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Abstract

A PARADIGM SHIFT  

The world of the 21st Century is a world that is 
constantly changing. The current food system must produce 
50% more food to meet the projected population growth 
(Food and Agriculture Organization [FAO], 2018). Yet 
Mbow et al. (2019) note that the food system is vulnerable 
to climate change, which contributes to its vulnerability. 
Mbow et al. (2019) posit that climate and non-climate 
stressors (i.e., population growth, trade, and governmental 
policies) must be addressed to achieve worldwide food 
security. These stressors constantly change and present an 
unprecedented challenge to those who want to solve them. 
According to Camillus (2008), social complexity, coupled 
with the technical difficulties related to various concerns, 
is characteristic of wicked problems. Agriculturalists are 
starting to think differently about global food production, 
embracing a systems perspective using terms like food 
systems, agroecology,  AgTech, and Agriculture 4.0 (Klerkx 
& Begemann, 2020). The agricultural workforce of today 
and tomorrow will work within a transforming agrifood sector 
and face these wicked problems. Colleges of agriculture 
have a role in developing this human capacity.

The U.S. National Research Council (NRC) was 
concerned that college graduates in the agricultural sciences 
were unprepared to operate in an increasingly globalized 
agricultural industry (NRC, 2009). McKim and McKendree 
(2020) stated that graduates must conceptualize complex 
solutions to complex problems within the constantly 
changing agriculture, food, and natural resource (AFNR) 
systems. Yet, it appears that graduates struggle with the 
concepts of ambiguity and change (Crawford & Fink, 2020). 
The question must be asked: does a new approach to 
higher education need to be considered if graduates cannot 
adapt to the increasingly complex world? This article will 

The world of the 21st Century is a world that is constantly 
changing. New approaches to higher education must be 
considered so graduates can adapt to an increasingly 
complex world capable of tackling wicked problems like 
those abundant in agriculture. In this article, we discuss 
why and how systems thinking can be developed and 
utilized in colleges of agriculture. Based on a thorough 
literature review, we propose two new models to advance 
systems thinking in colleges of agriculture. The first model 
demonstrates potential outcomes that may occur when 
matching a learner’s level of conceptualization to the 
type of problem they are addressing. The second model 
shows how systems thinking skills should be incorporated 
into the curriculum via experiential learning to assist 
individuals in their progression of systems thinking growth. 
Recommendations for practice and additional research are 
also provided. 
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Purpose

discuss why and how systems thinking can be developed 
and utilized in agricultural universities and colleges.

A conflict has emerged regarding the purpose of higher 
education. Advocates support the view that universities 
should be academic havens that are divorced from the 
politicization of knowledge. In contrast, others support the 
notion that they should be utilized as a means of economic 
growth by developing human capital through vocational 
programs (Palmadessa, 2020, Chapter 1). With the rise 
in concern regarding wicked problems, a third vision has 
been proposed: higher education should create social 
transformation by promoting social and environmental 
justice (Palmadessa, 2020, Chapter 1). The philosophy 
surrounding the purpose of the universities influences 
their structure and curriculum, which affects students’ 
knowledge and motivations. Adopting a transformational 
learning approach to education is in itself a paradigm shift 
from the purpose and objectives of education. To achieve 
this new purpose, new philosophies, teaching approaches, 
and objectives must be considered. Colleges of agriculture 
in U.S. land grant universities have the resources to make 
meaningful progress toward solving the pressing issues of 
societies by preparing students for their future lives, but are 
their educational practices consistent with what needs to be 
done to make significant change? Within higher education, 
sustainability degree programs appear to be among the 
leaders in embracing systems thinking competencies 
(Brundiers et al., 2020). There are growing calls in STEM 
disciplines to embrace systems thinking pedagogy (Baron 
& Daniel-Allegro, 2020; Lavi et al., 2021). We propose 
that developing systems thinking capabilities in students is 
necessary to create the next generation of complex problem 
solvers in the agricultural workforce. 

