught students 

aged 12-21 yeeurs old who had either dropped out of 



Table 4.1 

Characteristica of Teacher Participanlis 
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Participant 
#1 

Participant 
#2 

Participant 
#3 

Participant 
#4 

Gender FenuLLe Male Female Female 

Race African 
American 

African 
American 

Caucasian African 
Americen 

Teaching 
Assigniaent 7th grade 

core 
7th grade 
core 

special 
education 

6 th grade 
core 

Xeax3 of 
Teaching 
Experience 

12 years 17 years 3 years 9 years 

Additional 
Planning or 
Release tijne 

yes no no yes 

Use of outside 
eissistance 

* Coaching 
yes yes yes yes 

- Critical 
friend 

yes yea no yes 

• Study group 
yes yes yes no 

Participated in 
Collaborative 
Action Research 

yes yes no no 

j^pplied for 
Nettional 
Certification 

yes no no no 

Quantity of 
data rating Ist 2nd 3rd 4th 
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school/ or who had been suspended or expelled from the school 

system. In this capacity, she served as curriculum 

coordinator and taught basic math, social studies, reading 

and writing. After that position, she was hired and for four 

yeeirs assumed her existing position as 7th grade social 

studies and language arts. 

Participant #1 described her transition from teaching at 

an alternative school to her tenure at her current school. 

I came to [this school] after experiencing a 
reconstitution at the school I was working. Everyone in 
the building lost their job. I interview^ and received 
a position in that same school but decided not to 
return. Instead, I found a position at [this school]. 
When I came here I was not feeling real good about the 
teaching profession. 

She provided lengthy responses to journal questions, 

provided her application for National Certification as data 

describing her reflections about teaching, and was one of two 

teachers participating in the collaborative action research 

study group. The data that were collected for particip€Uit #1 

were ranked "1" because it far exceeded that of other 

participsmts. 

Shortly after this teacher was hired at her current 

school, the systems thinking foundation had established 

residency at her school. Systems thinking workshops were 

offered and this teacher decided to take advantage of 

learning scwiething new and peurticipate in the training. 

Participant #2. Participant #2 was an Africein Americeui 

male who taught two sections of 7th grade core which included 
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language arts and social studies curricula. He taught at 

this same school for 17 years, which encompassed the tenure 

of his teaching ceuceer. Before his teaching, participant #2 

attended law school and passed the bar exam qualifying him to 

be an attorney in his state of residency. However his 

longing to become a teacher superseded his law career and he 

decided to become a middle school teacher. In addition, he 

was a professional singer and was active in his church choir. 

Although participant #1 and participant #2 did not share 

the same students, their classrooms where next door to one 

another, and they taught the same core curriculum and 

collaborated and shared lesson plans, instructional 

materials, and strategies for teaching their curriculum. In 

addition, they both participated in collaborative action 

resecirch and met together and with other interested teachers 

about the impact of systems thinking methodology on student 

learning. 

Participant #2 was ranked second of the four 

participants in quantity of data collected. His journal 

responses were timely and concise. He was one of two 

teachers involved with the action research study group, was 

available for meetings before school and was open to and 

available for classroom observations. 

His first introduction to systems thinking was during a 

summer training opportunity offered at his school by the on-

site director of the systems thinking foundation. He was 

interested in finding out what system thinking was about, and 

how it could help him in his classrooa. 
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participant ̂ 3. Participant #3 was a female Caucasian 

special education teacher at the school for two years. 

Subsequently, she moved to another school in the the same 

school district, teJcing on a different teaching position in 

special education. Before moving to the northwest, this 

teacher worked in a residential treatment center for girls in 

the southeastern United States. She worked with both middle 

school and high school-aged girls who had either been abused, 

depressed, or experienced significant needs that could not be 

met in a traditional school setting. Her background was in 

art therapy and she had a master's degree in special 

education. She moved to the northwest because she had a 

strong desire to live in a more urban setting. 

Participant #3's schedule was the most demcuiding of any 

of the four teachers in that she had the least amount of 

planning time. As a special education teacher, much of her 

plemning time was spent meeting with other teachers, 

psychologists, and parents. She responded to journal 

questions within one or two days of receiving them. She 

would often follow-up on ideas she initially communicated via 

email. The data that were collected for participant #3 was 

ranked third among the four participants, although her 

journal entries far exceeded the teacher who was ranked 

second in length and specificity. 

Because of her special education position, this teacher 

was continually assisting in other teachers' classrooms. She 

became aweore of some of the systems thinking methods from 

observing lessons in other teachers' classrooms. Thus, 
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during the summer, she decided to take an introductory summer 

class and attended a systems thinking for educators 

conference which was a national conference focused on 

educational practitioners using systems thinking and dynamic 

modeling in classrooms. 

Participant Participant #4 was an African American 

female with 9 years of teaching experience. For her first 6 

years, she taught elementary school grades 1-4. She had 

three yecirs of teaching experience at the current middle 

school school. During her first year at the middle school, 

she taught 6th grade students in all subjects except science. 

Her second and third years were spent teaching 6th grade core 

which encompassed language arts and social studies. She 

worked with a student teacher during the year of this study 

and was given an additional planning period by the systems 

thinking foundation for her own learning and professional 

development. 

The least amount of data was collected from peurticipant 

#4 resulting in her ranking of fourth in quantity of data. 

Conflicts in her schedule limited data collection 

opportunities, euid she did not respond to journal questions 

regularly. It was unclear as to the reasons for this 

situation, but the lack of quantity of data was teiken into 

consideration during the analysis. 

Her first introduction to systems thinking was through a 

course offered through a local university taught by the 

director of the systems thinking foundation and euiother 
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colleague. Participant #4 spoke of a desire to return to 

graduate school full-time and was contemplating different 

areas (educational administration emd/or counseling) that she 

may be interested in studying, yet she was undecided. 

Research Questions 

A discussion of each research question and how analyzed 

data addressed each question follows. 

What perceptions do teachers have about their own thinking 

as a result of a systems thinking orientation? 

Data describing teacher perceptions of their own 

thinking as a result of a systems thinking orientation varied 

across participants as evidenced by differences in teacher 

reporting behaviors and teacher willingness to share 

perceptions. It was not apparent if teacher willingness or 

unwillingness was conscious, yet numerous strategies for 

collecting information about teacher thinking were successful 

for some, and not for others. Three of the four participants 

reguleirly responded to electronic journal questions. The 

time it took to respond to each set of questions varied. Two 

of the four participeuits responded on a regular basis within 

a week's time. Still, by pooling journal entry data, 

observation and interview data, there was sufficient evidence 

from all four participants to aned^yze and report findings of 

teachers' perceptions about their own thinking as a result of 

a systems thinking orientation. 
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Perceptions of outside assistance. For all participants 

there was a perception that their thinking eibout systems 

thinking was clcurified through outside assistance. 

Individuals who served in this role included a professor from 

a local university who was identified as a "critical friend" 

to a leuiguage arts study group of which two of the four 

participants belonged. This study group was pursuing a 

collaborative action research plan in which each member 

identified a question or hypothesis about the effects of 

systems thinking methodology on some aspect of student 

learning. The professor in the role of "critical friend" 

provided, one teacher said, ". . .insight and input into what 

we are doing." 

During one of their study meetings, the professor 

encouraged the teachers to keep track not only of student 

learning behaviors, but also to keep track of what they were 

doing as teachers. He clarified the possible misconception 

that when examining the effects of systems thinking on 

student lecuming, it was important to document^ student 

behavior. He stressed the need to also document cheuiges in 

teacher thinking and teaching behaviors. He advised one 

teacher, "Don't forget to reflect on how your research work 

impacts how you teach differently, as well as what and how 

kids are learning." On several occasions, the professor 

reinforced the importance of documenting as he advised, "Keep 

track of what you're doing." He further suggested that the 

impact of systems was mediated by something, eind sometimes it 
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was through the teacher and what the teacher did in the 

classroom. 

Participant #4, not in the study group, happened to have 

had this same professor for a university class. As she was 

discussing her frustrations with student behavior and what to 

do with students who continually misbehaved, she reinforced 

the perceptions of the study group participants as she 

shared, "My classes [with this same professor] helped. He 

challenges my thinking." 

During an informal interview, one teacher voiced her 

strong belief about the importance of collaboration. She 

said, "You are better as a team than you are as an 

individual. You can benefit from different perspectives. I 

feel enriched when I meet with this group [research study 

group]. In a conversation, someone might pose a question 

that really makes me think." 

Other outside assistance support included the director 

of the systems thinking foundation. This on-site director 

assumed numerous roles at the school including trainer, 

facilitator, model teacher and colleague. Also, several 

other teachers served as part-time coaches who were housed on 

the same campus. The collaborative approach to planning and 

learning together was readily available to all four of the 

teacher participants because of the physical presence of the 

director and other coaches. One teacher voiced 

When we plan together, it gives me time to sit down and 
think, time to really think. [The director] is a 
key factor in helping us reflect. She is good at 
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facilitating and guiding us. . . Some ideas we trash and 
others we go with. I wouldn't be nearly as faur without 
[the director]. 

Throughout the day, teachers were observed coining to the 

systems thinking office to talJc, ask questions, or borrow 

resources. Continuous teacher traffic seeking assistance of 

all sorts chauracterized the use of this office space in the 

school. 

All four participants told stories of specific systems 

thinking lessons they had taught with the assistance of the 

director and. other coaches. In some cases the coach taught 

while the teachers observed, in other cases there was a team> 

teaching relationship (see Appendix I for continuum depicting 

levels of assistance). One teacher said, "When we did the 

revolution model with computers in my room, [the director] 

was here to help. I just followed her cues." In all cases, 

the teachers depicted their movement to the right of the 

teaching assistance continuum as the school year progressed, 

suggesting that they used less assistance as their experience 

with systems thinking increased. 

Time for learning and collaboration. In addition to the 

perception that coaching assistance was beneficial, one 

teacher (action research study group participant) explicitly 

brought in the aspect of time invested in colleiborative 

efforts. He said, 

I also have discovered an increase in my awareness of a 
need to collaborate. Some people think, "I don't have 
time to collaborate." When you make time to meet and 
collaborate with others, you actually save time. The 



action research group has been valuable time because it 
has helped me see things in my teaching. 

Another teacher who was also a study group peurticipant 

shared, 

If structured collaboration wasn't available, I would be 
taking less time for leauniing and more time in the alone 
mode. . . The time tradeoffs are there. Time 
collaborating takes time away from things like quiet 
reading time. I have lots that I want to be able to 
read. 

