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Abstract

The goal of this research study has been to develop, implement, and evaluate a school reform
design experiment at a continuation high school with low-income, low-performing
underrepresented minority students. The complexity sciences served as a theoretical framework
for this design experiment. Treating an innovative college preparatory program as a nested
complex adaptive system within a larger complex adaptive system, the school, we used features
of complex adaptive systems (equilibrium, emergence, self-organization, and feedback loops) as
a framework to design and evaluate a strategy for school reform. We created an environment for
change by pulling the school far from equilibrium using a strategy we call “purposeful
perturbations” to disrupt the stable state of the school in a purposeful way. Over the four years of
the study, several tipping points were reached, and we developed agent-based simulation models
that capture important dynamic properties of the reform at these points. The study draws upon
complexity theory in multiple ways that support improved education for low-achieving students.
This research does not provide a blueprint for an education reform that can be duplicated
elsewhere — instead it provides a guide to help others to navigate the turbulent waters of school
reform, informed by complexity theory. The exact nature of “purposeful perturbations” will
differ from setting to setting, but this technique for generating persistent change may apply more
generally. This study provides an existence proof of a successful teacher-initiated educational
reform and shows that complexity theory can only just describe educational reform but can also
productively guide it.



Introduction

While not all high school graduates go to college, for those students who do attend
college, adequate academic preparation for college-level coursework and support for developing
learning strategies facilitates a successful transition to a college. And even for those who do not
go on to college, a sound academic preparation is required for many other career paths.

Yet many high school graduates, in particular racial/ethnic minority students and students
from low-income families, have neither the academic skills nor learning strategies necessary for
college success (Hurtado, Inkelas, Briggs, & Rhee, 1997). The lack of college readiness by
underrepresented racial/ethnic minority student and students from low-income families has
implications for college enrollment (Jones, Yonezawa, Ballesteros, & Mehan, 2002), and the
likelihood of success for those who do go on to college.

According to an ACT report on college readiness (2010), “Students who are not ready for
postsecondary education are less likely to enroll in college, more likely to need remedial
coursework during their first year of college, less likely to succeed in their college courses, and
less likely to earn a college degree” (p. 5). This is especially problematic for underrepresented
racial/ethnic minority student and students from low-income families. Not only do gaps exist in
college enrollment rates across racial/ethnic groups and annual family income ranges, but gaps in
college degree completion rates also exist across these groups and range of family incomes.

Students who graduate from high school unprepared for first-year college coursework
often need substantial remediation. For example, of students who take remedial reading, more
than half take four or more remedial reading courses and more than two-thirds also take remedial
mathematics; of students who take remedial mathematics, more than 70 percent take two or more
remedial mathematics courses (Adelman, 2004; Carey, 2004). Nationally, about one-third of
high school graduates who enroll in college take remedial coursework. Underrepresented
racial/ethnic minority students are almost twice as likely to take one or more remedial courses in
college as Asian and White students (Parsad & Lewis, 2003).

School reform efforts aimed at raising student achievement levels to address this lack of
college readiness have been studied using a variety of theoretical frameworks (Elmore & Burney,
1999; Fullan, 1999; Hubbard, Mehan, & Stein, 2006; Stringfield & Datnow, 2000).

In our research, complexity theory provided a lens for describing and explaining the
reform process as it played out in the real-life context of a school with a majority of low-income,
low-performing underrepresented minority students. More importantly, complexity theory was
also used as a framework for developing a strategy for creating conditions for educational change
that started, rather than ended, with students and a strategy for navigating the often turbulent and
unpredictable waters of school reform efforts.



Literature Review

In this research, the theory of complex adaptive systems provided a theoretical lens for
describing the changes that occurred in a continuation high school for low-income,
low-performing underrepresented minority students and also provided a guiding strategy for
navigating the complex processes for implementing the changes.

Complex Adaptive Systems

Complex adaptive systems (Gell-Mann, 1994; Holland, 1998; Kauffman, 1995; Langton,
1996) represent a departure from traditional system models. According to Stacey (2007),
complex adaptive systems (CAS) are made up of a large number of agents where each individual
agent behaves according to a set of rules. These rules require individual agents, through their
interaction with other agents; to adjust their actions to that of the other agents, forming what
Stacey calls “population-wide patterns”. In this sense, CAS differ from most other system
models, which view systems at a macro level, in that CAS view systems at a micro level, through
the local interactions of their agents.

While it may be difficult to characterize individuals in organizations such as schools as
following one set of rules, they do share certain common features that qualify them as CAS.

Equilibrium: CAS have the capacity for transformational change. However, for new structures
and patterns of behavior to be created, a CAS must be far from equilibrium, otherwise changes
will be temporary (Mischen & Jackson, 2008).

For CAS that are in a stable state, equilibrium needs to be disrupted in order to create
conditions for change. Introducing perturbations into a system that push a stable system far from
equilibrium may result in the emergence of a new system through interactions of its internal
elements (Morrison, 2002).

Capra (1997) describes how systems can change when they are “pushed” far from
equilibrium towards what Brown and Eisenhardt (1998) call the “edge of chaos”. When CAS are
pushed far from equilibrium they can encounters bifurcation points, what Capra calls forks in the
road, leading to self-organization, the emergence of new forms, or dissipation, where systems
revert to a variation of their initial stable state. At bifurcation points systems have the possibility
to develop in several different ways, and the new form cannot be predicted.

Self-Organization and Emergence: A key feature of all CAS is that they are self-organizing
systems. Self-organizing systems exhibit a nonlinear interconnectedness of system components
resulting in feedback loops. According to Stacey (2007), these feedback loops “take the form of
agents interacting locally according to their own principles, in the absence of an overall blueprint
for the system they form” (p. 196). These self-organizing local interactions produce emergent
population-wide patterns of behavior. Emergence describes the patterns of interaction through
the behavior of interconnected elements that both adapt to and construct their environment.

Emergence is the partner of self-organization (Morrison, 2002). Since change emerges
over time interdependently, it is not possible to determine outcomes in advance with any
certainty. In CAS such as organizations, individuals are interdependent -- none of them can
simply choose what will happen to all of them. According to Stacey (2007), “what happens to all
of them will emerge in the interplay of their intentions and no one can be in control of this
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interplay” (p. 239). Strategy for change in some sense emerges in the interplay of individual
intentions.

Feedback Loops: Since change in CAS occurs through local interactions, feedback loops exist
between interacting elements of a system (Marion, 1999). Mason (2009) states that: “A central
concern of complexity theory is on the relationships among the elements or agents that constitute
a particular and sufficiently complex environment or system” (p. 118).

CAS’s reliance on feedback loops means that agents need to be connected, creating social
networks. Daly (2010) defines a social network as: “a group of actors who are connected to one
another through a set of different relations or ties” (p. 4). In organizations, individuals within a
social network are interdependent since they share the same social network. Because of the
connections between individuals, social network analysis provides a tool for studying the
structure of the relationships between individuals in organizations. Cilliers (2001) and Stacey
(2001) argue that one way to understand CAS is to study the patterns of interactions within a
network.

In organizations, where individuals can change or evolve, social networks can change or
evolve. The actions of individuals not only move along feedback loops, they can also change
these loops. In organization science, studies of how social networks change provide insights for
scholars who view organizations as CAS (Anderson, 1999) and may be used to develop effective
strategies for change (Daly, 2010).

Research Approach

Although complexity theory has its origins in the natural sciences (Kauffman, 1995;
Mitchell, 2009), over the last few decades it has been also increasingly used in the social
sciences (Allen, 2001; Brown & Eisenhardt, 1998; Wheatley, 1999). Recently, complexity theory
has been applied to school reform efforts (Levin & Datnow, 2012a, 2012b; Maroulis et al., 2010;
Mason, 2009; O’Day, 2002; Sui, 2008).

