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Abstract: This paper explores enabling conditions for scaling high-quality project-based learning
(PBL) to understand factors that influence how PBL spreads, whether and how it can be sustained and
the extent to which it informs meaningful change in schools. We report on a year-long collaboration
across three research projects. Each project team analyzed qualitative data from their individual
project and then aggregated data across projects to understand similarities and variations in con-
ditions that support the long-term implementation goals of PBL. We used systems mapping as a
methodological tool and a case study approach to test and refine the map. We focus on two enabling
conditions for PBL that emerged across all contexts: teacher agency and productive disciplinary
engagement (PDE). Teachers reported having agency and described making instructional decisions
and adapting PBL to support students’ needs. PDE motivated teachers to deepen PBL practices.
While the studied collaboratory is not the first to pursue shared goals, to our knowledge it is the first
to produce research that aggregates knowledge and data across projects. While scaling innovations
in schools is complex, the results suggest that certain conditions enable PBL to be implemented with
greater depth and can be generalized across contexts. We discuss the implications of this approach
for researchers, stakeholders, and practitioners.

Keywords: project-based learning; teacher agency; productive disciplinary engagement; systems
map; collaboratory

1. Introduction

Project-based learning (PBL) is a widely studied pedagogical approach that shows
promise in creating meaningful student learning environments [1,2]. Key features of PBL
include: (1) the development of a physical artifact that drives and culminates in a cycle of
investigation, (2) driving questions or challenges that motivate inquiry and are answered by
the artifact, and (3) student learning that revolves around authentic and student-centered
disciplinary contexts [3-5].

PBL is a curricular initiative that has been successful with localized reform, such as
research projects and school-level or district-level initiatives [5,6], but the difficulties in
scaling PBL reflect wider challenges related to reform. Curricular initiatives and innova-
tions, such as PBL, come and go within schools, with few persisting for the long-term in
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ways that support “deep and lasting change” [7-9]. Innovations that succeed in small-scale
local contexts often face difficulties when they are applied in other settings, especially at
broader scales [10]. Scaling innovation in schools is a particularly daunting and complex
endeavor [11-14]. Research has documented these challenges, including those related to
sustaining the innovation over time, allowing for local adaptation, and maintaining focus
on equitable instruction and assessment practices [9,13,15,16]. Even within the research
literature, the goals for scaling an innovation are disputed. Furthermore, there is a lack
of clarity and agreement on the meaning of the term “scale” [10]. Such challenges signal
the need to study how innovations are spread and sustained across various contexts. The
emphasis placed on documenting these challenges does not provide actionable guidance
about what is successful; therefore, we aim to explore the enabling conditions or those
aspects of innovation that allow it to take hold in schools as it spreads across contexts.
Furthermore, examining the enactment of similar innovations across distinct educational
and curriculum contexts provides a unique opportunity to understand the conditions that
influence how innovations spread, whether and how they can be sustained, and the extent
to which they produce meaningful change in communities.

In this study, we seek to identify the enabling conditions for the enactment of high-
quality PBL in schools and classrooms. The goal is to inform future research efforts on
scaling PBL as well as practical efforts to adopt and implement PBL in a variety of educa-
tional settings. We report on the results of a year-long collaboration across three research
projects. The projects formed the Enabling Conditions Collaboratory, with the shared
purpose of examining the enabling conditions for high-quality PBL. While this is not the
first collaboratory to be organized around shared goals (see, for example, St. John et al. [17],
for an overview of the Research + Practice Collaboratory), to our knowledge it is the first
collaboratory to produce research that aggregates knowledge and data across projects. Each
individual project studied PBL enactments, but these were in contrasting contexts across
the United States and encompassed different timescales and levels of the school system
(e.g., a focus on teachers vs. district leaders). The collaboration allowed us to aggregate
data across projects to understand generalizations and variations in the conditions that
support the long-term design and implementation goals around PBL enactments in schools.
Drawing from systems thinking, we focus on the school and teacher levels of the system to
ask: What are the enabling conditions for supporting enactments of PBL?

1.1. Literature Review

Research suggests that PBL contexts are motivating for students, and preliminary
evidence suggests that PBL enhances disciplinary learning [2,4,18,19]. For example, Boaler
found that PBL learning was correlated with a reduction in anxiety about science and
increased facility in problem-solving across economic divisions [20]. Project-based learn-
ing is widely seen as being student-driven and individualized [21]. The design of PBL
promotes student choice and interest through authentic driving questions, flexibility in
the process, and connections with the local community [3-5,22]. In addition, teachers and
students describe PBL experiences as being student-centered and claim that it is beneficial
to learning [23,24]. Teachers report that the opportunity to draw from students’ strengths,
questions, and skills is challenging but rewarding, and data show that PBL supports the
teachers’ sense of self-efficacy [25,26].

Despite the benefits of PBL, research shows that the take-up of PBL in schools is
initially challenging [4,26]. Questions remain about how to expand opportunities for
multiple schools and districts to adopt PBL while simultaneously supporting teachers with
the necessary transformation of their teaching practices. There is some evidence that the
enabling conditions for scaling PBL include coherent materials, administrative support, and
flexibility for teacher enactment [27,28]. We seek to add to this literature by examining the
common enabling conditions for PBL that emerged across three different contexts: school
and district leadership, high-school language arts, and upper elementary science.
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1.2. Conceptual Framework

To examine the enabling conditions for PBL, we build on theories of scale and organi-
zational systems theory [29]. The concept of scale is a contested term and lacks conceptual
clarity within the research literature [10]. We take the stance that scale must be considered
within the context of innovation. For this research, we draw on Coburn’s reconceptualiza-
tion of scale in terms of educational reform, which moves beyond traditional definitions
of scale that are aimed solely at increasing the numbers of teachers, schools, or districts
implementing a reform [7]. Coburn argues that a focus on numbers alone is too narrow;
it ignores “qualitative measures that are fundamental to the ability of schools to engage
with a reform effort in ways that make a difference for teaching and learning” [7] (p. 4).
According to Coburn, scale has four dimensions: depth, sustainability, spread, and shift in
ownership. Depth of change is defined as a “deep and consequential change in classroom
practice” [7] (p. 4). Sustainability involves the persistence of change over time and a
continued dialogue across the various levels of the system, even as there are competing
demands, new reforms that take center stage, and teacher and administrator turnover.
Spread, in Coburn’s framework, extends beyond the number of participants, structures,
and materials to include underlying beliefs and principles. The underlying beliefs and
principles can “become embedded in school policy or routines” [7] (p. 7). Teachers, for
example, might draw on the ideas of a reform to inform aspects of their practice “beyond
specific reform-related activities or subject matter” [7] (p. 7). Lastly, Coburn describes a
shift in reform ownership as “an internal reform with the authority for the reform held
by districts, schools, and teachers who have the capacity to sustain, deepen and spread
reform” [7] (p. 7). We draw upon this framework to investigate the effort to scale PBL
across contexts, focusing on the enabling conditions, the factors in a system that provide
opportunities for one or more of these dimensions of scale.