Time was also discussed by one pjurticipant who indicated 

that there was not enough time to do the things she wanted to 

do. She shared that she had not been able to spend as much 

time as she wanted to learning about systems. She indicated 

that she was frustrated and unclear about what she wanted to 

do in the future. During one informal meeting she expressed, 

"I'm at a crossroad. I'm frustrated with the way teachers 

are treated. I feel I don't get back what I put in. It is 

not like how it was when I went to school. I sometimes feel 

like a workaholic. . ." She also shared that she was taking 

classes outside of school time and pursuing her hobbies, and 

further indicated that she needed to work on her time 

management and scheduling. It was unclear what generated 

these overwhelming feelings of frustration and what effects 

they elicited. 

Another perception related to time was consideration of 

the rate of learning about systems thinking methodology. 

Teachers were asked, "How would your leeuming be affected if 

you did not have the convenient assisteuice from someone like 

[the director]?" Three of the four said that the learning 
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would not stop, but they expressed the belief that systems 

thinking would not spread as quickly to other teachers new to 

systems thinking or spread as comprehensively. One teacher 

shared, "I am not sure that we would absolutely need someone 

like her [the director] all the time, but it is so valuable 

having soneone who can model and assist us." The same three 

teachers predicted that their rate of learning would slow 

down. (The other teacher did not respond to the question.) 

Transfer of thinking and reflective practice. 

Participant #3 made a cognitive connection between the 

systems methodology she was using in her classroom and both 

her participation in the school improvement committee and 

scfflie work she was doing with a small political committee 

outside of school. She expressed a desire to use systems 

thinking concepts in working with other adults in the various 

settings. She wrote in a journal entry, 

Systems has been a theme in much of the work that I have 
been involved in since my return from winter break. On 
Wednesday, January 10th, I took a day off to meet with 
the C.S.R.D. committee [school improvement committee], 
and the process we used to determine the needs of our 
school was driven by system dynamics. It was also 
enjoyable to see that systems is an appropriate tool for 
our school reform process. We first decided what 
the stocks were that are the major areas of school 
reform. These included: student characteristics, 
organization, curriculum, academic stand€u:ds, eind 
peurent/community outreach. We then organized to come up 
with what the ideal situation would be for each area. 
Then, we met in different groups, euid decided what the 
gaps were that needed to be met. I was on the 
organization team eind we determined that there are memy 
great parts in our school, but there is not time or 
structure to facilitate working together. 
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This teacher also shared her thoughts about her own 

learning as she implemented systems tools in both her 

classroom and school reform committee. She wrote, 

I continue to be interested in the possibilities for 
using systems in my school, and feel that I have already 
used it to change my outlook on problem solving. I also 
realized that I sometimes look at the problems, instead 
of the whole picture, and get bogged down in "the 
complaining process." This was an eye opener for met 

Participant #1 completed the arduous process of applying 

for National Teaching Accreditation. In her lengthy 

application, she discussed the importance of reflective 

practice on her teaching, especially in relation to systems 

thinking. She wrote. 

Besides enriching my students, systems thinking and 
dynamic modeling (ST/DM) enhances my teaching by causing 
me to reflect on my practices. Now, more than ever, I 
look at my practice holistically and have a stronger 
appreciation of the small interrelated parts. For 
example: How do I believe students leam? Is my 
classroon organized in a way that coincides with this 
belief? What do I "really" want students to get out of 
this lesson? What approach is best for this particuleu: 
activity and why? What's the best meems of assessment 
for this activity? Realistically, these eu:e the 
questions of any thoughtful educator. However, when I 
view these questions through the lens of ST/DM I see an 
intriguing picture. I am able to observe the impact and 
the implications in a more profound way. I can diagram 
my questions into a stock and flow chart, allowing me to 
surface, clarify and test my assumptions. I can 
visualize my thinking and identify leverage points or 
potential problems. 

This teacher was the p2irticipant who had spent the most 

amount of documented time learning and collaborating with 

others about systems thinking. She was also one of two 
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participants who had extra release tiine funded by the systems 

thinking foundation. 

Mhat conceptual theories about teaching and learning do 

teachers identify in relationship to systems thinking? 

All four teachers formulated theories about teaching and 

learning in relationship to systems thinking. The two 

teachers who were participating in the collaborative action 

research group had theories that were more developed 2ind 

sophisticated than the other two. However, evidence 

supported a wide variety of hypotheses about theories that 

teachers developed throughout the course of the year. 

Student confidence. Participant #3 indicated that her 

special education students had low self-esteem and lacked 

confidence. For exeunple, she described the common practice 

of pulling special education students out of the regular 

classroom. She voiced that students were upset when they 

were pulled out because they were doing different things than 

their peers in regular classes. She stated that students 

were aware that they typically were asked to do learning 

tasks at a lower level than others in their grade. The 

teacher theorized that her students perceived the systems 

thinking lessons as harder and more challenging thcin what was 

being done in some regular classes. She said that the 

systems lessons made the students feel that they were not 

just doing things at a lower level, but they were using the 

same material as used in the regular classes and doing things 
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that appeared harder than those classes. During several 

lessons, students validated their own capabilities and 

specifically shared with the resecircher without prompting, 

the opinion that they were "really good at this (using the 

systems tools on the computer)." 

In addition, participeuit #3 noted that it was important 

to provide her special education students with real-life 

applications of mathematical concepts (e.g. percents and 

decimals). Because her students were so distractible, the 

teacher believed that if she increased their level of 

confidence through successful use of systems thinking in 

relevant settings, she could compensate for the challenge of 

students not being focused. 

Motivation and minorities. Two of the four teachers 

developed theories of student motivation related to African 

American students. Participant #1 discussed what she 

described as a typical classroom trend of capable, gifted 

African American students who did not want others, especially 

peers, to know that they were smart, thinking people. She 

observed that when she included systems thinking tools in a 

lesson, a common perception surfaced among her students that 

this strategy was new for everyone: both those who were 

perceived to be smart, and those who were not. The teacher 

described an atmosphere of a "leveled playing field" when she 

used systems concepts and tools. If all students were 

motivated to share their thinking and insights and use the 

visued. tools to conmunicate their thinking, then the concern 
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about "being smart" as an "uncool" characteristic was 

diminished. 

Peurticipant #2 had been investigating motivational 

issues in relationship to writing as a part of his action 

research project. His research question was, "How does 

systems thinking and dynamic modeling motivate inner city 

students to write?" When he spoke about his theory, he 

passionately expressed his desire to positively enhance the 

attitude of his less capable students and his minority 

students toward writing. He said. 

With low achieving students, they stare at a blank page 
when they are asked to write. They need security with 
structure so that they can put it all together. They 
need structure. The African American culture is very 
oral and very visual. Behavior-over-time graphs and 
models provide for that. I saw initial success the 
first time I used these tools. 

During the teacher's action research study group 

meeting, participant #2 asked his peers for feedback about 

his research question. The professor, who served as a 

"critical friend," asked the teacher, "Is it an increase in 

desire to write, or the removal of beirriers?" The teacher 

responded by indicating both, and referred to the visual and 

tactile nature of systems thinking tools and African American 

proclivity. 

In the fall, while this teacher's students were studying 

the book. The Diary of Anne Franks students generated 

behavior-over-time graphs (BOTGs) depicting changes in 

characters' feelings, actions, and other distinguishing 

characteristics over time. For example, in examining the 
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relationship between Anne Frank and her father, some students 

chose to graph cheinges in Anne's emger toweurds her father 

over the course of the book. Students graphed a variety of 

variables that they saw change over time for identified 

characters. Initially, the teacher identified the variables 

he wanted students to graph. Subsequently, students chose 

and graphed their own variables of interest. The teacher 

asked students to share their graphs with the class and asked 

questions such as, "Why is this (pointing to the graph) low 

in the beginning of the story?" The teacher expressed the 

significance of BOTGs as a visual tool that helped students 

express their thinking. He said, "With BOTGs, there were no 

right or wrong answers, as long as the students could back 

them [the graphs] up using the text." He indicated that the 

students needed to search for evidence to support their 

graphs. Using this graphing activity as a pre-writing 

exercise, students were asked to graph emd write eQx>ut one of 

four scenarios within the context of the Anne Frsmk story. 

The teacher said that the students wrote more them usual. He 

calculated that two students wrote one half a page emd three 

wrote a third, but the rest of his students (over 45) wrote 

significantly more, which was, according to him, atypical. 

In addition to quantity, he also saw cm increase in quality 

with more in-depth thinking and greater justification 

documented in the student work. Examples of student graphs 

and writing that were displayed on the classroom walls 

supported his characterization of in-depth thinking and 

justification of trends graphed in student writing. The 
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teacher theorized that the graphing provided the structure 

that students needed to overcome motivationeil issues about 

writing. 

Reading comprehension. Participant #1 investigated the 

degree to which reading comprehension could be improved by 

the use of systems thinking concepts and tools. She also 

posed her research question to the study group for feedback: 

"How effectively do systems tools assist students in 

comprehending text?" Her goal was to have students meet or 

exceed a baseline standard on a comprehension rubric. The 

professor (critical friend) highlighted the variables 

involved with her topic. He said, 

To turn [your question] into an hypothesis, take systems 
tools and analyze how students are functioning with the 
tools, then, [ask] what eibout comprehension, then be 
specific about what is in the assigned passage and probe 
questions that will reveal what they have learned. 

The professor encouraged the teacher to develop an inventory 

to assess student ability to use the systems tools. In her 

National Teaching Accreditation application, the teacher 

referred to the challenge of creating an inventory 

questionnaire that she wanted to use with students, 

highlighting the support and assistance from her study group. 

She wrote, "My team members helped me think through the 

process of using this inventory cind aided me in seeing that I 

was going to need to do the activity differently in order to 

achieve the results I wanted." 

In a journal entiry, this teacher discussed her thinking 

about students using the tools to analyze text. The teacher 
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demonstrated through her writing, that she was challenged 

with the complex task of assessing reading comprehension 

through student use of the systems tools. She wrote. 

With my research question I was looking at how students 
use systems tools to increase their comprehension of 
text. As I reflect upon what is going on in the 
class, I'm coming to realize that it is bigger them the 
use of tools with the text, but it appears that the 
guided practice and use of the tools in class has 
assisted in the students having an increased capacity to 
discuss and question what's going on. When I talked 
about using the tools to understand and analyze text, I 
was also thinking of students beccming independent users 
of those tools. 

In her writing she reflected upon what she wanted to see 

students do, and questioned if those behaviors actually 

indicated what students were comprehending. 

Self-starting student behavior was also an expressed 

goal. She wrote about the desire for students to 

independently select a systems tool and use it, without being 

asked, as a strategy for developing a more in-depth 

understanding of text. This teacher stated that she did not 

necessarily see students using the tools without being asked. 

However, through discussion, she heard indications of the 

thinking associated with the use of the tools. She wrote. 

What seems to have taken place is that students eure eible 
to think about what's changing over time emd discuss it 
in greater depth, but they are not actually writing it 
down in terms of creating a B0T6 or using an iceberg 
sheet [see Appendix F]. Now, I don't know exactly how 
to provide hard proof but this is what appears to be 
taking place. In essence students eure definitely 
becc»dng deeper thinkers emd asking more profound 
questions. 



