ISSUES IN INTEGRATIVE STUDIES
No. 26, pp. 73-104 (2008)

USING
SYSTEMS THINKING
TO IMPROVE
INTERDISCIPLINARY
LEARNING OUTCOMES:

Reflections on a Pilot Study

in Land Economics
by
Leah Greden Mathews
University of North Carolina Asheville
Department of Economics
and Andrew Jones
The Sustainability Institute
Abstract: Systems thinking is an inquiry-based method of learning that uses the technique of
perspective-taking, fosters holistic thinking, and engages in belief-testing. This paper describes
a pilot study in an undergraduate Land Economics course that investigated how systems think-

ing could be used to facilitate the process of interdisciplinary integration. Results suggest that
systems thinking is well suited for this purpose.

Introduction

Systems thinking is a methodology for visualizing interrelationships
within a complex system. Given that the focus of interdisciplinary inquiry
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is “to understand the portion of the world modeled by...[a] complex sys-
tem” (Newell, 2001, p. 2), it is not surprising that the interdisciplinary stud-
ies literature has identified the usefulness of systems theory. Newell (2001)
notes that “...applications of systems theory offer us a way to conceptual-
ize the interdisciplinary process in general and integration in particular” (p.
22). Repko (2008b) says that a systems map is “a highly useful analytical
tool that can help one visualize the system or problem as a complex whole”
(p. 164). Beyond these brief discussions by Newell and Repko, the inter-
disciplinary studies literature has not yet adequately studied how systems
thinking can facilitate interdisciplinary learning and problem solving. The
literature has tended to emphasize how to integrate divergent insights within
a complex system but not how to first map the complex system of linkages
itself.! The purpose of this paper is to show how systems thinking can add
a new dimension to interdisciplinary learning and facilitate the process of
integration. Notably, the use of systems thinking as a pedagogical strategy
also served to deepen students’ understanding of land use problems in an
undergraduate course, Land Economics.

Land Economics: The Study of Land and People (Econ 245) is an elec-
tive sophomore-level course in the Department of Economics at the Univer-
sity of North Carolina Asheville. A primary student learning outcome of the
course is to improve student knowledge of the complex land-people-place
system by using an interdisciplinary approach. We hypothesized that using
systems thinking could augment students’ interdisciplinary understanding of
the land-people-place system. Interdisciplinary understanding is “the capac-
ity to integrate knowledge and modes of thinking in two or more disciplines
to produce a cognitive advancement....in ways that would have been un-
likely through single disciplinary means” (Boix Mansilla, 2005, p. 14). So
in 2003 we designed and implemented a pilot study of the land-people-place
system in the Land Economics course.?

Newell (2001) contends that, “an interdisciplinary approach is justified
only by a complex system” (p. 1). The complex system studied by faculty
and students in Land Economics is the system of land use change. Land
use change describes the modifications in land use over time, such as the
conversion of open space to residential property, or from agricultural acre-
age to forested land. This course draws upon the disciplines of economics,
political science, and sociology and the interdisciplines of land use planning
and environmental studies in order to fully understand the dynamics of the
land-people-place system and formulate creative approaches to resolving
the problems associated with land use change. The Land Economics course
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used an instrumental interdisciplinarity that “seeks to solve real-world
problems or to illuminate and critique the assumptions of the perspectives
(disciplinary, ideological, etc.) on which interdisciplinarity draws” (Repko,
2008b, p. 18).

We anticipated that using systems thinking would provide additional ben-
efits to students. These include the liberal education of our students, social
and economic problem solving around the issue of land use change, and the
production of new knowledge to address the problems associated with land
use change.’ Problems that typically arise from land use change include wa-
ter quality degradation created from developed landscapes, rising property
values that lead to a lack of affordable housing, loss of rural character and
aesthetic beauty from the conversion of open space to developed areas, and
uncertainty associated with new people, jobs, and ways of life moving into
an area. Thus, the focus of the course—the system of land use change—is
appropriate to interdisciplinary inquiry because it is a complex problem that
requires insights from multiple disciplines to fully understand. An interdis-
ciplinary approach, says Klein (1996), requires the triangulation of disci-
plinary depth, disciplinary breadth and synthesis or integration (p. 212).*
Land Economics had historically provided disciplinary breadth through the
introduction of content from multiple disciplines, and disciplinary depth
through repeated exposure to disciplinary content. However, it was not until
the pilot study that the course had provided students with a process for the
active synthesis or integration.

This process—systems thinking—is the focus of our pilot study. While
the steps involved in systems thinking do not conform in every way to the
model of the interdisciplinary process that Repko (2008b) offers, it does
parallel certain aspects of the process such as breaking complex problems
into their constituent parts, identifying which parts different disciplines ad-
dress, evaluating the relative importance of different causal linkages, and
recognizing that a system of linkages is much more than the sum of its parts.

Systems Thinking
What is Systems Thinking?

Systems theory identifies and analyzes the linkages among various ele-
ments in a system. For those new to systems theory, it is important to note
that “systems” is plural. Systems theory does not presume that there is one
grand system to be studied.’ An early systems model made famous in 1972
in Limits to Growth (Meadows et al., 1972) emphasized the linkages be-



76 Leah Greden Mathews & Andrew Jones

tween the economy and the environment. Other models examine urban ar-
eas, product development, global climate change, and terrorism as systems
(Sterman, 2000).

One intellectual thread of systems theory is the field of systems thinking.
Systems thinking is a methodology for understanding and managing com-
plex feedback systems such as the ones at work in business and other social
systems. Systems thinking is derived from the simulation modeling field of
system dynamics (Forrester, 1961; Sterman, 2000).5 Systems thinking uses
mapping of inter-relationships as a means to improve decision-maker un-
derstanding of how to intervene and improve system performance. Systems
thinking is a heuristic, a tool of analysis that encourages discovery rather than
behavioral predictions. Thus, systems thinkers do not produce deterministic
models but rather models that facilitate an understanding of the interworkings
of systems through visualizations of the behavior occurring within the system.

Understanding the interworkings of a system, or the relationships between
the various actors of a system, is useful because it improves understanding of
the outcomes of the system. For example, to understand why communities ex-
perience traffic congestion in a road system despite extensive road building re-
quires an understanding of the relationships between the actors in the system.
Students must understand how governments decide where to build or expand
roads and how individuals select driving routes. If a government widens a
congested road, it is likely to become congested again even if the destinations
of current drivers, employment patterns, location of entertainment and service
venues, and other determinants of driving patterns have not changed. Current
drivers will use the additional lanes resulting in reduced travel time. How-
ever, the improved road tends to quickly attract new drivers who contribute to
congestion. Thus, decision makers must know the relationships between road
expansion and driver destination in order to formulate effective policy.

The systems thinking approach builds theories for how the system works
and uses them to develop insights about the behavior of the system over
time, with the goal of improving system performance. The skill of theory
building is developed by investigating what is referred to as the causal feed-
back structure of a system, meaning how a change in one part of the sys-
tem affects other parts of the system. For example, understanding the link
between forest management and timber markets requires the development
of a feedback theory. This theory seeks to explain how the price of timber
influences the number of trees that are harvested, and how, in turn, the har-
vest rate influences price. Once the feedback theory is developed, it can be
used to cultivate insights about the behavior over time of the forest-market
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system. The goal of the theory is to improve forest management. Disciplines
often ignore feedback effects, especially the effects of the causal linkages
they study on the variables studied by other disciplines.

