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Abstract

Professional learning about an innovative teaching method is a demonstrated way to improve teacher practices, and
ultimately impact student learning. One way to scale up professional learning is a facilitator development model, in
which professional learning and development (PLD) designers prepare facilitators to understand the innovation and
they in turn, teach teachers. To understand the effectiveness of this model, identifying how facilitators implement the
model with teachers is critical. As such, the Power of Data (POD) team scaled-up effective PLD by providing Facilita-
tion Academies to teach others to facilitate POD Teacher Workshops (TWs). The expectation was that changes based
on local contexts would occur; thus, we focused on Integrity of Implementation (101) rather than fidelity of implemen-
tation. A measurement approach for 101 was created to understand how facilitators (n=13) delivered TWs and how
they retained or modified the program principles. Examples from this project illustrate how a robust IOl measurement
approach based on a variety of data sources can inform the design of PLD experiences, enable understanding of
teacher PLD experiences, and allow researchers to determine whether the scaled-up model is effective.

Introduction

Effective research-supported educa-
tional innovations are essential as there
are continued concerns about student
literacy in science (e.g., NASEM, 2021)
and student preparation for (e.g., National
Research Council, 2011; National Acad-
emy of Engineering & National Research
Council, 2014) and interest in the future
STEM workforce (e.g., Hidi & Renninger,
2006; Krapp, Hidi, & Renninger, 1992;
Lent, Brown, & Hackett, 1994; Maltese
& Tai, 2011; Nugent et al., 2015. STEM
education reform has been tightly linked
with teachers’ professional learning
and development (PLD) and it is widely
accepted that PLD is at the center of edu-
cational reform (e.g. Borko, Koellner, &
Jacobs, 2014; Desimone, 2009). How-
ever, prior to the pandemic the majority
of PLD for teachers was often delivered

through face-to-face workshops and is
often costly and localized (Kennedy,
2016). If we view PLD as critical to edu-
cational reform, then it is necessary to
identify methods to scale-up effective
innovations and programs to benefit a
larger number of teachers and students,
while still holding to the core principles
of the original innovation (Heck, Plum-
ley, Stylianou, Smith, & Moffett, 2019).
In order to maximize impact of effective
PLD, it should be scaled-up by incorpo-
rating the knowledge gained from prior
research to ensure success and to benefit
more teachers and students. A scaled or
scaled-up PLD takes an innovation, or
PLD model, from its’ initial context and
“scales” it or implements in a variety of
other settings and contexts — it is termed
scaling because it grows from one setting
to many (e.g., Borko, 2004). Identifying,

promoting, and confirming that the effec-
tive aspects of an innovation are imple-
mented is crucial to ensuring that the
core principles of the original innovation
are maintained during a scale-up.

One way to scale-up an innovation is
to use a facilitator development model
(Perry & Boylan, 2018), in which trained
facilitators work with teachers in their
home locales. However, when an inno-
vation is implemented by those other
than the designers, it becomes even more
necessary to measure how it was imple-
mented, otherwise it is impossible to
attribute outcomes to the original inno-
vation. While fidelity of implementation
is used extensively in studying imple-
mentation in K-12 education settings
(O’Donnell, 2008), and recently in study-
ing implementation in higher education
(Borrego et al., 2013; Stains & Vickrey
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2017), little attention has been given to
implementation measures in professional
development scale-up studies.

The Power of Data (POD), a PLD
model which helps teachers enhance
existing instruction by incorporating
the examination of geospatial data for a
purpose, scaled-up nationally by provid-
ing Facilitation Academies (FAs) which
taught facilitators how to provide Teacher
Workshops (TWs). Previous participants
in POD PLD increased their technological
and pedagogical skills, confidence teach-
ing with geographic information systems
(GIS), and implemented lessons which
provided opportunities for students to
analyze data and make claims based on
evidence (Claesgens et al., 2013). POD
PLD resulted in both teacher and student
improvement in content knowledge, spa-
tial skills, and scientific reasoning skills
(Claesgens et al., 2013). Because of the
diversity of local sites and context during
implementation, and to allow for facilita-
tors to take ownership over implementa-
tion, exact fidelity of implementation of
the TWs was not an expectation. Rather,
the expectation was for facilitators to
implement defined key principles of the
PLD, an expectation we termed “integrity
of implementation.” To determine how
facilitators implemented TWs, integrity
of implementation (IOI) measures were
constructed. This scale-up provides an
illustrative case for how to construct a
measurement approach for IOL

Background: Development of the
Power of Data Professional Learning
and Development Model