Thus, the task o£ exploring a causal connection between the 

use of systems tools and reading comprehension challenged 

this teacher to think at a veuriety of levels, affecting her 

planning, instructional practices and assessment strategies. 

Consequences of actions. Two teacher participants 

shared experiences using prepackaged curriculeur units which 

were written and produced by Tom Snyder, Inc. These 

computer-based simulations required students to work in small 

groups and make decisions that generated both predictable and 

less obvious outcomes. One simulation was called "Decisions, 

Decisions," and the other focused on life during the middle 

ages as a part of unit on feudalism. Participemt #4 (6th 

grade core) and participant #2 (7th grade core) discussed the 

underlying systems thinking component of the units, 

highlighting the importance of students being aware and 

recognizing the consequences of their decisions. This 

systems thinking concept entailed both short- and long-term 

time considerations, £md the understeinding of the 

interdependent nature of complex systems. 

Participant #2 described the lesson and the systems 

aspect of the simulation: 

Each student has to play a role in their group, for 
example a priest or landowner. . . The lesson helped 
students feel the impact of their decisions. The 
decisions were made by the class. There were seven 
groups of four. We used majority voting to maUce 
decisions. . . There were consequences for each decision 
and this usually escalated the tension in the class. . . 
With systems thinking, students make more careful 
decisions which may impact the goals they choose because 
they considered the consequences of those decisions. 
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He further shared that students "lost track of the time" when 

participating in the simulation. The teacher described that 

students who typically pack up their things a couple minutes 

before class were so engaged that they didn't realize that 

class had ended. He also indicated the students wanted to do 

the simulation again to see if they could meUce different 

choices to generate different results. 

Participant #4 voiced similar observations. She 

described: 

There was a lot of cause and effect, input leads to 
output. They realized that some outcomes create new 
problems. The students learned that some effective 
choices were to not do anything rather th2m always take 
action. They also learned about time delays. Some were 
more patient than others who wanted to immediately act 
in order to get results. 

The teacher added that some students became upset when 

their decisions were not voted on or chosen by the class. 

She said, "Some did see the results of their decisions. 

Students believed that if their decisions were chosen than 

everything would turn out fine." She also added that after 

the lesson, the 6th grade students asked, "Can we do this 

again and change our choices?" The teacher clarified that 

the students wemted to try to make the wrong decisions to see 

what would happen. Both teachers expressed the importance of 

providing for students relevant experiential lessons, in a 

non-threatening environment. 

On several occasions, peirticipant #4 expressed concern 

over students msUcing choices that negatively affected their 

lives. She once said, "How do you motivate a child to do 
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something good for himself, when their parents aren't around 

and when you look at their surroundings?" This teacher 

indicated that she believed that the curricular goals amd 

objectives of the simulation unit would hopefully serve a 

larger purpose of helping students make better life choices. 

During an informal interview this same teacher surmised, 

"Modeling [computer modeling] is important for students as 

they make decisions about their lives. They need immediate 

feedback." 

What benefits do teachers identify as a result of using 

a systems thinking approach in the classroom? 

Communication. All teachers reported that systems 

thinking tools enhanced student ability to communicate 

thoughts eind orally portray ideas. Behavior-over-time graphs 

eind the iceberg were the specific communication tools sited 

throughout all data sets. One teacher (participant #1) wrote 

in a journal entry, "What I've noticed is that students have 

become quite apt at identifying change over time and 

discussing it. BOTGs are easily created emd in most cases 

accurately used to portray what they [students] au:e talking 

about." 

The special education teacher relayed a time when she 

asked the students to read a newspaper article about young 

people being heirassed at a large local indoor shopping mall. 

The article described sceneirios of young people being told to 

leave the mall because of the way they were dressed, further 

indicating that the mall had established rules delineating 
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what people were not allowed to wear. The article discussed 

how parents of these students sued both the security company 

and the mall administration. This teacher said that the 

director of the systems thinking foundation recommended that 

she use the iceberg to help students discuss what the article 

was saying. The iceberg (see Appendix F) was used to help 

students identify the events of a situation (e.g. students 

harassed, parents suing) euid graph the patterns of behaviors 

(e.g. feelings of discrimination, levels of fairness). The 

structural level of the iceberg (e.g policies about dress, 

enforcement of those policies) was influenced by the mental 

models (e.g. attitudes toward young people, prejudice, 

mistrust of authority figures) of the people involved. 

After using this tool with her special education 

students, the teacher reported during an informal interview, 

I found that my challenging students were doing the 
best. They really got into the article. We had a great 
discussion. They shared that they thought that black 
males were harassed more than black females. They also 
talked about one store in the mall that sold do-rags 
which is one reason why the students were asked to leave 
the mall in the first place. Students wrote about this 
and we talked about sending our writing to the 
newspaper. 

Participant #1 described in a journal entry, how she 

assessed the effects of system thinking on student learning. 

Most often I'm trying to see how accurately students are 
telling the story. And I'm looking to see if the tools 
are helping them tell the story effectively. I'm also 
checking to see if students demonstrate a deeper 
understanding of what they eu:e talking about. Are they 
able to say more than what is obvious? 
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This same teacher described the quality of student 

discussions in her National Accreditation application thusly, 

"The discussions students have when using the systems 

thinking tools are significantly different from the 

conversations that take place without them. Dialogue that is 

intimated through the systems tools are richer eind more 

thoughtful." 

At the beginning of the yeeir, participant #2, the other 

7th grade core teacher, used behavior-over-time graphs when 

teaching a discipline unit. He asked students to graph and 

describe changes in their general school behavior since 

kindergarten. The teacher indicated that the graphing 

activity helped students reflect upon the changes they saw, 

eind more explicitly describe those changes to others. 

Engagement. Teachers consistently cited improved 

student engagement when using the systems thinking concepts 

and tools. Stories of whole classes losing track of the time 

because of engaged behavior emd repoirts of individual 

students with a history of being unfocused and disengaged, 

becoming motivated, participating leeimers were evident for 

all four participants. 

Participant #2 described his students' involvement in a 

computer simulation lesson thusly, "At the end of the lesson, 

students didn't want to stop even though there was only 3 

minutes before the end of class. Students were not aware of 

time, they were in a flow and that is not always typical." 

He also related systems thinking to problem solving as he 
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described the importance of "taking the big or scopic view of 

a problem." He continued in his journal writing, "Students 

were totally engaged in the two-day activity and enjoyed the 

computer presentation, as well as the opportunity to deal 

with systems concepts." 

When participant #1 was asked how systems thinking 

enhanced student learning, she wrote, "Using the systems 

thinking tools, students have become more engaged in what 

they're doing and I see better and deeper understeinding of 

what they're studying." 

Stories of individual students in both special education 

eind regular education illustrated perceived changed behaviors 

of students who had typically been disengaged with learning. 

One teacher (participant #4), whose systems thinking 

utilization was primarily computer simulation lessons, 

shared: 

One student never participated. He became so pumped, so 
turned on because of system dynamics. During the whole 
year he would sit. He was 13 years old in sixth grade. 
He never produced anything, maybe a few assignments but 
received mostly "F's." System dynamics provided a 
potential to engage the students who are not typically 
engaged. 

Participant #4 continued to validate systems approaches 

in a journal entry. 

Many times, students will be presented with a problem to 
solve and the first thing that they say is "I don't get 
it." This is uttered before any thought is put into the 
problem. I see system dynamics as a way to teach 
thinking skills through various activities. 

She continued by referring to the ccxnputer simulation 

"Decisions, Decisions," as an example. She wrote. 
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Originally, I would be very leery about having my more 
difficult to manage group work with this program. But 
they did very well with this format. As a group they 
had to make decisions and then lecim the results of that 
decision. I plan to use this program on an individual 
basis with students now that they have had experience 
with it. 

Making connections. One teacher was able to give 

explicit examples when students made connections between 

subjects when using systems thinking concepts and tools. 

Participant #4 wrote, "I am confident that I am giving them 

tools to help them when they go to Math or health, they can 

use them, I hear students make comments—'Oh, that's just 

like—.' Students make connections." While exploring the 

notion of "reading deeply," this same teacher wrote, "They 

[students] won't just look at words when they read, they will 

read deeper emd make connections. If they can read at a 

deeper level, they will be more likely to make connections." 

It was also found that most 6th, 7th, and 8th grade 

students had been introduced to systems thinking concepts and 

tools through a variety of subjects and classes. Teachers 

who were not participants in this study were observed 

utilizing the concepts and tools in their teaching. Students 

had opportunities to use the tools in varying settings 

(science, health, language arts, social studies, and 

mathematics). Through general school observations, it was 

evident (through use of the vocabulary associated with the 

tools) that most students had eui awareness of the tools and 

were able to use them during class when asked by teachers. 
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What drawbacks or difficulties do teachers identify 

as a result of using a systems thinking approach? 

Classroom challenges. Teachers reported that in some 

cases students perceived systems thinking as being difficult 

and it generated barriers to leeuniing for some students. For 

example, participant #1, a 7th grade core teacher, explained: 

For some students they have a problem with the "idea of 
ST/SD [systems thinking/system dynamics]." They will 
often say I can't do this systems stuff yet they 
understand the concepts and can use them. But when you 
start out saying, "We're going to do systems today," for 
some students they immediately create a mental framework 
that perceives the activity as difficult, or I already 
know that. 

Teachers also noted tiroes when they used systems 

thinking and the method failed to produce intended results. 

In all cases, the teachers blamed themselves, and pointed to 

the lack of structure they established resulting in students 

being unfocused. For example, participant #3 wrote, 

Wednesday, [the director] and I taught a lesson on 
bank account interest rates. Like the first lesson I 
did with this group, it began as a disaster. It is 
very difficult to begin the lessons with this group 
because most all of the students have attention and 
learning problems. I did not do a very good job 
introducing it, and they were scrambling around in the 
computers messing up our set-ups. I had two 
[university] students in the classroom, and they were 
not familiar with the program. By the end of the 
period, about half of the students really understood 
what they were doing. 

In most cases the failures expressed were associated 

with lessons which used computers. The special education 

teacher noted the lack of computer skills of some of her 

students. She identified this deficiency as one drawback to 
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using system dynamics cc»nputer models. She did however work 

with individual students who she perceived as having low 

computer skills and paired them with students who were 

computer literate eind willing to help peers. For example, 

during a classroom observation, one student discussed how she 

was really good at computers and her partner was a good 

writer, so that they made a good pair: working together, she 

could manipulate the computer, and he could fill in the data 

sheet. 

The special education teacher voiced frustration when 

she was the only adult in the room without assistance when 

students used computers. She said, "One month ago, I was 

really frustrated (during the first time she tried a lesson). 

