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There have been countless efforts to improve academic achievement in public schools across
the United States, especially in urban school districts. Few efforts, however, use rigorous
analytic modeling tools to anticipate and prevent the potential side effects of change. This
chapter proposes the application of system dynamics on educational reform efforts by offering
a conceptual model, literature review, and research agenda to identify and mitigate the
potential side effects of reform. The model is based on interviews and workshops with
public school leaders, teachers, and parents in a midsized midwestern urban city. We
identify a “capability trap” that may lead to policy resistance with educational reforms.
Limitations to this approach are noted, and future areas of research are identified.

ublic education has long been the target of interventions to improve outcomes

for students, families, and educators. Interventions are multitudinous and varied
and span topics from reducing educational achievement gaps between the United
States and other countries (McDonnell, 2008; Rury et al., 2022), to banning instruc-
tional pedagogies such as critical race theory (Morgan, 2022), to mandating high-
stakes testing (Elmore, 2004). Additionally, they are multilayered at local, state, and
federal levels, adding external complexity to an educational system that is frequently
under pressure to improve (Elmore, 2004).
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Policy interventions seek to improve the state of the system, but much like medi-
cal interventions, they can result in unforeseen consequences that can be negative or
positive. In medicine, these “side effects” are widely accepted as consequences that
can be anticipated because of the intervention and are required to be conveyed on
pharmaceutical warnings and consent forms (Zhao, 2017). Meyer (1977) once
described education as an institution of effects, affecting society through an alloca-
tion of socializing while conferring success on some and failure on others. Through
allocation theory, he suggested the institutional effects of education as an interven-
tion has both benefits and negative outcomes on some groups in society (Meyer,
1977). The anticipation and acceptance of unanticipated harmful effects of interven-
tions in education is not common practice, leaving room for growth in a field that is
increasingly expected to adopt rigorous practice and research (Bryk et al., 2015;
Zhao, 2017).

In educational interventions, side effects are commonly depicted post hoc (after
intervention) or with the goal of supporting or opposing an initiative. This is true in
peer-reviewed processes, too: Advocates seeking to prevent the implementation of a
policy may publish about potential side effects from a values-based assumption or
expert conjecturing. Additionally, one may see postmortem analyses on educational
interventions after implementation (e.g., Cawelti, 2006), but rarely are these side
effects predicted using systematic and rigorous research methods.

There are, however, a growing number of studies that outline the side effects of
various interventions in education. Yong Zhao and colleagues, among others,
answered the recent call for side effects research in education in various published
articles. By completing a deep review of literature on large-scale assessments in educa-
tion, Emler et al. (2019) synthesized side effects from a postintervention perspective.
When measuring the effect of school choice and vouchers on students, Zhao (2019)
examined the effect beyond the average student to subsets of students, finding dif-
ferential effects—positive for some and negative for others. In this study, he noted
that “one student’s medicine may very well be another one’s poison” (Zhao, 2019, p.
66). These examples provide methods that examine post hoc intervention effects, yet
few methods can be used to scientifically predict the effects of interventions before
implementation. Most anticipatory studies of side effects from policy interventions
are therefore based on values-based propositions and hypothetical assumptions.

No Child Left Behind (NCLB) provides numerous examples where values-based
conjecturing and hypothetical assumptions are made without rigorous modeling or
testing. The wide-sweeping bipartisan policy, which provides national standards for
learning and test-based accountability, was highly contested both before, during, and
after implementation. There were numerous voices warning of the potential negative
effects of NCLB’s standards-based reforms; however, few rigorous analyses were con-
ducted to demonstrate potential side effects and/or evidence of impending harm. For
instance, in the Harvard Educational Review, Borkowski and Sneed (2006) noted the
controversies surrounding NCLB by stating it was based on ideology and untested
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federally mandated remedies. However, their own article did not propose scientifi-
cally based experiments, models, or research-based indicators of potential negative
(or positive) outcomes. Rather, they provided legal perspectives on why they believed
it would not work.

Others also noted their fear of NCLB’s effect, but without a systematic method of
formal analysis of the possible unintended consequences. Goldrick-Rab and Mazzeo
(2005) wrote an article anticipating the impact of NCLB on college access based on
a summary of research that outlined important factors contributing to student par-
ticipation and success in college. They then compared components of NCLB to the
factors that contribute to access and then studied other research examining the effects
of NCLB for academic pressure and high-stakes testing to assess potential harm
(Goldrick-Rab & Mazzeo, 2005). The method of examining the potential impact of
a policy through rigorous review may be inadequate to predict outcomes because it
relies on existing research studies and postulation of how the policy will affect parts
of the system that may not be obvious.

Despite the lack of rigorous analysis on the potential side effects of NCLB, numer-
ous impacts have been identified with the benefit of hindsight. Regarding intended
outcomes, statewide data from the National Assessment of Educational Progress ana-
lyzed by Dee and Jacob (2011) demonstrated large and statistically significant
increases in the math achievement of four graders (effect size = .23 by 2007), con-
centrated among White and Hispanic students and students eligible for subsidized
lunches. But NCLB was overshadowed by the unintended consequences that resulted.
For example, unanticipated effects such as teacher morale and neighborhood housing
values were effects found after NCLB was implemented. One study noted that NCLB
elevated teacher stress and decreased morale (Smith & Kovacs, 2011). Another study
showed that schools receiving the designation of “failing,” a key part of the policy, led
to a decrease in home prices in nearby areas as families moved in search of better
educational opportunities for their children (Bogin & Nguyen-Hoang, 2014). Linda
Darling-Hammond (2007) noted that the unintended negative consequences from
NCLB included a narrowed curriculum, focus on low-level skills generally reflected
on high-stakes tests, inappropriate assessment of students with special needs and
English language learners, and strong incentives to exclude students with low test
scores from schools to achieve test score targets.