In addition, we draw upon organizational systems theory to examine the enabling
conditions for PBL. Systems theory is used across disciplines to describe any whole that
is composed of parts, but that cannot be reduced to the aggregation of those parts. Re-
searchers have adopted a systems approach for understanding the larger contexts related
to educational reform [29]. For example, Fishman and colleagues proposed adopting a
systems lens to expand their grasp of technology innovation in classrooms from a single
classroom to multiple classroom testbeds [15]. They reasoned that to better understand
the potential for widespread take-up, other factors in the system that could facilitate and
impede the use of technology needed to be taken into account (e.g., leadership, the usability
of innovations, the nature of the innovations, collaborative partners). Other researchers
have also incorporated this lens to consider the barriers and enablers to reform [7,30].

We examined Coburn’s four dimensions of scale through a systems lens because, as
Elmore suggested, “scale is a ‘nested’ problem” in that “it exists in similar forms at different
levels of the system” [7,9] (p. 4). Different levels of the system, for instance, include
school leadership, teachers, and students. We build upon organizational systems theory,
which points to the “unmanageable interdependency” of parts that make up a system
engaged in social change [31]. Systems thinking reframes this unmanageable challenge
by employing systems mapping as an analytic tool to understand how different factors
“support or undermine achievement of the vision” [31] (p. 91). We consider the spread
of innovation as being the process of implementation, the active planned efforts toward
systems and outcomes changes [32]. Hence, building the capacity for change, especially
when practices are unfamiliar, is a systems-level problem [33,34].

Using systems theory to examine how innovations spread, how and whether they can
be sustained, and the extent to which they produce meaningful change in communities
allows us to look across project contexts to identify the common enabling conditions for
high-quality PBL. Project-based learning environments and the spread of a teaching reform
can be understood via a systems approach because of the multilevel aspect of educational
reform [15]. In this project, we seek to make apparent some of the layers that contribute to
Coburn’s aspects of scale (depth, sustainability, spread, and shift in ownership) [7].
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2. Materials and Methods

This study is the result of a collaboration between three teams of researchers involved
in similar but distinct research projects. Over the course of the collaboration, we shared
questions, analytic tools, methodologies, and findings related to the necessary enabling
conditions for PBL to be spread and sustained in ways that lead to community ownership
and deep instructional change. As part of the collaboration, called the Enabling Conditions
Collaboratory (referred to as the Collaboratory), the research teams looked across distinct
projects for trends and synthesized common themes over the course of a year. The purposes
of the Collaboratory were multiple: (1) to share research tools and approaches, (2) to
understand the enabling conditions of high-quality PBL, (3) to examine commonalities and
variations in the implementation of PBL, and (4) to build capacity among researchers to
conduct implementation research. Teams were selected from a set of projects researching
PBL curriculum through the funder, the George Lucas Educational Foundation. The
research teams that comprised the Collaboratory were from the University of Pennsylvania,
the University of Colorado Boulder, Michigan State University, and the University of
Southern California. Because of varying timelines in deliverables, this study reports on
the collective findings of the first three teams. In the following sections, “we” refers to the
three research teams in the smaller set.

Throughout the course of the year, each team simultaneously investigated individual
research questions and the shared research question of the Collaboratory: What are the
enabling conditions for supporting enactments of PBL? This is the question investigated in
this paper. The research teams used emergent findings from individual projects to inform
the investigation of the shared research question. The Collaboratory convened monthly to
share the findings from individual projects.

2.1. Systems Map Creation Process

In this section, we describe our collaborative efforts as we drew upon systems theory
to create a systems map to identify the enabling conditions for PBL. We used systems
mapping as a methodological tool, with each team creating a map of the system they
were studying, articulating the enabling conditions that they had found in their individual
projects. Together, we then created a combined map that reflected the enabling conditions
from each project. The process of creating the systems map was an important tool for
organizing our work and a productive tool for our collaboration, as it allowed us to
observe both shared and unique enabling conditions and served to inform the work of the
individual projects.

To create a combined systems map, each individual team identified 3-5 enabling
conditions that were emerging from their study. We sought to compare, contrast, and
generalize the specific data that was considered by individual teams as being crucial
for success in scaling PBL in each context. We discussed the individual conditions at
length and created a combined list that contained shared ideas across studies; these were
critical enabling conditions because they were seen in each of the studies. For example,
through this process, each team identified teacher agency and student engagement as
critical enabling factors. Drawing inspiration from previous examples of systems maps
(e.g., [30,35]), the three research teams organized the combined list of enabling conditions
into one systems map. As teams engaged in an analysis of the data collected on each project,
they brought their emergent findings and themes to the group for discussion to further
refine the systems map.

Analysis revealed two sets of enabling conditions: one set that “sparked” PBL at a
site (e.g., leadership buy-in and the clarity of PBL), and one set that supported teachers
and schools to persist in enacting PBL (e.g., teacher agency and community connection).
Through these discussions, we used data from the individual projects to initially form two
separate maps that represented the lifecycle of the PBL enactments seen across the projects:
sparking PBL and persisting PBL. Within each project, the data supported the importance
of specific conditions that enabled the initial investment of PBL at a school or in a classroom.
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There were also conditions that we identified through data analysis as being important for
sustaining PBL in schools beyond the initial spark or investment. We explored both sets of
enabling conditions—sparking and persisting—in the data analysis.

From the two systems maps (sparking and persisting), we created one combined
map to represent the full system. Creating the combined systems map was an iterative
process. During monthly meetings, we shared drafts of the combined systems map with
the larger Collaboratory and PBL experts, elicited their feedback, and developed shared
working definitions of the enabling conditions. Following each of these meetings, the
first three authors reviewed the feedback, brought data to bear on the proposed changes,
and discussed each piece of feedback until a consensus was reached. We then revised the
map to reflect new changes that had arisen from this process. The combined systems map
represented our conjectures for enabling conditions. We then tested the viability of the
enabling conditions map by plotting cases from each individual project’s data set onto the
systems map, highlighting which of the enabling conditions from the shared map were
pertinent for that case. This allowed us to see patterns in the enabling conditions that were
“at play” and those that were less common across projects. Each project also selected two
contrasting cases to test the map. We refined the map further, based on the patterns we
observed in the application of the combined map across cases. This process resulted in the
systems map seen in Figure 1.
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Figure 1. Enabling conditions systems map.

The development of the systems map was the central driver of our collaboration and
an aspect of the process for identifying the enabling conditions for PBL across contexts. Our
goal was not to create the “perfect” map, but rather to use the map as a thought-organizing
tool within our collaboration. The map served as a boundary object [36] in that it organized
the features of the system vital for PBL across projects but was flexible enough to be used
within individual projects for further analysis. In creating the shared systems map, we also
developed a common language for communicating across projects with distinct histories,
contexts, and datasets. Through the mapping process and its refinement, we continued to
analyze the data within our individual projects, returning to the Collaboratory to discuss
key insights and bring them to bear on the map. Doing so revealed several common
enabling conditions that emerged across contexts. Two of the conditions, teacher agency
and student engagement, will be explored in the Results section.