Systems thinking has been well documented in various 
disciplines; however, a literature review shows a lack of 
research on teaching to develop systems thinking within 
the agricultural sciences. The purpose of this paper was to 
synthesize existing literature on systems thinking theory and 
develop a model that can be utilized to guide college-level 
agricultural educators into creating and using a systems 
thinking paradigm.

Historical Perspectives

Research has repeatedly demonstrated that the 
human mind likes simple straight lines such as 1 + 1 = 2, 
or A affects B, which causes C (de Langhe et al., 2017). 
Linear thinking is the term used to describe this approach to 
thinking, and Greer (2010) noted that people struggle with 
nonlinear situations. Ebersbach et al. (2010) concluded that 
linear reasoning occurs naturally in young children (ex., 
five years old) even before instructional practices have 
been developed. Therefore, it can be inferred that linear 
reasoning is a “natural” inclination of individuals. Secondary 
school teachers are heavily influenced by linear thought 
and thus teach their students using linear thinking (Greer, 

2010). Greer (2010) noted that students develop thought 
processes similar to those of their teachers, and, as a result, 
they may have difficulties grasping nonlinear situations. As 
such, linear thinking dominates the educational system, 
along with its corresponding pedagogy of behaviorism. 
Behaviorism is often the first (and most enduring) learning 
theory utilized in the classroom, despite many other 
pedagogical approaches (Jackson & White, 2020).

Ebersbach et al. (2010) argue that since it is common 
for instructors to overlook the predominance of linear 
thinking, special attention needs to be paid to not weaken 
or eliminate nonlinear thinking in early education. This 
argument can be extended to higher education. Jackson 
and White (2020) advocate that higher education instructors 
must move beyond behaviorism and focus on active learning 
and student-centered pedagogical approaches. For this to 
occur, instructors must create environments encouraging 
deeper engagement with complex social subjects. Systems 
thinking has emerged as a model for thinking differently 
(Cabrera et al., 2008). Still, despite its wide application in 
many disciplines, “systems thinking remains marginalized 
from mainstream science” (Barton & Haslett, 2007, p. 144). 
Systems thinking has been proposed as a solution to tackling 
issues of complexity (Plate, 2010). As the agricultural sector 
faces multiple wicked problems, systems thinking may need 
to become more prominent in higher education. However, 
there is a lack of shared understanding about the term, which 
is critical for developing discourse around the phenomenon 
for both policymakers and academia (Knight, 2004).

Introduction to Systems Thinking

Systems thinking can be thought of conceptually 
as looking at interrelationships between parts related to 
the whole (Trochim et al., 2006). Ison (2008) wrote that 
many people (but not all) are aware of the interconnected 
nature of systems. However, it was not until 1954, when 
the Society for the Advancement of General Systems 
Theory (now known as the International Society for the 
Systems Sciences [ISSS]) was founded by von Bertalanffy, 
Boulding, Gerard, and Rapoport (Hammond, 2002) that 
systems thinking became a formalized concept. These four 
individuals are often considered to be the “fathers” of the 
idea of “systems thinking.” Since then, considerable work 
has been designed to advance systems thinking as an 
alternative way of thinking (Hammond, 2002). 

However, as Hammond (2002) notes, different groups 
of people ascribe different meanings to systems theory 
depending on their discipline. A review of the literature 
shows that there are different definitions of the term 
systems thinking. Still, many terms have meanings that are 
either synonymous with or similar to “systems thinking.” 
These terms include but are not limited to systems-oriented 
thinking, ecological thinking, complex problem solving, 
and network thinking (Riess & Mischo, 2009). Within the 
agricultural field, terms such as critical thinking, inter-
disciplinary, multi-disciplinary, and boundary-crossing have 
also been used to describe various methods for approaching 
problems, which may have roots in systems thinking but 
should not be used interchangeably with systems thinking. 
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Critical thinking “is a purposeful, self-regulatory thinking 
aimed at solving problems, addressing questions, forming 
judgments, and making decisions” (Baker et al., 2021, p. 42). 
Inter-disciplinary and multi-disciplinary involve integrating 
multiple disciplines, often basic and applied sciences (Hu et 
al., 2023). Boundary crossing involves developing the skills 
to think across a variety of social and scientific boundaries 
when solving problems (Bishop & Eklöf, 2022). All these 
problem-solving approaches differ from systems thinking in 
that they fail to fully capture the interconnected nature of 
complex problems. 