Studies that examine school reform efforts through the lens of complexity theory tend to
rely on computer simulations. For example, Maroulis et al. (2010) used computer simulation
methods to examine the inter-organizational dynamics that gave rise to organizational change
across a large urban district. Stacey (2007) argues that complexity scientists use computers to
simulate the behavior of CAS because “it is not possible to experiment with living systems in
real-life situations™ (p. 196).

While complexity theory has been used to describe and explain school reform efforts, to
date, no studies have looked at how complexity theory could be used as a theoretical framework
for designing and implementing a strategy for school reform.

Methodology

A design research experiment was conducted to create conditions for transformational
change to occur at a continuation high school with low-income, low-performing
underrepresented minority students, to produce data that would enable us to draw warranted
conclusions about school reform and what contributes to it (White, 2011; White & Levin, 2013).



We chose a design experiment approach because the school reform was evolving over the course
of our study, and this approach provided the flexibility to allow for that evolution.

Cobb, Confrey, diSessa, Lehrer, and Schauble (2003) state that “design experiments are
conducted to develop theories, not merely to empirically tune ‘what works’” (p. 9). According to
Mehan (2008), who refers to this as design research, this approach is useful in educational
settings because it focuses on improving practice while at the same time building theory. Mehan
argues that design research attempts to go beyond writing a description of “what’s going on
here” (p. 84).

Design experiments have a number of characteristics ideal for this setting (Cobb et al.,
2003; Collins, 1999; Schoenfeld, 2006). First, design experiments are set in the messy situations
that characterize real-life contexts. Design experiments therefore constitute a means of
addressing the complexity found in educational settings. Second, unlike the design of
quantitative-analytical experiments where one variable is changed while all other variables are
held constant, in design experiments there are many variables that vary. Third, design
experiments must be flexible, that is, they must be open to design revision. Design modifications
are made based on what emerges. “The result is an iterative process featuring cycles of invention
and revision” (Cobb et al., 2003, p. 10). Fourth, design experiments are primarily concerned with
developing theory in local contexts.

Research Setting

The setting selected for this study was Gonzago High School (GHS) (all the school and
district names used in this paper are pseudonyms). GHS, a continuation high school, opened its
doors in 1921. Continuation education is a high school diploma program designed to meet the
needs of students 16 through 18 years of age who have not graduated from high school, are not
exempt from compulsory school attendance, and are deemed at-risk of not completing their
education, according to California Education Code, 48400-48438 (California Department of
Education, 2013).

Located on the campus of St. Diaz City College (SDCC), in a large urban city in
Southern California, GHS operates in the St. Diaz Unified School District (SDUSD) on a
traditional school year (10 month) calendar. GHS serves as both a dropout prevention and
dropout recovery school. Students, referred to GHS through SDUSD district counselors, are
typically 16-17 years old, are seriously credit deficient often having 10 or fewer credits, and are
unable to catch up to their graduating class.

On average, GHS serves approximately 450 students, 350 in its continuation education
program and 100 students in its independent study program. These numbers varied month by
month. Virtually all students who enroll at GHS are referred because they are at risk of dropping
out of school. During the 2006-2007 school year, when this study began, fifteen percent of
GHS’s students were pregnant and/or parenting.

GHS has a predominately low-income, minority student population. For the 2006-2007
school year, the student population was 76% Hispanic and 14% African American.
Approximately 29.1 percent of GHS’s student (112 students) were designated English Learners
(ELs). Of the school’s ELs, over 90 percent spoke Spanish at home. Student eligibility for free or
reduced-price meals, based on household size and income, is one measure of low income among
a school’s families. For the 2006-2007 school year, 69.7 percent of GHS students (268 students)
were eligible to participate in the free and reduced-price lunch program and thus were identified
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for support from the Title 1 Program. These demographics remained stable through the period of
this study.

Research Design: Complexity Theory as a Framework for School Reform

In our research, the theory of CAS, with features of equilibrium, emergence,
self-organization, and feedback loops provided both a strategy for school reform and a
theoretical lens for analyzing the change process as it evolved. One feature of CAS, equilibrium,
requires that in order for change to occur, a system must be in a state far from equilibrium. The
equilibrium of systems in stable states must be disrupted if one wishes to create conditions where
real transformational change can occur. While disrupting the equilibrium of a complex adaptive
system does not need to be by design, the efforts to push GHS far from equilibrium were in fact
by design - what we call “purposeful perturbations”.

Specifically, an innovative college program, Academic Commitment Creates
Empowered Successful Students (ACCESS), created to academically prepare GHS students for
college, was viewed as a “nested” CAS with a larger CAS, GHS. In the process of implementing
this program, purposeful perturbations were introduced that disrupted the school’s stable state
and had a major influence on the changes that occurred at GHS from February of 2007 through
March of 2011 (White, 2011). While we developed the concept of “purposeful perturbation” in
2010, Beabout (2012) provides a helpful analysis of the difference between the related concepts
of perturbance and turbulence, which helps to clarify our concept.

During this research study the first author was teaching chemistry and mathematics at
GHS. Since the purpose of this research study was not only to describe and explain the changes
that occurred during this study but also to create conditions necessary for transformational
change at GHS by design experiment, the positionality of the first author was that of change
agent. In that sense he was an active participant, a fundamental feature of design experiments.

The first author remained conscious of his positionality as he made choices of who to
interview, conscious of his positionality when he conducted and transcribed audio-recorded
interviews, and conscious of his positionality when he analyzed data from school documents and
records and data from interviews. He attempted to avoid imposing his own views upon this
research study by backing up any claims with transcripts of interviews and copies of school
documents and records that were used in this study.

All of the staff of the school gave their informed consent to participate in this study, and
all of the students interviewed assented to participate with written consent provided by the
parents or guardians of those under the age of 18 years.

Data Collection
There were two main sources of data in this study: school documents and records, and
seventeen individual audio-recorded interviews.

The following school documents and records were collected:
e The ACCESS action plan
e C(College assessment test results
e Records of SDCC classes taken by GHS students
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GHS’s School Accountability Report Card (SARC)

GHS’s Expected School-wide Learning Results (ESLRS)

GHS’s Western Association of Schools and Colleges (WASC) self-study report
GHS’s program improvement proposal

Joint Diploma Program (JDP) documents and records

City Middle College (CMC) documents and records

SDCC grants for CMC and the Tech Prep Development Program (TPDP)

The Memorandum of Understanding (MOU) between GHS and SDCC
Standard operating procedures for enrolling GHS students in SDCC classes

Individual audio-recorded interviews
Between April of 2009 and September of 2009, the first author conducted audio-recorded

interviews. Interview participants included:

e The principal of GHS
Three GHS guidance counselors
Four non-ACCESS teachers
Three ACCESS teachers
Three non-ACCESS students
Three ACCESS students

The interview scheduling was flexible. Interviews were selected as a cross-section of the
staff and students at the school, and scheduled based on the most convenient time for each
participant. All participants invited to participate agreed and were interviewed. The interviews
took place in a private location convenient for the participant. Each interview was audio
recorded. General topics covered in the interviews included respondents’ background in
education, respondents’ views on ACCESS and the other GHS academic programs, respondents’
views about being located on a college campus, and each respondent’s social network within
GHS and with SDCC. Audio-recorded interviews were transcribed using InqScribe, a
transcriptional software program that supports digital video or audio analysis (InqScribe, 2011).

Data Analysis

Research methods in this study consisted of two principal activities: review and analysis
of school documents and records, and review and analysis of individual audio-recorded
interviews (White, 2011). A technique called Artifact Elicited Response, designed to provide a
new dimension for conducting audio-recorded interviews, was used to provide a detailed picture
and a description of respondents’ network structures within the school’s learning community.

Analysis of data from documents and records and audio-recorded interviews served two
purposes. Our analysis of research materials was informed by our orienting research questions:

If an innovative program, with the primary goal of academically preparing

low-performing students for rigorous college coursework, is implemented at a

continuation high school:

1. What structures and patterns of behavior around academic preparation for college
emerged as the program evolves?
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2. In what ways did these emerging structures and patterns of behavior impact the
organizational structure of the school’s learning community?