2.2. Selection of Case Studies within Each Research Project

We used a case study approach to test and refine the systems map, to better understand
the conditions for scaling PBL. We used Merriam'’s [37] approach to case-study design,
which highlights a case as a “bounded system” (p. 27) and further elaborates on the case as
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“a phenomenon of some sort occurring in a bounded context” (p. 33), where there is a focus
on the process for causal explanations of impact or outcomes. In this way, the case study is
a particularly suitable design and allows for the necessary context for the data provided
from individual projects in the analysis below.

We followed Merriam’s [37] approach to data selection for cases, such that “theoretical
sampling is done in conjunction with data collection” (p. 66). We selected cases based on
the richness of data of the phenomenon being constructed. Each team selected a case of an
individual teacher or school that demonstrated a commitment to PBL and implemented
PBL to test the common enabling conditions that were represented on the systems map.
Merriam [38] describes the attribute of the case study wherein the focus is on a particular
situation, event, program, or phenomenon as “particularistic.” These cases study the
phenomenon of PBL becoming integrated into classroom or school-based practices, values,
and perspectives, so each case adopts a particularistic framing.

In the subsequent sections, we introduce each individual research project, including
the context and individual methods utilized (see Table 1). In addition, we identify the
case selected within each project and the reason for its selection. Drawing from the cases,
the team developed themes across the cases, using enabling conditions from each project
and then teasing out case-specific and PBL-specific factors. We synthesized themes across
projects with different scopes and different data analysis methods, using the systems maps
as an analytic tool to interrogate the relationships among factors within and across cases.
As each case had its own mapped system, composed of the interacting factors that related
to scale, the team’s task was to retrace the steps backward from the outcomes of depth,
sustainability, spread, and shift in ownership. By retracing backward from outcomes,
the team found common antecedents of scale. The antecedents for dimensions of scale,
emerging from the mapping tool, became themes when they converged across the projects.
After detailing the cases and the themes that emerged across cases, we report on shared
findings, including the common enabling conditions for PBL.

Table 1. Overview of individual studies within the Enabling Conditions Collaboratory.

Context

Individual Study

Focus Level of System

Data Sources

Main Research
Question

K-12 leaders

Study 1 (University of

Participant interviews and

How do leaders
conceptualize the work

working in schools ~ Pennsylvania) School Leadership portfolios of scaling high-quality
PBL at their site?
Classroom observation
field notes, coaching What are the enabling
session notes, teacher conditions for and
English language Study 2 (University of Teachers interviews and surveys, barriers to progress
arts, 9th grade Colorado Boulder) teachers’ written toward scaling [the PBL
reflections, instructional curriculum] and
logs, student surveys, and  project-based learning?
interviews
How do teachers
. describe the enactment
Science, upper Study 3 (Michigan State Interviews, recorded experience as they
’ . . Teachers and students dialogue, field notes of . .
elementary University) change their practices

class observation

and co-create a PBL
community?

2.3. School-Level Leader PBL Implementation

The University of Pennsylvania team explored the role of schools and system lead-
ership as an enabling condition for high-quality project-based learning (PBL). This team
focused on leader conceptualizations of their roles in scaling PBL and did not specify which
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curricula or projects should be used in PBL implementation. Specifically, this team studied
how leaders conceptualized their role in supporting project-based learning across their
system and the leadership levers they had at their disposal to support positive change.

This study included nine participants, all of whom were enrolled in the University
of Pennsylvania PBL Leadership Track certificate program in the 2019-2020 school year.
The two main data sources were participant interviews and portfolios. The protocols for
the three participant interviews were developed on a rolling basis throughout the year so
questions were adjusted based on data collected. All interviews included questions around
what the participants were hoping to achieve with regard to the spread of PBL, what
progress leaders made in their efforts to spread PBL, and the next steps the participants
planned to take. Data analysis consisted of within-case deductive and inductive coding,
focusing first on the participants as individuals and then by site and role. The case used for
this study was selected because the participant from the charter network conveyed that the
school, Exceptional, was committed to PBL and described their progress in achieving their
PBL implementation goals.

2.4. 9th Grade English Language Arts PBL

The University of Colorado Boulder study took place within a five-year mixed methods
research project examining the collaborative design and implementation of a year-long 9th
grade English language arts (ELA) PBL curriculum, Compose Our World [22]. The larger
study supported 49 teachers in implementing the PBL curriculum across two states.

The University of Colorado Boulder team drew upon data from the complete dataset
collected over five years, including: classroom observation field notes, coaching session
field notes, teacher interviews and surveys, teachers” written reflections, instructional logs,
and student surveys and interviews. At the end of each school year, the team developed
structured memos of the teachers’ enactment of projects and design principles. The team
analyzed the data using deductive coding, with codes corresponding to the PBL design
principles. Classroom observation field notes and instructional logs informed the sum-
maries of teachers’” enactment. In addition, the team summarized themes from student
surveys and interviews. The team coded teachers’ perceptions of PBL, using their written
reflections and survey and interview responses.

Because of the interest in the enabling conditions for PBL, the team wanted to examine
teachers’ PBL enactment over multiple years. For the current article, the team selected one
case from the broader sample of 49 teachers to present. Selection criteria included teachers
for whom there were at least three years of data, who participated in at least two years of
professional development related to the curriculum, and who indicated in the final survey
that they continued to use PBL. This yielded seven eligible teachers (see [39] for findings
that include how the seven teachers engaged in scaling PBL). One of the seven teachers,
Owen, was selected as the focal case because of his commitment to PBL and his continued
enactment of PBL in his classroom. The case was developed through qualitative data
analysis from data collected over three years. Owen’s case highlighted several elements
of the system maps that were important themes for his enactment as well as for others in
this dataset.

2.5. Upper Elementary Science PBL

This project builds on a curriculum development project and efficacy study led by
the Michigan State University, with integrated science, ELA, and math in a project-based
learning approach for upper elementary grades 3-5 [40]. The initial findings from the
larger study expanded the use of the curriculum system (teacher-facing materials, profes-
sional learning, assessment) across one state. In one year, the curriculum was adopted
by 46 schools encompassing all regions of the state, and according to observations of en-
actment [41], with a high level of fidelity to PBL. For the enabling conditions project, a
researcher on the larger study from Michigan State University and a collaborator investi-
gated one aspect of scaling the curriculum, depth of change in practices. This smaller team
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looked at the conditions that supported this change, specifically teacher satisfaction and
enjoyment, as a possible response to the launch and sustainment of the change in practice.
This study involved two schools in a Midwestern state, one in a mid-sized town and
the other in a rural community. There were ten upper elementary teacher participants.
An additional six support teachers and administrators were also interviewed. Data were
collected, including more than 100 short interviews, 70 field notes and observation records,
video recordings of discussions in classrooms and professional learning sessions, and
artifacts including a rubric developed by teachers to gauge their own shift in practice.
Data analysis involved employing both qualitative and quantitative methods. The
team analyzed three observation protocols collected per teacher over the year and measured
the extent of change in practices. The team triangulated these data with inductive and
descriptive analytic approaches for the transcribed interviews, relying on data-driven
coding methods to explore the teachers’ description of satisfaction in teaching. Of the ten
teachers in the study, all of whom demonstrated changes in practice, Karen’s interviews
revealed rich descriptions of how she made sense of her change in practice [37]; thus, her
enactment as her engagement persisted over time is the case study for this paper.