McGuire (2017) makes the case that having a shared 
understanding of a concept is essential when the conceptual 
area has many distinctions that can be confused. Systems 
thinking was initially conceived “as a set of interacting or 
interdependent parts forming a complex whole” (Stalter et 
al., 2016, p. 324). However, the concept has evolved to 
include other dimensions, including social, technical, and 
cultural contexts, and with this expansion, the definitions 
also expanded. Leischow and Milstein (2006) define 
system thinkers as those seeking patterns and relationships 
between interdependent components of a system by 
looking at them from a non-linear and complex perspective. 
Senge (1990) defined systems thinking as looking at both 
the whole and using a framework to see interrelationships 
rather than individual things, and patterns of change rather 
than static snapshots.

In systems thinking, there are distinctions correlated 
to other concepts, and it is essential to examine both the 
similarities and differences of these concepts. Arnold and 
Wade (2015) make the case that systems thinking has three 
key elements that determine whether a concept can be 
called systems thinking: (a) the purpose of systems thinking, 
(b) the elements (characteristics) of system thinking, and 
(c) the interconnectedness of how elements feed into each 
other. This systems test can determine if a definition of a 
concept can be classified as systems thinking. 

Arnold and Wade (2015) define systems thinking as “a 
set of synergistic analytic skills used to improve the capability 
of identifying and understanding systems, predicting their 
behaviors, and devising modifications to them in order to 
produce desired effects” (p. 675). Their definition addresses 
the three elements that they believe encompass systems 
thinking. For this paper, this definition will be utilized to 
operationalize systems thinking.

In addition to the complexity of having multiple 
definitions, the literature also uses other words 
interchangeably to describe the same concept. Cross-
disciplinary, interdisciplinary, and complex problem solving 
are all used to define a type of thinking that is non-linear 
and interrelated. However, these terms are not comparable 
to systems thinking, and it would be incorrect to use them 
in place of systems thinking. For example, Kereluik et al. 
(2013) stated that cross-disciplinary knowledge could be 
defined as taking knowledge and integrating information 
from across various fields. However, this definition does 
not address either the purpose of systems thinking or the 
interconnectedness of elements. As such, the concept of 
cross-disciplinary knowledge falls short of true systematic 
thinking since it does not encompass all three components 

outlined by Arnold and Wade (2015).
Another example would be the definition of complex 

problem solving (CPS). When Frensch and Funke (1995) 
asked Beckmann and Guthke (two contributors to their 
book) to define CPS, they wrote, “CPS represents a class 
of task demands the cognitive mastery of which calls for 
the recognition of causal relations among the variables 
of a system” (p. 34). This concept again falls short of 
being systematic thinking because it does not mention 
the characteristics of systems thinking. Interdisciplinary 
definitions emphasize the integration of disciplinary work 
(Lattuca, 2003) but do not address the purpose or elements 
of systems thinking. Therefore, interdisciplinary approaches 
and perspectives are not a substitute for systems thinking.

With various definitions and meanings ascribed to 
systems thinking, it is unsurprising that there is a lack of 
shared understanding of the concept. Therefore, there 
is value in exploring the history and evolution of systems 
thinking. It should be noted that, due to the vast array of 
disciplines conceptualizing their definition of systems, this 
research may not capture the complete evolution of systems 
thinking. However, it provides a starting point for discussion 
about the current level of understanding of systems thinking 
and how it should be applied to agricultural universities.