Although it is easier to see these side effects after implementation or to attribute
them to bad luck, considering them somehow less valid than the intended consequence
of the intervention, these side effects are no accident. Rather, they are the direct and
endogenous consequences of feedbacks that exist in the structure of the system—feed-
backs that can and should be anticipated ex ante. Anticipating these effects requires an
understanding of causality and feedback effects over time. This practice is encapsulated
in the practice of “closed loop thinking” or “feedback thinking,” more popularly referred
to as “systems thinking.” Closed loop thinking happens when people see the world as a
set of ongoing, interdependent processes rather than one-way relations between a group
of factors and the phenomenon that these factors are causing (Richmond, 1993).
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Exercising this type of thinking forces people to look at the circular cause-effect rela-
tions or loop of a system as responsible for generating behavior patterns exhibited by
that system rather than external forces (Richmond, 1993).

Frequently, closed loop thinking that captures these feedbacks within a single inte-
grative analysis does not occur when education policies are being developed, resulting
in prescriptions that often underperform or even amplify existing problems. For
example, zero-tolerance policies, an umbrella term for codes of conduct in schools
that set ground rules for student behavior with mandatory consequences for commit-
ting an offense, were implemented widely in the late 1980s to curb violence and
substance use in schools (Curran, 2017). Mandatory suspension or expulsion,
thought to enhance school climate and ensure students who want to learn can do so
with less disruption in the classroom, have negative effects on suspended or expelled
students and their peers. In a study on school discipline reforms, suspensions not
only decreased math and reading scores for suspended students, but their peers also
experienced small but statistically significant decreases in math and English language
arts scores (Lacoe & Steinberg, 2019). Additionally, the counterfactual reality of what
happens without intervention is hardly explored with scientific rigor. In randomized
control trials, we control for a nontreatment effect and report on these conditions
over time with multiple levels of follow-up. Although this “counterfactual” is difficult
to identify in policymaking because the future state of the world is not yet known, it
is equally important to analyze as the policy itself, providing the baseline against
which the consequences of the intervention should be compared.

Anticipating and mitigating the side effects of well-intentioned interventions
requires the use of methods that can account for the complex structures in which
these efforts are made. Bryk et al. (2015) argued that improving educational systems
for the long haul requires us to fully understand the problem before jumping to solu-
tions. The authors then indicated that seeing the system that produces the current
outcomes is necessary to adequately address the problems the system produces and
mitigate any unexpected side effects (Bryk et al., 2015). These concepts, based on
principles of systems thinking and its subset, system dynamics (SD), takes into con-
sideration the interdependencies of a system and the effects of intervening on one
part of the system to another (Richmond, 1993).

System dynamics is a method for conceptualizing and analyzing complex prob-
lems that are characterized by multiple interconnected and often nonlinear feed-
backs, like those previously described. Using qualitative maps and formal
computational models, SD accounts for the complex structure of systems and can be
used to analyze the future effect of interventions over time (Richardson, 2011;
Sterman, 2000). In contrast with linear models that are “open loop” (i.e. lacking
feedback), SD is an approach that is characterized by (a) a broad model boundary
that seeks to capture endogenously all the mechanisms relevant to the problem at
hand, including (but not limited to) stakeholders of all types, the built environment,
markets, and policies and regulations; (b) realistic portrayal of the decision-rules
being employed by stakeholders in the system; and (c) explicit recognition of time
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and the existence of time delays between cause and effect. This method of analyzing
a system and its future behavior can be useful for understanding the root causes of
problematic behaviors and designing appropriate interventions.

SD can be used to map the interconnections and processes that represent the way
a system is structurally biased to create varying outcomes. In education, there is much
discussion on how the system is structurally set up to produce inequitable outcomes
for people based on race, gender, and other demographic factors. John Powell (2008)
described structural racism as the interaction of multiple institutions in an ongoing
process that produces racialized outcomes. He noted that a systems approach can
help illuminate the ways in which individual and institutional behaviors interact
across domains and over time to produce these side effects with clear racialized effects.
By explicitly mapping how the system becomes racially, economically, and politically
divided through enrollment patterns, investments, and dollars available per pupil,
SD can demonstrate the structure of how racism and economic inequality work
within the education system.

In this chapter, we review the use of SD for the integrative analysis of side effects
from education policy interventions. First, we introduce the fundamentals of the SD
methods for the modeling and analysis of complex systems, such as stocks, flows,
balancing, and reinforcing feedback loops. We explain how these building blocks can
be used to develop both qualitative models (“causal loop diagrams” [CLDs]) and
quantitative (simulation) models. We then demonstrate the application of these tools
by sharing the development of a model to address educational underperformance,
teacher burnout, parent dissatisfaction, and declining enrollment in a U.S. public
school system. Through this example, we discuss how to design and test interventions
to address these issues. We end by discussing the limitations of this method and rec-
ommendations for pursuing educational reforms based on methods of rigorous SD to
better understand the effects, both positive and negative, of reform efforts in complex
educational systems.

MODELING THE BEHAVIOR OF COMPLEX SYSTEMS WITH SYSTEM
DYNAMICS

Policy analysis is frequently conceptualized as a linear process that starts with
problem definition and determination of evaluation criteria, then moves through
identification and evaluation of possible policy interventions, and ends with the
selection and implementation of the preferred policy (e.g., Patton et al., 2016). Yet
this analytical framework is open loop in that it frequently fails to capture the mul-
tiple and often nonlinear feedbacks that exist in real-world systems and often results
in policy prescriptions that have negative side effects. These effects can diminish the
intended benefit or even exacerbate the problem in the worst case. The state of the
world today is an endogenous consequence of the many decisions made by stakehold-
ers in days past, who responded to the state of the world at the time. Similarly, the
decisions being made today will shape the state of the world into the future in many
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and varied ways. The more our analysis during policymaking reflects this endogenous
reality, the more effective our policy prescriptions will be.