3. Results

In this section, we describe two of the enabling conditions that emerged across the
three projects through the process of creating and refining the systems map because they
were emphasized in each of the cases: teacher agency and student engagement. We present
data from the individual projects in the form of case studies, to illustrate the similarities
and variation in how these two enabling conditions emerged across contexts. We focus on
cases where a teacher or school demonstrated a commitment to PBL and implemented PBL,
to highlight the common enabling conditions for PBL that were identified across projects.
These two enabling conditions, teacher agency and student engagement, were prominent
in each of the projects and they appeared to be related to teachers and leaders sparking or
initiating PBL in their schools and classrooms, as well as persisting with PBL enactment
once they started. We explore the ways in which the two focal enabling conditions helped
to spark PBL in schools and classrooms and supported teachers and leaders to persist with
PBL enactment.

3.1. Enabling Condition: Teacher Agency

Through the case studies and systems mapping methodology, we identified and
validated teacher agency as an enabling condition for PBL across the three project contexts.
Sannino and colleagues define transformative agency as “breaking away from the given
frame of action and taking the initiative to transform it. The new concepts and practices
generated ... carry future-oriented visions loaded with initiative and commitment by
the learners” [42] (p. 603). Thus, we understood agency to occur when teachers felt
empowered to make decisions that initiated change in their classrooms or when teachers or
schools broke away from the typical or expected ways of doing things. The three projects
worked across multiple levels of the system; we present one case focused on school leaders’
perceptions of teacher agency within the school, and two cases focused on the ways teachers
demonstrated agency as they initiated and persisted in the enactment of PBL.

3.1.1. School-Level Leader PBL Implementation Case

Exceptional, one of the research sites in the school-level leader research project, is a
regional charter management network that prides itself on a college-centered curriculum
and high college acceptance rates. The teachers at Exceptional who taught the PBL classes
were hired expressly for this purpose because many of Exceptional’s full-time teachers
felt that they did not have the capacity to add something else to their teaching schedule.
Because of this, PBL was framed as an elective class and students were able to choose
which option they wanted to pursue. PBL teachers were hired either from nonprofits or
organizations that focused on PBL or who were industry experts who expressed a desire to
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work with students. Sania, the Director of Innovation and the central office staff member
leading PBL implementation for the network, explained:

If we're hiring these industry experts, and we have plenty of staff to give a little
bit more leeway to them and freedom to them to design [the] curriculum like this.
So, if they’re doing an elective, to be able to design a medical entrepreneurship
elective where they can teach in this way. Where it can be PBL, where they are
bringing in that industry expertise and that authenticity piece and can work with
other disciplines to boost [the] authenticity of the class. (Interview 1)

Because all the PBL teachers were external to the Exceptional network and not many
had classroom teaching experience, the leaders at Exceptional developed a series of guide-
lines and frameworks to assist them in planning and facilitating the PBL classes. They
created a planning framework for the PBL classes that aligned with tenets of “backwards
design” [43] and created an observation protocol to communicate to the teachers what
the leadership looked for when they entered the classrooms. School leaders hoped that
this would provide the necessary teaching and network expectations for structuring class-
rooms, but at the same time delineate for teachers where they were able to make their
own decisions.

Exceptional’s practice of hiring PBL teachers who had no formal teacher training, but
who are industry experts, placed them in a different position from the other teachers in
this study. While the PBL teachers at Exceptional were in a considerably different situation
from the other teachers highlighted in this study, the amount of agency they were given
over their practice was notable and applicable to this analysis.

The leader at Exceptional was given considerable agency in determining how she
wanted PBL to be implemented throughout the network. In an uncharacteristic move
for the network, PBL teachers were also given more agency than core classroom teachers.
Aside from general guidelines about what the leaders at Exceptional deemed to be effective
instruction and what would be an appropriate level of rigor, the PBL teachers were given
the freedom to structure their classes and projects as they saw fit. For example, the leaders
at Exceptional collaborated with the PBL teachers to determine what they felt was an
appropriate final product, but the PBL teachers chose how to structure and plan their
daily lessons. They were viewed as the experts in disciplinary learning who could offer a
perspective to students that the teachers of core subjects could not.

For Sania at Exceptional, agency was an enabling condition. It allowed her to set a
vision for PBL implementation, to train staff and teachers to bring this vision to reality and
to create and distribute tools that would aid them in strong enactment. In a network that
has historically felt very strongly about its instructional approach and has resisted efforts
to make changes to classroom instruction, this agency was unprecedented and allowed
instructional shifts to occur throughout the network.

3.1.2. 9th Grade English Language Arts Case

Owen had been teaching for nine years when he began teaching PBL. He was chosen
for this case as a teacher who had successfully enacted and deepened his PBL practice.
From the start of the project, Owen felt he had the autonomy and agency to make curricular
decisions in his classroom and to take instructional risks. He was the only teacher at
his school to join the project and opted to do so to “increase student engagement and
student achievement” (Initial Survey), believing that PBL was a good fit for his students
and aligned with his vision for his classroom. While the administration supported Owen’s
motivation to enact PBL, they were “hands-off” when it came to instruction. Owen seized
the opportunity to try a new curriculum and set of instructional practices, demonstrating
agency by breaking from the traditional curriculum that he and his colleagues typically
used, such as the direct instruction of vocabulary and analysis skills and teaching students
to write five-paragraph essays. As Owen reflected, the traditional curriculum “seemed
much more localized and individual between a teacher and student,” whereas the PBL
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curriculum provided opportunities for students to “create products and share them and
have authentic, meaningful outcomes” (Interview).

Once Owen made the decision to bring PBL into his classroom, he offered students
choices in how they could demonstrate their understanding and skills and he encouraged
creativity. In one project, for instance, Owen’s students explored the question, “What does
it mean to be human?” through engaging with a variety of texts. In small groups, students
developed claims in response to the question and identified evidence from the text to
support their claims. They then created interactive museum exhibits to share their claims
with a public audience. Owen continued to support students in developing language arts
skills and noted that he improved his writing instruction by giving students contextualized
and more targeted feedback on authentic writing tasks, such as when they wrote a museum
exhibit guide to accompany their museum exhibits. Owen explained, “I am open to new
teaching ideas and tools and to see new developments as opportunities for improvement”
(Initial Survey). Over the span of several years, Owen demonstrated agency in his classroom
as he adapted PBL design principles and the curriculum to meet the needs of his students
and he began to develop confidence as a PBL teacher.