General Systems Theory (GST)
Overview of GST

GST provides the historical foundation for contemporary 
views of systems thinking. Despite the varying definitions 
of systems thinking, a key element among them is the 
understanding that the sum is greater than the parts (Bawden 
et al., 1984). Individuals who are systems thinkers are 
aware of the interconnections that make up a holistic view, 
as opposed to systematic individuals who utilize a step-by-
step approach (Ison, 2008). Ison (2008) argues that most 
people naturally have some degree of systems thinking; 
however, Kali et al. (2003) found “that general awareness of 
the holistic aspect of a system does not necessarily foster 
systems thinking” (p. 563). It appears that multiple fields 
such as biology, engineering, cybernetics, ecology, physics, 
and sociology, to name a few, have developed general 
cognitive principles that focused on this concept of whole 
and parts. These cognitive principles formed the basis for 
the beginnings of a systems thinking approach (Caulfield & 
Maj, 2001), which has evolved and become more codified 
over the decades. However, each discipline chose its 
course until a biologist named Ludwig von Bertalanffy noted 
the parallelism between the disciplines and attempted to 
generalize it into a theory (Caulfield & Maj, 2001).

General Systems Theory (GST) was designed to 
achieve a cross-disciplinary application. Its roots were 
strongly connected to the field of mathematics, as von 
Bertalanffy (1972) noted that mathematics is a language 
that can permit rigorous confirmation and deductions of 
the phenomenon under investigation. Although GST was 
based on a language of mathematics, its objective was to 
transcend disciplinary boundaries by acting as a bridge 
between the different sciences (Mulej et al., 2004). Von 
Bertalanffy looked at technology, science, and philosophy 
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and created a theory that looked at the relationships 
between the parts and a larger whole within a system 
(Hammond, 2005). Through his work in theoretical biology, 
von Bertalanffy conceptualized open systems, which 
acknowledged the evolution and complexity of living 
systems and contributed to concepts such as the feedback 
loop and causality within systems thinking (Hammond, 
2005). However, many practitioners found that GST lacked 
practical methodologies, perhaps because systems thinking 
can become bound up in modeling, obscuring the context 
of the situation (Rountree, 1977). Thirty-three years later, 
Zexian and Xuhui (2010) lodged the same critique of GST in 
that it was based on abstract mathematical modeling, which 
did not reflect real-world problems.

Limitations of GST

The limitations of GST resulted not in the failure of 
systems thinking in general but rather in the refinement and 
expansion of the concept of systems (Checkland, 2005). 
The term “Systems” in systems thinking evolved not just 
to encompass the world but also to focus on the process 
of dealing with the world (Checkland, 2005). This shift in 
viewpoint resulted in different underlying epistemologies 
for defining and interpreting systems thinking (Ison, 2008). 
Checkland (2005) distinguished between two types of 
systems thinking: hard and soft. The foundation for hard 
systems thinking (HST) rests in positivism and functionalism 
designed to solve well-defined problems (Zexian & Xuhui, 
2010). However, as Rittel and Webber (1973) noted, the 
paradigm of science and engineering (i.e., positivism), 
which underlies most professions, cannot be applied to open 
societal problems. As Meadows (2008) wrote in Thinking in 
Systems: A Primer:

Let’s face it, the universe is messy. It is nonlinear, 
turbulent, and chaotic. It is dynamic. It spends its time in 
transient behavior on its way to somewhere else, not in 
mathematically neat equilibria. It self-organizes and evolves. 
It creates diversity, not uniformity. That’s what makes the 
world interesting, that’s what makes it beautiful, and that’s 
what makes it work. (p. 153)

Initially, systems thinking modeling focused on stages 
used to address problems. The first stages involved 
evaluating the problem situation and analyzing the problem 
(Checkland, 2005). Yet this model failed to consider cases in 
which there was no defined problem situation due to humans 
interpreting and perceiving different viewpoints (Checkland, 
2005). The social reality was not reflective of the testable 
physical reality, and as such, systems thinking needed 
to evolve to address this disconnect (Checkland,1981). 
Therefore, soft systems thinking (SST) was developed to 
address the interpretive element of human activity (Zexian 
& Xuhui, 2010). Ison (2008) writes that soft systems thinking 
involves an epistemological shift in which systems are no 
longer based on models but rather required to gain a deeper 
understanding of a phenomenon. 