Data analysis also served to allow design modifications to be made based on what
emerged as a result of a particular purposeful perturbation. In this sense, the experimental design
of the research was an iterative process. Design modifications were made based on what
emerged as a result of each purposeful perturbation. Since outcomes from perturbations were
emergent, design modification was also a responsive process.

Results and Analysis

GHS’s Initial Stable State, 2006-2007

Effective school reform efforts result in transformational change. By transformational
change, we mean a shift in the school’s organizational structure and culture resulting from a
change in the underlying strategies and processes that were used in the past. In CAS such as
schools, transformational change ultimately involves the creation of “new contexts” that
challenge the existing organizational structure by creating conditions where the stable state of the
system no longer works. In order to create a “context” in which appropriate forms of change
could occur, it was necessary to understand the existing context, the stable organizational state
that existed at GHS in 2007.

GHS moved to a new facility located on the campus of St. Diaz City College (SDCC) in
September of 1998. As early as the 2000-2001 school year, GHS’s espoused goals were to
increase student retention rates, increase graduation rates, provide GHS students with a college
experience and increase the number of GHS graduates who went on to enroll in college courses.

Through the cooperation of SDUSD and the St. Diaz Community College District
(SDCCD), GHS developed joint programs with SDCC, the Joint Diploma Program (JDP) and
City Middle College (CMC) to help achieve these goals.

The JDP, a partnership between the St. Diaz Community College District Continuing
Education Centers (SDCE) and SDUSD’s Adult Education Office of Extended Learning
Opportunities, was designed specifically to offer older students (ages 17-19) who were severely
credit deficient an alternative diploma. Students at alternative schools such as GHS could earn an
“option 2” high school diploma through the JDP. The option 2 diploma required high school
students to earn 24-credits rather that the 44-credits required for high school graduation in the
SDUSD and more generally, across the state of California.

In 1994, SDCC and GHS entered into a partnership that provided GHS students with the
option to enroll in specific courses at SDCC in order to fulfill the JDP option 2 requirement of
successfully completing one college course. Moving to the campus of SDCC facilitated GHS
students’ ability to meeting the requirement of the JDP of completing a college course.

City Middle College (CMC), a partnership program between GHS and SDCC, was a job
skills program developed under the auspices of SDCE and GHS that opened in February of 2000.
According to the initial CMC grant proposal (1999):

The overall project goal has been to enhance college and career options for high

potential, low achievement students who are older, and more at risk of not completing

high school diploma requirements than the usual middle college student. ... It is



understood that the 75 students participating in the CMC Bridge Project will be more
difficult to serve than the traditional middle college student. (p. 3)

The CMC grant application also stated that the intended target student population were
GHS students already enrolled in the JDP and seventeen and a half to nineteen years of age, who
were severely credit deficient, seriously at risk of dropping out of school, not completing their
high school diploma and entering the workplace without the skills required for securing quality
employment. These were the same criteria as for the JDP.

By 2006, both the JDP and CMC were instrumental in helping GHS meet its goals. There
was a decrease in the number of students dropping out of GHS, a higher percentage of GHS
students were earning a high school diploma, more than half of all GHS students were enrolling
in at least one college course, and many GHS graduates were enrolling in classes at SDCC post
high school.

However, a closer look at these achievements revealed underlying problems. First,
although there had been a steady increase in the number of GHS students earning a high school
diploma, that increase coincided with an increase in the percentage of 24-credit, option 2
diplomas awarded GHS graduates. This had implications for those students planning to attend
college since students earning an option 2 diploma were less likely to be academically prepared
for rigorous college coursework. When students were asked to describe the JDP, they gave one
response consistently. All students interviewed stated that it is better to go for the 44-credit
diploma. Their reason was because the 44-credit diploma would prepare them for college. For
example, when the first author asked RR, a GHS senior, about the JDP, he got the following
response:

DW: Should I do the Joint Diploma Program?

RR: Joint Diploma Program allows you to get twenty-two credits instead of the
regular forty-four. That way you don’t have to do certain maths, or English or
Science, but it ends up being detrimental to you because you’re just cutting off
classes that ultimately you’re going to need anyway.

Second, while the JDP option 2 diploma was designated for older, severely
credit-deficient students, a review of school records showed that many younger students, who
did not meet JDP age and credit deficiency requirements, were being enrolled in the option 2
diploma. When the first author asked JW, one of the GHS counselors to talk about one of his
students, JW told him about a 16 year-old girl whose goal was to earn an option 2 diploma.

DW: So tell me about one of your students...and how you’re counseling them

JW: OK. I have one young lady in mind right now. She is sixteen years old going
on seventeen. She came to me with about five credits. She has not passed
either of the two high school exit exams. I think she's leaning towards going
for an option 2 diploma but at the moment she's not eligible for the option 2
diploma because she hasn't passed either CAHSEE. But that's what she's
shooting for.

By the 2006-2007 school year, seventy-six percent of all diplomas earned by GHS
graduates were option 2. GHS was well on its way to achieving its espoused goal of “becoming
an all joint diploma school” (CMC Grant, 1999, p. 2).

10



Third, to fulfill the JDP option 2 requirement to successfully complete a college course,
virtually all GHS students were enrolling in non-degree track courses at SDCC instead of
degree-track courses. Degree-track courses are transfer-level academic courses that are necessary
to earn a baccalaureate degree in an academic discipline at a four-year college or university. One
example of a student taking a college class to fulfill a JDP option 2 diploma requirement came
up during an interview with an eighteen-year old senior, JC.

DW: So are you taking any college courses?

JC:  Yeah.

DW: What are you taking?

JC: Human..uh..human something...

DW: Human services?

JC:  Yeah. I think that’s it.

DW: When does it start?

JC:  Uh... ’'m not sure.

DW: So why are you taking it?

JC: My counselor says I need a college course to graduate.

Finally, despite the fact that most GHS students took at least one college course when this
study began, not one GHS graduate had earned a Certificate of Achievement, Certificate of
Completion or an Associate Degree that led to a vocational career, much less transferred to a
four-year college or university.

For the first eight and one-half years that GHS was on the campus of SDCC, academic
preparation for college was neither one of GHS’s goals nor one of its accomplishments. So while
each of the individual goals were laudable, the way in which the cluster of goals was
accomplished left GHS graduates without the ability to continue their education in higher
education.

Purposeful Perturbation One: Providing Disconfirming Evidence by Raising the Level of
Student Academic Performance

From September of 1998, through the 2005-2006 school year, there was an existing state
of dynamic equilibrium at GHS with regard to academic performance that manifested itself in
low academic expectations of students by the GHS staff, low-levels of academic performance by
GHS students, and low self-expectations of academic performance by the students. While
individual student performance levels varied, there was an upper level of academic performance
beyond which students did not go. Virtually no GHS graduates had the skills necessary for
success in rigorous college coursework.

To address this problem, an innovative college prep program, Academic Commitment
Creates Empowered Successful Students (ACCESS), was introduced at GHS in February of
2007 to arm GHS students with the skills and knowledge that might help them academically
prepare for college (White, 2011). The mission of ACCESS has been to prepare students for
post-secondary education through rigorous college-preparatory coursework with a primary focus
on improving reading, writing, and math skills, and to support a school culture that fosters school
team spirit, and students’ emotional health.
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Many of GHS’s teachers, counselors, and administrators did not think GHS students were
capable of higher education. So this program caused trouble because it confronted the existing
everyday practices and belief systems of the individuals, and groups of individuals which defined
the organizational structure of GHS. Despite the support of GHS’s principal, ACCESS
experienced resistance from the beginning. According to SP, the GHS English language learner
support teacher:

When the ACCESS program began, it was greeted with open skepticism and
hostility from much of the staff. The common attitude was that "these kids"
were generally incapable academically, were not going to college, did not
come from families that would support them going to college, and were
unwilling to expend the extra time and energy to improve academically.