There were not enough adults to get around. The second time 

we got our own computer set-up. The kids helped each other 

and I saw quiet, intense work." It was unclear if the need 

for assistance in the special education classroom was due to 

the special needs of her students (behavioral and learning 

issues) euid/or the inadequate computer experiences of her 

students. 

Teacher learning. Consistent observation throughout 

data collection was the degree to which teachers interested 

in systems thinking received support, resources, and 

encouragement. One teacher noted that this was not a typical 

sceneirio as when teachers are learning a new methodology. 

Therefore, data identifying areas that hinder or minimize 

teacher learning were minimal. The expense of teacher 
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release time, teacher stipends for learning, the cost of 

resources such as books, curriculum packages, and 

periodicals, although not a hindrance to this site, was 

perceived as a potential hindrance to a more typical setting. 

In addition, where three of the four teachers viewed the 

voluntary, generous conditions of the systems thinking 

foundation project as optimal for learning, participant #4 

indicated that other conflicting pressures limited her 

learning about and use of the methodology. This teacher 

expressed feelings of guilt for not implementing systems 

thinking as much as she would have liked. She was 

overwhelmed with the conditions that were present in her 

students and school. Her overwhelming feeling was expressed 

with passion and frustration, and it was unclear about the 

role that systems thinking played as it related to her 

emotions. Although she voiced that systems thinking was like 

"a ray of hope," the conflicting evidence that she did not 

pursue the method as she would have liked presented 

confounding evidence. She wrote. 

There are a number of students below the state benchmark 
for their grade level. Our school is now called a 
crisis school. Some students are coming from so far 
behind that they cannot possibly catch up in one year, 
may not in several yeeurs. Somehow in our society 
students eure not the focus of society. I am not a 
parent but many children are not arriving at school with 
the basics, knowing how to hold a pencil, having 
experiences with books, being read aloud to, etc. All 
[share] the blame for letting this happen, pcirents, 
teachers, society, etc. As teachers we are being asked 
to do the impossible with less resources. For me it is 
very frustrating to be in this position. Initially, I 
came to school wanting to be a positive influence, a 
positive caring person that would help the kids that 
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needed my help, whether it was coming from behind or 
helping them to reach the steurs. Well, at present I 
feel like I am pouring water into a bucket with a hole 
in it. I feel like there is no way to catch up. And 
then I was introduced to the systems thinking approach 
to teaching as an additional resource, eui additional 
method of teaching. There were some children that had 
been turned off all year that began to see a ray of hope 
for themselves. I think the change has to come from 
within. The students will have to see that they need to 
do something for themselves. It cannot all come from 
outside of them. I believe the systems thinking program 
can give them hope. Vfe need all the help we can get to 
solve the problems we are facing now in the educational 
system. If the students cannot catch up overnight, we 
need to teach alternative ways of problem solving. 
Systems thinking is a problem solving strategy. 

Summary 

The qualitative data collected during this study 

included teacher journal entries, interview notes, 

observation notes, and classroom emd school artifacts. The 

data were analyzed and coded using four research questions. 

1. What perceptions do teachers have about their own 

thinking as a result of a systems thinking orientation? 

2. What conceptual theories about teaching and learning 

do teachers identify in relationship to systems thinking? 

3. What benefits do teachers identify as a result of 

using a systems thinking approach in the classrocxn? 

4. What drawbacks or difficulties do teachers identify 

as a result of using a systems thinking approach in the 

classroom? 

Corresponding themes for each research question 

organized the data into meaningful categories (see Table 

4.1). Themes included teacher perceptions about thinking and 
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learning, theories about students, and the benefits and 

tradeoffs of a systems thinking approach. A discussion of 

each research question emd the corresponding themes provided 

a framework for data presentation and research findings. The 

findings were used as the basis for conclusions described in 

chapter 5. 
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CHAPTER 5 

CONCLUSIONS 

Intrcxluction 

This chapter presents conclusions drawn from the 

findings of chapter 4, limitations of the study and resecurch 

questions for future consideration. The conclusions provide 

a beginning foundation which suggests numerous implications 

for future study. In addition, limitations of the study eire 

indicated as a result of the ethnographic nature of this 

investigation. 

In brief, conclusions drawn from the analysis of data 

and findings of this study include: 

1. Teachers perceived systems thinking as a beneficial 

classroom methodology, yet evidence supporting the validity 

of this perception was insufficient. 

2. Teachers viewed systems thinking as an important 

life-long orientation and incorporated this view in their 

teaching. 

3. Teacher learning was impacted by professional 

development structures which included training, resources, 

coaching, planning time, outside assistance, and a collegial 

atmosphere. 

4. Even with ample resources, teacher learning and 

systems thinking implementation vcuried among participants. 

5. Teachers who were involved with systems thinking 

professional development opportunities developed and 
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articulated theories eibout the effects of systems thinking on 

their students. 

The Hawthorne Effect 

All teacher participants believed that systems thinking 

was a method capable of assisting classroom students. 

Whether or not systems thinking encouraged thoughtful, 

engaged student participation because of the motivational 

nature of the tools, teachers perceived systems thinking to 

be beneficial for students. Despite this shared perception, 

there was little evidence to support the validity of teacher 

perceptions. Teachers struggled with the clarification of 

observeible benefits of systems thinking in their writing, 

during interviews and in the formulation of their own 

hypothesis, as in collaborative action research efforts. 

However, the lack of evidence does not suggest that systems 

thinking was a meaningless strategy. Teaching is complex and 

what leads to student learning is replete with confounding 

variables. This difficulty of separating cause emd effect 

challenged teachers as they developed causal theories 

involving the use of systems thinking methods. Anecdotal 

evidence supported case-by-case changes in student behavior 

and student learning, yet there was insufficient evidence to 

claim systems thinking as the primary cause. However, 

evidence did support teacher participants' perceptions that 

systems thinking was a significeuitly beneficial method for 

teaching middle school students. 
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Teacher beliefs about the power of systems thinking 

methodology were strong and emotionally cheurged. The time 

and resources invested in their learning established an 

expectation that systems thinking positively impacted teacher 

capabilities and significantly benefited students. Teachers 

believed that systems thinking methodology generated positive 

effects in the classroom. Testimonials described the value of 

systems thinking. Whether or not the beliefs were valid, 

teacher enthusiasm and commitment to building students' 

systems thinking capacity contributed to the self-fulfilling 

prophecy of its worthiness. This theory suggests that as 

teacher perception of the benefit of systems thinking grew, 

so did enthusiasm for using systems thinking. This 

enthusiasm positively affected instruction which led to 

perceived increases in student performance, thus feeding into 

teacher perceptions of the value of systems thinking (see 

Figure 5.1). 

Systems Thinking as a Life-Long Orientation 

As teacher participants were developing their capacity 

to understand and use systems thinking vocabulary, concepts 

and tools, they also had to simultaneously ponder the 

application eind incorporation of its classroom use. The 

awareness euid understanding of the systems thinking concept, 

"structure generates behavior," was evident as all 

participants sheired concerns about students. Concerns about 

student capabilities or behaviors were explained by existing 
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Student performance Teacher perception of the benefits of systems thinking 

Teacher enthusiasm for using systems thinking 
Quality of instruction 

Fiqnire 5.1. Teacher perception causal loop. A 
reinforcing causal loop that describes when teacher 
perception of systems thinking benefits increases, so 
does enthusiasm. Enthusiasm impacts quality of 
instruction, which then positively affects student 
performance, thus contributing to teacher perception of 
benefits. 
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structures without a "blaming" overtone (e.g. lack of support 

of family, school leibels and schedules, low expectations). 

Thus, teachers explained student problems in terms of the 

structures that contributed to their insufficiencies, and not 

because of an internal motivation on the part of students to 

avoid learning, or find comfort with failure. 

Teachers consistently described their vision for student 

success as going beyond the one-year responsibility of 

students assigned to a teacher. Teachers spoke of the 

importance of students using systems thinking in decision

making and of considering the long-term consequences of 

decisions. Teachers spoke about the importance of student 

understanding of chamge-over-time eind the recognition of 

trends and patterns. When teachers voiced their desire for 

students to think and act systemically, they consistently 

framed conversations beyond existing curriculum. Teachers 

considered what students should achieve and what they could 

become. Thus, teachers perceived that a systems thinking 

orientation appeared both as a way to enhance student 

classroom learning, and as a positive influence on students 

as developing adults. 

Teacher Learning 

Teacher participants experienced a level of support for 

their own learning that is unccxmnon in most schools. The 

presence of the systems thinking foundation on campus 

provided teacher participants rich opportunities for 

training, resources, on-going coaching, and a collegial 
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atmosphere where sharing and collaboration were ample. 

Although comparative data were not a part of this study, it 

was evident through teacher responses that supportive 

structures (training opportunities, resources, coaching, and 

collegial atmosphere) influenced the inclination of teachers 

to becrane interested in systems thinking. In addition, the 

extensive support maximized the rate of teacher learning eind 

use in the classrocxn. It was unclear if the nature of 

systems thinking encouraged teacher interest and pursuit, or 

if the structures that were present to support leeurning about 

systems thinking enticed teachers to become involved. And, 

for some teachers, their involvement may have been generated 

by both their perceived value of systems thinking and the 

ample resources available. 

Teachers needed help and support as they were developing 

their capacity to understand and use systems thinking methods 

in the classroom as evidenced by the teacher use continuum 

(see Appendix I). Over time, teachers were able to 

demonstrate independent use of systems thinking methodology. 

Progress toward independent use varied among teachers. 

Factors that contributed to the progress toward independent 

use included comfort level with the tools, willingness to 

risk failure in front of students, and level of understanding 

of the concepts euid tools. For example, during a teacher 

study group discussion, a general belief was evidenced about 

the reinforcing relationship between teacher confidence euid 

the amount teachers use systems thinking tools in the 

classroom (see Figure 5.2). 
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Confidence Use of systems thinking 

Figure 5.2. Teacher confidence causal loop. 
Reinforcing causal loop depicting the theory that when 
teachers' confidence goes up, their use of systems 
thinking in the classroom goes up, which then generates 
more confidence and so on. In addition, as teacher 
confidence goes down, so does the use of systems 
thinking in the classroom. 
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Teachers varied in the time and effort they spent 

learning about systems thinking. Two of the four 

participants (participants #1 eind #4) were given additional 

pleinning time for learning. Additional time was not a 

motivational factor for learning for participant #4. Despite 

having additional time, she admittedly did not put forth the 

expected effort into learning and developing a systems 

thinking capacity. Research on teacher overload and burnout 

provided a plausible explanation for the factors that 

influenced her lack of effort and her use of time (Dworkin, 

1997). In addition, participant #4 may have been hesitant to 

spend time leeirning about systems thinking because she did 

not truly believe that it was central to meeting her 

students' needs. Mitigating factors such as overload, 

burnout, and motivation were plausible causes of the lack of 

interest and effort of participant #4. 