PLD is a critical component for suc-
cessfully developing practices for teach-
ers that lead to effective integration of
science and technology (Loucks-Hors-
ley, Love, Stiles, Mundry, & Hewson,
2003; Penuel, Fishman, Yamaguchi,
& Gallagher, 2007). There is an estab-
lished body of research demonstrating
the characteristics of effective PLD (e.g.
Desimone, 2009; Loucks-Horsley, et al.,
2003; Luft & Hewson, 2014; Whitworth
& Chiu, 2015): active learning, coher-
ence, collective participation, content
focus, duration, and expert facilitation.
PLD standards unique to the practice of

science teaching include active investi-
gations of phenomena, interpretation of
results, and sense-making (Jeanpierre,
Oberhauser, & Freeman, 2005). Partic-
ipants need opportunities for reflection
and metacognition (e.g. Heller, Daehler,
Wong, Shinohara, & Miratrix, 2012).
Incorporating each of these design ele-
ments and conditions of PLD is more
likely to result in increased teacher
knowledge, changes in practices, and/
or improvement in student achievement
(Borko, 2004; Garet, Porter, Desimone,
Birman, & Yoon, 2001).

In this study, the POD team (n=5),
consisting of geologists, GIS experts,
and science educators, developed the
POD PLD model to align with effective
practices for quality PLD and to embody
the most current research and expertise
of what works in STEM learning. The
model helps educators build the techno-
logical and pedagogical skills necessary
to design data-driven learning activities
and GIS tools using an instructional
framework called Geospatial Inquiry.
Guskey and Yoon (2009) found through
areview of the PLD literature that at least
30 contact hours were required to achieve
positive effects and that follow-up activ-
ities benefit teachers; the POD PLD was
designed to be delivered in person over
35 hours in five sessions. PLD is coher-
ent when it is integrated into a program
of teacher learning and aligns with the
national, state, district, and/or school
standards and policies (Desimone,
2009). In the POD PLD model, teachers
identify concepts that can be enhanced
via the exploration of geospatial data
and are provided a template for design-
ing their own lessons (Whitworth et al.,
2020). Doing so allows them to align
what they have learned with standards in
their district and to consider how best to
implement it within their own contexts,
for their own students, providing some
coherency for the PLD. POD facilitators
also provided follow-up activities and
support as teachers went back to class-
rooms to then implement these lessons;
this further supported coherency as the
program was implemented.

The POD PLD model was designed
to be delivered by the POD team. How-

ever, in response to a call to examine
broader implementation of interven-
tions that have demonstrated evidence of
impact, the POD team garnered funding
to scale-up this innovation via a facili-
tation development model. When using
a facilitation development model, there
are multiple tradeoffs to consider. For
example, by using this model the POD
team did not have the monetary costs of
traveling to multiple sites to implement
the PLD model, nor did the team have
to give up multiple weeks to engage in
the implementation. Thus, the POD team
had to entrust the implementation of the
POD PLD to other trained facilitators
who may or may not implement the POD
PLD as designed. Although the POD
team attended to recommendations for
effective PLD when designing the PLD,
the team recognized that improving
inquiry-based instructional behaviors
can be difficult, and that PLD is highly
contextual. PLD must be differentiated
and responsive to local participants
(Desimone & Garet, 2015). We would
need to remain flexible in our approach
to measuring implementation how the
PLD model was translated by others as
they delivered Teacher Workshops.

Purpose

The purpose of this paper is to doc-
ument how one project approached the
scaling of PLD and examined the IOI of
this scale-up in multiple sites and con-
texts. We describe how we designed and
scaled-up the POD PLD model to sup-
port IOI by employing literature from a
variety of sources. We considered what
is known about scaling innovations, the
characteristics of effective PLD, and
examined the literature on IOI. We pro-
vide a summary of development, then
turn our attention to the merits and lim-
itations of our approach to measuring I0I
for interpreting downstream effects such
as impacts on teacher and student learn-
ing, and for upstream implications such
as making modifications to teacher and
facilitator PLD. We describe implica-
tions of IOI for designers and developers
who are scaling PLD and for researchers
and evaluators who are identifying study
outcomes and interpreting results.
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Designers & Implementers
Consider the Innovation'’s

Original :
g - SDEF’”; Implement the Innovation.
Innovation =2prea in New Contexts
-Shift @
Context -Sustainability
-Evolution

Figure 1. Conceptual Framework for Scaling-up PLD based on Dede and Rockman (2007)

Conceptual Framework —
Scaling-up Educational

Innovations

Dede and Rockman (2007) suggest a
conceptual framework with five dimen-
sions to consider when taking an edu-
cational innovation that works in one
setting to other contexts (Figure 1).
These dimensions include depth, spread,
shift, sustainability, and evolution. This
involves understanding and maintaining
the sources of effectiveness and sources
of leverage while shifting ownership
of the innovation to the users, making
changes that will enable it to thrive in less
than ideal conditions (Dede & Rockman,
2007). In scaling-up an innovation, it is
important to consider these five dimen-
sions before the innovation is placed in
new hands. While all the dimensions
were considered prior to the scaling-up
of the POD PLD, shift, sustainability,
and evolution were dimensions we found
particularly related to how facilitators
were scaling-up the innovation. These
dimensions indicate how facilitators are
modifying the innovation, how the con-
text necessitates changes to the innova-
tion, and how the innovation is changing
in the hands of new implementers.