The primary tools of systems thinking include system mapping and ex-
perimentation with formal mathematical models. Systems mapping is most
frequently used in the Land Economics course because its visual aids—causal
loop diagrams and stock and flow diagrams, described below—are useful for
students seeking to identify linkages among content areas. There are two dif-
ferent types of systems maps: causal loop diagrams and stock and flow dia-
grams. Figure 1 provides a causal loop diagram that illustrates how systems
thinking helps students visualize the behavior of a system. Specifically, it
shows how population affects vehicle traffic in a region which in turn affects
air quality (negatively). The subscripts s and o on the relationship arrows in
a causal loop diagram show whether the two phenomena are moving in the
same or opposite direction. Reduced air quality tends to negatively impact
public perceptions of a region’s livability, which, in turn, has the effect of
reducing or even reversing population growth. This type of offsetting relation-
ship is said to be a “balancing loop,” and is labeled with a B (for balancing).
There are other factors that serve to reinforce the population trend simultane-
ously which are labeled with an R (for reinforcing) in the causal loop diagram.
As population grows, positive word of mouth can also grow as people express
enthusiasm about the region to their friends and relatives. The “positive buzz”
can lead to “in-migration” which reinforces population growth.
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Figure 1: Causal Loop Diagram showing the relationships between population, driving,
air quality, and word of mouth.
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Part of systems thinking and mapping involves identifying the various
actors and relationships in the system and creating causal loop diagrams
that model these relationships. This promotes two skills appropriate to inter-
disciplinary learning: the cognitive ability of perspective taking, and think-
ing more comprehensively about a complex problem. Perspective taking in
interdisciplinary work involves “examining a problem from the standpoint
of interested disciplines...and identifying the differences between them”
(Repko, 2008b, p. 120). Perspective taking is essential in systems thinking
to understand how the various actors in a system interrelate. We asked stu-
dents in the Land Economics course to engage in perspective taking in order
to identify the disciplines most relevant to a particular land use problem.
To understand the impact of air quality on population, students needed to
assume the role of an individual experiencing poor air quality and theorize
how that individual would relay information about their experience when
asked, “Would you have any positive or negative things to say?” The re-
sponse determines the relationship between air quality and positive word of
mouth, as indicated in Figure 1.

More comprehensive thinking is required because students must not only
identify a problem, but also the causal factors that are important contributors
to the problem as well as the relationships among those factors. The causal
loop diagram allows students to visualize the complexity of the system. This
helps them to understand “how the disciplinary parts of the problem relate
to each other and to the problem as a whole” (Repko, 2008b, p. 163). Once
students understand the dynamics of the system, they can identify and test
hypotheses about where and when to intervene in the system. This will en-
able them to later propose solutions to the problem.

Figure 2 provides a stock and flow diagram which helps students better
visualize the flows and accumulations (stocks) in the complex system of
diabetes incidence. The utility of this diagram is that it makes distinctions
between people’s physiological condition relative to Type 2 diabetes within
a given population. Each of the boxes represents stocks or accumulations
of numbers of people with various diabetic conditions. The arrows repre-
sent flows or relationships between the stocks. The flow mapped in Figure 2
shows the flow of people through various stages of diabetes. For example, a
fraction of People with Normal Glycemic Levels will experience prediabetes
onset and become part of the population of People with Diabetes. Some
of these individuals will recover and return to the category of People with
Normal Glycemic Levels. There is a reverse flow depicted between these two
stocks. However, some People with Prediabetes will experience diabetes
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onset and become part of the accumulation of People with Uncomplicated
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Figure 2: Stock and Flow Diagram showing the population-level flows of people
through stages of diabetes, with the public health interventions.

After students have created causal loop and stock and flow diagrams
of the land use system under study, the next step in teaching systems
thinking is to use data to test the model systems. The use of data and
mathematical relationships between the actors allows one to determine
if the systems maps (i.e., models) are realistic. This “belief testing” step
is used to determine whether or not one’s beliefs about the relationships
in the system are correct. Not surprisingly, a student’s first attempt to
model a system is not perfect. Using data to test whether relationships
are modeled correctly is part of the continuous learning orientation of
systems thinking that helps facilitate interdisciplinary integration, as
explained later in the paper. Typically, several attempts at modeling the
system’s interrelationships are required before settling on one that ac-
curately represents the system. In this process, students are also testing
the relative importance of different causal arguments that emanate from
different disciplines.

Once students have determined that the relationships they have modeled
in the system are realistic, they can identify potential interventions to the
system that may improve the system’s performance. In Figure 2, these in-
terventions include both “upstream” interventions in prevention (such as
detection and management of obesity and prediabetes), and “downstream”
interventions (diabetes detection and management). Identifying what these
interventions are, along with determining where in the system these inter-
ventions will be the most fruitful in preventing populations from progress-
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ing to advanced stages of diabetes (as depicted in Figure 2), is an essential
element of systems thinking.

Much of the systems thinking work has been done in the quantitatively
oriented fields of engineering, operations management, computer science,
and environmental science. However, the model conceptualization and ex-
perimentation of systems thinking are gaining attention in less quantitative
applications. For example, the tools of systems thinking have been applied
to a wide range of complex problems such as the motivation of Shake-
speare’s Hamlet to avenge the death of his father (Hopkins, 1992), Alice’s
behaviors during her adventures in Wonderland (Horiuchi, 2003) and the
actions of emergency workers at the World Trade Center on September 11,
2001.

The scaffolding strategy of systems thinking, summarized in Figure 3,
is very similar to that used in problem-based and inquiry-based learning.’
Disciplinary knowledge is essential for the first three steps in the systems
thinking process: defining the problem, identifying the factors that influ-
ence the problem, and describing the pattern of system behavior over time.
The fourth step, building a systems map, requires the disciplinary skills of
systems thinking as well as the interdisciplinary skill of making connec-
tions across and between disciplinary knowledge domains. This step may
help students identify cases in which different disciplinary experts appear
to be saying different things only because they are talking about different
linkages. Step 5 requires the student to identify leverage points, or places
where “a small shift in one thing can produce big changes in everything”
(Meadows, 1999, p. 1). Step 6 involves testing and improving theory by
seeking feedback from others, testing the model with data, acting and ob-
serving real-world results, and reflection. Steps 5 and 6 require students
to integrate knowledge from multiple disciplines to produce a more com-
prehensive understanding of the system.® This scaffolded approach helps
structure complex tasks to reduce the cognitive load for students while also
making disciplinary thinking and strategies explicit.