The Role of Outside Assistance 

Outside assistance in the form of "critical friends," 

coaches, and study groups influenced the quality of teacher 

leeuming. The two teachers, #1 and #2, who p€urt:icipated in 

the collaborative action research study groups, spent time 

discussing their theories about students, shearing 

instructional practices that enheinced those theories, and 

supporting one another as colleagues. 

Connections with other individuals such as the director 

of the systems project, instructional coaches, and "critical 

friends" provided additional avenues for all teachers to talk 
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through their own understanding of systems thinking and its 

application to teaching and learning. Although the 

advantages teachers had in relationship to available time, 

resources, and accessibility to outside assistance was 

considerable, not all participants took full adveintage of 

such support. Competing expectations at school and personal 

demands outside of school influenced the degree to which 

teachers took advantage of professional development 

opportunities. The availability of the support structures, 

however, did contribute to teachers feeling valued, even if 

they did not tedce full advantage of those resources. 

Although it was difficult for individuals offering 

outside assistance to fully understand the role and 

particular situation of each developing teacher, the value of 

outside perceptions and the opportunity to be able to talk 

through instructional plans and assessment strategies was 

overtly appreciated. Opportunities to reflect upon questions 

posed that may have been different from those asked by 

immediate colleagues, provided teachers with a 

"metacognitive" realm that helped them consider new 

perspectives. Even though contact time veuried among 

peirticipants, all voiced the importance of outside 

perspectives. Teachers recognized the challenge of leeiming 

about systems thinking and the potential for impacting 

student learning. They identified outside support as 

critical in their ability to meet this challenge. 
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Teacher Theories 

Three of the four teacher participemts (peurticipants #1, 

#2, and #3) who took advantage of outside assistcuice other 

than coaching developed theories about classroom practices 

and about their students. Teachers posed hypotheses that 

they voluntarily tested in their classrocans. Using trial and 

error strategies, teachers attempted to clarify observable 

indicators of success emd/or failure. When teachers were 

asked to write out their theories and justifications, along 

with follow-up questions (coming from the resecircher, study 

group members eind coaches), they modified the wording of 

their hypotheses and their approaches to testing those 

hypotheses. This collaborative effort helped enhance the 

clarity of teachers' theorizing, influenced their 

instructional plans and impacted assessment practices. For 

example, in the end-of-the-year action research reports that 

teachers #1 and #2 wrote, they summarized their results, 

citing both successes and failures and delineated 

modifications in both instructional practice and assessment 

that they would enact next year (see Appendix J). 

Teacher theories about students included those involving 

special groups of students described as identified special 

education, low-achieving students, and/or unmotivated 

students. In addition, teacher #2 specifically theorized 

about minority groups. 
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Special Student Populations 

Just as teachers felt a sense of accomplishicent as they 

taught a "systems" lesson independently for the first time, 

so did students when using systems thinking tools. Teachers 

shared that students described the systems thinking tools as 

"looking complicated" or "difficult." As teachers developed 

their theories about racial minority populations and about 

students with special learning needs, systems thinking was an 

orientation that they believed would both "level the playing 

field" and "provide a leg up" for those challenged by 

different obstacles. Teachers suggested that there was a 

reinforcing relationship between student engagement, student 

capability, student confidence, and motivation. A causal 

loop depicting a summary of their theory portrays the 

dynamic, desireible nature of the relationships (see Figure 

5.3). Teachers described the causal connections between 

student motivation, engagement, capability and confidence. 

As with any causal loop, the reinforcing nature of the 

relationships between the variables can be both desirable and 

undesirable. The reinforcing nature of this causal loop can 

work to build all variables in an increasing, compelling 

direction. However, the causal loop can also depict a 

vicious cycle of a downward spiral of student failure as when 

student confidence is low, negatively affecting motivation, 

engagement, cuid student capeibility. 
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Student motivation 

Student confidence Student engagement 

Student capabflity 

Ficpure 5.3. Teacher theory of student motivation. 
Reinforcing causal loop depicting a teacher theory 
which cirgues that as student capability goes up, 
student confidence goes up, which leads to 
increased student motivation, generating more 
student engagement. Reading euround the loop, 
student engagement then leads to increased 
capability, and so on. 
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Limitations of the Study 

This study presented several challenges which influenced 

the conclusions derived from the findings. The researcher as 

an observer-participant, in an ethnographic research setting, 

collected data cairefully and attempted to understand teacher 

perceptions emd thinking. These efforts were conducted with 

the ultimate mission to "do no harm" and protect the 

integrity of each participant. Attempts to accurately 

represent what teachers are, emd what they do, was even more 

challenging than what was anticipated. The intent to conduct 

qualitative reseeirch with an unbiased lens quickly evolved 

into recognition of the complicated role of the researcher, 

and the endogenous nature of ethnographic research. The 

quality of the researcher-participant relationship developed 

as trust between the researcher and participants grew. 

Researcher-Participant Relationship 

Although there were four teacher participants in this 

study, the researcher was also considered an integral part of 

the study. As a reoccurring visitor to the school, the 

researcher's approach while conducting the investigation 

changed over time, as did the willingness and responses of 

participants. Over time, increased contact with the 

participants changed the nature of the data. In some cases, 

the data became richer as participants related other deep-

seated thoughts and emotions. The familiarity of the 

researcher generated a different flavor of participant 

responses. Interactions became more casual and comfortable. 
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Responses to questions posed were unconstrained, typically 

retelling ideas at a more personal level thein that had been 

voiced previously. Over time, participants became accustomed 

to the routine of the visits and to the focus of the 

investigation. The participants became curious and involved 

in the process of investigation as they fulfilled the 

expectations of their roles as subjects. 

Participant Representation 

Teaching was much more than a career for the four 

teacher participants. It was a mission, a life commitment to 

students who lived in what was perceived by some as a failing 

system. Thus, the life's work of these teachers, both in and 

out of their classrooms, was viewed as personally intimate. 

For the researcher, the investigation process was an 

opportunity to explore the sensitive thoughts and feelings of 

unselfishly giving, educational practitioners, who risked 

participating in a reseeirch study that focused on themselves. 

The trust with which the participants sheured their thoughts 

and concerns was honored and considered both in the analysis 

of the data that represented them, and in the conclusions 

that were derived from the findings. It should be noted that 

the specificity of descriptions about the school setting and 

the identity of the participants was minimized in order to 

honor the prcMise of emonymity. Thus, the researcher was 

challenged with the difficult process of balancing the 

worthiness of a valid, reliable investigation and the 

integrity of the peurticipants. 
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The challenge of a valid representation of the findings 

of this study was underestimated by the researcher. The 

researcher struggled with the task of accurately describing 

peurbicipants who had become colleagues and collaborators in 

this research investigation. The finality of words on a page 

describing the snapshot observations of their complex work 

minimized the importance of their life-long mission. It was 

with this mental model that the reseeurcher formulated 

conclusions based on the data collected with a spirit of 

honesty, respect, and appreciation for the efforts euid 

willingness of the peirticipants. 

Confounding Evidence 

Teachers attributed systems thinking to various student 

attributes, but the causal connection was not explicitly 

evident or observed. It was uncleeur if teachers attributed 

systems thinking to the chemges they saw, or if other 

variables contributed to changes in student attributes. The 

confounding nature of the data was recognized as a limiting 

factor in deriving meaning from such findings. For example, 

as when responding in her journal to the question, "What are 

your ultimate goals in regeirds to systems thinking for your 

students?", peurticipant #3 wrote, 

I want to teach students to follow directions euid to 
increase their confidence in themselves. I don't know 
if this has to do with systems but with our [language 
arts assessment test]. . . last year half of my students 
gave up before the end of the testing period. This year 
they appeared much more confident. Last year for 
example, I met with students edx>ut 60 minutes per week. 
This year we pulled the whole group out and we eire able 



127 

to meet in smaller groups. Some is systems related. 
[Sara's] confidence has really increased this year. I 
know that this pours over to other things. She tells 
friends eibout things she knows and strengths she has. 

Another example of confounding evidence was the 

introduction of a new reading program to the school which 

grouped students based on reading level. Each teacher in the 

school taught a reading group, using a scripted method of 

instruction on a daily basis. Systems thinking tools were 

not a part of the reading instruction. Language arts 

teachers in this study who used systems tools to improve 

reading comprehension did not mention or consider the impact 

of the separate reading class. It was unknown if or how the 

reading class impacted teacher perception of reading 

comprehension. For example, when asked about the 

effectiveness of the reading program, participant #1 

indicated that she did not support the methodology that 

teachers were expected to use. There was no evidence to 

support consistent implementation of the reading program and 

perceptions of the program varied across participants. All 

felt a strong need for increased attention to reading 

ccxRprehension, but it was unclear the degree to which 

participants valued the current reading program. 

Future Implications 

In studying teachers' emerging conceptions and 

implementation of systems thinking, several questions and 

implications for future research emeuiate. The themes that 

emerged for future studies include: 



1. The validity of systems thinking as an effective 

instructional methodology, 

2. The applicability of systems thinking to teaching 

high-risk, low functioning students 

3. Conditions that influence teacher learning, 

4. The capacity of teachers to theorize and test those 

theories in the classroom 

5. Teacher disposition to new orientations, methods of 

instruction and educational innovations. 

Systems Thinking as an Effective Instructional Methodology 

The unit of measurement of this study was the teacher 

and the focus of all data collected was that of teacher 

perceptions and teacher behaviors. In order to investigate 

the worthiness of systems thinking as an instructional 

methodology, future investigations of student thinking and 

student behaviors is warranted. This study suggested that 

teachers perceived that systems thinking benefited students 

in a classroom setting. The degree to which this perception 

was valid was unknown. Although anecdotal evidence of 

student benefits surfaced throughout this investigation, it 

is recommended that empirical evidence from multiple sources 

should consider eind test the effects of a systems thinking 

orientation on student leeiming. 

Systems Thinking and At-Riskr Law-Functioning Students 

Besides investigating the general effects of systems 

thinking on student leemiing, more specific investigations as 
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to the motivational, esteem-building capacity of this 

orientation is needed. Hyerle's (1996, 2000) work on the 

impact of visual tools on student learning begins to address 

the factors that positively impact student learning in a 

veuriety of settings. More research that fully examines the 

approaches used to develop critical thinking and complex 

problem-solving in students of all capabilities and attitudes 

is warranted. Studies of the effects of systems thinking as 

an instructional methodology eire needed in settings that 

accurately represent the wide range of student populations. 

When examining the literature of the effects of critical 

thinking and complex problem-solving, there is a 

preponderance of studies focused on gifted, high-achieving 

populations, ignoring at-risk students and low-functioning 

populations. Research studies of instructional approaches 

that benefit these special populations are critically needed. 