John Dewey and Lev Vygotsky, popular educational theorists, pointed to bidirec-
tional feedback loops and complex relationships as key constructs in educational
development (e.g., Dewey, 1916; Vygotsky, 1978). Advanced statistical tests have
been applied to understand the bidirectional nature of these relationships, mostly
with some form of structural equation modeling (Teo et al., 2013). For instance,
multilevel structural equation modeling was used by Yarnell and Bohrnstedt (2018)
to explore the association between student-teacher matches and Black student
achievement and the relationship between social support, classroom management,
and school adjustment (Aldrup et al., 2018). Latent change analysis, a type of struc-
tural equation modeling, was applied to understand the reciprocal effects of school
capacity on student learning (Hallinger & Heck, 2010). These types of statistical
applications can establish general associations between parameters and patterns over
time and ways to represent nonrecursive relationships. However, these methods are
inadequate to model issues of feedback loop dominance (Hovmand & Chalise,
2015). Additionally, structural equation modeling and similar analyses are not able to
capture the complexity of multiple feedback loops operating over time in a closed
system. Methods that account for these challenges can help better predict the out-
come of efforts to intervene in complex systems such as education.

System dynamics is a set of modeling tools, qualitative and quantitative, that seeks
to provide an improved understanding of the behavior of complex systems by formal-
izing the feedback structure of the system and builds on the principle that structure
generates behavior. At the heart of SD models are causal loop diagrams—visual maps
that articulate an explicit causal theory of how the variables in the system relate to
each other. Each causal arrow in a CLD is assigned a polarity. A positive polarity
indicates that the cause-and-effect variables move in the same direction. For example,
an increase (or decrease) in teacher salaries leads to an increase (or decrease) in teacher
retention, all else being equal. A negative polarity indicates that cause and effect move
in opposing directions. For example, an increase in the number of teachers in a school
leads to a decrease in student-to-teacher ratio, all else being equal. As the causal rela-
tionships present in the system are mapped, feedback loops emerge that give rise to
dynamic and nonintuitive behavior. Feedback loops in which an initial change in a
variable is further amplified are labeled as “reinforcing” loops. For example, it is a
reinforcing feedback if an increase in student attainment leads to greater student
satisfaction and effort, resulting in yet higher student attainment. When the effect of
the feedback is to resist the initial change, the term “balancing” loop is used. For
example, it is a balancing feedback loop if an increase in student attainment at a
school attracts more students that results in an increase in enrollments and class sizes,
leading to a decrease in teacher attention per student and a subsequent (relative)
decrease in student attainment. Eliciting mental models in this way results in an
explicit causal theory of how the system operates, with the CLD serving as an artifact
around which the analysis of consequences, intended and unintended, can occur.
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Initial insights are gained simply from mapping the structure of the system.
Formalizing the model as a series of coupled differential equations and adding ele-
ments including accumulations (stocks) and time delays allows for simulation of the
model’s behavior over time, the testing of the model against historic data, and the
explanation of alternative future scenarios (Sterman, 2000).

We do not attempt to provide a full description of how to build an SD model
here, which is well beyond the scope of this chapter. Excellent learning resources are
available, such as the seminal Business Dynamics textbook (Sterman, 2000). However,
we do make some observations here about why SD is uniquely well suited to under-
standing the potential for side effects of education policy interventions:

e SD is a top-down modeling approach that emphasizes a broad model boundary,
with all feedbacks relevant to the problem being represented endogenously within
the boundary of the model. No single variable represents the “main effect” or
dependent variable. And there are therefore no side effects—only consequences,
both intended and unintended, as the interactions between feedback loops play
out.

e Central to SD is a realistic portrayal of human decision-making. If the behavior
of the model is to reflect reality, it is necessary that the decision rules encoded in
the model faithfully represent those used by decision makers (e.g., how funding
is allocated to schools and how the amount of funding changes as the number of
students enrolled increases/decreases). It is critical that these decision rules can
only make use of information available to decision makers in the real world, the
so-called Baker criterion (Sterman, 2000). The potential for unintended conse-
quences emerges naturally from the interaction of these boundedly rational deci-
sion makers, who may make the best decision possible given the information at
hand but who do not and cannot appreciate the flow-on consequences of their
decisions.

e The existence of significant time delays between cause and effect can be particu-
larly problematic for traditional policy design. For example, changes in curricu-
lum or pedagogy may take years to roll out and even longer to influence students’
educational attainment, slowing the rate at which learnings about policy effec-
tiveness can be gained and potentially leading to incorrect attribution about
effectiveness. Although SD analysis cannot simplify these dynamics, it does
require analysts to explicitly recognize the existence and extent of time delays,
providing the tools needed to understand how consequences play out over differ-
ent time scales.

Although SD has a long history of application in for-profit management settings, it
is a methodology that is equally relevant to the analysis of nonprofit and public policy
problems. For example, Keith et al. (2024) analyzed how pressure to deliver results
and keep overhead low affects the decision-making of nonprofit managers, Landry
and Sterman (2017) explored capability trap dynamics in the foster care system, and
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Lim et al. (2022) modeled the opioid crisis in the United States to explore policy
impacts and solutions. SD is a descriptive and human-centered approach that
embraces the complexity and uniqueness of real-world systems, as distinct from more
prescriptive approaches to the “scientific management” of education systems consid-
ered in decades past that frequently did not deliver projected improvements (Gough,
2010).

ENGAGING STAKEHOLDERS TO REVEAL THE STRUCTURE OF A
SYSTEM

Anticipating the side effects of policy interventions in the education system
requires an understanding of how current systems are structured such that they give
rise to problematic behaviors over time. Causal mapping is one way to depict these
structures for future formalization and testing. Once models are created, then we can
test interventions. However, the accuracy of a system model depends on how and
who was engaged in mapping it. To fully and most accurately depict the structure of
a system, we must gain multiple perspectives from stakeholders engaged in the system
and use a model as a boundary object to seek consensus (Hovmand, 2014). Although
literature reviews and expert engagement can help with identifying causal links and
ordering, the everyday experience of people living in a system can provide rich obser-
vational data that are often missing from extant published literature and analysis.
Expertise, defined broadly, should not only include subject matter experts but also
the perspectives of people who live through a system every day.