Furthermore, as Owen began to see successes in his classroom and as his confidence
with PBL grew, he began to demonstrate agency at the school level. He offered PBL pro-
fessional development workshops to his colleagues and coached another ELA teacher to
implement the Compose Our World PBL curriculum. He invited colleagues and administra-
tors to his students” public performances and shared about the benefits of PBL with wider
audiences through a conference presentation and a written article. Owen took the initiative
to engage in these new actions, taking ownership of PBL and spreading it to his colleagues.

A year after Owen stopped receiving formal support for PBL implementation, he
persisted in adapting PBL for his students and his context. He continued to prioritize
integrating PBL with ELA, used PBL design principles to plan his other courses, and
supported colleagues to enact PBL. He explained,

I can’t even think about going back to the way that I used to teach ... My
instruction has been transformed and my quality of life improved as a result of
my collaboration with the Compose Our World team. Please consider ways to
reach even more educators in the future. Many educators are unaware of the
benefits of PBL and it may just be a case of not being connected with what is out
there. (Y5 Survey)

For Owen, teacher agency was an enabling condition. The agency he felt and demon-
strated within his school supported him in pursuing PBL as an instructional model before
his colleagues and administrators fully embraced it. As he continued to grow his PBL
practice, he found new ways to demonstrate agency, such as when he offered PBL profes-
sional development to his colleagues and advocated for PBL within his school and district.
The ability to demonstrate agency “transformed” Owen’s practice and supported him in
sustaining and spreading PBL.

3.1.3. Upper Elementary Science PBL Case

Karen, an experienced third-grade teacher, was chosen as illustrative of those who
deepened their practice in this particular study context. She said that she was intrigued
by being part of something originating from outside of the district. Karen testified to the
district curriculum team that she had improved as a teacher as a result of the experience
and that PBL is the ideal way for students to learn science and other important skills.
Initially, she resolved to try PBL because she said PBL matched her sense of “what learning
should look like as active, creative and exploratory.” Karen expressed “buy-in”, and she
was “enthusiastic” about PBL. Even though Karen was new to PBL and this particular
curriculum, she adapted the lessons frequently in order to better address what she saw as
the benefits of PBL.

According to her interviews, Karen demonstrated agency in her initial enactment
of the first project she taught. Adapting lessons using the principles of PBL, she asked
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students to create their own cars out of materials that were brought from home. This was
an extension to the PBL lessons on force in which the materials and the directions for using
the materials were already provided.

Karen further demonstrated agency as she continued to transform her practices to
align with PBL by supporting collaborative activity and sensemaking among students
and designing presentations of projects that were anchored in the community. She also
continued to adapt her teaching of lessons to align with other PBL principles (e.g., revising
the driving question to be meaningful to students, responding to students’ individual inter-
ests) [41]. These purposeful and principle-based adaptations demonstrated that although
Karen occasionally reverted to traditional roles in science teaching, she exhibited deep
“consequential change” in practice [7] (p. 4).

Teacher agency became more prominent over the year, and this change was related to
Karen's ability to adapt lessons and her recognition that these adaptations were enabled by
her leaders. The goals in PBL seem to largely inform Karen’s adaptations. Karen changed
lessons frequently, mostly allowing projects and presentations to take more time. In the
professional learning sessions, Karen shared her adaptations and reported feeling that her
students’ success in science was because she usually tried to maintain integrity regarding
learning performances in the lessons. The leadership in the school allowed for adaptation,
partly because their focus was primarily on ELA and vocabulary expectations for science.
The freedom to adapt the lessons was widely viewed as supportive by teachers, according
to the Professional Learning session transcripts.

Overall, agency was an enabling condition in this case. Karen’s enactment of PBL
was deepened and sustained because she was able to act with agency. She was able to
make the curriculum her own by adapting the questions and the sequences to address
her students’ interests and learning needs. Through adaptations, Karen deepened her
understanding of PBL, saw immediate results from her students, and became more invested
in its successful implementation.

3.1.4. Teacher Agency across Cases

In the school-level leader research project, it was important to Exceptional’s leaders
that teachers felt supported in both instruction and classroom routines so that they could
demonstrate agency in the design and enactment of PBL. Because the PBL teachers at
Exceptional were industry experts from the community, school leaders viewed the success
of PBL at the school as being dependent upon teachers’ ability to create projects and make
decisions based on their deep content knowledge.

Teacher agency was necessary to the success of PBL at Owen’s and Karen’s schools as
well. School leaders were supportive of their efforts to enact PBL in their classrooms and
remained relatively “hands-off,” trusting the teachers” commitments to PBL. This allowed
Karen and Owen opportunities to act with agency, making instructional decisions to best
meet their students” needs and enacting new PBL practices. In doing so, these teachers
broke away from traditional or expected ways of teaching to integrate PBL into the fabric
of their classrooms.

3.2. Enabling Condition: Student Productive Disciplinary Engagement

The case study participants across the three projects all described the ways that stu-
dents engaged in PBL as enabling their continued efforts in PBL, but they did so by using
many different labels. In examining the participants” descriptions of student engagement,
we note that the descriptions aligned with productive disciplinary engagement (PDE).
A general definition of PDE is “active, goal-directed, flexible, constructive, persistent,
focused interactions with social and physical environments” [44] (p. 399). PDE occurs
when students participate in goal-oriented discourses and practices authentic to the disci-
pline [45]. According to Agarwal and Sengupta-Irving, PDE occurs when learners use the
language, concepts, and practices of the discipline in authentic tasks to develop a product
over time; however, these authors add that PDE in classrooms also depends on social
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relations and the dynamics of power and ideology [46]. Teachers support PDE by inviting
critical behavior, recognizing students as the authors and co-authors of ideas, enabling
public forums for ideas, providing quiet reflection time for writing and drawing about
an event, and asking students to share their family and personal experiences as resources
for knowledge-building [46]. Currently, PDE theory has moved beyond individualistic
paradigms to conceptualize engagement as dynamic and generative. In this way, PDE is
both a student response that is based on classroom experience and an ongoing contributor
toward creating that experience [47]. In the following sections, we present school-level
leaders’ perspectives on student engagement, and then present teachers’ perspectives on
PDE in high school ELA and elementary science as an enabling condition for PBL.