Teacher Learning 

Although this study focused on teachers' emerging 

conceptions and implementation of systems thinking, the 

findings and conclusions highlighted factors that influence 

teacher learning. Teacher leciming and professional 

development are areas that necessitate investigative 

attention. Teachers eire challenged with increasingly ccxnplex 

problems, higher expectations for student results, and 

enhanced role expectations in and out of the classroom. 

Learning time for teachers is rapidly shrinking, yet 

expectations for increasing teacher capabilities are rising. 
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Teachers require instructional strategies that meet 

diverse student needs, yet are traditionally provided little 

time or resources to develop those skills. New jmd creative 

approaches to teacher development should be formulated and 

evaluated. Evaluations of the cost-benefits of grant 

structures which provide funding for development and 

implementation of innovative practices are essential. In 

addition, a long-term look at the degree to which grant-

funded programs are sustainable after the monies are depleted 

is also essential. 

Lastly, it is unlikely that systems thinking concepts 

eind tools be fully comprehended as a result of a one day 

workshop, or by reading a book. The time and effori: 

necesseury to understemd and be able to implement systems 

thinking methodology can be significant. The degree to which 

teachers cire willing and capable to invest the time and 

effort necesseiry to develop such a capacity is of interest. 

Studies which weigh the tradeoffs of the canplexity of the 

instructional methodology, eind teacher motivation to leam, 

along with resources available would be beneficial. 

Teacher Theories about Student Learning 

When teachers recognize practices that promote or 

inhibit student learning, are they more likely to internalize 

those practices and develop theories that eire tested in the 

classroon? What indicators of success and failure do 

teachers use as they formulate theories? How do outside 

resources affect what teachers choose to notice in their 
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classroom, thus contributing to their self-described 

theories? These questions begin to challenge the notion that 

learning theories eure developed only in empirical settings 

that test isolated variables. Further attention to teacher-

developed theories of learning may best bring the 

practitioner into the research realm, thus building the much-

needed infrastructure between theory and practice in 

education. Either by working side-by-side or by building the 

skills of one to another, researcher e«id practitioner must be 

united in order to bring best practice to the classroom. 

Recognizing that student needs and learning contexts are 

complex, it is obvious that one approach may not generate 

similar results in varying settings. Thus, the teacher is 

left to distinguish between lists of best practices found in 

published research and implement those strategies based on 

some intuitive knowledge of what is best for his or her 

students (e.g. Marzano, Pickering, & Pollock, 2001). The 

teacher becomes a researcher as he or she is involved in the 

process of theorizing and decision-making for the benefit of 

students. 

Typically teachers develop a research capacity through 

outside assistance and are left to theorize and test those 

theories in isolation. Or, teachers join with outside 

experts to plan, implement, and process a variety of 

strategies that work to develop theories of best practice for 

particular populations. Research that investigates these two 

scencurios would recognize the importance of "teacher as 

resectrcher" and assist professioncil develojanent efforts to 
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support best practices in schools. The recent emphasis on 

action reseaurch approaches to teacher development merits 

further investigation of the impact of teacher as researcher 

(Calhoun, 1994; Greenwood & Levin, 1998; Mills, 2000; Sagor, 

1992; Stringer, 1999). 

Teacher Disposition to New Methods of Instruction 

A familiar scenario unfolds as teachers are introduced 

to a new strategy or method that is guairanteed to generate 

positive student results, mostly likely on an upcoming 

achievement test. The reactions are mixed, but typically met 

with groans and "not-this-again" attitudes of apathy and low 

interest. Teachers have been inundated with new approaches 

that promise "quick fixes" and increased achievement which 

are introduced with little support and few resources. What 

are the factors that contribute to this familiar scene? What 

is necessctry to motivate teachers to explore new avenues that 

lead to improved practice in the classroom? What are the 

variables that affect a teacher's disposition to an 

innovation? Answers to these timely questions are imperative 

in order to appropriately intervene and address the dynamics 

of teacher apathy, burnout, emd low motivation as they are 

asked to explore new methods of instruction. 

In addition, when teachers are given resources to pursue 

professional development, the expectation of capacity-

building and effective delivery in the classroom surfaces 

pertinent questions. For example, given the scenario when 

teachers working in failing schools are provided ample 
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resources and considered advantaged in their support for 

professional development, are these teachers more likely to 

embrace and invest time and effort in learning than those 

with similar resources working in high-achieving schools? In 

addition, what occurs when teachers do not have available 

resources such as paid time for learning, coaching, or 

collegial support and are encouraged to embrace a systems 

thinking orientation? How do motivation, the school setting, 

and the perception of a new methodology influence the 

disposition for learning and implementation? 

Summary 

Systems thinking is an instructional methodology that is 

new to educational settings and is virtually untested as to 

its short and long-term benefits. Predominately used in the 

business world, systems thinking is a respected approach 

which uses strategies that generate decisions that consider 

circular causality eind long-term consequences. Students are 

faced with a complex world with problems that are 

unpredictable to today's ways of thinking. The advancement 

of technologies and consideration of diverse backgrounds, 

philosophies, and beliefs add to the complexity of worldwide 

struggles. Today's problems challenge our youth with 

unpredictable futures. Systems thinking is one orientation 

that may provide students with the tools to manage that 

precarious future. The purpose of this study was to begin to 

explore teachers' initial consideration, comprehension, euid 

implementation of systems thinking. This qualitative 
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investigation begins to paint the backdrop of the 

possibilities of what systems thinking might offer to 

teachers and to students. 

The conclusions of this study focused on teacher 

perception of the value of systems thinking, their learning 

process, and the theories teachers develop about students 

using a systems thinking orientation. As important as the 

conclusions, this study surfaced numerous questions and 

implications for future reseeirch. Questions that may never 

have been asked were posed, paving the way for future 

research, critical to the systems thinking movement in 

educational settings. 
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APPENDIX A 

Systems Thinkin<;i Websites 

Creative Learning Exchange 

http;//sysdyn.mit.edu/cle/home.html 

High Performance Systems. Inc. 

http;//www. hps-inc.com/ 

Pegasus Communications 

http://www.pegasuscom.com 

Systems Dynamics Group-MIT 

http://web.rait.edu/sdg/www/ 

System Dynamics in Education Project 

http://sysdyn.mit.edu/ 

System Dynamics K-12 Listserve 

k-12sdisysdyn.mit.edu 

The Systems Thinker 

(Pegasus Communications) 

http: / /www. pegasuscom. can 

Waters Center § Trinity College 

http;//trinityvt.edu/waters 

Waters Foundation 

http://www.watersfoundation.org 



136 

APPENDIX B 

Intrcxiuction to Systems Thinking 
Workshop Agenda 

I. Define and provide examples of a "system" 

II. Define euid provide examples of "systems thinking" 

III. History of systems thinking 
1. systems thinking and system dynamics 

IV. Viewing systems from veurying perspectives 
1. ladder of inference 

V. Systems thinking as an instructional methodology 
1. Using the "iceberg" as a model 

VI. Systems thinking concepts 
1. change over time 

a. patterns and trends 
b. accxunulations 

2. feedback 
a. interdependencies 
b. reinforcing and balancing relationships 

3. leverage 
a. structure generates behavior 
b. short and long term consequences 
c. tradeoffs 
d. temporal and spatial boundaries 

VII. Systems thinking tools 
1. behavior over time graph 
2. causal loop diagram 
3. causal loop eurchetypes 
4. stock flow diagram 
5. CCTiputer models 
6. conputer simulations 
7. non-computerized simulations 

VIII. Examples of concepts and tools with each subject area 
1. Practice opportunities with each concept cmd tool 

IX. Connections between instructional best practice and 
systems thinking 

X. Personal planning and integration of systems thinking into 
a teacher's curriculum 
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APPENDIX C 

The Types of Thinkin? in Systems Thinkiny 

Definition of Terms 

(Richmond, 2000) 

Dynamic Thinking; This type of thinking helps to frame an 

issue or problem in terms of patterns or trends over time. 

One tool associated with dynamic thinking is the Behavior 

over Time Graph (BOTG). 

Svstem-as-Cause Thinking; This thinking determines the 

extensive and intensive boundaries of the issue or problem 

from an endogenous point of view. The causes that generate 

the patterns or trends of dynamic thinking are internal to 

the system. 

Forest Thinking; A broad view of the system that focuses on 

the general qualities of the system while minimizing the 

details is essential to this type of thinking. The act of 

clustering like> data and grouping similar details provides a 

view of the links or interdependencies that exist within a 

system. Forest thinking avoids the details and observable 

minutiae of a system, although it is important to note that 

this avoidance may minimize important features of a system in 

action. 

Operational Thinking; This type of thinking generates 

questions such as, "How does this system work?" or "What 
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causes this outcome?" Operational thinking focuses on 

causality and the structures that generate the system 

behavior and contrasts sharply with correlational and factor 

thinking. Operational thinking describes the structure that 

generates the behavior of a system and avoids the use of 

lists, influencing factors or correlations. Stock and flow 

mapping is a tool that is associated with operational 

thinking. 

Closed-loop Thinking; Understanding of circular feedback is 

essential to closed-loop thinking. This type of "loop" 

thinking views the interdependent aspects of a system as an 

ongoing causal process rather than a one-time, one-

directional event caused by independent factors. Causal loop 

diagrams (CLD) are tools that help describe closed-loop 

thinking. 

Quantitative Thinking; This thinking focuses on the eUaility 

to quantify variables as an essential part of a systems 

analysis. This thinking involves numeration but not 

necessarily measurability in that it necessitates the 

assignment of numbers to assumptions. More specifically, 

this thinking includes the following: (1) the providing of 

numerical values for constants; (2) the choosing of initial 

magnitudes for stocks (or levels that chemge over time); (3) 

the specifying of numerical values for graphical function 

relationships. This type of thinking is essential when 
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quantifying a stock-flow diagram and creating a running model 

that depicts the system in action. 

Scientific Thinking; The first six types of thinking are 

usable in the study of a system in determining how it 

operates. Scientific thinking involves the trial and error 

efforts that work to predict and test out possible 

improvements of a system's performance. This type of 

thinking supersedes the "predict and prepare" mind set and 

shifts the thinking to an orientation that looks at a wide 

range of conditions and identifies leverage actions which can 

maximize the desired results of the system. 
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APPENDIX D 

Systems Thinking Tools 
Descriptions 

Behavior over time graph /BOTG^ 

BOTGs depict trends and patterns of behaviors in a 

systems, rather than discrete events. The graphs measure 

change over time and shew what has happened in the system 

relative to the graphed component. The tool is useful for 

analyzing and communicating understanding of the cumulative 

effects over space and time of what is caused by 

interdependencies in a system. 

Causal loop diagram rCLDl 

Caused, loop diagrams (CLDs) depict causal relationships 

and circular feedback within a system. 

CLDs are either reinforcing (positive loops) or balancing 

(negative loops) in nature. 