In sum, systems thinking is a student-centered, inquiry-based approach
that includes perspective-taking, holistic thinking, and belief-testing. Sys-
tems thinking is thus well-suited to facilitate the process of interdisciplin-
ary integration. Systems thinking also promotes critical thinking since it re-
quires students to examine assumptions and base conclusions on evidence.
While critical thinking is an important method of inquiry across disciplines,
the form that critical thinking takes will vary by discipline (Donald, 2002, p.
24). In this paper, the focus is on the critical thinking processes that empha-

Using Systems Thinking To Improve Interdisciplinary Learning Outcomes

81

1. Define Problem
What is happening over
time that we are
concerned about?

2. List Factors

connections

3. Draw Reference Mode

pattern suggest any

What are important ‘
drivers? Write as
vanables. Indicate any
known direct causal ‘

4. Build Systems Map

« Start with a key
feedback loop or an
appropriate archetype
structure

* Add additional feedback
as needed to explain
the behavior

Or

« Start with a central

+ Close feedback loops

)

5. ID Leverage Points
What are the levers for
change (add 1o map)?
What changes would lead
o a more desirable
behavior? What strategy
could you use to achieve
these changes?

6. Test & Improve Theory
Get feedback from others

Graph behavior over time of . ;da;uzt;le . and Find data. Use simulation
the problem. Does the ccn'e:::ncc' modeling. Act and observe
s s

real world results. Reflect

familiar structures?

Figure 3: Systems Thinking Methodology (Sustainability Institute, 2005)

size the testing of assumptions to build confidence in conclusions. Like the
critical thinking frequently experienced as a by-product of interdisciplinary
learning, the critical thinking in systems thinking requires students to ex-
amine assumptions from multiple disciplines and to evaluate and reconcile
their conflicting claims.

Studies of Incorporating Systems Thinking in the Classroom

Several studies describe instances where systems thinking was incorpo-
rated into high school and college classrooms with mixed results. In the
late 1980s the Educational Testing Service conducted a multi-year study,
the Systems Thinking and Curriculum Innovation (STACI) project, which
examined the effects of using systems thinking to teach general physical sci-
ence, biology, chemistry, physics and history content and general problem-
solving skills in senior high school classrooms (Mandinach et al., 1988).
The study found that the four teachers using systems thinking faced a learn-
ing curve when it came to teaching systems content. The study also found
there were qualitative but not quantitative differences in student learning in
these courses; specifically, the systems students approached problems differ-
ently from traditional students. However, systems students did not perform
better in the courses than students in the traditional (non-systems) courses.
Although systems students noted that they could successfully use systems
thinking to solve problems in their other classes, this spillover impact was
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not measured. Ossimitz (2000) summarizes four empirical studies on teach-
ing systems thinking to high school students in Austria and Germany. They
found that students enjoyed learning about systems thinking, but teachers
found that systems thinking required considerable work and that it was dif-
ficult to measure student development of this skill.

Studies on teaching systems thinking at the university level show similarly
inconclusive impacts on student learning. Felder and Soloman (1988) report
on their experience teaching an interdisciplinary freshman course, The Sys-
tems Approach to the Universe, at North Carolina State University.” They
concluded that a single three-credit course was inadequate for freshmen to
learn the formal abstract reasoning required to engage in systems thinking.
As a result, they modified the course to emphasize critical questioning and
evaluation. Kahne (1980) argues that all university students should be intro-
duced to systems thinking because it involves students crossing disciplin-
ary boundaries and can be used to understand the complex, interconnected
systems that students are expected to operate in. Each of the aforementioned
studies provides useful information for those incorporating systems thinking
in the classroom, but fails to provide clear evidence of improved learning
outcomes. Our study addresses this void.

A common theme of the literature is that learning how to become a sys-
tems thinker is a gradual process, something that is not accomplished in one
semester. In our study, we incorporated systems thinking into an existing
interdisciplinary course taken primarily by junior- and senior-level college
students. We recognized that students would not master systems thinking
in our course, but rather hypothesized that the inclusion of systems think-
ing could improve their interdisciplinary understanding of the land-people-
place system studied in Land Economics. That is, we wanted our students
to develop “the capacity to integrate knowledge and modes of thinking in
two or more disciplines to produce a cognitive advancement...in ways that
would have been unlikely through single disciplinary means” (Boix Mans-
illa, 2005, p. 14).

The Pilot Study
Description of the Course and Motivation for the Project

A major student learning outcome of the Land Economics course is to
improve student understanding of the complex system that links humans and
a particular natural resource—land—by utilizing insights (and their assump-
tions, theories, and concepts) from disciplines relevant to the land-people-
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place system, find common ground among them, integrate them, and pro-
duce a more comprehensive understanding of the problem. Course readings
are drawn from history, environmental studies, economics, policy and plan-
ning studies. The course content includes issues surrounding land pricing
and valuation, land use planning, the links between government land policy
and environmental quality, property rights issues associated with land, af-
fordable housing policy, and food production. During the pilot study, the
course analyzed the various content areas through the lens of a specific core
theme: the dynamics of local land use patterns.

There were several student outcomes that are characteristic of interdisci-
plinary learning:

*  Explain the dynamics of local land use patterns using knowledge
and methods from several disciplines, including economics, politi-
cal science, history, environmental studies, and systems thinking.

* Identify the commonalities between different disciplinary under-
standings of the dynamics of local land use patterns.

* Integrate diverse disciplinary perspectives on land use patterns,'®
and

*  Produce an interdisciplinary understanding of the dynamics of
local land use patterns.

In addition to these explicitly interdisciplinary learning outcomes, students
were asked to

*  Demonstrate understanding of the basic tools and methods of
systems thinking.

The interdisciplinary character of the course was enhanced by the diver-
sity of disciplinary majors. Students came from economics, management,
environmental studies, history, and literature and language. Since the course
is only offered once annually and is quick to reach capacity, the course fre-
quently enrolls upper-division (junior- and senior-level) students who have
priority in the registration queue. In fall 2003 when this pilot study took
place, the course enrolled 27 students. Most students were environmental
studies majors (n=16), all had taken Principles of Microeconomics, and all
were either juniors or seniors even though the course is a sophomore-level
course.!! The course met once a week during the evening for two-and-a-half
hours in order to allow for more uninterrupted interaction with the material.

The course has historically relied on the extensive use of case studies
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grounded in real-world situations to identify linkages across disciplines.'
For example, case studies examining how to provide affordable housing in
a region with rising property values are assigned and discussed in class. The
discussion of a case typically begins by asking students to identify its core
elements such as the trends that are driving property values up, the impact
of affordable housing policy on housing prices, and which individuals will
have access to affordable housing under a given policy. Once the basic ele-
ments of the case are identified, students are asked during the case discus-
sion or in an associated writing assignment to consider the case through
relevant disciplinary lenses for the purposes of identifying the connections
(and disconnects) between disciplines. For example, affordable housing pol-
icy may be economically efficient but politically infeasible. Asking students
to identify and discuss the origins of these differences, and explore possible
scenarios where the political and economic objectives may be more closely
aligned, helps students to contextualize their disciplinary knowledge while
simultaneously offering a chance to draw linkages between disciplines.

The use of the case method has been largely successful in assisting stu-
dents to utilize and connect content from multiple disciplines. However, the
use of case studies depends largely on classroom discussion in order to draw
these linkages. Not all students are auditory learners, and some students
have struggled to make the links when the only “tool” to make linkages is
class discussion. This is evidenced by the difficulty that some students have
in working through the concepts in class discussion, and in applying the
concepts from class in their writing assignments.