However, Ison (2008) also rejects the dichotomy of 
HST and SST but instead perceives the two as belonging 
to a continuum. Randle and Stroink (2018) argue that 
systems thinking should be viewed as a cognitive paradigm 

encompassing a holistic worldview, expanding on causation 
within systems, and acknowledging constant change. 
Adopting this perspective, they further argue that systems 
thinking involves individual differences responsive to 
situational cues (Randle & Stroink, 2018). This contrasts 
with prevailing research, which looks at the domain-specific 
systems thinking skills and highlights the idea that systems 
thinking as a cognitive domain can be developed (Randle 
& Stroink, 2018). Within the context of agriculture, Bawden 
(1991) argues that agriculturalists need to build a paradigm 
appropriate for the magnitude of the problem being studied. 
He writes:

And in our rethinking, we must learn how to come to 
terms with complexity and chaos and develop learning 
strategies that enable us to help others to deal with such 
dimensions. In sum, we must be prepared to let go the old 
and embrace the new science and praxis of complexity. (p. 
2371)

This call to action can no longer be ignored. The 
agricultural discipline needs to be more intentional about 
developing systems thinking through both reflection and 
action. 

Hard and Soft Systems Thinking

There have been various warnings that the traditional 
method of linear thinking used to solve problems will no longer 
be sufficient due to the world’s complexity (Roberts, 2001). 
Batie (2008) stated that a linear approach could be appropriate 
in answering the “what is” and “what if” components of the 
problem and, as such, science is often guided by a linear 
model. However, this approach is ill-suited when applied 
to the science of wicked problems (Batie, 2008). Systems 
thinking is a unique thinking approach that integrates the 
parts and the whole and builds on a continuum (Kali et al., 
2003). HST is traditionally viewed from a positivistic lens 
and assumes that systems models reflect the real world. 
These systems can then be engineered to demonstrate 
problems and solutions (Ison, 2008). HST focuses on 
keeping systems as simple as possible and developing 
models to solve problems, approaches often seen in the 
natural sciences. SST retains the view that introducing the 
human element of divergent viewpoints means that systems 
models can be utilized for learning and understanding, and 
they can describe issues and accommodations rather than 
just problems and solutions (Ison, 2008). SST emphasizes 
understanding the problem and multiple realities that 
may exist within systems, which is typical in the social 
sciences. Hung (2008) writes that systems thinking is one 
of the most complex types of higher-order thinking and 
is often challenging to master. The introduction of “soft” 
variables, such as social, emotional, or psychological into 
systems thinking requires deeper cognitive ability due to 
the difficulty in quantifying and representing them within the 
system. This continuum of thinking from linear to hard to 
soft systems thinking demonstrates an individual’s growth 
in their ability to understand complex cognitive problems, 
which is necessary considering the types of issues facing 
the agricultural industry. Table 1 provides a comparison of 
HST and SST.
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Hard Systems Thinking (HST) Soft Systems Thinking (SST)

Well-defined problem Ill-structured problem(s)

[Post]Positivist Epistemology Constructivist Epistemology

Structured around problems(s) and solutions Structured around issues

Assumes the world can be structured and modeled Thinks the world can be explored but not modeled due to human 
perspectives

Focused on goal-seeking Focused on understanding and learning

Type of Problem Characteristics of Problems

Tame Known problem. Known solution.

Complex Known problem. Multiple options for solutions.

Wicked No agreement on the problem. No agreement on solutions. Potential 
solutions may cause more problems

Table 1
 
Comparison of HST and SST

Table 2
 
Characteristics of Types of Problems

As noted, HST and SST focus on different types of 
problems. Rittel and Weber (1973) identified two types of 
problems, “tame” and “wicked.” Tame problems are those 
in which there is a clear mission because there is a known 
problem and known solutions. Examples may include 
solving a math problem, repairing a broken radiator, or 
finding the feed-to-weight conversion in salmon. In contrast, 
the complexity, ambiguity, diversity, and uncertainty of 
wicked problems mean that divergent views result in various 
interpretations of problems leading to different opinions of 
potential solutions (Head & Alford, 2013). In short, wicked 
problems have no clearly defined problem(s) and no known 
solution(s) (Batie, 2008). 