Stock flow diagrams rSFD^ 

Stock flow diagrams illustrate the structural 

relationships within a system. Stock flow diagrams Cctn be 

drawn with paper eind pencil and/or on the computer using 

modeling softweire (STELLA, IThink or Vensim). 
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APPENDIX E 

The Ladder of Inference 

Adapted from The Fifth Discivline Fieldbook 

Last modified -1/1999 

N 
y 

t=J t=4 

I take 
ACTIONS 

based on my 
beliefs 

I develop 
BELIEFS about 

the world 

XZZZZZZZZZZZ/,ŝ  

I draw 
CONCLUSIONS 

EZZZZZZZZZZĝ  
I make 

j l N /  A S S U M P T I O N S  
based on the meanings 

w///)/W///77C> 

I add 
MEANINGS 

I select 
VATA" 

from what I perceive 

. X I  P e r c e i v a b l e  
^ I "Data" & Experiences 

<zẑ zzzzzzzzzzzzzzzzzz 
/A 

« 

R 

The 
Reflexive 
Loop 

(our 
beliefs 
affect 
what 
data 
we 
select 
next 
time) 
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The Iceberg 
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lceberg...Seeing What's Below the Surface 

What is seen 

Tvents 
'What 
happened? 

What is 
generaily 
unseen 

Patterns of 
Behavior 

What's been happening? 
What are the trends? 
What changes have 
occurred^ 

Underlying Structures 

What has influenced the patterns? 
(e.g.. policies, laws, physical structures) 
What are the relationships among the parts? 

L 
e 
a 
r 
n 
i. 

n 
g 

L 
e 
V 

e 
r 
a 

9 
e 

Mental Models 

What assumptions do people have about 
the system? 

Ada|)ted by Waters FoundaSon. CFSO Iram kmovation Assodales. Inx 9^7 



143 

APPENDIX G 

Systems Thinking Terms. Concepta and Tools 

Accumulation - levels 

Archetypes: Fixes that backfire, escalation, limits to 

success, tragedy of the commons, shifting the 

burden, drifting goals, success to the successful 

Balancing feedback - negative feedback 

Behavior-over-time graph 

Boundaries - Temporal and spatial 

Causality - linear or circular 

Causal loop - reinforcing (positive) or balancing (negative) 

Cheinge over time - dynamic behavior 

Complexity - detail or dynamic 

Compounding growth or decay - exponential 

Consequences- Short emd long term 

Delays 

Exponential growth or decay - compounding 

Feedback 

Gaps 

Generic structures or patterns of behavior 

Goal-seeking behavior 

Iceberg model 

Interdependence 

Ladder of Inference 

Leverage 

Linear growth or decay 

Mental models 

Modeling - 3-D, mental or computer 

Oscillating behavior 

Patterns cind trends 

Perspective or point of view 

Rates of change 

Reinforcing Feedback - positive feedback 

S-shaped growth 

Simulation - role play or computer 

STELLA components - stock, flow, converter, connector, time 
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specsf range specs, pulse, step 

Stock-flow diagrams 

Structure generates behavior 

System 

Systems thinking 

System dynamics 

Tradeoffs 



APPENDIX H 

TEACHER CONSTRUCTED 

BEHAVIOR-OVER-TIME GRAPHS 
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APPENDIX J 

ACTION RESEARCH REPORTS 

FOR 

PARTICIPANT #1 

AND 

PARTICIPANT #2 



PARTICIPANT #1 
Language Aits and Social Studies, Grade 7 

ACTION RESEARCH PLAN AND SUMMARY 
nfF<Tir>x ANnrfiNTFVT 

What do l/wc »*ni lo ic« my/our nudmu doncani? Hivmn opcrienccd four 
icachcr direcied ktiont cuploring ih« UK of Bcliivior Over Time Orsptu (BOTG), 
OuMi Loupi, Slock Flowi, ihc Iccbcrg, and four diKuuioni tnd •niviiici 
lupponing Ihc UK of ihcM looli, I believe 80% nf my iludcnii will be able lo Kore ai 
< level 4 or belter udng ihe compreheitiion iirand of ihe Oregon Siaie Open-ended 
Reading rubric. Tbii meoni tuidenia' reiponie demonuralei a compeieni 
undentanding of ihe paita of Ihe Klcciion and the teleciion u a whole; ihey 
undeniand main ideas, rclevui lupponlng dcuili, inferenco and form reasonable 
concluilona aboul Iheir meaning!. Siudenli ihould alto be able lo pretenl 
Inierpfeiailona, generalitaiiona or predlclioni bawd on adequaie evidence and uie 
infoiWiafl Awn leatual reiourcea, 
Why la Ibia ImponaniT When Mudenu art aiked io write about an article or story 
Ihey often produce a paper that reataiea or reiellt what they read. In most often 
papers an void of inferences, connectiona or insights. The Open-ended Reading 
Asaeasment specifically addreasca theaa areas. Wiihin the neat 2 or 3 yean the 
Ponlaad Khool district is planning |o implement this form of assessment, lite 
scoring rubric used |o evaluate thia teat offers a clear and conciw framework for 
demonstrating comprehension in a ihoughrful and auUKntic meaningful way. It 
excludea the lue of mulilple-choicc tjueilioni. Studenu communicste their 
tuideniandlng by writing about the t^ie and are asked to include visual lools thst 
further clarify their thinking. DemonstraUng comptihenjion al this level should not 
stop with the open-ended asseasment. This ought to be the standard at which students 
are eapected to relay their knowledge. Being able to accurately communicaie 
comprehensioa is not just an academic feat. Ii'a a life skill 
How do I deKribt Ihc luilUl itiuallaD? These acliviiiei occurred in an itttegraied 
language ans and social itudtea class during a 2-hour block schedule. A bSKline 
writing assessment activity showed that, only thirty percent of the siudenis met the 
passing requirement of writing at a level four or better. When asiesiing iheK studenis 
knowlttlge of tyitcmi tools and concepts Ihty futmtd } distinct groups; Novice, 
skilled and advanced skills. Twenty-iix percent (26%) of these studenii were novice 
meaning they bad a limited underaunding of systems tools or concepts, fort-nine 
percent (49%) were skilled In their knowledge of systems tools. These students could 
discuss lools or concepu but not both. Twemy-si» percent (26%) had advinced skills 
meaniog ihey bad i clear undemanding of both lools and concepu. 
WbM reaulu can 1/we Khleve? Eighty percent of the students involved in this 
project should be able to perform at a level 4 or belter in the open-ended reading 
assessment. 

RESULTS 

How well did my/our tiudenls do? On the buclitte uwutneni 30% of the 
students piued. By the complciion of these activities, 70% passed. This 
equates lo a 40% increase lo the number of students able to demonstrate 
comprehension at a level 4 or belter. There appears to be no correlation 
between students prior undemanding of systenu lools or concepts and their 
ability to use the tools to complete the assignments if they paniclpaied in 
Die teacher guided activities. 

What do i/wc Qecd lo do nan? Smdents who did not meet the oiieria had 
attendance issues or did not turn In the assignments. Their comprehension 
could not he subsuntlated and included in the results. Other- students faced 
challenges in their writing, which cicated a barrier to completing their 
woric. For example, Iheir assignments was not wrilten clearly enough to 
illustrate their thinking. (These studenis have Individualized Education 
Piins for wriUng.) I mtut coordintte ttiofe ctotely with the suppon staffs 
who work with these snidenu in order to ensure they have ample 
opponunity to be succeuful. (Studenu needed editing help and typing 
assisunce that I was not able to provide.) 

Iroplkatlons? Although only 70% of the studenu met the criteria of 
performing at a 4 or better on the reading rubric, the noted increase from 
30% demonsmies significant growth proving this it without doubt, a 
pwerful way to assist students in Integrating inferences, jnterpicuttons 
and conclusions into their writing. Systems thinking tools specifically 
BOTGs, Causal Loops and Stock flows are a path to guide studenu into 
using strategies that sharing these insights. Teachers might seriously 
consider how to integrate the use of these tools when seeking to evaluate 
reading comprehension. 



PARTICIPANT #l 

Laoguage Arts aod Social Studies, urade 7 

INSntllCnONALPLAN 

» Wlwt itrawtk* will I/we impkmcnl? 1 will give an open-ended reading 
comprehention acliviiy lo ihc entire class lo esiablish a baseline and 
determine what peivenuge of tiudents can meet the criieri# without the 
antisiancc of the systems tools. I will present students with un article and ask 
that they demonstrate their comprehension by responding to the prompt, 
"What Is this anicic addressing?' I will hive students use the same snide 
and this lime I will request they analyze the information in the anicle by 
identifying i example* of change ovei time using BOTCs. I will present a 
guided l«HOn that reviews or introduces how lo use this tool. I will require 
lhai studenu wtite the slory of their BOTG, As » class we will discuss and 
share BOTG and debrief on how or why this strategy was used and iu 
impact on their worlt, [ will follow this formit a* we use Causal Loops, 
StocK flows and ihe iceberf;. These responses will be evaluated using the 
open ended scoring ivbric, 

• What theory UihtobHcd upon? In the boolt yiml Toalt by P»vid 
Hyerle he sutes; Visual lools offer a bird'*-eye view of paricmi, 
inwrrelatiomhips, and Imtrdcpendencies. They provide guidcs'for making 
our way in boolu full of full of tut or among downloaded materials from the 
Informailon Superhighway, Unlike geographic maps, which show explicit 
physical models of ihe world, visual toots generate and unveil menul models 
of Interreladonships developed by learners, along with the unique patteming 
capacity of each learners mind...in sum, visual tools are for consuuciing 
represeniadona of knowledge, In educational terms visual tools are for 
consDuciing and remembering, communlcadng and negotiating meanings 
and asseuing and reforming the shifting terrain of interrelated knowledge. 
(1996, p. 10-11) 

• liow will the ftralHics be ImptemenlcdT Strategies will be impitmemcd 
during a 4-week unit on Environmental Justice. Whole group teacher 
directed lessons would be followed by independent work periods and whole 
group discussions. 

• What roourcca are needed? Students will need aniclcs that appropriately 

illustrate change over time. 

APJH5TMEf<TS 

What are we actually doing? After completing (he rirsi 2 activities and 
having a discussion with some students about the iceberg, I decided not to 
proceed with the lessons using this tool, 1 want to establish strategies that 
can easily be used independently, without teacher assistance. The icebcrg, 
although It has been modirted, is still somewhat cumbersome for students. 
They rely on the handout. They cannot recreate it or use it without 
significant teacher guidance. 