Lived experience experts, or LEEs, as referenced in the medical field, are people
who develop a very special expertise by living with a challenge every day (Vdzquez
etal., 2023). They know, better than anyone else, how it affects their lives, what they
must do to get through the system, how interventions affect them, and how symp-
toms or side effects impact their everyday lives and relationships (Vdzquez et al.,
2023). From teachers, cafeteria workers, bus drivers, students, and their families,
each person in a system has a unique vantage point of identifying parts of the system
that are integral to its functioning. These observational data provide a rich database
of information that expands on what we know from formal parameters and data col-
lected in the world. Forrester (1993) acknowledged that this mental database is rich
with insight but is often missed and hard to elicit. To address the challenge of engag-
ing with stakeholder knowledge and reasoning, which may also be bounded by scien-
tific rationality, methods exist to elicit this knowledge in a way that is also meaningful
and empowering to LEEs.

For instance, a participatory method of mapping and modeling with community
members using SD modeling to understand and change systems from an endogenous
perspective is called community based system dynamics (CBSD; Hovmand, 2014).
CBSD is a facilitated process that elicits the mental models of people in a system that
ultimately affect the way a system behaves. Using scripts or facilitated activities
through group model-building sessions, CBSD engages people with experience in
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the system, often those most marginalized by the system, to develop informal CLDs
and formal stock and flow SD models. These maps make mental models explicit and
test hypotheses about the logical implication of assumptions on system behavior with
computer simulation (Hovmand, 2014).

The ethos and person-centered values of CBSD are admirable. On a practical
level, however, it may be challenging for participants who are most marginalized by a
system to engage over time. CBSD, as it is currently described, requires that people
attend and participate in group model-building workshops. These sessions tend to be
time-intensive (they range from 3 hours to a week-long session at multiple points in
a project) and are perhaps impractical to request from people who have rigid work
schedules, limited literacy skills, and constraints with childcare.

Expanding CBSD with the inclusion of data from published literature, quantita-
tive and qualitative research elicits more robust SD models that can be tested to
replicate historical patterns of behavior over time. Taking the steps to engage indi-
viduals in this way leads to a better understanding of the side effects of well-inten-
tioned interventions. The next section describes a case study in which we use various
types of data—including published data, subject matter experts, qualitative inter-
views, and CBSD group model building—to map the decline of student enrollment
in public schools in St. Louis City over time.

ANALYZING DECLINING PUBLIC SCHOOL ENROLLMENT IN ST.
LOUIS

At peak enrollment, the public school system in St. Louis City boasted 115,543
students in 1967. Today, it has just under 20,000. To understand this decline, we
begin over a century ago with a revolution in St. Louis’s public education system. St.
Louis experienced rapid growth in the late 19th century, becoming the fourth largest
city in the United States, following New York, Philadelphia, and Chicago. Accelerating
industry led to population growth that in turn strained the city’s public infrastructure
system, which had been largely neglected during the Civil War years. Students at that
time learned in unheated, dimly lit buildings. Playgrounds and sanitary conditions
were rare, and in 1897, city officials contracted with renowned architect William
Ittner to design a fleet of new public schools to support the city’s growing population.
Ittner schools were constructed to be conducive to learning, with spacious, sunlit
common areas and classrooms. Forty-eight of 50 Ittner schools stand today, a testa-
ment to the city’s past investment in its students.

Although the majority of Ittner’s school buildings stand today, only remnants of
the original vision remain as the city struggles to support its core infrastructure,
including schools. The following century brought population decline: Between 1950
and 2010, the city’s population declined by 63%. Destructive patterns of urban
renewal left many neighborhoods empty as families fled to surrounding suburbs,
leaving few students to sustain neighborhood schools (Taylor, 2013). The outflow of
students higher on the socioeconomic ladder left a concentration of students and
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families with more complex needs. The longest running desegregation program in
the United States also contributed to the dwindling number of students in St. Louis
Public Schools. By its end in 2019, St. Louis’s desegregation program bussed 70,000
inner-city students to predominantly White schools in the surrounding suburbs
(Associated Press, 2016). The deep economic well and population base that once sup-
ported construction of 50 new, state-of-the-art schools at the end of the 19th century
was nonexistent by the end of the 20¢h.

Reform was attempted in 1998 when Missouri passed legislation enabling charter
schools to open in two geographic locations: St. Louis and Kansas City. In 2000, the
first charter school opened in St. Louis, quickly followed by 16 additional, indepen-
dent charter networks between 2008 and 2023. A choice environment in St. Louis
did not reverse declining enrollment trends in the public school system and drove
some families to move to the surrounding suburbs. Under pressure, St. Louis Public
Schools reorganized into a corporate-like structure epitomized by hiring a former
Fortune 500 CEO as the superintendent in 2003. Fiscal efficiency was the name of
the game during this period, and severe funding cuts were applied across special edu-
cation services, curriculum development, teacher development programs, school
counselors and social workers, and building maintenance (Dobbs, 2004).

The options available to St. Louis students today hardly compare to the relatively
state-of-the-art buildings, teachers, and resources their 19th-century predecessors
experienced. Both traditional districts and charter schools have bright spots of aca-
demic excellence, but those who enroll enter districts on the tail end of deep cuts to
critical services. In a resource-scarce environment, tasked with educating students
experiencing higher and higher rates of poverty, educators on both sides of the public
school sector struggle to achieve acceptable academic outcomes with their students.
Faced with another round of building closures due to declining enrollment, leader-
ship from St. Louis Public Schools began conversations with charter school leaders
interested in informal collaboration in 2019. Assembled educators began with the
premise that no school district could single-handedly improve the system of public
education in the city. Some level of collaboration and problem solving would be
needed to address deeply entrenched issues.