3.2.1. School-Level Leader PBL Implementation Case

The purpose of incorporating PBL classes into students’” schedules was to ignite a
spark that might help students to better persist in college. Sania explained:

Our persistence rates are the reason that we started [this project]. While our
persistence rates are on par with the national average, we see elements in kind of
bands or groupings of students that we believe can be addressed through more
robust and systematized project-based learning and opportunities for students to
find and develop their passions. So this program addresses that gap by exposing
kids to a variety of different, I guess, passion areas and allowing them to find that
passion and then, throughout their high school experience, develop that passion.
(Sania, Interview 1, 10/30/19)

The leaders at Exceptional wanted to expose students to things that their peers with
more access might be engaged in, either in school or in extracurricular activities. They
believed that if students were able to broaden their horizons before entering college, they
might better choose a major and tap into things that they were passionate about once they
began college. Ideally, this engagement with disciplinarians and the real-world applications
of content would lead to students being more successful and satisfied in college and beyond.
Because the leaders at Exceptional saw student engagement more as a future goal (once
their students enrolled in college), they were developing plans to measure the effectiveness
of PBL a few years down the line, when the students were enrolled in college and they
could track differences in persistence rates. School leaders were hoping that PBL would
create opportunities for students to experience deep engagement in disciplinary content
learning similar to what they imagined the students’ peers from more affluent backgrounds
experienced regularly in their instructional lives.

3.2.2. 9th Grade English Language Arts Case

Owen was drawn to PBL because of its potential to engage students, particularly
through offering the students choice and creativity in how they learned and demonstrated
their thinking. He explained that the first couple of times he taught 9th grade ELA from a
traditional approach, it “felt like a struggle and it was not really engaging for students” (Y5
Interview). Embracing a PBL approach helped Owen to broaden his understanding of what
student engagement looked like. To Owen, student engagement meant “authentic interest,
curiosity, freedom to explore things in different ways ... because not all learners are the
same” (Y5 Interview). Engaging students in literacy meant “presenting them with options
and connections” so that the teacher moved from sage to “mediator for learning and for
the content” to help students “navigate and follow their own curiosity” (Y5 Interview).

As Owen planned and enacted PBL, he began to see successes in his classroom related
to student engagement, particularly as students created products to share with audiences
outside of the classroom. He became convinced of the powerful learning opportunities
that public performances afforded for his students when they planned a film festival to
showcase digital stories based on a vignette about their lives. Creating digital stories
was a new literacy practice for Owen and for his students. The products that students
shared helped Owen to see new sides of his students, including their capabilities, their
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stories, what mattered to them, and their creativity. He noted that “expanding the audience
through the film festival was very meaningful” for student engagement, as all students
“tried a new format, a new genre—making a film” (Y3 Interview). Creating a digital film
with sound and images was “pretty epic for [the students].” Owen observed that students
were excited to share their films with an audience, and the “phenomenon of being part of
the exchange [with audience members] help[ed] students be engaged” (Y3 Interview).

Owen saw student success in the classroom as the students met ELA standards for
writing for different purposes and audiences. Owen reflected,

I feel proud of what we’ve done. I try to tell my colleagues, “You got to try
this because when I'm grading these films, I'm not only seeing their academics
and their growth, but I'm being inspired.” I mean it happens in essays too, but
definitely, it’s more the personal engagement and the empathy. I think that it
has a human payout, that is pretty awesome. I feel healthier and more inspired.
(Y3 Interview)

Owen supported PDE by providing opportunities for student choice, collaboration,
and creativity. He noted that students started “taking [projects] to the next level” (Y4
Interview) by taking the initiative over topics and determining what the final products
would look like. As Owen saw student PDE in literacy increase in his classroom, he became
more committed to sustaining and spreading PBL.

For Owen, student engagement was an enabling condition for PBL. Owen’s goals
for student engagement and the early indicators of student engagement that he observed
when he began to enact PBL in his classroom served as the initial spark for Owen’s PBL
practice. His excitement around perceived successes with student engagement from these
early efforts, which aligned with his professional goals, fueled his desire to deepen his
commitment to PBL. Owen continued to see student engagement increase in his classroom
over time, which motivated him to continue to grow his PBL practice, advocate for PBL,
and support his colleagues in implementing PBL in their own classrooms.

3.2.3. Upper Elementary Science PBL

Themes related to student PDE that stood out in the early interviews with Karen are
noteworthy. Karen spoke about increased student engagement through the use of PBL and,
when asked, she elaborated using words such as “community connection,” “relationships,
“parent buy-in,” “eagerness to share,” and “believing in her students and setting high
expectations.” She saw her relationships with her students being enhanced, which in her
view, contributed to building trust in the classroom community. She said that trust was
fundamental to students taking disciplinary risks, like speaking up in discussions and
arguing about science ideas.

The connection to the broader community strengthened student engagement, which
Karen emphasized in her interview. In third-grade science, much of the science practices
revolved around seeking out and applying the knowledge and experiences in the school
community. Karen expressed her incentive to deepen her PBL teaching, based on what
she perceived as students’ engagement with the projects. For example, after students
interviewed their parents about a place that had been changed by water, Karen said, “I
liked the engagement. I liked where they shared, eager to share what their parents were
coming from, getting them interested in where they come from and where their parents
had been.” She connected with students by leveraging their experiences as evidence to
support claims and attributed the same value to home-based knowledge as is traditionally
given to data collected in the classroom.

Another focus of the curriculum was developing the capacity to collaborate while
making sense of phenomena, another critical aspect of PDE. The connections to experiences
and focusing on the experiences collaboratively allowed students to take risks in classroom
discussions. Students developed the sense that there was room to be wrong. Karen talked
about the change she saw in her students and how she was connecting with the students in
teaching science—building trust by showing that she believed in them. “[Science is] like

”
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a big learning hug, the way they look at me and I look at them, we are doing something
special here, and the kids know it, we all feel it.” Disciplinary ideas were interesting to
students who were sharing about themselves at the same time as building knowledge.

Further reinforcing PDE was the authenticity of the discipline for Karen and for the
students, wherein problems were legitimate challenges that the outside community could
participate in. For example, students were expected to help a native bird that lived in
the area. The students connected science ideas to that of place, bringing in community
connections and, in particular, the Latinx community. For example, students discussed
some rare birds in the home country, with respect to the local problem. In addition, the
rigorous work of authentic science meant challenging, multi-faceted problems that reflected
the disciplinary work. According to Karen, students learned to meet challenges and enjoy
them, another aspect of engagement. Karen said,

With a lot of kids, some [English language learners] sometimes, I think that if they
struggle through math or through reading it’s all like, a lot of times, all the focus
is on their struggle and what they can’t do and that they feel that everything
in school is like a struggle. Like Giovani, he comes in science and takes that
initiative, and it’s about something he knows and something he did, he didn’t
struggle, he was like super excited about it. He asked me are you impressed by
what I did? And I am like, “oh my gosh yes, yes, I am impressed by what you
did” and if he can take ownership of that I love that, I love that, you know.

Productive disciplinary engagement was an enabling condition for Karen. The authen-
tic disciplinary contexts, coupled with responsive teaching to leverage place and intellectual
resources, were key to realizing PBL goals. Karen deepened her practice because of the
PDE she observed in her students, and she reinforced those practices that contributed to
PDE. Karen slowly changed her practice, acquiring depth and reinforcing sustainability.
Most notably, Karen developed and honed the use of discourse for scientific sensemaking.
She gradually learned to allow student questions and ideas to drive the inquiry, which
fostered the context for developing rigorous and dynamic practices of science.