What is or If not working well? Students made a cognitive leap from the 
causal loops to stock flows. In their writing and particularly during 
discussions, they automatically addressed the increaaes and decreases of 
various changes in their diagrams. When I attempted lo have them go 
through the process of illustrating this on their papers using stock flows, 
they were reluctaiM, From their pcnpective, the causal loops did a fwe job 
explaining relationships and portraying chfnges;" We alreiuiy did this 
here! (Referring to the casual loops) Why do we have to use the stock flow, 
why d9 we have to do ii agaInT' 



PARTICIPANT #2 

Writing and Literature (To Kill a Mockingbird) 

ntlggnON AND CONTEXT 

• What do t/wc want lo set my/our Mudcnu do/ltarn? How do dynamic 
models and BOTG's impaci inner-ciiy smdenii' moiivaiion lo wriie? 

• Why li thl» important? Studcnw ofitmimes don't see the relevance of 
llieraiure or the imponance of writing about liicratuie. BOTO's arc a tool to 
gel siudenu Into the literature and into the writing of the literature. 
BOTCVSD tool* act a> a bridge between the literature and >tudem'> livci, in 
thai the BOTG's/ SD tools provide visual demonsiaiion of the students' 
measure of the Inwtuity of • particular emolion, feeling, trait, or 
chancieristlc of a chancier or group of characters irt liieraiure. BOTC'VSD 
tools work to shed light, visual inith; they provide solutions for people's 
lives. Harriet Tubman Middle School is an Inner-city school with a 70% 
African American student population. As a cultural group, African 
Americans demonstrate predominantly visual, oral, and tactile learning 
style*, Constructing dynamic models and BOTO's provide numerous 
avenues for such itudenu to graphically enpreis what they knoy« abovt a 
piece of literature or fllm as a prelude to writing. Piiully, Systems tools 
equip students with the confidence thai Is so necessary when expressing 
yoursclf-whether writing or speaking. The "I can do thii" attitude sirips 
away barriers to writing that previously held students back. The result is 
greater wrinen productivity, clearer written eapression, better in-depth 
analysis-the kind of response needed in order for students lo reach 
benchmark requirements by the tenth grade. Thus. SO tools and BOTO's 
should be among evtiy effective writing teachers' grab bag of approaches to 
use in order lo help snidenu to write, 

• How do I describe Ihe InlDa) ailuallon? Classes consist of predominantly 
low-achleving student performers and high-achievmg students who take high 
school algebra. The high achieving students at least jO% or more of the time 
produce quality written work and hand it In on time, while the low-achieving 
students write or turn in work less than 30% of the time. A Systems 
Inventory initially given indicated that 12% of my students possessed 
advanced ST/SD skills, 53% were skilled at ST/SD concepts, and 35% were 
novices at using ST/SD toots. 

• What resulu can 1/wc acbteve? The percentage of students in my ciasscs 
who Mm In writing assignments associated with systems models will go up 
I3-20*. 

nirSHtTC 

Hon Mtll did m.v/uur students do? Siudenit did mm do u<ll with retfxcl i» 
qusntity of assiinmenti turned in. The fact that i)k non-S)ucms writing 
aititnmcnii uccumi) early, before the end uf the school ynr. had a great impact on 
Ihe numbers uf uiifnmenis tumed in. Approsimately 669 of the students in the 
higher.achlevini cbii tumed in their nnn-Sykicmi uritint astlgnmenis. About 
211 of the assignnwnis achieved an "Exceeds BenchmsiV" designnion, Atwut 
sot uf the ktudcntk in the lower-achieving class turned in their non-Syuems 
w niing a»ignmeni>. About 12% of the asilgnments met the "Eueedt Benchmark" 
tiandsnl. Anoi^r ficior influencini the numbers of the non-Syttems auignmenu 
turned in was the fact that 2 of the 3 assignmenu were ponfolio requiiemems. 
Siudemt knew ilttt If ihey didn't comptete the auignmcMa this year, they would 
need to complete the assignments during eighth grade. 
Of the eleven students who possessed advanced ST/SD ikllls, 3 students scored at 
Ihe "Eaceeds Benchmark" standard. Of the IS suidenu who v^re "skilled" at using 
ST/SD tools, 4 students Kored at the "Eaceeda Benchmaik" standard. Finally, of 
the 4 sludenu at the "novice" ST/SD skill lavel, 0 siudenu scond at the "Eaoeads 
Benchmark" atandard. 
Numbers of Systems auignmenu turned in did not meet eipectaUons. Only 12% of 
the students in the lower-achieving class and 27% of the higher-achieving atudenU 
completed the Systems assignments. Them arc, in my opinion, several reaaona for 
thii low response; I) The Systems assignmenu were atuclied to a larger 3-4 o.'sek-
long liieranire-based unit, unlike the single assignmenu which made up the non-
Systems woik; 2) Studtnu completed the literature-based unit on a conuaci basis. 
They had the option to choose which benchmark level they would achieve. 3) 
t'tnsily, the fact that Systems assignments were given at the end of the ichool year 
was a de-motivator for studcnti' completion of Systems writing auigntnents. 
Despite the poor quaniiiy thowing for Systems assignmenis, this deficiency Is mote 
than compensated for by the quality of the Systems work submitted. About 73% of 
the total number of the Systems assignmenis submitted were at die "Eaceeda 
Benchmark" siandaid for the higher-achieving snidenu. while <6% of Systems 
asiignments submitted were at the "Eiceeds Benchmark" level for the lower-
achieving ttudenis. 

What do I/we need to do neat? I need to maiie sure to do Ihe larger, liieraiure-
bated Systems unit si the beginning rather than at the end of the year, It also might 
be advisable to deiach the Systems assignmenis from the larger packet of work 
(InfomiaUon queiilons baled on T7CAM) when presenting them. Making aure that 
studenu have adequate time to complete the assignments is also a must. 

ImpUcailoiu ; Ccnainly. based on the data, it can be argued that the Systems 
modeling tools greatly increased the quality of student work; it can be also 
concluded dial suident understanding of the Systems assignmenu were aided by die 
lue of BOTG's and Caussl Loops. 



PARTICIPANT #2 
Wriliog and Literature (To Kill a Mockiitgbird) 

tNSTRUrriONALPl.AN 

• What (tfatcfic* will I/wt tmpkmcnl? I will uie BOTC's lo analyze 
clwnctcn tn Utennire and (ilins. Ttiey wlU alto lue SD u>oIs and BOTG's 
10 analyze iheir own livea from a graphic penpeciive as a prelude to wriiing. 
I will fini implement a (criea of auignmenu in writing without any 
inwgnrion of Systems ThinUng tools. At this point I will monitor the 
response of students to the in-class wriiing assignments, as well as monlior 
the percenuges of students who turn in completed wrinen assignments. I 
will then give tJie same number of assignments coupled with the use of 
Systems tools, such as BOTO's, In addition, "I will provide students with 
opponunities to draw such diagrarru on the chalkboard or on the computer 
overhead panel and have them verbalize the reasons for graphing as they 
have done. After monitoring student responses to the asslgnmenis and the 
numbers of assignments tumed in, I will compare the results in order to 
determine the percentage of increase (if any) of studenu who turned in 
assignmenu using the Systems tools/BOTO's as aids. 

• What 1I1C017 b thla baied upon? "Motivation in African American 
children from low aocioeconomic groups is influenced more by.the need for 
affiliation than for'achievcment," (Delpit, Othtr PtafiWt rhiMrm loosv a 
)(ey componctll for succcaaful student writing is to give "kids ownership of 
thdr own vvoifc," Children need to discover how "writing connects with 
their own live* and 'exicnds in many direction*." "Publicadon is a vital 
activity in" the "classroom," "Students need to learn and practice many 
forms of M|iressiDn 10 deeply engage ideu." "Children's learning always 
involves consnucting ideas and systems." (Zemelman, Dsnieis, Hyde, Bell 
Prarilrt. 

How wUI Ihctirategic* be implemented? Strategies will be implemented 
over a nine-week period, with a minimum of 6-8 writing assignments. 

What rtsourcc* arc needed? Students will need; A) Computers for wriiing 
f^nal drafts; B) Training in understanding fremembenng how to use specific 
Systems tools and BOTO's. 

Aa^U5T^^EKTS 
Wliai art «c KOiaUjr dotsg? 1 gave out a ST'SD uuilcai inventory, followei) by 
thite non-Syiieins bated wriiing asiignmenu. These auignmcnu coiuisied of 1 
If lignment bawd oo our >mdy of Egypt and two ponfolio 
ssjignmenis—auignmcnu thit would be used u> detemiine wheiher or not students 
ought to receive the CIM ccnificste. When I give out the non-Systems ponfolio 
luignmcnts, I ipent a lot of time tilking about the impoiuncc of doing these 
•tttgmncnu in » quslity fuhton. We actually ipent mulitple in*claii days on theic 
assignnicnli. Studenu were iofonned thai if they did not complete portfolio 
uiignmenis ihii year, they would rcvisil Ihe assignmenu for complelion in eighih 
grade. 

llic Systemi aMignmeiiii were attached lo Ihe end of a thick, mulilple-paged pKkei 
o( <)uesiions bated on the nave) To Kill a MocUn$bird ITKAM). The Syttenii 
office funded a classroom set of 2i volumes of the book: students wereencoursged 
to purchase their own volumes if they warned to complete the packet! st home. 
Siudtma littenid to ihe audio CU version of TKAM aa thay followed along in the 
clawroom volunwa. Studenu coroplcttd TKAM packet queadona as they followed 
along. The Systems writing assignments were individually taught in onto to 
masimize student understanding of the writing task. We listened lo and read at least 
2 chapters/day. We completely read the book before the June 6 deadline. 

What la or Is n«< woridag well? When we started the Systems unit, I introduced it 
in the form of a packet of work—ijuettions for the 31 chspters of TKAM with 3 
Systems writing assignments at the end, Siudcnu complained about the volume of 
work that they needed to perform. The site of the task, coupled with the fact that 
the ST/SO writing aasigntnenu came at the end of tha year, in tny opinion, affected 
ttudents' motivation to completa the assignnwntt. Also, I arra.igcd the work In the 
packet so that kids completed their work on a contract basis; studenu could chooie 
the level of perfotmaiKe of the contract. Oood studenu from die highat'Schicviiig 
group chote not lo write Systems suignmenu because they came at the end of the 
year. Studenu' response lo the introduction of Ihe TKAM psckeu during the Istt 6 
weeks of class were to be messured In sighs, groans, complaints. Students seemed 
to be de-motivsted at the tiie of Ihe task to be completed to late in the year. Class 
ditcuisiont went very well, eipecislly for the higher-achieving class. I would ssy 
thai, overall, 30% or more of the studenu "got into" the book and understood it. 

Alieniion lo the task of listening lo and/or reading the book was more of a challenge 
in Ihe lower-uhieving class than ll wu in the higher-achieving class. Thus, the 
lower-achieving class progresied at a slower pace. 

I would ptobably do the TKAM packets again, eaoept that I would do them earlier 
in the year, ao that student motivation would not be to severely affccted. 
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