St. Louis school leaders joined their peers in Washington, DC; Denver; Chicago;
Cleveland; and Minneapolis (among others) that have formal district-charter coop-
eration. District-charter compacts, as they are known, seck to create a shared vision
of education in a city, focus on long-term outcomes, adopt win-win activities, and
seek common metrics used to evaluate success (Lake et al., 2017). Few incentives for
school decision makers to work together currently exist. Structural barriers to col-
laboration, such as separate decision-making bodies and zero-sum state funding
structures, increase perceived competition between schools. The result of this struc-
ture is a hard-to-navigate system of public schools in St. Louis City. Many families
choose to opt out altogether and move to a surrounding suburb with one public
school option—a significant reduction in choice and effort to enroll their student
each successive school year. Spurred by accelerating enrollment decline plus the
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increasing complexity of social and economic challenges facing students—partly due
to the 2020 pandemic—Ileaders from St. Louis Public Schools and city charter schools
formally embarked on an 18-month research and design process in 2022. School
leaders sought to create a shared vision and plan for system change that sustainably
transforms the way St. Louis City’s system of schools operates.

Problem Formulation

Formulation of a clear problem statement is one of the foundational activities for
leading change efforts. Considering the discipline of problem formulation, research-
ers wrote that a clear problem statement can “unlock the energy and innovation that
lies within those who do the core work of the organization” (Repenning et al., 2017).
This is good practice for any organization: Without pausing to clearly define the
problem, human nature is prone to leap straight from situation to solution. This is
not inherently problematic when it is experts working under extreme time pressure
doing the leaping—first responders or trauma surgeons, for example. Cognitive sci-
ence warns us that solutions generated this way rely on patterns identified from expe-
rience. An inherent bias toward the status quo is introduced, and the likelihood of
innovative solutions decreases. Repenning et al. (2017) commented on this phenom-
enon: “It should come as little surprise that breakthrough ideas and technologies
sometimes come from relative newcomers who weren't experienced enough to ‘know
better.”

A complement to fast thinking, described previously, is a more deliberate approach.
The discipline of problem formulation entails developing a logical argument that
links the observed data to root causes and eventually, to a solution (Repenning et al.,
2017). A good problem formulation has five ingredients: It references something the
organization cares about and connects that element to a clear and specific goal; it
contains clear articulation of the gap between the current state and the goal; the key
variables—the target, the current state, and the gap—are quantifiable; it is as neutral

>

as possible concerning possible diagnosis or solutions; and it is sufficiently small in
scope that you can tackle it quickly. (Repenning et al., 2017). School leaders and
researchers defined their problem as such:

The system of public schools in St. Louis does not meet the expectations of City students and their
families. A vicious cycle of enrollment decline exists as families seek alternative school options, leading to
fewer dollars for schools to meet the needs of students, increasing teacher turnover due to burnout, and
lowering community investment and overall confidence in the public education system.

Data Collection

Once our problem was defined, we recruited parents/caregivers, teachers, and
school administrators with experience in the public education system in St. Louis
City to participate in one-to-one interviews (/N = 96 participants). Parents/caregivers
were recruited in neighborhoods characterized by high concentrations of poverty.
Due to the difficult nature of recruiting parents or guardians who are least likely to
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engage in formal institutions, participants were recruited and interviewed using pur-
posive and word-of-mouth sampling. We sought to include participants from groups
historically underrepresented in educational decision-making, including Black par-
ents and those with immigrant and refugee experiences. Additionally, we targeted
parents living in majority non-White communities in north St. Louis City and sec-
tions of south St. Louis City (e.g., the South Grand area, Benton Park, Fox Park, and
Dutch Town). Parent/caretaking participants who met the following characteristics
were excluded from the study: parent/caregivers whose children had no public
school experience, parent/caregivers whose children had no public school experi-
ence in the past 5 years, and parent/caregivers under 18 years of age. At the time
of the interview, each participant filled out a demographic questionnaire and were
interviewed face-to-face with a semistructured interview guide. All interviewees
were compensated with a $25 gift card for groceries or gas. Audio files of the
interview were made and securely stored on an encrypted drive and then
transcribed.

We conducted 78 semistructured interviews with parents and caregivers of a
student enrolled in any St. Louis City public school. Eighty-one percent of par-
ents or caregivers identified as Black or African American. Seventy percent had a
student either currently or recently enrolled in the city’s traditional district school,
St. Louis Public Schools (SLPS). The remaining 30% of students were enrolled in
one of the city’s independent charter schools. Fifty-two percent of parents and
caregivers interviewed were eligible for Supplemental Nutrition Assistance
Program and/or Temporary Assistance for Needy Families, and a high school
degree or GED was the highest level of education for 46% of parents or caregivers
interviewed. Interviews started with basic questions: What school does your stu-
dent attend? What influenced your decision to enroll? What do you like about
your student’s school? Interviewers then asked questions designed to elicit more
detail: What is your student’s teacher like? Tell us about your student’s academic
growth. Does your kid get any special support at school? What’s that like? What
makes a good school? What would make you leave a school? If you have left a
school, tell us about your experience. Why do you think people leave their current
school or city schools? Interviewers also asked questions about the interviewees’
general perceptions of St. Louis City schools and their experience navigating tra-
ditional district, charter, private, and parochial options.