While the primary goal of ACCESS was to raise the academic performance of a small
group of students to a level necessary for success in rigorous college courses, a secondary goal
was to create the kind of disconfirming evidence that would challenge the belief systems of GHS
staff members that put GHS students on a fast track to a high school diploma without adequately
preparing them for post-secondary education.

Beginning in 2007, ACCESS students took college assessment tests in math and English
at the end of the school year. Assessment test data served two purposes. First, test results
provided feedback about how well ACCESS was academically preparing students for college.
Second, test results provided hard data that challenged the beliefs of GHS staff.

The Success of ACCESS Math: Over the five-year period from 2006 though 2011, ACCESS math
had achieved more success in academically preparing GHS students for college than ACCESS
English. While both ACCESS math and English started with eight students and one class for
each subject, by May of 2010, ACCESS math offered more classes, enrolled more students and
had more students testing at the transfer level than English on college assessment tests. There are
a number of factors that contributed to the success of ACCESS math students.

First, ACCESS elementary algebra and intermediate algebra math courses were articulated
with SDCC elementary algebra and intermediate algebra math courses. Textbooks, adopted by
SDCC in these subjects, were used as the textbooks for ACCESS math. This was done in an
attempt to strengthen the view in the eyes of GHS students who were enrolled in ACCESS math
that these were indeed college prep classes and that successfully completing these courses would
increase their chances of testing out of these courses on the college math assessment test.

Second, by the 2007-2008 school year the majority of GHS ACCESS students were
enrolled in ACCESS math for the entire year. The majority of returning students who completed
the first year of ACCESS math continued in ACCESS math during the following school year.
For those returning students, ACCESS could provide them with two years of college prep math.

Third, we viewed the relationship between academic expectations and student academic
performance as a matter of reciprocal causality. Teachers’ academic expectations influence
levels of student academic performance. Conversely, levels of student academic performance
influence teachers’ academic expectations. We represent these not as cause-effect relationships,
but as a feedback loop (as shown in Figure 1).
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Teachers' high
student expectations

Student

) Improved student scores
self-expectations

Figure 1: Teacher-Student reciprocal causality feedback loop

In the first year of ACCESS math, the academic expectations for ACCESS students were
to successfully complete the ACCESS elementary algebra course and test into intermediate
algebra on the college math assessment test. When the majority of first year ACCESS math
students successfully completed elementary algebra and tested into intermediate algebra, the first
author raised his academic expectations. In the second year of ACCESS math, his goal was to get
some students through both elementary and intermediate algebra ACCESS courses and test into
transfer-level math on the college math assessment test. This “raising the bar” of academic
expectations and the increasing level of academic performance in math resulted in 24 ACCESS
students taking the college math assessment test in May of 2010, with 13 students testing into
transfer-level math and 11 students testing into intermediate (see Figure 2).
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Figure 2: ACCESS college assessment test results for mathematics

A multi-mediator model of the first purposeful perturbation and the tipping point it led to

To better understand the ways in which the improvement in student scores on assessment
tests impacted the expectations both of the students themselves and of the staff at GHS, we
constructed several multi-agent computer simulation models. The models were constructed
within NetLogo, a free multi-platform agent-based model building environment developed by
Wilensky (1999) and his colleagues at Northwestern University.

In this multi-mediator modeling framework (Levin & Datnow, 2012a, 2012b; Halter &
Levin, 2013; White & Levin, 2013; Levin, 2015), the concepts in the domain being modeled are
represented by labeled circles, each of which has an activity level that is partially determined by
impact from other concepts within the model and partially determined by outside context. The
activity level of each concept (represented as an orange circle) is indicated visually both by its
size and the intensity of its color.

There are two ways in which a concept’s activity level can be impacted by other concepts
within a given model. A concept’s activity level can be positively impacted by another concept
within the model (indicated by a green arrow from that other concept).

The higher the activity level of that other concept, the higher the activity level will be of the
positively impacted concept.
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A concept’s activity level can be negatively impacted by another concept within the model
(indicated by a red line with a bar at the end from that other concept).

The higher the activity level of that other concept, the lower the activity level will be of the
negatively impacted concept.

This framework not only allows for positive and negative actions by one concept on
another, but it also allows for interaction between two concepts (mutual actions), and for
mediation among three or more concepts, as represented by a network of positive and negative
directed connections among a set of concepts.

In addition, a concept can be impacted by context (everything outside the domain that is
being modeled), and part of the model is specified by the levels of activity of each concept that is
supported by its context.

All of these impacts occur in parallel, and so activity levels flow throughout a given model,
based on the connections among the concepts and the impact from context. This multi-mediator
framework has been used to represent learning at several levels of scale, including organizational
learning (reform) at the district level (Levin & Datnow, 2012a, 2012b) and individual learning
(Halter & Levin, 2013; Levin, Jacobson, & Markauskaite, 2014). In this paper, we will represent
learning at the school level, the changes that flowed from the ACCESS reform.

Figure 3 captures some aspects of Purposeful Perturbation One. It focuses on the role that
improving student scores on community college placement examinations played in changing
teacher expectations of student academic capabilities.
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Figure 3: A multi-mediator model of the change in teacher expectations of low student academic
performance, available online at
https://drive.google.com/file/d/0B24EChPrG7E_SDA4dWZ2UWVoUzQ/view?usp=s

haring

There are four concepts in this model: the student self-expectations, improved student
scores, non-ACCESS staff’s negative expectations about the students, and the ACCESS
teachers’ positive expectations of students.

Initially student self-expectations and academic performance (as measured by student
scores) are low, as impacted by the negative expectations of the non-ACCESS teachers and other
staff at the school. As the ACCESS teachers’ positive expectations of the student increase,
initially there is no change, but eventually a tipping point is reached where the student
expectations and scores increase, changing the expectations of the non-ACCESS staff members.
This model captures the non-linear nature of change that occurred during this phase of the
ACCESS reform. This is illustrated in the four panels of Figure 4.
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Figure 4: Four snapshots of the model shown in Figure 3, as the activity level of the contextual
support for the ACCESS teachers’ expectations (the blue globe in the upper left corner
of each panel) increases through a tipping point (from panels A through C) and then
deceases to the initial level (in Panel D).

Panel D of Figure 4 shows that after the tipping point is reached, there is a persistent change in
the state of the model, even after the initial purposeful perturbation passes. This kind of
persistent change is a hallmark of successful educational reform. Figure 3 is a specific
implementation of the kinds of feedback loops referred to more generally in Figure 1. Unlike
Figure 1, which is just a graphic representation of feedback loops, Figure 3 is both a graphic
representation of those feedback loops and also a visualization of a simulation model with the
dynamic properties shown in the four panels of Figure 4.

This model was constructed based on the data that we collected, following the rubric
described in Levin & Datnow (2012a) and in Levin (2015). With this rubric, the first step is to
identify the most important elements in the domain being modeled. These become the concepts
in the model. The second step is to specify, based on the data, which of these elements have a
positive impact on other elements and which have a negative impact. These are the directional
links between the concepts. The third step is to identify, based on the data, the impact that
everything outside of the domain being modeled has on each concept in the model. This model
building rubric was used to construct the model in Figure 3 and the other models presented
below in Figures 11, 12, and 16.

A Second Purposeful Perturbation: The Creation of New GHS-SDCC Network Structure
Connections and the Consequences of Competing Networks

Raising levels of student academic performance did provide disconfirming evidence that
challenged the academic expectations at GHS. When AV, a GHS guidance counselor, was asked
if ACCESS had any impact on the school her response was:

AV: Now we are thinking beyond high school, we're thinking beyond the easiest way
to get ‘em through. Or let's just get them a diploma at all cost...we're thinking
about preparing them for the next step.