We hypothesized that using systems thinking would increase the analyti-
cal rigor of our discussion of land systems. Specifically, we hypothesized
that systems thinking could move students from merely identifying the mul-
tidisciplinary connections that can be made for any given land economics
topic to achieving a more intentional interdisciplinary understanding of the
issues underlying land systems. In addition, systems thinking could provide
visual as well as auditory tools for students to use in the form of causal
loop diagrams. For example, in a land use planning case, instead of merely
discussing the links between developers, policy makers, residents, and the
environment, systems theory allows us to model the specific relationships
between these agents, map the causal linkages and direction of linkages, and
thus improve our understanding of how policy affects the environment. We
hypothesized that the visual tools of systems thinking, causal loop diagrams
and stock/flow diagrams, would assist the more visual learners in the class
in developing their understanding of the material.
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Objectives of the Pilot Study

In addition to the student learning outcomes for the course described
above, the faculty had three objectives for the pilot study: (1) learn how to
teach systems thinking, (2) determine if the addition of systems thinking
improves student comprehension of the course material, and (3) investigate
if systems thinking could facilitate students’ ability to perform integration.
We hoped that systems thinking would lead students to demonstrate an in-
creased understanding of the complex relationship among the actors in land
economics (individual property owners, local, state, and federal govern-
ment, commercial entities, and other institutions).

Description of the Project: Modifications
Used to Accommodate Systems Thinking in the Course

This project purposefully integrated systems thinking into an existing
course, Land Economics, with the primary aim of improving interdisciplin-
ary learning outcomes. To accomplish this, the structure and content of the
course was modified in four ways. First, a collaborating instructor, Jones, a
systems dynamics modeler, was added to assist in teaching the course that
Mathews had previously taught individually. Second, systems thinking con-
tent was added to the course. Third, case study discussions were modified to
incorporate systems thinking theory, tools, and practices. Fourth, the course
project was modified to include a systems analysis of local land use. Each of
these changes is discussed in greater detail below.

Collaborating Instructor: While Mathews considers herself an interdisci-
plinarian and is learning systems skills incrementally, she did not have the
ability to effectively teach systems thinking prior to this pilot study. Thus, the
most significant change to the course was the addition of an instructor who
could provide students with the appropriate background in systems thinking
and who could simultaneously teach Mathews how to teach systems think-
ing. Jones, an expert in systems thinking and modeling from the Sustainabil-
ity Institute, regularly teaches systems thinking to lay audiences.!® Jones and
Mathews team-taught the course so that students could benefit from learning
systems theory from an expert (Jones). An additional benefit was that learn-
ing was multi-directional since both the instructors and the students were
learning from each other. This invigorated the classroom dynamic as students
were encouraged to view Mathews and Jones as co-learners of the course
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material. In addition, as Nowacek (2009) states, “the simultaneous presence
of multiple instructors heightens the opportunities to be immersed in and
discuss the rhetorical dimensions of disciplinary expectations” (p. 496).

Integrating Systems Thinking Content: The course content was modified
to include an introduction to the basic tools of systems thinking, systems
thinking exercises, experimentation with a systems thinking computer simu-
lation, and opportunities for students to “practice” with causal mapping and
other systems thinking tools. Altogether the systems content comprised 25
percent of the course content. Since we wanted students to understand basic
land economic principles before introducing them to systems thinking, the
systems content was introduced about a month into the course. Jones was
the exclusive presenter of this component of the course. The first week in-
troduced systems thinking and causal mapping. The second week introduced
stock and flow mapping and included discussion of a local scenario where
systems thinking has been used to understand the interplay of population,
economic forces, environmental indicators, and quality of life at the regional
scale (Carlson et al., 2003). The third week focused on the case of human
extinction on Easter Island that drew on the work of Diamond (1995) and
included experimentation with a computer model of the system in order to
demonstrate the ways in which data can be used in systems dynamics models
to predict outcomes. The fourth week focused on group project debriefing.
The project, more fully described below, was the demonstration of students’
ability to apply systems thinking to develop an improved understanding of
the dynamics of local land use change. Each group presented their model of
local land use change, and the rest of the class and the instructors provided
questions and comments on the draft projects.

Pedagogy: A third significant change to the course was the addition of sys-
tems thinking exercises. In a typical semester, case studies are used to pres-
ent content and foster class discussion. The case studies have accompanying
questions that are used to guide the discussion. During the pilot study, two
systems thinking exercises which augmented a traditional case were added to
the course. During the two systems exercises, Jones used verbal questioning
to guide students through the process of what was happening in the exercise
using a system dynamics framework. These questions included: What are
the forces influencing the actors in the system described in the reading?
What happens to each of the actors when a change occurs in the system?
How does this affect the other actors in the system? How do these interac-
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tions explain the outcome of the system? What kinds of policies or actions
could result in positive changes to the system? These questions were de-
signed to more deeply probe the dynamics of the system than a typical case
study. The systems exercises allowed students to practice building theories
for the causal feedback structure of the system, use those theories to develop
insights about how the system behaves over time, and explore actions that
may improve the performance of the system.

Interdisciplinary Course Project: The course project asked students to apply
systems thinking in order to explain patterns of local land use change. It was
designed to (1) provide students with a hands-on experience using systems
thinking to analyze an issue and develop recommendations for improving sys-
tem performance and (2) help students understand the dynamics of local land
use patterns. Students were required to work in self-selected teams of three or
four students to complete the project. To foster interdisciplinarity collabora-
tion, at least two majors had to be represented in each group. Teams were
asked to examine population and economic growth trends over time in the lo-
cal area using the systems thinking methodology as outlined in Figure 3. This
began with defining the problem and listing factors that influence the problem
(including all relevant actors), gathering relevant data, and sketching several
potential futures for local growth using knowledge and methods acquired from
the study of various disciplines. Students were asked to engage in perspective
taking to identify the disciplines most relevant to the issue of growth. Each
team was to select a desired future and appropriate time horizon and then use
their knowledge of systems thinking to present a theory of systemic structure
that explained local growth trends using causal mapping. Groups were asked to
perform “policy tests” where students explained how the policy impacted the
dynamics of growth in the region, and then integrate policies to produce a new
and more comprehensive policy that they thought would best achieve their de-
sired future. Each group presented a draft of their project to gain feedback on
their causal mapping and policy tests; both students and instructors provided
oral feedback during the debriefing presentation while instructors provided
written feedback. The final group project output included a class presentation
and a written report, both done collectively by all members of the group.

Assessment of the Pilot Study

We used two methods to assess the pilot study: a student perception sur-
vey, and faculty observations. The survey assessed student perceptions of



88 Leah Greden Mathews & Andrew Jones

the systems thinking component and the course project. Faculty observa-
tions included exam responses, class participation, the paper, and student
presentations related to the interdisciplinary course project.

Student Perceptions
Student Reflections on Systems Thinking

At the end of the course, students were asked directly in a reflection exer-
cise several questions about the use of systems thinking in the course. The
first question asked if they believed their learning of land economics was
helped or hindered by using systems thinking, and invited them to provide
specific examples of how this helped or hindered their learning of the con-
tent. Twenty-one of 23 students who completed the survey indicated that
including systems thinking in the course (in general) improved their under-
standing of land economics. The comment of one student summarizes their
experience:

The use of systems thinking significantly enhanced my understand-
ing of land economics. There are many different factors involved in
land use and land policy that must be recognized in order to have
a basic understanding. While all of these various factors were ad-
dressed without systems thinking, systems thinking helps by placing
them in a more comprehensive picture.