We then conducted 18 semistructured interviews with teachers, principals, and
school administrators currently employed or recently departed from a public
school in St. Louis City. Professionals with no public school experience, no public
school experience in the past 5 years, or people under 18 years of age were excluded.
We used similar recruitment methods, including word-of-mouth and purposive
sampling. Interviews began after a demographic questionnaire was completed,
and a semistructured interview guide was used. Interviews took place on Zoom
and were recorded, securely stored on an encrypted drive, and transcribed.
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Interviewees were compensated with a $25 Amazon gift card. Sixty-one percent of
the sample identified as White, 33% as Black or African American, and the
remaining 5% as “other”—either Hispanic or Latinx, Asian Pacific Islander, or
Indigenous American. Thirty-eight percent of participants were employed by
SLPS, and 62% were employed by by a charter school. Questions began with
basics, such as the following: How long have you been a teacher/principal/educa-
tor? Why did you become an educator? They were then asked about their day-to-
day duties: Do you feel that your school-day duties are realistic? If you put in more
effort than what is expected from your job description (e.g., staying late, offering
out-of-scope support), how does it affect your students? What kind of support do
you provide and/or receive? Educators were also asked about their relationships at
school: How do you approach working with the parents/caregivers of your stu-
dents? In your experience, what has worked well in building trust with parents?
What are the relationships between school staff like at your school? Interviews also
included questions about the educator’s perception of workload, what would
make it sustainable, support they wish staff had, and reflections on their training
and preparedness for their role. Interviews concluded with the question, “If you
could tell school leadership anything, what would you say?” All responses were
de-identified.

Themes were found using grounded theory (Charmaz, 2006). Grounded the-
ory offers systematic yet flexible guidelines for making sense of qualitative inter-
views through open and axial coding and analysis. The themes gathered from the
coding process were used to outline a conceptual diagram of the underlying struc-
ture driving the decline in educational attainment and enrollments in SLPS. The
themes included: a) challenges navigating school options; b) parental trust in
schools precedes changes in enrollment; ¢) parent trust in teachers, however, may
affect decisions to stay even if trust in the school decreases; and d) parents con-
sider high quality teaching to include more factors than a student’s academic prog-
ress. Parents reported that they look for teachers who work with them, communicate
regularly, take time to work with the students one-on-one, and offer individualized
attention.

Model

In this section, we demonstrate how our fieldwork informed the development of
a CLD that depicts the system that leads to declining enrollment of students and
achievement in the public school system of St. Louis City. Using SD qualitative map-
ping, we demonstrate the feedback loops, or circular causal relationships between
variables where increases or decreases in one variable have self-reinforcing or self-
correcting effects on the other and then itself over time, to understand nonlinear
system behaviors (Richardson, 2011; Sterman, 2000). These nonlinear behaviors cre-
ate side effects of interventions and help us determine what we could expect to hap-
pen over time.
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The Public School Capability Trap

At the core of our model is school performance, which is measured by educational
attainment. Building on the organizations literature, which has long recognized that
organizational capabilities (e.g., processes, routines, relationships, and institutional
knowledge) are a key driver of organizational performance (e.g., Gibbons &
Henderson 2012; Rahmandad et al., 2018; Repenning & Sterman 2002), we con-
ceptualize school performance as a function of its educating capabilities and its effort
spent on addressing immediate student needs (Figure 1). That is, performance can be
increased by either investing in the improvement of educating capabilities or by put-
ting additional effort into day-to-day work with students. Educating capabilities is
represented as a stock (accumulation) variable, shown by the rectangle around the
variable name, emphasizing that capabilities must accumulate over time. The stock of
educating capabilities increases with the inflow capability building and declines with
capability erosion (e.g., due to forgetting, staff turnover, and redundancy).

The educational outcome gap that is the key driver of school effort is conceptual-
ized as the difference between educational attainment of the school and the grade-
level standards that they are trying to meet. The St. Louis public schools are facing
significant attainment gaps. This came up repeatedly in our interviews and constantly
is on the minds of educators. For example:

I know that as the years have progressed, I am handed students less literate. So they’re not ready for third
grade. They’re not even ready for second grade. ... It like, you don’t want to blame the teachers below
you. But you're also like, “What are you doing?” The fourth-grade teachers are feeling like that to me
when they get my kids, and then it’s just this, “Well, you should have seen them when I got them.”
(Teacher 37)

This is the narrative we heard in most of the schools within SLPS—teachers and
administrators experience the weight of educational attainment gaps, often in the
face of increasingly inadequate resources. As the gap increases, there is greater pres-
sure on teachers and administrators to respond by working ever harder for students
on a day-to-day basis. The teachers in SLPS can be found staying after school with
students and working overtime hours to manage the many small issues that emerge
throughout the school day. High levels of teacher effort can help close attainment
gaps in the short term and is appreciated by parents; we capture this response in the
“working harder” balancing loop B1 (Figure 2). As intended, spending more time
and energy doing work does help with educational attainment and helps to close the
performance gap in the short term.

Another way to respond to the attainment gap is to invest more effort into devel-
oping school capabilities so that each hour of effort committed by teachers is more
effective at delivering improved school performance. In our interviews, it was clear
that teachers and school leaders are well aware that time spent investing in improve-
ment will yield long-term returns:
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FIGURE 1
The Educational Outcome Gap
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I think for a lot of us, and this goes for teachers and admin, you know, anybody on the staff, there are
immediate issues that crop up, that will take us away from, you know, doing that work. Its like, “Oh, we
have a disciplinary problem to deal with here,” or there’s a parent or, you know, something came up. And
so that kind of chips away at really feeling secure. We need to deal with those immediate needs, rather than
these higher function needs. (Teacher 32)

Investing effort to build capabilities is also a balancing process because investment
in programs such as teacher training, mentoring, and curriculum development are all
intended to increase the stock of educating capabilities the school possesses, increasing
school performance and closing the attainment gap. We capture this mechanism as the
“working smarter” feedback loop B2 in Figure 3. However, the previous quote reveals
two further insights about the consequences of how teachers choose to allocate their
available time. First, capabilities take time to accumulate (“doing that work”), with a
temporal difference between responding to immediate needs (e.g., behavioral issues)
that has immediate but often ephemeral rewards versus making a time investment that
will pay off in a sustained way in the longer term but deliver little in the short term.
Second, a resource trade-off exists because with finite human capital available, time
spent responding to immediate student needs (i.e., working harder) necessarily takes
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FIGURE 2
Responding to Student Needs by Working Harder
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teachers away from investing in capabilities (i.e., working smarter), just as choosing to
invest in capabilities would take teachers away from responding to immediate student
needs, a choice that many teachers would understandably feel is impossible to make.
We capture this trade-off between working harder and working smarter with the “rein-
vest or ruin” reinforcing loop R1 in Figure 3.