However, initial efforts to disrupt the equilibrium of GHS, even in a purposeful way, was
not sufficient to promote the kind of changes that were desired. That is, raising students’ levels
of academic performance did not result in changes in the patterns of behavior that determined the
type of diploma GHS earned, and which college courses they enrolled in. The vast majority of
GHS graduates were still earning a 24-credit, option-2 diploma rather than the 44-credit diploma
required by the St. Diaz Unified School District (SDUSD) at comprehensive high schools.
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Furthermore, GHS students were still being advised to enroll exclusively in non degree-track
courses at St. Diaz City College (SDCC) by their high school counselors.

By the second year of ACCESS a few ACCESS students had raised their level of
academic performance to qualify for enrollment in rigorous, degree-track college courses as
evidenced by math and English scores on college assessment tests taken at the end the regular
school year (White, 2011). For GHS students who would be graduating in June of 2008, this
meant that they had qualified to enroll in transfer-level college courses. However, for those
continuing GHS students who had tested into transfer-level math and English, this was
problematic. By testing into transfer-level math and English on college assessment tests,
continuing students may have met requirements to enroll in transfer-level courses at SDCC but
they were not being counseled to enroll in these kinds of college courses. The problem was
further compounded by the fact that those students’ level of academic performance in math and
English went beyond the level of courses offered at GHS.

To understand why ACCESS students, or for that matter, GHS students in general, were
not enrolling in degree-track courses at SDCC, we needed to understand the existing network
structure between GHS and SDCC and the relevant standard operating procedures that
determined the stable patterns of behavior for enrolling students in college courses at SDCC. If
we were going to develop an effective strategy for changing these stable patterns of behavior, we
needed to understand what was going on and why.

Artifact Elicited Response Technique — Creating a Picture of GHS'’s Existing Network
Structures: The primary source of data we used to construct a picture of the network structures
that existed within GHS and between GHS and SDCC came from interviews the first author
conducted in 2009 with the GHS teachers, GHS counselors, and the GHS principal (White,
2011). During those audio-recorded interviews we wanted respondents to provide a detailed
picture and description of their network structures at GHS and with SDCC. To accomplish this,
we used an approach developed by the first author called “Artifact Elicited Response Technique”
(White, 2011). Like Tobin’s (1989) use of a video elicited response technique, the use of an
artifact-elicited response technique was designed to provide a new dimension to conducting
audio-recorded interviews.

The technique, as used during interviews, was to ask respondents to construct an artifact,
in the form of a drawing, depicting their network structures within the school. Each respondent
was provided with a magnetic white board and a set of magnetic squares with either a job title of
a key GHS or SDCC staff member, a GHS department, or a GHS-SDCC program written on
each square. Respondents were also provided with instructions to guide them in the construction
of their network structures. Each respondent was given as much time as they needed to complete
their drawing. The drawing was then used as a prompt to generate questions from me, and

responses from the interviewee. Figure 5 shows a photograph of the artifact constructed by CF, a
GHS ACCESS science teacher.
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Figure 5: A white board representation of CF’s network structure

The first author used the Visual Understanding Environment (VUE, 2010) software to
construct network structure diagrams based on each respondent’s white board network structure
drawing.

VUE is a concept and content mapping application developed by the Academic
Technology group at Tufts University. Figure 6 shows the network structure diagram that the
first author constructed using VUE based on CF’s white board drawing shown in figure 5. A
thicker solid line represented a strong connection, a thinner, solid line represented a medium
connection and a broken line represented a weak connection. No line represented the absence of
a connection. Connections were represented by either one-way arrows or two-way arrows
depending on how connections were represented on a respondent’s drawing.
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Figure 6: A diagram of CF’s network structure

In order to create composites we used a number scale from zero to three to designate the
strength of a connection. A zero meant no connection and a three meant a strong connection.
Then, based on the diagrams we had constructed for each respondent, we assigned numerical
values to each respondent’s connections. We arrived at an average strength of a specific
connection by summing the numerical values for a particular connection within each group then
dividing by the number of individuals in that group. Figure 7 shows the composite network
structure for ACCESS teachers.
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Figure 7: A composite of network structures for ACCESS teachers

Based on network structure diagrams constructed from audio-recorded interviews and
from GHS documents detailing standard operation procedures for enrolling GHS students in
SDCC courses, the first author constructed a network structure diagram for enrolling GHS
students in SDCC courses (Figure 8).
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Figure 8: The network structure of GHS-SDCC.

The network structure diagram illustrated in figure 8 shows:

e There were two programs for enrolling GHS students in SDCC course, the JDP and
CMC.

o GHS students were connected to non degree-track JDP courses at SDCC such as personal
growth and business math through their counselors and the GHS outreach coordinator,
and to CMC through their counselors and the CMC lead teacher. GHS students were also
connected to CMC and JDP instructors through the classes they were taking at SDCC.

e Other than the GHS teachers who were also teaching at SDCC, GHS teachers had no
direct connection to anyone at SDCC and were not part of the network structure for
determining which college classes that GHS students enrolled in at SDCC.

The network structure in figure 8 is informative not only for what it shows, but for what is not
there.

e There were no network structure connections between GHS and the various academic
departments at SDCC. The existing network structure did not include connections that
would allow GHS students to enroll in degree-track college classes.

e The ACCESS site team was not part of the network structure for enrolling GHS students

in SDCC courses.
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Creating a New GHS-SDCC Network Structure: In order to enroll students in the degree-track
courses that had been targeted by the ACCESS site team, it was necessary to create a new
network structure (Figure 9).
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Figure 9: A new network structure for enrolling ACCESS students in SDCC degree-track
courses.

As the ACCESS coordinator, the first author developed a network structure with various
academic departments at SDCC and acted as a “bridge” for enrolling GHS students in
degree-track courses at SDCC. Once an ACCESS student was guaranteed admission to a
degree-track course at SDCC and had the approval of their high school guidance counselor,
enrolling the ACCESS student in that course followed the same standard operating procedures as
those for enrolling GHS students in JDP courses (shown in Figure 8).

However, the new network structure did not replace the existing network structure. GHS
counselors were still recommending which SDCC courses their students should take and prior to
the existence of the new network structure, a GHS student would chose to enroll in a specific
SDCC course based solely on the recommendations of their high school counselor. What had
changed was that ACCESS teachers were recommending specific SDCC courses to their
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ACCESS students and the first author was coordinating efforts to get students enrolled in those
courses.

Competing Network Structures: GHS counselors continued to recommend JDP courses and
CMC to their students where ACCESS teachers were recommending selected degree-track
courses. One example where this happened was with SJ, an African-American student, who had
been an ACCESS student for two years. Based on the advice of her ACCESS teachers, she
completed one semester of transfer-level courses at City College in science, math, and English
during her senior year in high school. In an interview, SJ credits the ACCESS teachers, not her
counselor, with providing her with support for college preparation.

DW: How much counseling did he [SJ’s counselor] do for your college prep here? In
other words, the courses you took, sort of advising on what you should take and
things like that?

SJ:  He wasn’t much involved in that at all. I kind of had my own little plan of what I
wanted to do, wanted to get done, based on what I really wanted to do but I wanted
to get all my General Ed done and he wanted me to take like Personal Growth or
something. I mean, it was an OK class but I just wanted to focus on my General Ed
so I could go forward.

DW: You said earlier that you got some sort of direction from some of the ACCESS
Teachers?

SJ: Yes.

DW: Did most of that academic discussion come in that area [with the ACCESS
teachers] rather than your counselor?

SJ:  Yeah it did. They [ACCESS teachers] helped me focus where I really wanted to
focus my energy and studying and the classes I wanted to take more than he did.