Other students thought that causal mapping aided their understanding by
allowing them to visualize connections, while still others commented on
how they applied systems thinking to other subject areas:

For me, the use of systems thinking in this course not only helped me
understand land economics, but also helped me understand many of
the other subjects that I was learning about in other courses, such as
mathematics and environmental science.

Not surprisingly, the same majority of students (n=21) recommended that
future offerings of Land Economics include a systems thinking component.
Most of these were strong recommendations, such as YES! YES! YES! and
1 feel like the course would not be as complete without the systems thinking
component. This representative comment shows that the student had devel-
oped the cognitive ability to view the complex land-people-place systems
from multiple disciplinary perspectives.
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Students also said that learning would be enhanced in other UNCA cours-
es by the inclusion of systems thinking. Some students recommended that
most UNCA classes should integrate some component of systems thinking
into their course material. One student (who was indifferent as to whether
systems thinking should be included in Land Economics) suggested that a
separate course in systems thinking be taught which would cover case stud-
ies from all of the liberal arts.

Student Reflections on Course Projects

We also asked students to reflect on whether the group project helped
their understanding of land economics. The same patterns emerged as with
the first two items: the same majority of students (21 of 23, or 91%)) felt the
project improved their understanding of land economics. One student wrote:

The group project helped in my understanding of land economics by
exemplifying how difficult it is as policy-makers to agree upon and
implement effective policies. It is extremely hard to find an effective
point of leverage that is ethical, that everyone can agree upon, that
is politically feasible, that does not have unintended negative side-
effects, etc., ... I think all policy makers should be trained in systems
thinking as a prerequisite to their jobs.

Some student comments focused on the active components of the exercise,
such as:

This group project did help me understand land economics, because it
was a “hands on” experience. Instead of just learning from case stud-
ies or other experiences, we were able to create our own solutions to
a problem and see how land economics played into it.

When asked what specifically they learned as a result of the group project,
students indicated they had a better understanding of the tradeoffs that pol-
icy makers face when making decisions. In particular, students learned that
land use policies, which on the surface appear similar, may have conflicting
outcomes, and that the beneficiaries of such policies may not be similar. This
deeper and more comprehensive understanding of the tradeoffs associated
with various policies was summed up by one student when he said, “it’s hard
to be a policy maker.”

In addition to having a much deeper understanding of the role of policy
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makers, other student learning outcomes from the course project included
an enhanced ability to identify conflicting perspectives. The systems think-
ing tools utilized in the course project required students to name the mul-
tiple agents involved in the local land use system (home buyers and sellers,
governments, businesses, and so on) and then place themselves in the posi-
tion of these various agents to gain understanding of how each agent would
respond to changes in the system. This develops students’ cognitive abil-
ity to more fully comprehend the various perspectives of these agents and
understand why they conflict. The ability to engage in perspective taking is
a prerequisite to the ability to perform integration, a key student learning
outcome in the Land Economics course.

In addition, students gained practice in seeing “the big picture” from their
course project. The assignment required that students identify the causes and
potential solutions for local land use patterns. Analyzing the key elements of
a complex system and how those elements interact with each other produces
a more comprehensive understanding of the way the system works, and al-
lows for creative solutions to emerge to resolve the problems of the system.

Faculty Observations
Did Students Understand and Use Systems Thinking?

We used multiple modes of observation to assess student ability to apply
systems thinking.'* First, we evaluated student understanding of the tools
of systems thinking through their responses on exams and their participa-
tion in class. Most students appeared able to identify and use the tools of
systems thinking. They showed proficiency in reading and (in small teams)
in creating causal loop and stock and flow diagrams. At least two students
appeared to struggle with the basic tools such as the construction of causal
loop diagrams and identifying stock and flow variables, as evidenced by
their frustration during in-class exercises. Interestingly, because of the group
nature of the final projects, and the fact that the individual exam questions
specifically related to their projects or other applications of the tools of sys-
tems thinking, students’ perceived difficulty with this material did not neces-
sarily translate into lower course grades for them.

Did Systems Thinking Promote Higher-Order Thinking?

Anderson and Krathwohl (2001) provide a learning taxonomy that in-
cludes both the kind of knowledge to be learned (factual, conceptual, proce-
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dural, or meta-cognitive knowledge) and the cognitive process used to learn
(to remember, understand, apply, analyze, evaluate, or create knowledge).
The higher-order dimensions of the learning process—analysis, evalua-
tion, and creation—are hypothesized to be promoted by systems thinking
(Richmond, 1993). The four hallmark abilities of interdisciplinary learning
identified by Repko (2008a)—perspective-taking, structural knowledge of
problems, integration of conflicting insights from multiple disciplines, and
the production of an interdisciplinary understanding of the problem—simi-
larly involve higher-order thinking (p. 172).

We were interested in assessing students’ ability to perform integration
and to use higher-order cognitive processes. We evaluated classroom dis-
cussion, final course project reports and presentations, and exam responses
to determine whether there was evidence of integration and other higher
order cognitive processes. Mathews’ observations were relied upon for this
assessment since she had a benchmark from previous years of the level of
higher order thinking that was demonstrated in the class. She also had taught
several of the students in previous semesters and thus had prior knowledge
of their individual levels of higher order thinking ability.

Prior to the pilot study, the connections that students made between agents
in land-people-place relationships were an important learning outcome of
the course. However, these have historically been linear, cause-effect rela-
tionships. Mathews’ perception was that the year of the pilot study, students
demonstrated more complex, intertwined—i.e., realistic—understandings
of land-people-place systems. For example, many students could readily
identify multiple possible sources of outcomes in addition to those that had
been previously offered in the class through readings.

During the final group presentations, students were performing integration.
They were making connections between seemingly unrelated policies, identi-
fying multiple effects as a result of forcing themselves to think through prob-
lems, and thinking more globally than in previous semesters. Students were
demonstrating their ability to use knowledge from multiple disciplines to per-
form integration by producing a model. This model embodied their enhanced
understanding of the local land-people-place system, including the factors that
caused problems in the system, and analyzed their hypothesized solutions to
the problems associated with growth in the system. Effectively, the presenta-
tions showcased integrative thinking: Students produced a model that embod-
ied their broadened understanding of the complex local land use system, tested
solutions to the problems in the system via their policy tests, and dissected the
effects of those solutions by analyzing their distributional consequences.
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An example of the integration performed by one group demonstrates this
outcome. The group demonstrated an interdisciplinary understanding of the
factors that influence population growth in the region by integrating the fol-
lowing disciplinary factors: economic factors such as income and educa-
tion as well as age and other demographic trends (demography), the relative
cost of living across the United States (economic geography), preferences
for outdoor recreation and respite (environmental psychology), and others.
The group described how population trends in the United States influence
local population growth by explaining the dynamic interactions (feedback
loops) between the micro and macro phenomena. They determined that the
problems associated with these trends were an increased cost of living and
increased environmental disturbance from land use change. This group first
proposed a land transfer tax to resolve the problems. The land transfer tax
would effectively raise the cost of new housing developments in the region,
which would reduce the demand for this kind of development. Their hypoth-
esis was that the reduction in housing demand would reduce housing prices
and thus ease the pressure on cost of living, since housing costs in this re-
gion are largely demand-driven. The group concluded, based on their model,
that the tax itself would likely not resolve the problem because it is the rela-
tive (not absolute) cost of living that brings newcomers to the area. Since the
land transfer tax would not significantly change the relative cost of living, it
would not likely reduce the demand by newcomers for housing in the area. It
would, however, increase the price of housing in the area, thus making hous-
ing less affordable to those with lower incomes. Thus students demonstrated
their ability to draw upon knowledge from various disciplines in order to
generate a more comprehensive understanding of land use change.