The reinvest or ruin reinforcing loop is particularly pernicious, capturing the
unintended consequences of a reliance on working harder over working smarter. It is
entirely understandable that educators have made working harder the norm, given
the immediate and salient need that St. Louis students have, when the alternative,
working smarter, delivers uncertain benefits out into the future. The teachers at SLPS
understand this all too well, reporting that investments in their own development as
educators were few and far between:

Okay, well, with social emotional learning [SEL], like, yeah, let’s get an SEL curriculum, this is going to
fix everything. But then no one’s the expert on it. And so I'm like, okay, [I] really see that this is a great
thing. 'm gonna try it out. But also [I'm] responsible for doing all this curriculum. (Teacher 37)

The decision to respond to an educational outcome gap is not surprising, with similar
responses having been observed in other industries, such as manufacturing and
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FIGURE 3
The Trade-Off Between Working Harder and Working Smarter
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quality management (Repenning & Sterman, 2001). But the critical unintended
consequence of spending more time working harder is that less time is spent working
smarter. If the rate of capability building falls below the rate of capability erosion, the
level of educating capability will decline over time, leading to a reduction in educa-
tional attainment, an increase in the educational outcome gap, and yet more pressure
to work harder. Repenning and Sterman (2001) called this the “capability trap”—
simultaneously doing more and getting less because the organization lacks capabili-
ties to effectively translate effort into results and no free capacity to reinvest in

capability building.

Additional Reinforcing Loops in Public Education

Although the aforementioned capability dynamics echo what have been observed
in other industries, our fieldwork with SLPS revealed the existence of several other
reinforcing feedbacks that amplify these capability trap dynamics.

First, the notable commitment of teachers to work harder without enrichment of
resources to support their work eventually causes burnout. It became clear in our
fieldwork that the teachers did not feel that they had the resources they needed to
perform in their roles. The teachers at SLPS observed burnout and quitting across
the school district, as people sought more attractive jobs or left the profession
entirely:
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FIGURE 4
The Effect of Working Harder on Teacher Burnout and Quitting
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Like, we need help. We need more help. We need more assistance... [so] I was like, “You know what, 'm
going to seek my other options,” and I looked at other charters in the city. And I got five job offers.
(Teacher 31)

Quitting presents several challenges to the school. First, it quickens the decay of
capabilities because the school loses critical institutional knowledge and experience.
Furthermore, it has a negative impact on educational attainment of students due to a
less cohesive education staff and higher student-teacher ratios. Lower educational
attainment leads to higher demands on the remaining teachers, which reinforces
burnout and little to no investment in capabilities. We conceptualize this reinforcing
mechanism with the “teacher churn” loop (Figure 4).

Second, another critical reinforcing mechanism is the engagement of parents as
educational attainment and parent engagement evolves. A core part of educating
capabilities is a school’s ability, via teachers and school staff and administrators, to
communicate with and engage parents in the education process. The higher the capa-
bilities of a school, the better it can maintain ties with parents and facilitate engage-
ment. Parent pickups and drop-offs where administrators greet the parents or social
media and translation services for English as a second language families create con-
nections between the school and parents and increase engagement, which is a key
driver of parents’ trust in their schools. Teachers are critical to engagement because
they are often the representatives of the school who have the most interaction,



Keith et al.: Anticipating Side Effects Using System Dynamics Modeling 19

FIGURE 5
The Effect of Educational Outcomes and Parent Engagement on Parent Trust
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formally through planned communication and informally via student perceptions
and stories, with families. When parents have low levels of trust in city schools, this
frustration often gets channeled toward teachers and increases teachers’ pressure to
respond. Teachers then spend more of their time trying to meet the immediate needs
of students and satisfy parents in the short term at the expense of long-term improve-
ment, thus completing the “parent satisfaction” reinforcing loop (Figure 5).

Third, educational attainment drives parents” decisions to enroll or unenroll their
children. The “enrollments” reinforcing loop (Figure 6) illustrates that when the
school is not performing, those who can leave the system do leave the system. We
spoke to one parent who, when asked why she moved her children out of the city, said:

Because I wanted them to have a better education. You know people say, “You're a traitor.” I said “no.”
Because if you go out there and look at the city schools, the city schools are not doing what the county
schools are. You don’t hear from a city school. (Parent 53)

Families leaving the district contributes to underfunding and fewer resources for
schools because a significant fraction of school funding is variable with student
enrollments while fixed costs and complexity of student needs remain high. This
underfunding leads to even less effort dedicated toward capability building, thus
reinforcing the low-performance equilibrium.
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Figure 6
The Effect of Educational Outcomes on Student Enrollment in City Schools
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Fourth, over time, as parent trust erodes, the perceived need for new schools
grows, as independent actors and their sponsoring organizations open new schools to
address performance gaps. We see empirically that the number of schools in the pub-
lic school system is increasing over time. Adding schools to the system reduces the
number of children per school, which leads to less funding available per school, and
adding more fixed costs to the system reduces the available funding, thus reducing
the resources available to build capabilities. This mechanism is described through the
“school supply” reinforcing loop (Figure 7).