3.2.4. Productive Disciplinary Engagement across Cases

While student PDE in PBL looked different across the contexts, we found that it was
an important enabling condition for PBL. School leaders at Exceptional viewed student
engagement in PBL as essential for their post-high school futures, including for success in
college, which aligned to the mission of the school. The two teacher cases revealed that
Owen and Karen observed increases in student engagement in their respective discipline
areas through PBL, and teachers were excited to enact PBL in their classrooms because
of this. In all cases, leaders” and teachers’ observations of student engagement motivated
them to continue with and deepen PBL instructional practices.

4. Discussion

The Collaboratory’s goal was to identify the enabling conditions for the enactment of
high-quality PBL to better understand the factors that influence how PBL spreads, whether
and how it can be sustained, and the extent to which it informs meaningful change in
schools. Through the year-long collaboration, we developed a systems map based on data
from the three individual research studies. Using the map as a boundary object to organize
data-driven discussions across studies, we identified the enabling conditions for PBL and,
in this paper, have focused on two that were important and relevant in each of the study
contexts: teacher agency and the perceptions of student engagement. We conclude with a
discussion of the two focal enabling conditions, as well as a discussion on the benefits of
the Collaboratory.

4.1. Teacher Agency

Although each project focused on a different context (e.g., school or district leadership,
high school language arts, elementary science), teacher agency as an enabling condition for
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PBL emerged in similar ways. Teachers reported that they felt agentic, and they described
making instructional decisions and adapting PBL curriculum in their classrooms to support
the needs of their students. This aligns with research that points to the importance of
adaptation of a particular innovation for scaling [10,48].

Teacher agency as an enabling condition for high-quality PBL also aligns with Coburn’s
framework for scaling an innovation (depth, sustainability, shift in ownership, spread) [7].
For teachers to reach a depth of instructional practice and to sustain this practice, they must
feel that they can initiate change in their classrooms and/or within their schools. Likewise,
for a shift in ownership over an instructional reform, such as PBL, to occur, teachers must
feel empowered to shape and adapt PBL in ways that make sense for their teaching and
their students and to advocate for PBL within their school communities. It is through
teachers’ sense of agency that the reform can move from a theoretical or conceptual idea
into a practice that can be adapted to a local context and sustained. Across contexts, teachers
had opportunities to pursue PBL as a new instructional approach and were supported to
varying degrees by school leaders to do so. In the school-level leader PBL study, school
leaders at Exceptional recognized and valued the industry expertise that their PBL teachers
brought to the classroom and encouraged teachers to make curricular decisions and design
PBL courses. In the 9th grade English language arts and upper elementary science studies,
the school leaders supported Karen and Owen peripherally to implement PBL in their
classrooms; it may have been this peripheral support that provided space for teachers to
demonstrate agency. Teachers in these contexts demonstrated agency in choosing to bring
an innovation to their classrooms and schools and were supported in doing so by their
school leaders. Teachers investing in novel instructional practices, building upon their
strengths, and taking ownership of the innovation [7] was vital for the success of PBL at all
schools across the three projects.

Teacher agency as an enabling condition for PBL goes against the grain of long-
standing practices, wherein reformers set policies, provide teachers with some level of
professional development, expect teachers to enact reforms as envisioned, and then closely
monitor the enactment, with little or no input from teachers themselves about the substance
of the reform, thus undermining teacher agency [49-51]. Despite reformers’ reliance on
teachers for implementing reforms in schools, there has been very little change in teacher
pedagogy in the last hundred years; simply implementing a reform does not translate
to a change in pedagogy [48,52-54]. Bryk and colleagues explain, “Teachers have far
less input than other professionals into the factors that affect their work. Far too many
efforts at improvement are designs delivered to educators rather than developed with
them” [52] (p. 34). Therefore, while teachers may be expected to implement reforms and do
so effectively, teacher agency as an important mechanism for deepening, sustaining, and
spreading reform, such as in PBL, is often overlooked. Our findings suggest that teacher
agency is vital to the success of scaling a reform or innovation, such as PBL, in a school
or district.

4.2. Student Engagement

Student engagement, in particular, productive disciplinary engagement, also stood
out as an enabling condition across the individual studies. While the literature typically
describes PDE as an outcome, our findings suggest that PDE can also support efforts to scale
PBL. This may be the case because many of the characteristics of PDE identified by Engle
and Conant, such as “active”, “goal-directed”, “flexible”, and “constructive”, align with
the features of project-based learning [44]. Engle and Conant describe PDE as an outcome
that can be achieved through the purposeful design of the learning environment [44]. For
example, Engle and Conant suggest that problematizing content, giving students roles
for initiating the critical view of materials, and enhancing the responsibility that students
have toward one another will result in PDE [44]. In our work, we found that PDE was
the antecedent for student and teacher investment in PBL and encouraged continued
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investment; PDE was the condition required for teachers to deepen practices and sustain
them in the challenge to enact the reform.

Our findings also extend the literature, in that student engagement was associated
with successful PBL take-up within and across the different contexts in starkly different
ways. The literature generally uses and expands on the concept of productive disciplinary
engagement defined by Engle and Conant (see, for example, [46,55]): “students” deep
involvement in and progress on concepts and/or practices characteristic of the discipline
they were learning about” [44] (p. 400). However, studies of PDE are confined to one
setting, one theoretical stance, or one program, and obfuscate the differences in how PDE is
envisaged by those implementing the innovation. Our work underscores the variations
in practitioners’ perceptions of PDE, even as it appears critical to reform. For example,
the high school teacher, Owen, noted that increased engagement meant engaging in new
genres and meeting the literacy standards, while Karen, the elementary teacher, saw that
enhanced disciplinary engagement strengthened relationships in her classroom. In each
case, engagement was the condition that caused more investment in PBL, yet teachers
described engagement and explained its outcomes in a variety of ways. We suggest that
the differences across the studies had much to do with the disparate notions of student
engagement in the enactment of PBL and how those contrasted across projects. Regardless
of how these understandings of engagement as an enabling condition differed, student
engagement provided the opportunity for teachers to deepen their change in practices in
important ways with respect to scale.

Exceptional, the school-level leader study’s case school, emphasized projects that
promoted community expertise, wherein the goal was student and community engagement.
Interviews demonstrated that students became interested in the career potential, which
drove deeper practice on the part of the leaders. The school leaders saw this engagement
both as part of the process for learning as well as evidence of learning as an outcome. In
turn, evidence of interest in careers furthered more investment to proceed with PBL. In this
context, these leaders often used student interest as a synonym for student engagement.
Thus, career engagement was critical for sustained engagement and investment on the part
of the leaders.

The engagement in the 9th grade ELA study was also a process and a product of
deepening practice. Teachers, such as Owen, described engagement in this project in terms
of students making choices, demonstrating creativity, and experiencing success through
creating public products shared with audiences. Owen became invigorated by the students’
engagement in high-quality PBL practices that promoted creativity, choice, and success as
critical features of project enactment. This understanding of engagement stemmed from
the disciplinary goals of the high school ELA-PBL curriculum.