The process of not only articulating but also conceptually depicting di-
rectional cause-effect flows between actors and outcomes helped students
with the challenging task of performing integration. As one student said,
by using the loop diagrams we were able to see flaws in our policies that
we otherwise probably wouldn 't have seen. Specifically, we needed to draw
out loop diagrams in order to see how policies were feeding the population.
Another group reported,

In systems thinking, we learned how one action leads to a separate
action and can be traced through a system to find the resulting ac-
tions...these methods require one to step back and critically look at
what they are doing. Systems thinking is a type of formal introspec-
tion for the policy maker.
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A third group stated their understanding and evaluation this way:

We felt that systems thinking is a tool that everyone should have ac-
cess to and everyone should learn. Most important, we enjoyed the
ability to tangibly, visually create a model of a seemingly non-tangi-
ble systemic structure. This allowed us to find gaps and uncover bad
logic in our understanding of these structures as well as manipulate
data. We saw that slightly changing one variable could, like a set
of dominoes, affect all parts of the system dramatically. This tool
allowed us to clarify our assumptions and beliefs, as well as make
realistic changes to the system. Our world moves fast and systems
thinking allowed us to understand it and break down the complexities
within which we live.

Overall, students were clearly able to use the tools of systems thinking in a
way that enhanced their ability to think critically about land-people-place
systems, which promoted the higher-order learning dimensions of analy-
sis, evaluation and creation during discussions, in written reports, and on
exams.

General Observations: What We Like about Using Systems
Thinking in Our Classroom

Students noticeably enjoyed playing the role of policy maker as noted in
their comments above. One of our goals was to have students assume the
role of policy maker and experience the joys and pitfalls of the real world.
Mathews was particularly concerned that students increase their economic
literacy by seeing how the discipline can be applied to real-life situations.
Systems thinking provided a framework for students to see how econom-
ics fits in with land use change in western North Carolina. Students were
able to see the failure or success of their theories about what was driving
land use change in the region and what could modify the amount of land
use change. This process allowed them to see economic theory come to life
by visualizing the options available and testing the outcomes of different
responses.

As a result of the real-world emphasis of the course, students also had
the opportunity in their class project to see that their ideas are sometimes
ethically problematic.!> Several individual students and groups of students
identified important challenges with ethics during their projects.
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Ethics was our largest hurdle when dealing with our project. It
seems that every positive action we wanted to take had negative
repercussions. It seemed that every action had the potential to be
unjust and unfair for some community members.

While many economics courses frequently deal with the distributional ef-
fects of policy, or how various groups are impacted by a policy action, the
tools of systems thinking require that students identify and name the af-
fected parties and the specific ways in which they are affected. For example,
rent control policy may benefit renters who are able to find housing since
prices are cheaper, but other parties are impacted as well: Landlords are less
willing to rent housing at the lower prices, which may lead to a housing
shortage, increased homelessness, and overcrowding. The distributional ef-
fects of this policy may thus exacerbate existing housing inequities (rather
than resolve them) by making it more difficult for low-income households to
find affordable housing. Systems thinking requires students to identify and
name all affected parties for a given policy, which makes the distributional
consequences of policy actions more visible to them. Once the impacts on
various parties are visible, students are obligated to integrate these impacts
in their analysis of the system under study. As a result, students acquire and
use knowledge about these impacts to create integrated solutions to complex
policy problems.

Many college students mistakenly assume that research is about support-
ing one’s beliefs, rather than asking questions. To correct this errant notion,
we encourage the testing of our beliefs to evaluate whether or not they lead
to the outcomes that we desire. Systems thinking teaches students to ask
questions—to develop a policy based on an idea before developing a full-
blown model—rather than picking (policy) answers that they like, which
is a temptation that some students (and policy makers) cannot resist. This
process of thinking before doing is extremely helpful for students when they
are struggling with the 7ow and why of decision-making processes. Students
are encouraged to test policy options they might think useful and identify
the likely effects—both positive and negative—that this policy might have.
They may thus reject policies or alternatively gain confidence in a policy
and their ability to argue for it. This type of iterative critical thinking appears
to be an excellent way to develop students’ skills of analysis, evaluation, and
creation.

Another element of systems thinking we find advantageous is its continu-
ous learning orientation. There is no one correct answer to a systems ques-
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tion, but rather an opportunity to improve our understanding of the dynam-
ics of the system. This, in turn, implies that our understanding of the system
can only improve with additional effort to understand the system, which
may involve adding yet more variables and linkages to study. While not as
neat and tidy as many students would like, this continuous learning orienta-
tion is a useful skill for the real world.

A major contribution that systems thinking brings to interdisciplinarity is
that it creates connections between and across disciplines. One cannot build
amodel of a system of land use drawing on only economics; for example, an
understanding of politics, environmental studies, planning studies, history,
and sociology are also necessary. After acquiring disciplinary knowledge to
improve understanding of a system, systems thinking requires that one ask
how each relevant discipline contributes to our understanding of the system
as a whole. When similarities in method or content of study are identified as
part of this process, learners make connections across disciplines. Making
these disciplinary connections are not sufficient for interdisciplinarity, but
they are a necessary precondition (Repko, 2008b, p. 15).

For these reasons, students find systems thinking empowering. They are
asked, indeed required, to identify the outcomes they desire to see in the
world, generate hypotheses about how to achieve those outcomes and then
test and refine them. The student voice is particularly strong. This is chal-
lenging to some students who have not yet become comfortable with the
notion of being responsible for their own learning. Many seniors in this class
were invigorated by the opportunities that this course provided them to di-
rect their learning. The inquiry-based and self-directed learning that is char-
acteristic of systems thinking is not likely to be appreciated by all students.
This could explain why high school students or college freshmen may not
benefit from systems thinking in the same way as upper-division students
(Ossimitz, 2000; Felder & Soloman, 1988).

Lessons Learned: Reflections on the Pilot Study

First, we learned about ow students learn systems thinking, which has
implications for how systems thinking is taught to students. As we know, stu-
dents have different abilities to visualize data and concepts. Some students
in our class (though a distinct minority) wanted more math and computer
modeling of systems to help improve their understanding of how systems
work. Somewhat predictably, these students tended to be economics majors
and/or had a significant background in math or computer science. Mathews



96 Leah Greden Mathews & Andrew Jones

had anticipated (correctly) that most of the students who would enroll in
the course would not fall into these categories, and thus had decided with
Jones early on that the mathematical component in this course would be
minimized. However, this decision may have constrained the opportunities
for some students to develop an even deeper understanding of the systems
they were studying. Additional modeling would be important for learning
systems thinking in courses that are oriented toward students who are inter-
ested in mathematical modeling, quantitative analysis, and rigorous science.