SJ’s responses illustrated a common problem. ACCESS teacher and GHS counselors
frequently recommended different college courses for the same student. This environment of
competing network structures created perturbations that impacted the existing patterns of
behavior for enrolling GHS students in classes at SDCC. ACCESS students were receiving
conflicting advice about which college courses they should take and in the process, emerging
tensions between ACCESS teachers and GHS counselors escalated. As one counselor said, “The
problem is my students now have two counselors.”

This environment of escalating tension was evident in an interview the first author
conducted with BG, GHS’s head guidance counselor in June of 2009. BG felt that ACCESS
teachers were counseling students without a counseling credential and we were jeopardizing our
jobs, and the school.

BG: And if the ACCESS team, of which there's no one with a counseling credential, is

advising students, I think it's against Ed code. I've mentioned this to the principal.
That I question what would happen if a family they came in and came back and
said: You told my student that? Where did you get the idea that you had the right to
advise my students? I've been in schools where they [teachers] were not allowed to
have meetings with students unless there was a counselor there. That they couldn't
have an ACCESS or an AVID meeting discussing college careers without someone
there who really had a credential and the knowledge.
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Despite the first author’s efforts to act as a bridge between GHS and SDFCC, BG felt that the
counselors were not aware of what was going on.
BG: But there is not very much communication. The counselors don't know which
students are going to be taking which college courses. And when I share this
information with other people, they're stunned.

The Role of the School’s Principal

From the beginning, the Principal of GHS adopted a hands-off approach, letting the
teachers involved in ACCESS develop the program. When ACCESS teachers met with
resistance from other staff members, primarily the Counseling Department and the
Vice-Principal, the Principal’s main role was to act as a buffer from criticism directed at
ACCESS and the teachers involved with ACCESS, and to clear away attempts to block the
development of ACCESS. So while, within GHS, change was being initiated bottom-up by
teachers, the GHS Principal protected ACCESS from above, and provided the program with the
opportunity to grow (White, 2011).

The Next Purposeful Perturbation: Increasing the Number of GHS Students Enrolled in
ACCESS

During the five-year period from when college prep courses were first offered at GHS
through the March of 2011, there was a steady increase in the number of students enrolled in
college prep classes (Figure 10). From a total of 15 students enrolled in AVID classes in the
spring of 2007, the college prep program grew to a peak enrollment of 74 students enrolled in
ACCESS classes during the 2010-2011 school year, or about 20 percent of GHS’s student
population.
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Figure 10: ACCESS enrollment 2006-2011

One reason enrollment numbers had increased is that more college prep courses were
added to GHS’s course options. In the spring of 2007 GHS offered only two ACCESS Classes
college prep classes, one in English and one in math. By the 2010-2011 school year there were
eight ACCESS classes in four subject matter disciplines.

Adding additional ACCESS course offerings not only provided the opportunity for more
students to participate in ACCESS, it also increased the number of teachers who were teaching
ACCESS classes. The number increased from two ACCESS teachers in 2007, to seven ACCESS
teachers by the 2010-2011 school year, or 25 percent of GHS’s teaching staff.

There were other reasons for enrollment growth. GHS students knew about ACCESS and
understood that it was about preparing for college. According to DA, who taught an ACCESS
biology class:

DA: And then there’s the kids, the other population, the rest of the kids know about
it and that whole social dynamic, like, “Oh you’re in ACCESS, so you must
be wanting to go to college.”

Students were enrolling in ACCESS classes because it would help them do better in
school. MS, a history teacher at GHS who did not teach an ACCESS class, explained the
increase in enrollment as follows:

MS: Students wanted to join ACCESS because they knew it could help them excel
in school.

A Tipping Point and The Expansion to School-Wide Change

As a result of the creation of ACCESS and the strategy to use ACCESS to disrupt the
equilibrium of GHS by introducing purposeful perturbations, tensions were created within the
school, primarily between ACCESS teachers and GHS counselors, tensions that increased over
time. By the summer of 2009, those tensions had reached a critical point.

On June 18™ 2009, the GHS counseling staff was having a meeting at GHS in an open
area adjacent to the counseling offices. The counselors were sitting around a large round table
and the first author could hear them discussing ACCESS. He had some materials to give the
counselors, so he walked over to their table and asked if he could give them an updated list of
students that the ACCESS site team was recommending for the ACCESS program for the next
school year.

At that point, BG, the head counselor, told him, "We just want you to know that we are
discussing whether we are going to vote to file a grievance with the district against you and your
fellow ACCESS teachers.” The first author asked him why. He said, "Because you are
counseling students, you don't have a credential, and we are considering filing a grievance with
the district against the ACCESS teachers." BG added that the counselors were meeting with the
principal in two hours to discuss their decision. The first author asked if he wanted him at the
meeting with the principal and he said, "I really don't care whether you are there or not."

The first author sat down at the table and the counselors began to tell him why they were
considering filing a grievance. They felt that the ACCESS teachers had stepped in and were

26



contradicting them, that the ACCESS teachers did not have counseling credentials, and that were
putting the school at risk. They said that they could not tolerate that anymore. The first author
told them that he was no longer willing to put up with the existing situation either. He added that
if they could not come to some kind of agreement, he was not going to be part of the ACCESS
program anymore. He then asked them if they had any suggestions.

AV, one of the counselors, said: “ACCESS is becoming the largest program in the
school. We think that what the ACCESS teachers are doing is great for our students but we have
their best interests at heart too.” At that point BG suggested that what we needed to do was set up
a time when the counselors and the ACCESS team could meet on a regular basis to try and work
things out. The first author told them he thought that this was a good idea. BG said that the
counselors would like to come up with a list of suggestions before they met with the school
principal. The first author told them that he would return when they met with the principal and
left the meeting. The last thing that he said was: “Just tell us what you want”.

The Creation of a New ACCESS Site Team

About an hour later, the counselors and the first author met with the principal and the
discussion was very positive. The GHS counselors presented the following list of suggestions at
that meeting:

e Set up a day and time for ACCESS teachers and counselors to meet. The following GHS
staff members would attend the meetings: The GHS principal, at least one GHS
counselor, the GHS outreach coordinator and the ACCESS teachers.

e All students would be informed of the number of credits required for both the 44-credit
diploma and the 24-credit option 2 diploma.

e Procedures should be formalized for entrance into the ACCESS program and exiting the
ACCESS program.

o The GHS counseling staff would provide ACCESS teachers with important deadlines.

It was agreed upon that our first meeting would be in September of 2009. The first item
on our agenda would be to discuss the list of suggestions submitted by the counseling staff at that
June meeting.

At that June 18™ meeting, a tipping point was reached. Over a period of about ninety
minutes, the atmosphere of the meeting changed from the counselors considering filing a
grievance against the ACCESS teachers to “we need to work together”. Furthermore, by
agreeing to work together, this created a tipping-point moment, which is a powerful example of
change that emerged out of the local interactions rather than change mandated top-down. You
cannot get more local than a group of people sitting around a table discussing their differences.

As we stated earlier, in order for change to occur in complex adaptive systems (CAS) that
are in a stable equilibrium state, it is necessary to push the systems far from equilibrium. Change
occurs at critical points, bifurcation points in the language of complexity science. You can think
of a pile of sand. If you keep adding sand to the pile, it will build up. But at some critical point, it
will collapse. Change occurs at the point where the pile of sand is just about to collapse and
change happens through a process of self-organization or self-reorganization. Self-organization
means that change emerges through a process of local interactions, that is, in interactions
between individuals or groups of individuals that are locally connected rather than by some sort
of top-down strategy or blueprint for change.
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As ACCESS evolved, it pushed GHS further and further away from equilibrium. Over
time, tensions between ACCESS teachers and GHS counselors reached a critical point. At that
critical point, self-organization occurred through local interactions between the GHS counseling
staff, the ACCESS coordinator, and the GHS principal.

During the 2009-2010 school year, the weekly ACCESS site team meetings began on
September 22, 2009 and went through May 2010. The principal, ACCESS teachers and GHS
outreach coordinator attended these meetings on a regular basis. The head counselor usually
represented the counseling staff at those meetings. While these meeting were initially concerned
with the ACCESS Program, over time they evolved into a discussion of a need for school-wide
change.