Finally, the upper elementary science PBL study was also propelled by student engage-
ment. In this case, and understandably in elementary school, engagement looked more like
engagement in the “scientific community” and the emerging discourses of the community.
Teachers, such as Karen, saw that students who shared their background experiences and
individual strengths, and who struggled to figure something out in science were engaged.
These connections in the classroom, particularly because they were so positive, motivated
teachers to sustain PBL practices and stay committed to the approach.

4.3. Benefits of the Enabling Conditions Collaboratory Approach

The year-long collaboration underscored the importance of a collaboration similar
to the Collaboratory’s approach for studying complex models, such as PBL and scale.
Through our collaborative efforts, the findings we identified go beyond a project-by-
project approach and suggest that there is benefit, utility, and feasibility to working across
projects toward shared goals. While the Enabling Conditions Collaboratory is not the first
collaboratory to pursue shared goals (see, for example, St. John et al. for an overview of the
Research+Practice Collaboratory), to our knowledge it is the first collaboratory to produce
research that aggregates knowledge and data across projects [17]. This unique approach to
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research allows us to draw strong conclusions and draw out themes about the enabling
conditions for high-quality PBL that hold true across grade levels and contexts.

Leveraging the collaboratory approach to research allowed us to examine the condi-
tions needed for “deep and lasting” PBL to take hold in schools [7]. Rather than examining
a specific curricular innovation, we used the collaboratory approach to look at various
instantiations of PBL in three separate contexts. The conclusions we draw, therefore, are
not curriculum-specific, but rather speak to the enabling conditions for scaling PBL broadly.
While scaling innovations in schools is complex and challenging [11-14], the results of this
study suggest that certain conditions enable PBL to be implemented with depth. This has
important implications not just for research but also for stakeholders and practitioners, as
these conditions, such as teacher agency and student engagement, can be bolstered and
attended to, so as to encourage depth of PBL implementation, sustainability, spread, and
shift in ownership over the PBL curriculum.

4.4. Limitations

Our analysis deliberately focused on cases where teachers or schools demonstrated
a commitment to PBL because the intention of this study was to look for the enabling
conditions for PBL across projects. While we did not conduct a robust data analysis of
cases in our datasets that did not demonstrate the same level of commitment, a cursory
examination revealed that teacher agency and student engagement as enabling conditions
were absent from such cases. Future research on enabling conditions could examine the
contrasts and comparisons of cases across projects that did not embrace a commitment
to PBL.

4.5. Implications

The current study makes several contributions to the existing literature, adding insight
to the conceptual framework, the problems relating to scale, and methodology that is useful
in teasing out factors related to scale. First, adding to the context of innovation, which
we see as critical, we suggest a new dimension to the four dimensions of scale: versatility
regarding context. Coburn’s dimensions of depth, sustainability, and spread are dependent
on localized definitions and localized manifestations [7]. By introducing the study of scale
across diverse contexts, levels of implementation in a system, and locations we found that
the singular aspect of PBL enactment was its versatility. This work suggests that scale
studies must be pre-cognizant of the fact that the reliability of findings is strengthened
through broadly contrasted contexts, methods, and analytic tools.

Secondly, we identify important enabling conditions for PBL by describing case studies
and generating system maps. Reform policy and initiatives at the schools, districts, and
state and national levels have been stymied by efforts to achieve deep and lasting reform.
We add two enabling conditions that should be fostered toward this aim. Teachers must
have opportunities to demonstrate agency in the initiation of reform and the ongoing
transformation. Such opportunities could include involving teachers in the development
and design stages, encouraging teacher-led adaptation of the existing curriculum and
tools, or developing an atmosphere of trust between administrators and teachers when
implementing a reform. Productive disciplinary engagement is another enabling condition
of a successful scale of reform. Again, as is critical, this may also look different across
programs and participants. Through this study, we view PDE as being defined differently,
and richly, through various interpretations of discipline and authentic disciplinary practice.
There is an opportunity for programs to develop their own understanding of PDE, keeping
in mind that facilitating PDE presents a key condition for success. Furthermore, there is
an opportunity for those implementing reforms or innovations in schools or districts to
consider the interplay between teacher agency and student engagement. Our findings
align with recent studies exploring inquiry-based approaches [56] and suggest that when
teachers feel agentic, they are motivated to support and enhance student engagement with
the curriculum.
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This project offers insight into the two constructs that are essential for teacher and
leader take-up: teacher agency and student engagement. The case studies provided insight
into the meanings of these familiar words, which communities who are interested in reform
may not unpack. Because of the design of this study, we recognized the importance of
unpacking commonly used terms to establish mutual goals and a shared vision. For
example, student engagement is important for understanding the take-up of an innovation,
including how schools and teachers may define student engagement differently and what
they see as success. As the field is seeking to deepen understanding of these constructs
across different levels of systems (e.g., students, teachers, families, administration), this
kind of collaborative opportunity leverages the differences and similarities in the uses of
familiar constructs to inform the field.

In this study, we used systems mapping as a boundary object, which afforded op-
portunities to develop a shared language to communicate across distinct projects and to
work collaboratively to identify the enabling conditions that emerged across projects. At
the same time, the systems map was flexible enough that individual projects could use it
for further analysis. Future collaborations seeking to bring together distinct, yet related
projects may find that the creation of a collaborative artifact, such as a systems map, that
can be used both within projects and across projects can make visible those connections and
themes that are important for understanding scale, which might otherwise remain hidden.

Overall, the methodology of the Collaboratory presents implications for the field going
forward. Essentially, the Collaboratory is a “proof of concept” that is of benefit to a shared
challenge and paved the way to persuading the research community to support future
conversations across research projects. There are benefits to these conversations, but there
is a demand for the development of new tools and structures to support this knowledge
aggregation. Bringing together the distinct contexts of projects that investigated a similar
research question added a certain robustness to the findings that would not be realized with
one project alone. Schools that are seeking to identify and leverage enabling conditions,
and PBL projects that aim to increase the take-up of PBL, can be assured that teacher agency
and student engagement will surface as critical factors for these aims. Confidence in the
findings is based on the data that were consolidated across projects; the Collaboratory
developed these findings regardless of, and indeed owing to, the differences in goals,
grades, disciplines, and aims of the projects.

Finally, there is a local and practitioner affordance derived from looking across projects
for similar themes. The Collaboratory’s findings also provide the leeway for school admin-
istration and personnel to determine the reasonable parameters for what PBL looks like in
their classrooms, as well as what variability of enactment might look like in a district—and
still achieve spread, sustainability, and meaningful change. The findings can also help
school leaders to develop initiatives to support PBL enactment at their schools, such as
encouraging teachers to demonstrate agency in their classrooms and across schools and
districts. The common themes across studies offer opportunities, in essence, guardrails,
that can help programs at the local level to determine what to emphasize when setting the
spark, supporting the developing enactment of PBL, or aiming for an enduring change
of ownership.
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