Second, we discovered the importance of paying attention to the pace of
student learning. The course project was started in October, but in retrospect
it is clear that students would have benefited from an earlier start time so
that they could engage in additional rounds of feedback on their systems
maps and policy ideas. As it was, students were able to present and receive
feedback on only one draft of their project’s maps and policy proposals.
However, there was not adequate time for significant changes to be made
to the policies proposed in their model or to engage in deeper analysis of
the policies they were testing. All groups could have benefited from another
iteration in which to thoughtfully examine their hypotheses, check them
against real-world data, and refine their ideas.

One strategy that we used and will continue to use in this course is to
require that each group be composed of students from different majors. In
our class, most students were environmental studies majors while a minor-
ity were from economics, political science, or interdisciplinary studies. We
required that each group contain at least one student who was not a major
in environmental studies. We found that this was an effective way to form
groups of diverse skills and perspectives. We believe this improved each
group’s ability to evaluate the region’s growth dynamics. Blending majors
also fostered interdisciplinary collaboration and aided perspective-taking.

From a curricular perspective, we also learned many things. Those of
us who majored in disciplines tend to approach a complex problem from
the narrow perspective of that discipline. As a result, learning to be a sys-
tems thinker, which requires both disciplinary depth and interdisciplinary
breadth, is not natural for many students. Interdisciplinary thinking and in-
tegrative skills cannot be mastered in one course or during just one semester
but must be honed over time. It may thus be useful to consider teaching
systems thinking in a two-course sequence such as that suggested by Kahne
(1980). An introductory course could have as its aim to help students acquire
the basic tools of systems thinking, along the lines of the Felder and Solo-
man (1988) course, while a second more intense course could be a semester-
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long opportunity to focus on more advanced systems thinking skills as well
as the interdisciplinary process. This could function as an upper-division
undergraduate research seminar, either in the major or an interdisciplinary
capstone experience. A common theme of the studies cited earlier in the pa-
per on teaching systems thinking is that learning how to become a systems
thinker is a gradual process. Thus it seems to follow that repeated exposure
to systems thinking will be necessary for a meaningful impact on students’
ability to make connections between issues and events in their personal and
professional lives, as well as in other courses. Many of the students in our
pilot study concur with this idea—11 of 24 students indicated they thought
a separate course in systems thinking would be ideal.

As with any team-teaching endeavor, there are additional costs involved
for faculty. They have to jointly decide upon and coordinate readings and
assignments. Ongoing communication is essential. In this class, the arrange-
ment was somewhat unique in that Jones was essentially responsible for
four weeks of the class instructional material but none of the grading or day-
to-day communication with students (though he regularly worked with stu-
dents on their projects). Mathews was the only one responsible for assigning
course grades so no additional time was necessary for coordinating grading
activities. However, this approach clearly had its drawbacks. One student
reported that she “felt as if I was taking two separate classes” due to the
discrete teaching styles and content in the course. While this did not appear
to be a widely held view, future efforts will benefit from greater integration
of content and style so that both faculty and students have a greater sense of
integration within the course operation itself.

Implications

In our pilot study, we found that systems thinking fosters the development
of the four cognitive abilities noted earlier by Repko (2008a): (1) perspec-
tive-taking, (2) structuring, (3) integrating, and (4) producing a cognitive ad-
vancement or interdisciplinary understanding (p. 172). First, systems think-
ing requires that learners engage in perspective taking. In the study of land
use change, for example, students must assume the perspective of individual
landowners, local government officials, citizens who perceive the impacts of
private land use decisions, and the like. Second, systems thinking promotes
the understanding of the structure of the system under study, including how
local government representatives respond to the actions of individual prop-
erty owners and concerned citizens, how citizens engage with government,
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and how both government and citizens alike respond to changes in mar-
ket prices. This level of structural understanding of the interworkings of
the system is essential in systems thinking, and became visualized in the
causal loop and stock and flow diagrams that our students used as systems
thinkers. Third, systems thinking asks learners to “test” various hypotheses
about how to resolve the problems of a system, which requires that learners
integrate views from multiple disciplines. In Land Economics, insights into
the problems associated with land use change were frequently provided by
economists, land use planners, and sociologists. These had to be integrated
in order for students to “test” their ideas for improving the performance of
the land use system.

In the end, the process of learning about land use change with systems
thinking enabled students to produce an infterdisciplinary understanding of
land use change of the sort described by Boix Mansilla (2005). Since sys-
tems thinking develops the cognitive abilities necessary for fostering in-
tegration, it is not surprising that the use of systems thinking can enhance
interdisciplinary understanding.

This discovery should be of interest to teachers of interdisciplinary stud-
ies. Given that the steps associated with systems thinking are similar to those
required of interdisciplinary work, the adoption of systems thinking by in-
terdisciplinarians will likely be straightforward. The largest hurdle may be
mastering the conventions of the causal loop and stock and flow diagrams
of systems thinking. An excellent starting point for those wishing to learn
systems thinking in order to teach it is Richmond (1993), whose article aims
to “eradicate the distinction” (p. 114) between systems thinkers and educa-
tors. Anderson and Johnson (1997), Richmond (2000), and Sterman (2000)
are other key references for those wishing to learn systems thinking. Once
the basic skills of systems thinking are acquired, it is most helpful to practice
the skills regularly. Subscribing to a newsletter such as The Systems Thinker
(www.thesystemsthinker.com) will allow one to do just that, as it provides
short articles and applications of systems thinking. The System Dynamics
Society (www.systemdynamics.org) sponsors an annual conference and pro-
vides other resources for those interested in learning about system dynamics
and systems thinking.

Since systems thinking improves student understanding of the limits of
and links among individual disciplines, it could be useful to faculty who
teach general education courses. Our campus recently adopted a new gen-
eral education curriculum that clusters courses by topic.'® This is an excit-
ing prospect, but it also comes with challenges about how to best connect
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the content from our traditional discipline-based courses. Systems thinking
offers one tool that may facilitate the bridging and integrating that must
occur if this new framework is to serve students well. Student comments
supported this notion by identifying the crucial role systems thinking can
play in integrating disciplines for application in the real world and in one’s
personal life:

...systems thinking is not only valuable in the academic setting but in
the personal setting as well. By understanding yourself and how your
“personal” system works, you can better understand how the world
around you operates. It’s not the behavior, but the motives behind
the behavior that are important—systems thinking helps you discover
that.

One student summed up the need for systems thinking in the undergraduate
curriculum this way:

...as time continues to pass, the world we live in gets increasingly
more complex. If today’s students are to be tomorrow’s policymak-
ers, problem solvers, educators, etc., then we must empower them to
possess a set of skills that enables them to think about and analyze
complex systems. They may then be able to more effectively and effi-
ciently create solutions to the complex issues that we are increasingly
faced with—systems thinking should be implemented into all majors
like writing and speaking proficiencies.