For an agricultural example, consider the problem of 
food insecurity in a struggling community. Is it because of 
a lack of infrastructure resulting in a food desert, lack of 
jobs leading to economic instability, or a lack of education 
regarding the importance of a balanced diet? Each person 
looking at food insecurity within the community may choose 
a different angle to approach the issue, which leads to 
different proposed solutions, which may impact other 
problems and solutions (ex. addressing infrastructure issues 
may unintentionally cause environmental problems). Head 
and Alford (2013) note that there is no single “best” approach 
to dealing with problems because there is no longer a “root 
cause” that can be identified. Roberts (2001) also developed 
a third category of problem, complex problems, that falls 
between tame and wicked problems. Complex problems 
can be described as having a specific problem, but it may 

have multiple solutions (Batie, 2001). Examples of complex 
problems may be managing root rot in an oak tree, a doctor 
deciding the best way to treat diabetes, or how to register 
high school student to vote. These all contain an identifiable 
problem, but individuals can develop multiple solutions 
available to them to address these issues. Although at first 
glance complex and wicked problems seem similar due 
to the level of complexity involved, it is worth noting that 
wicked problems are a step beyond complex problems of 
the lack of a clear pathway to resolving the issue (Whyte 
& Thompson, 2011). These three types of problems can 
represent the level of cognitive ability needed to address 
issues, with wicked problems requiring the highest order of 
cognitive ability. Table 2 summarizes the characteristics of 
each type of problem.

A Model for Developing Systems Thinking

As with the levels of thinking, problems can be 
interpreted as a continuum, starting with tame problems 
before moving to complex problems and then on to wicked 
problems. Combining the type of problems with the level 
of thinking creates a matrix that can be utilized to assess 
the growth and development of an individual’s systems 
thinking paradigm. Figure 1 is a conceptual model created 
to demonstrate potential outcomes that may occur when 
matching a learner’s level of conceptualization to the type of 
problem they are addressing. The grey quadrants represent 
potential cognitive outcomes that can occur when matching 
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Figure 1
 
Conceptual Model of the Development of a S.T. Paradigm through a Progression of Problem Types

the level of thinking to the type of problem. The spiral line 
intersecting the box represents an individual’s progression 
towards a systems thinking paradigm. Note how linear 
thinking can lead to systems awareness when matched 
with a complex problem, allowing for the development of 
systems thinking competencies. 

Linear thinking is a default method of thinking (Ebersbach 
et al., 2010) and marks the lowest level of cognitive thinking. 
To develop a systems thinking paradigm, Kali et al. (2003) 
concluded that there needs to be a knowledge-building 
stage for the parts and whole of the system. To solve a 
tame problem, individuals will need to know the parts or 
the whole of the problem to find a solution. As individuals 
progress along the continuum from linear thinking HST to 
SST, their comprehension expands to include the parts and 
the whole. Depending on the type of problem, an individual 
can adjust their level of thinking by moving along the 
continuum to find solutions. As problems move from tame to 
complex, individuals must progress in their thinking through 
the structured development of systems thinking skills. The 
base knowledge of parts, wholes, and the sum of the parts 
and the whole serves as a foundation to develop and build 
systems thinking competencies.

Experiential learning, a learning theory that includes a 
cyclical process of experiences and reflections (Kolb, 1984; 
Roberts, 2006), can help individuals utilize their knowledge 
to refine their systems thinking skills. Dewey, considered 
to be the father of experiential learning, argued that the 
learning process is characterized by individuals experiencing 
a phenomenon, reflecting on the experience, and then 
forming concepts based on the experience and pre-existing 
knowledge (Dewey, 1938). This process is continuous, with 
each new experience initiating new reflections and new 
conceptualizations of the world (Dewey, 1938). This cyclical 
model of learning underpins an individual’s progression 

towards the system’s thinking growth. As individuals interact 
with the knowledge of parts and whole and systems thinking 
skills, they reflect and incorporate this knowledge into their 
conceptualization of the world. This continuous cycle of 
experiencing and reflection allows individuals to deepen 
their cognitive understanding by relating the content to a 
systems thinking perspective. Thus, developing a systems 
thinking paradigm is intimately linked with the experiential 
learning process and the importance of allowing individuals 
to experience and reflect on skills and knowledge needed to 
develop systems thinking competency. 