A multi-mediator model of the tension between ACCESS and the status quo

We constructed a second model using the same multi-mediator framework as the model
described previously for the shift in expectations about student capabilities for academic work.
In this second model, the focus is on the interaction between the status quo at GHS (the
CMC/JDP programs) and the innovation (ACCESS), as impacted by the improvement in student
academic performance (an element of the first model) and the role of the principal in protecting
ACCESS. This second model is shown in Figure 11.
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Figure 11: A multi-mediator model of the ACCESS reform tipping point, available online at
https://drive.google.com/file/d/0B24EChPrG7E_REo00eGM2UWotTWs/view?usp=sh
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This model shows the joint role that the improvement of student scores on college
placement exams and protection of the reform by the principal played in the non-linear change
from domination of the status quo (labeled “JDP & CMC”) and the new reform (“ACCESS”).
Once the tipping point is reached, the changed state of the model persists even when the context
returns to its previous state. This kind of “persistent change” is a key element of successful
reform, and of learning more generally.

This model, while it captures the non-linearity of the tipping point reached on June 18
between those supporting the ACCESS program and those supporting the status quo at GHS
(represented by the JDP and CMC program), it leaves out some important details. Figure 12
shows an elaborated model that captures some of these important details.
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Figure 12: An elaborated multi-mediator model of the ACCESS reform tipping point, available
online at

https://drive.google.com/file/d/0B24EChPrG7E_aWxqX3hsWEZgN2M/view?usp=sharing
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The College Planning Group: The Transition to a Co-Constructing Network Structure for

School-wide Change

While the development of ACCESS and meetings of the ACCESS site team had resulted
in changes to ACCESS, JP, the GHS principal, and the first author believed that for change to be
truly systemic, any changes in patterns of behavior needed to be institutionalized. In addition,
that change needed to go beyond ACCESS. As a result, the College Planning Group (CPG) was

created in October of 2010.
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Figure 13: College Planning Group network structure

Figure 13 is a representation of the network structure for the CPG and its intended impact
on GHS. While the ACCESS site team continued to be concerned primarily with policies and
procedures for ACCESS, the CPG was created to develop policies and procedures for the whole
school, including ACCESS. The objectives of the CPG were:

e To identify and develop GHS’s processes and procedures of academic and

social/emotional development and support for college prep and college coursework.

e To add to GHS’s master calendar the “who, what, when and where” of the identified

processes, procedures and events relate to GHS’s college prep and college coursework.

e To develop an assembled college-going set of procedures for the GHS staff.

While there were many changes that emerged at GHS, one of the more dramatic changes that
occurred, beginning with the 2009-2010 school year, was a major shift in the type of diploma
that GHS students were earning (Figure 14). While four out of every five GHS graduates earned
the 24-credit, option 2 diploma in the 2008-2009 school year, by the 2010-2011 school year,
three out of every four GHS graduates earned the 44-credit diploma.

30



Percent of Total Diplomas

=l
(=

oo
=]

= |
]

L

I

=
1
|

LN
=
1

e
(=)
I

H24-Credit Option 2 Diploma

Led
(=)
1

¥ 44-Credit Diploma

[
[}
I

T
(e
1

(=)
I

2007-20082008-20092009-20102010-2011
School Year

Figure 14: Option 2 diploma versus 44-credit diploma for GHS graduating seniors

Figure 15 represents the degree of disruption existing at GHS during our design
experiment, beginning with the stable state that existed February of 2007 through March of 2011,
when the school was in a state of co-construction. Increasing disruption during the perturbation
state was accompanied by increasing tensions, which peaked when the tipping point was
reached. However, even though tensions decreased through the transition state, some degree of
disruption existed since the school was still in a state of change during the co-construction state.
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Figure 15: The evolution of GHS’s organizational structure

A multi-mediator model of both tipping points

As we noted earlier, there is a common concept in each of the two multi-mediator models
we presented previously. This means that we can combine the two models, to create a more
complete model of the ACCESS reform process. This model is shown in Figure 16.
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Figure 16: A combined multi-mediator model of the ACCESS reform, available online at
https://drive.google.com/file/d/0B24EChPrG7E_MnhWRVIKNmJDYkO/view?usp=sharing .

The model contains two tipping points, which can either cascade into one overall non-linear
change or can exhibit two separate non-linear changes over time, depending on the sequence of
changes in context.
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Impact of the reform beyond the school

Since 1996, when the JDP program was first introduced, it had been the practice of high
school counselors throughout the St. Diaz Unified School District (SDUSD) to inform many of
their students who were transferring to GHS that they were recommending them for the
24-credit, option 2 diploma program. The option 2 diploma was designed for older students
(seventeen and a half to eighteen years old) who were severely credit deficient. However, in
many cases, the students sent to GHS did not meet the requirements for option 2.

Given the changes that had taken place at GHS, this practice became problematic. As
evidenced by the type of diploma students earned for the 2009-2010 school year compared with
the type of diploma students had earned in previous years (shown in Figure 14), GHS was
moving toward a 44-credit school. For the 2010-2011 school year many of the students sent to
GHS who were expecting to pursue the option 2 diploma were being told by their GHS counselor
that they would need to pursue the 44-credit diploma. This resulted in negative reactions by
many of those students who were resistant and surprised that they would have to pursue the
regular 44-credit diploma.

Because guidance counselors from other SDUSD high schools were recommending the
24-credit option 2 diploma to their students who were transferring to GHS, many of whom did
not meet the criteria for that diploma, at the request of the GHS principal, an email was sent to
all SDUSD counselors by the GHS counselor responsible for student intake on January 10, 2011
informing them that GHS had shifted its academic expectations (shown in the email in Figure
17). Students referred to GHS were expected to pursue a 44-credit diploma. The changes that had
occurred at GHS, due in large part to the impact of ACCESS, were beginning to have an impact
on other schools in the district. The impact had moved beyond GHS.
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We need your help... Many of you are properly informing your students of the
benefits of an Option 2 (Joint) diploma and we thank you for your assistance.
However, please be aware of a shift of expectations... students referred to GHS
are expected to pursue the regular 44-credit diploma and meet the same Board
requirements of a-g coursework as all other district students.

We still offer the Option 2 but here’s the concern...We have many students
who do not qualify for the Option 2 and yet they have been encouraged to
attend GHS in order to pursue this diploma. Once the student has enrolled at
GHS, they are then resistant and surprised that they must pursue the regular
44-credit diploma.

We understand that you may use the Option 2 as a way to provide hope to your
students who are credit deficient. We would expect that you would continue to
inform your students of options; however, please ensure that your students
understand they must meet the following criteria to pursue the Option 2:

1. 17 years old o

2. ALREADY passed both CAHSEE tests O

Recommended by GHS site counselor and parent after considering:

1. Extreme credit deficiency o

2. Ability to successfully pass college class o

3. Military requirements for students pursuing this career O
4. Best interest of student.

Figure 17: E-Mail sent to all SDUSD counselors by GHS’s intake counselor

During the past three school years, there has been a spike in student interest and demand
for the ACCESS program, and most ACCESS classes are now filled to capacity. Building
college-readiness capacity is explicitly discussed every day in class. In ACCESS English and
social studies, coursework is designed to meet students at their current skill level and provide
support as they tackle college level texts and writing assignments involving rigorous discussion
and analysis. ACCESS math pushes students to prepare to test into college level math upon
graduation. The typical Garfield student arrives with 6-7th grade level math skills. Since
ACCESS started, 55% of Garfield’s ACCESS students who took the math placement exam
tested into college-level math and 90% tested into at least associate level college coursework,
with the numbers increasing each year. In comparison, only about 66% of adult students
applying to the community college test into college level math, with only 4% testing into a
transfer level math course.