Future research on the teaching of systems thinking will benefit from a
deliberate monitoring and critical examination of the potential and type of
student resistance to the use of systems thinking in college classrooms. In
our pilot study, only two of 23 students expressed resistance. However, we
believe that resistance can be reduced by taking into account differences
in learning styles as well as student preferences for more certain processes
and outcomes than systems thinking provides. While we perceive the heu-
ristic nature of systems thinking to be a real benefit to student learning, stu-
dents may resist if they perceive that learning about systems is “more work™
than learning more concrete concepts because there is no set right or wrong
answer. This can yield uncertainty for students because it is an unfamiliar
pedagogy, one that requires a significant level of abstract thinking about big
picture issues. Students may also be concerned about how these less certain
outcomes will be translated into grades, especially if they are accustomed
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to being evaluated on outputs as opposed to process. Additional research
is needed to determine what types of resistance may be encountered when
teaching systems thinking and if they are significantly impacting student
learning outcomes.

Conclusion

Our study investigating whether systems thinking could improve inter-
disciplinary learning outcomes was, by our criteria, a success. Students en-
joyed being able to learn how to wrestle with the dynamic interworkings
of systems while faculty reveled in the higher-order thinking that students
demonstrated in class discussions and course projects. While this could be
a random experience—the luck of the draw with the dynamic interaction
of the particular group of students—our sense is that there is something to
be acknowledged about the excitement that both teachers and students felt
about the course.

For faculty interested in fostering integrative thinking in their classrooms,
systems thinking is a pedagogical option which has tools and methods to
foster integration built in as part of the methodology. However, since most
academics are trained in one discipline, the desire to teach and use the tools
of systems thinking to improve student learning in our courses is compli-
cated by the fact that most of us have been trained to not use a systems
approach. Richmond (1993) points to an additional problem that arises: Sys-
tems thinking requires a learning-directed educational process, which is not
yet standard in our higher education system.

Future research on the use of systems thinking in higher education class-
rooms should address the potential for student resistance to the tools of sys-
tems thinking, and whether or not it is feasible to measure any learning im-
provement from the adoption of systems thinking. Another question raised
by the pilot study is whether the use of systems thinking advantages visual
learners to the disadvantage of students with more auditory learning styles.
We will be interested in learning the answers to all of these questions, and
more, as the tools of systems thinking are adopted by other professors and
additional evidence is gathered on its benefits and risks. In the meantime,
we will continue to use systems thinking in our classrooms because we think
it can help students better understand the world—and that is our ultimate
motivation for teaching.
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Notes

' Szostak (2000) is an exception, in that he constructs a schema “which con-
sists of a hierarchical list of the phenomena of interest to human scientists, and
the causal links (influences) among these phenomena.”

2 Our pilot study was facilitated by a 2003 grant from UNC Asheville’s Uni-
versity Teaching Council. The grant was used to add Jones as a second instruc-
tor to Land Economics, regularly taught by Mathews, during the fall semester.
3 Klein and Newell (1997, p. 394) list seven motivations for interdisciplinary
study. These include the promotion of general and liberal education; social,
economic and technological problem solving; the production of new knowl-
edge; professional training; social, political and epistemological critique; and
financial exigency.

4 Klein (1996, p. 212) prefers the term “synthesis” because it “connotes
creation of an interdisciplinary outcome through a series of integrative
actions.”

5 Systems thinking does not presume an infinite web of relationships in a
system either. One of the steps of the scaffolded strategy of systems thinking,
described later in this section, include identification of the relevant factors that
influence a problem. Much like the process described by Repko (2008b, p.
166), it is important to identify potentially relevant factors and then determine
which are the most relevant factors to incorporate into a systems map.

¢ Systems thinking is a very broad topic. Richmond (2000) describes the
seven types of systems thinking as dynamic, systems-as-cause, forest,
operational, closed-loop, quantitative, and scientific. Useful general references
on systems thinking include Sterman (2000), Richmond (1993, 2000), and
Anderson and Johnson (1997).

7 Hmelo-Silver, Duncan, and Chinn (2007, p. 100) assert that “there are no
clear-cut distinguishing features” of problem-based and inquiry learning. The



102 Leah Greden Mathews & Andrew Jones

authors provide an excellent overview of the use of scaffolding in problem-
based and inquiry learning.

8 The scaffolded strategy of systems thinking is quite similar to the steps

for conducting interdisciplinary research as outlined in Repko (2008b). The
first and final steps in both systems thinking and interdisciplinary research

as defined by Repko are virtually identical: Define the problem (step 1) and
produce an interdisciplinary understanding of the problem and test it (step 10).
The intermediate steps vary between the two methods, but they aim to produce
a similar outcome, an integrated understanding of the system or problem under
study. In systems thinking, steps 2-5 are designed to assist students understand
the interworkings of the system and are thus geared toward improving the
systems map. Repko’s intermediate steps 2-5 (justify an interdisciplinary
approach, identify relevant disciplines and choose the most relevant to the
problem, conduct a literature search, and develop adequacy in each relevant
discipline) more thoroughly assist students with the process of explicitly
recognizing the disciplinary contributions to the problem. Repko’s steps 6
through 8 (analyze the problem and evaluate insights into it, identify conflicts
between insights and locate their sources, and create or discover common
ground) mirror step 4 in systems thinking (build systems map). In order to
build the systems map, students must have analyzed the problem, evaluated
the insights into it, identified conflicts between insights, and discovered
common ground. Systems thinking can thus aid students in performing some
of the steps in the interdisciplinary research process, but not all. In particular,
systems thinking can help students map the set of linkages between and among
disciplines, but will not necessarily be sufficient for performing integration.

® Felder and Solomon use the term interdisciplinary to describe their course

in which systems thinking was applied to examples from multiple disciplines.
The Interdisciplinary Studies course description reads, “Systems approaches to
problems in physical, social, and behavioral sciences and technology. Concepts
of general systems (interactions between systems functioning). Emphasis in
interdisciplinary problem-solving methods and critical questioning.”

10 Repko (2008b, chap. 11) identifies creating or discovering common ground
as a precondition to performing integration.

1 Several students were in their last semester at UNCA when they took the
course (n=8) which may have impacted their abilities and interests in the
course content and systems thinking pedagogy.

12 The case method used in Land Economics is similar to problem-based
learning which is popular in interdisciplinary contexts.

13 The Sustainability Institute is a “think-do tank” dedicated to sustainable
resource use, economics, and community. It provides information and consult-
ing services related to sustainability issues for governments, businesses, and
educational institutions. More information about the Institute can be found on
its website, www.sustainer.org.
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14 Repko (2008a, p. 175) indicates, “Student performance on the comprehen-
sive assignment at the end of the course constitutes a valid assessment of over-
all student success in developing the four hallmark abilities.” The cognitive
abilities referred to are perspective-taking, structural knowledge of problems,
integration of conflicting insights from multiple disciplines, and the produc-
tion of an interdisciplinary understanding of the problem (p. 172).

15 Newell (1990) indicated a greater sensitivity to ethical issues is an outcome
of interdisciplinarity.

16 More information about UNC Asheville’s Integrative Liberal Studies pro-
gram may be found at http://www.unca.edu/ils.
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