Policy Analysis and Learnings About the Potential Unintended Consequences

Using SD to make mental models explicit, working in partnership with people in
different vantage points of the system and pairing it with published literature, data,
and rigorous analysis, can help us understand how the structure of the system works.
This type of practice can aid in the ever-evolving process of reform for districts and
educational systems. The district level, in particular, has had little examination as a
subject of inquiry (Gamson & Hodge, 2016), let alone as a subject by which change
or interventions can be systematically examined for side effects and long-term col-
lateral changes.
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FIGURE 7
The Effect of Parent Trust on Demand for Better School Options
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In our study of the public school system in St. Louis, where the historical effects
of racial discrimination, segregation, and poverty have influenced the resources avail-
able for growth, the structure of the system challenges leaders’ efforts to improve
conditions for students. In this environment, enrollment decline in all schools is a
function of diminishing parent trust leading to the hope for more alternatives, the
development of new schools and charter schools in particular, and thereby the spread
of already thin financial resources to the system as a whole. In the absence of efforts
to combine or close existing schools with dwindling enrollment, student movement
out of schools constrains the amount of funds available to adequately meet the needs
of students and educators in the system, diminishing the time and resources available
to build educational system capabilities, leading to more “fires” that need fighting.
This vicious cycle, resulting from the well-intentioned decisions of parents, teachers,
and funders, will continue to diminish public school enrollment in the city without
major interventions. It is important to recognize, however, that these same reinforc-
ing loops can operate in a virtuous manner if conditions in the school system change.
Exactly the same reinforcing loops that have driven this system to vicious decline
could operate in a virtuous manner: If enrollments increase, so does school funding,
allowing for more investment in capabilities, higher school performance, greater
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educational attainment, and less short-term pressure, allowing for yet more invest-
ment in educating capabilities. The challenge, however, is how to reverse the sus-
tained decline in enrollments occurring currently.

Policy implications of this work are numerous. First, focusing on the problem
definition phase of this work helped us understand the various ways in which side
effects are interconnected to other challenges in the system. For example, focusing on
declining enrollment helped school leaders across charter and district schools to
ground themselves in a shared operational concern. With a pool of fewer children to
recruit from, more aggressive tactics to attract and retain students have been used to
market to a dwindling number of families. The side effect of efforts to enroll children
was leading to increased funding spent on marketing, with less dollars available to
invest in educational operations, leading to less resources to address educational
achievement and thereby more parents pulling their students out of schools. Similar
issues have been observed in New York City, where one impact of school choice was
increasing competition for student applicants, leading to increased per-pupil expen-
ditures on noninstructional functions and thereby reducing resources for instruction
and educational improvements (Rothbart, 2020).

The use of SD with the community members most affected by the educational
system provides a map that has allowed us to extensively hypothesize about possible
side effects of interventions. Causal loop diagramming forces us to articulate an
explicit causal theory articulating how different parts of the system interact, helping
us to think through all the parts of the system that will be affected—consequences
that might not have otherwise been considered. Doing so allows us to understand ex
ante the possible consequences of policy interventions and to mitigate potential side
effects before they occur. Although there is a natural inclination to want to predict
benefits and costs during the policymaking process, all predictions about the future
(far into the future in particular) will be wrong because the state of the world will
inevitably change, and the model used to make the prediction is necessarily a simpli-
fication of the real world. We believe in focusing instead on developing improved
mental models that will allow stakeholders to make better and robust policy decisions
in whatever circumstances they find themselves in. Beyond the scope of this chapter,
the further specification of the CLD as a formal simulation model and calibration of
the model to data allow for the consequences of various policy interventions to be
quantified. Doing so allows decision makers to experiment freely in a virtual world,
testing out policies that may be costly, unethical, or politically infeasible (Sterman
2014), developing improved policy prescriptions that have fewer side effects.

LIMITATIONS OF SYSTEM DYNAMICS

Like all analytical methods, SD is not a panacea, and it is just as important to
recognize the types of problems for which SD is not well suited just as much as the
types of problems for which SD is well suited. SD analysis is most particularly insight-
ful for problems that are characterized by “dynamic complexity”—the existence of
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evolving and often counterintuitive patterns of behavior over time, including (but
not limited to) S-shaped growth, oscillations, and overshoot-and-collapse. These
dynamics result from the interplay of feedback loops, nonlinearities, accumulations,
and time delays, system-level mechanisms that are not well captured in other analyti-
cal methods, such as optimization and regression (Yasarcan, 2023). SD is less well
suited to informing problems characterized by “detail complexity”—how to schedule
a school timetable that ensures that all students can attend all classes given the avail-
able teachers and classrooms, for example. The level of model (dis)aggregation cho-
sen also matters. Rahmandad and Sterman (2008) compare differential equation
(DE) models classically used in SD with agent-based models, a related bottom-up
simulation methodology that explicitly represents individual agents with their own
preferences and decision rules, finding that aggregate DE models are computationally
efficient and flexible but are relatively less able to capture high degrees of agent het-
erogeneity and network structure (physical and social) in how agents interact.

CONCLUSION

Education reforms and research on interventions should include an explicit dis-
cussion of anticipated side effects of intervention (Bryk, 2015; Zhao, 2017); this
chapter suggests system dynamics as a method to map the interconnected feedback
structures to aid one’s understanding of side effects as a result of intervention.
Currently, methods to report side effects are either based on speculation prior to
implementation or often poorly reported in post hoc analysis. Using public school
enrollment decline as an example, this chapter demonstrates how causal loop dia-
grams and feedback models can add to existing education research practices by
accounting for complex, interrelated feedback relationships and its effect on other
areas of the system over time. Limitations of this modeling approach include inherent
issues with model confidence and accuracy of causal links. Additionally, challenges
with systems reorganizing over time can limit one’s ability to accurately predict side
effects long into the time horizon.

Future efforts to test educational interventions using system dynamics should (a)
clearly define the problem(s) one is seeking to change over time, (b) prioritize map-
ping efforts that are informed by multiple stakeholders experiencing the system to
most accurately depict the system for testing, and (c) include mathematical specifica-
tion of causal feedback relationships with existing or gathered data to build confi-
dence in one’s model’s accuracy to predict future dynamics. When applied to
pernicious challenges in educational improvement, system dynamics can move the
field forward to more rigorous testing prior to implementation, which can potentially
reduce harm to students, educators, and communities. Additionally, this method of
modeling for possible side effects helps the field gain a better understanding of the
trade-offs of intervention. With few examples of this type of educational intervention
testing in the field, there are numerous areas of application, such as teacher retention,
workforce development, preschool scale-up, or educational persistence.
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