Summary

Prior to the creation of an innovative college prep program, Academic Commitment
Creates Empowered Successful Students (ACCESS), virtually all GHS graduates lacked the
academic skills necessary for success in rigorous college coursework, as evidenced by their
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placement on College math and English assessment exams. GHS graduates who took college
assessment tests placed into the lowest levels of remedial math and English.

From 2007, the first year of this educational reform, through 2010, ACCESS achieved
increasing success in preparing low-income, low-performing underrepresented minority students
for rigorous college coursework. These results, documented in this research study, have
implications for low-performing students at high schools more generally.

There are students like those at GHS throughout the SDUSD. In fact, there are high
school students like those at GHS throughout the United States and around the world. In the
SDUSD there are 22 traditional high schools, with a total enrollment of over 30,000 students.
The 2009 Standardized Testing Annual report (STAR) showed that of the 4724 SDUSD high
school students who took the 2009 CST in Algebra I, 2173 (46%) students scored “below basic”.
Of those 4724 students, 1249 (26%) scored “far below basic”.

Some of those low performing SDUSD high school students transfer to GHS, but most
remain at their home school. In general, low-performing high school students are tracked into
low-ability classes designated for those students deemed non-college bound (Oakes & Guiton,
1995) where there is little opportunity to prepare for college. College prep programs tend to be
for high performing students. Even Advancement Via Individual Determination (AVID), a
college prep program initially designed for low-performing students has evolved into a college
prep program for students “in the middle”, and so is not for low-performing students.
Furthermore, college prep programs tend to be designed for academic preparation for four-year
colleges and universities, rather than for community colleges.

Our research shows that while not all high school graduates will be prepared for college,
students who have a history of little success in school should not be put on a fast track to a high
school diploma that does not lead to further education. All students should be provided with the
opportunity to take high school classes that prepare them for college and provide them with the
necessary support for success in those courses.

Complexity Theory As a Strategy For School Reform

The focus and purpose of this research study was to promote educational change through
a design experiment. Treating an innovative college prep program, ACCESS, as a nested
Complex Adaptive System (CAS) within a larger CAS, Gonzago High School (GHS), we used
features of complexity theory as a framework to design a strategy for school reform. The model
for school reform that evolved, which showed documented success, has implications for how
schools can achieve transformational change.

A strategy we call “purposeful perturbations” was used to push GHS away from its
equilibrium state. The result was that a critical point, what is referred to in complexity theory as
a bifurcation point, was reached where a textbook example of self-organization occurred when
GHS counselors and ACCESS teacher agreed to work together.

Purposeful perturbations can be an effective strategy for accomplishing the goal of
educational reform. However, based on our research, we make some recommendations about the
nature of those perturbations.

Each perturbation must have a purpose other than just creating instability. The
perturbations introduced at GHS had a dual purpose. The espoused mission of ACCESS was to
prepare students for post-secondary education, primarily college. Raising the level of students’
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academic performance and creating a network structure with SDCC for enrolling ACCESS
students in degree-track college courses were consistent with that mission. A second purpose was
to create conditions for school-wide change.

If you push people, people will push back. Perturbations designed to push a school away
from equilibrium will encounter resistance. Perturbations must be designed with the purpose of
breaking down that resistance. The perturbations that pushed GHS away from equilibrium
created increasing tensions, primarily between ACCESS teachers and GHS counselors.
However, increased levels of academic performance by ACCESS students and the success of
ACCESS students in degree-track college courses provided disconfirming evidence that
challenged the low academic expectations of GHS counselors and, over time, broke down their
resistance.

Change Can Begin in the Classroom

According to complexity theory, patterns of behavior that emerge in localized parts of a
CAS can bubble up, resulting in changes in patterns of behavior throughout the system. In our
design experiment, the patterns of behavior that emerged as ACCESS evolved resulted in
school-wide changes. The results of our design experiment have implications for school reform
efforts in general.

Many school reform efforts are top-down, hierarchical affairs, with students at the bottom
of the hierarchy being passive receptors of the reform. The reform model in this study started
with the teachers, but in raising students’ levels of academic performance on college assessment
exams and successfully completing academically rigorous college classes, students became
agents of change rather than passive recipients. So change that begins in the classroom can be an
effective approach to school reform.

The Role of Emergence

In complex adaptive systems, there is no master controller or prescribed blueprint
for change (Stacey, 2007). Instead, local interactions between agents, operating according to
their own rules, result in a process of self-organization, giving rise to emergent, often
unpredictable, new structures and new patterns of behavior. The less than predictable nature of
complex systems means that practitioners have less control over outcomes. In this sense, school
reform is more an opportunistic form of activity than a planned form of activity. Radford (2007)
states that “In this context the practitioner is less like the bulldozer driver carving a way through
the landscape to a pre-conceived objective, more like a combination of a canoeist shooting the
rapids and creative artist exploring possibilities and waiting for inspiration” (p. 275).

For example, when GHS counselors continued to recommend non-degree-track college
courses for ACCESS students who had tested into transfer-level college courses on college
assessment tests, the first author determined that the existing network structure between GHS
and SDCC was not adequate for enrolling GHS students in degree-track college courses. His
response was to create a new network structure with SDCC.
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Implications for the Research-Practitioner

From Labaree’s (2003) point of view, researchers in education investigate important
issues by doing research but it is up to practitioners to put their research findings into practice. In
contrast, the design experiment approach to doing research stresses the value of building theory
and improving practice at the same time (Brown, Greeno, Resnick, Mehan, & Lampert, 1999).
One way to do this is by researchers and practitioners working together to develop and test
theories in real-life situations. Another way is for research-practitioners to conduct design
experiments where the research practitioner acts as the researcher, developing theories, and the
practitioner tests those theories in real-life situations.

In our research we constructed a design experiment to develop and test a theory of school
reform in a real-life context, a continuation high school for low-income, low-performing
underrepresented minority students. The first author acted as researcher, by developing theory,
and practitioner, by testing that theory. The implications for research practitioners is that their
research can go beyond describing what works and what doesn’t work and then passing their
findings and recommendations on to practitioners. They are practitioners themselves. The job
description of the research-practitioner should include fixing problems in education. Ultimately,
the goal of educational research is lasting educational improvement.

Since this study ended, during the school years of 2011 to 2014, there has been a spike in
student interest and demand for the ACCESS program, and most ACCESS classes are now filled
to capacity. Building college-readiness capacity is explicitly discussed every day in class. In
ACCESS English and social studies, coursework is designed to meet students at their current
skill level and provide support as they tackle college level texts and writing assignments
involving rigorous discussion and analysis. ACCESS math pushes students to prepare to test into
college level math upon graduation. The typical Garfield student arrives with 6-7th grade level
math skills. Since ACCESS started, 55% of Garfield’s ACCESS students who took the math
placement exam tested into college-level math and 90% tested into at least associate level college
coursework, with the numbers increasing each year. In comparison, only about 66% of adult
students applying to the community college test into college level math, with only 4% testing
into a transfer level math course.

We are currently interviewing former students who participated in the ACCESS reform to
see what impact it has had on them several years later. We want to discover the ways in which
ACCESS provided under-performing underrepresented students with the academic and
college-going skills necessary for success in college, we want to know how these students
experienced the transition from high school to community college and from community college
to a four-year institution, and we want to better understand the factors that supported or
constrained their performance in college coursework and impact persistence in pursuing a
college degree to completion.

We do not think that our research provides a blueprint for an education reform that can
be duplicated elsewhere — instead we hope that our research provides a guide to help others to
navigate the turbulent waters of school reform, informed by complexity theory. The exact nature
of “purposeful perturbations” will differ from setting to setting, but this technique for generating
persistent change may apply widely. We hope that our existence proof of a successful
teacher-initiated educational reform will inspire educational participants at all levels to take an
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active role in improving education. And we hope that our research shows that complexity theory
can not only describe educational reform but can also productively guide it.
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