In conjunction with the development of HST and SST 
levels, developing systems thinking skills and competencies 
is necessary to shift individuals into the upper right quadrant, 
where they can utilize their foundational knowledge to 
examine the interactions of the parts and the whole. Within 
this area, an individual can conceptualize and adopt a 
systems thinking paradigm. This systems thinking paradigm 
involves a worldview that allows an individual to address the 
complexity of both the social and natural world (Randle & 
Stroink, 2018). This paradigm is needed to address wicked 
problems that are abundant in agriculture because they 
involve both the social and natural world. Should individuals 
utilize a lower level of thinking, they may feel apathetic or 
overwhelmed in addressing a wicked problem. Within this 
situation, if an individual is sufficiently motivated, they may 
return to acquiring more base knowledge and applying 
systems thinking skills. This will allow them to further 
develop their level of thinking and employ the systems 
thinking paradigm, thus reinforcing key concepts to address 
the problem under investigation. 
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Figure 2
 
Individual’s Progression from Linear Thinking to a S.T. Paradigm

Applications of the Model

Within the context of the colleges of agriculture, 
systems thinking and this developmental model (Figure 
1) have applications for both faculty and students. Faculty 
need to consider the level of thinking that their students 
can accomplish and provide appropriate types of problems 
to help them learn the necessary content. Students can 
utilize this model to self-assess their development and 
tailor their learning experience based on their quadrant. 
Applying systems thinking skills should be incorporated into 
the curriculum via experiential learning to assist individual 
students in their progression of systems thinking growth. It 
is important to ensure that experiential learning supports 
individual student development and is not just focused on 
the whole-class level. This individual growth towards a 
systems thinking paradigm can be conceptualized in Figure 2.

Ebersbach et al. (2010) noted that linear thinking is 
found in young children before entering formal education. 
Therefore, there is an inborn tendency to utilize linear 
thinking from an early age. Greer (2010) noted that 
educational practices, such as behaviorism, within the 
educational system reinforce linear thinking, making it 
difficult for students to understand nonlinear situations. 
However, Ison (2008) notes that most individuals have some 
systems awareness level. This systems awareness, once 
realized, can serve as a foundation for transformational 
experiences designed to promote systems thinking skills. 
As individuals reflect on these experiences within systems 
thinking skills, they further develop their systems thinking 
competencies. Over time, this progression can grow into 
a systems thinking paradigm. For faculty in colleges of 
agriculture, a systems thinking paradigm can influence 
their teaching, research, and outreach/extension activities, 

Discussion and Recommendations

One of the most significant challenges that humanity 
faces will be supplying enough food for the growing population 
(West et al., 2014). However, increasing food production 
can have adverse effects by generating greenhouse gases 
which contribute to climate change (Mbow, 2019). West et al. 
(2014) note that a holistic approach is needed to address food 
security, environmental sustainability, and tradeoffs between 
each. However, this holistic approach involves complex 
cognitive abilities, contrary to people’s natural inclination to 
approach problems from a linear perspective (de Langhe 
et al., 2017). The skills needed to transition beyond linear 
thinking are not well taught in higher education (Batie, 2008), 
as behaviorism is still the dominant pedagogical theory utilized 
in the classroom. A transition to systems thinking is needed. 
However, Ritchie (2017) noted that systems thinking has not 
been widely adopted in most U.S. school systems. Given 
the applied nature of the curricula, colleges of agriculture are 
positioned to be leaders in changing higher education.

further developing their systems thinking paradigm. 
Faculty and educators can utilize this progression model to 
intentionally design educational experiences that promote 
the development of systems thinking competencies, which 
will develop their level of thinking. The design of these 
educational opportunities and introduction of problems in 
the classroom must align with the student’s current level 
of thinking and where they are on the steps of progression 
towards a systems thinking paradigm. An attempt to jump 
from linear thinking to a systems thinking paradigm will fail, 
but careful and deliberate experiences can result in higher 
levels of thinking. 
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