Considering Fidelity of
Implementation

When working with large-scale stud-
ies and considering how to evaluate the
implementation of an innovation as it is
scaled-up, researchers often measure the
fidelity of implementation (O’Donnell,
2008). Doing so is important for several
reasons: to avoid Type III error (attribut-
ing observed changes to the innovation/
intervention when they truly are not/
conclusions that the observed findings

were due to the innovation rather than the
way it was implemented), to help explain
the downstream successes and failures
of implementation, to allow researchers
to identify changes that were made by
the implementer and how those changes
impacted results, and to illuminate the
feasibility of implementing an innova-
tion as designed (Dusenbury, Brannigan,
Falco, & Hansen, 2003). Traditionally,
fidelity of implementation is defined as,
“the degree to which teachers and other
program providers implement programs
as intended by the program developers”
(Dusenbury et al., 2003, p. 240). In the
literature, IOl is similarly defined as, “the
degree to which an intervention is imple-
mented as planned” (Gresham, Gansle,
Noell, Cohen, & Rosenblum, 1993, p.
254). There is a subtle difference between
these definitions, but when one more
deeply examines the definitions of fidel-
ity and integrity, the differences become
clearer. Fidelity is defined as, ‘“accu-
racy in details, exactness” and integrity
defined as “firm adherence to a code of
especially moral or artistic values; incor-
ruptibility” (Merriam-Webster, 2019).

In our view, integrity represents more
of what we hope facilitators will do with
our work as they conduct TWs. We do
not expect facilitators to be exact in their
implementation, but rather to hold firm
to the POD Principles and keep those
at the center of their work as they make
TWs their own. Given these terms are
often interchangeable in the literature,
we choose to refer to it as IOI. Aligning
with an integrity perspective moves the
focus from “exact replication” to imple-
mentation that meets the learning goals
of the program and supports students
in achieving the intended outcomes
(Penuel, Phillips, & Harris, 2014).

As designers of PLD consider the
scaling of their model, it is essential to
determine how IOI will be measured and
evaluated as the innovation is scaled-up.
Researchers must determine what
approach or framework they will use
and then consider what instruments and
measures will be used to best evaluate
integrity in this way. We argue IOI of the
original model is a more realistic expec-
tation and allows for changes based on
local contexts. Taking an IOI approach
allows researchers to recognize the dif-
ficulty of scaling-up an innovation and
accepts the natural shifts and evolution
that occur in making an innovation sus-
tainable (Dede & Rockman, 2007).

Measurement Approach of 101

There are multiple frameworks and
approaches in the literature that refine or
combine models for measuring IOl (e.g.
Carroll et al., 2007; Century et al., 2010).
Dane and Schneider (1998) suggest
there are five different ways research-
ers should typically measure “program
integrity” 1. Adherence to the designed
program, 2. Exposure (amount of time or
program received), 3. Quality of deliv-
ery, 4. Participant responsiveness, and 5.
Program differentiation (whether critical
program features are present). It is often
recommended that researchers collect
data on all five of these measures; how-
ever, it is not evident if all five need to be
present for an innovation to accomplish
its designed goals (Dane & Schneider,
1998). These five dimensions can be
divided into two categories, structure
and process, and often are, as research-
ers seek to measure integrity (Mowbray,
Holter, Teague, & Bybee, 2003). Struc-
ture refers to the design of an innovation
or program and would include measures
of adherence and exposure. Process
refers to how a program or innovation
is delivered which would include qual-
ity of delivery and program differenti-
ation. Participant responsiveness would
be included in both of these categories
(O’Donnell, 2008).

Another approach to implementation
that is sometimes combined with the above
frameworks is the critical component
approach; Hall & Hord, 1987. The critical
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component approach (Hall & Hord, 1987)
suggests that an innovation consists of
defining features or components that must
be measured to determine if integrity of a
program exists or not. Stains & Vickrey
(2017) also describe the importance of
identifying critical components of an
intervention, including both structural
(expected organizational features) and
process components (expected implemen-
tation features) (from Century, Rudnick &
Freeman, 2010), in their work to develop a
fidelity of implementation framework for
evidence-based instructional practices in
higher education. They go on to suggest a
process for using a fidelity of implemen-
tation framework for both efficacy and
effectiveness studies.

The team chose to measure 10l by
examining three areas: whether the crit-
ical components of the original inno-
vation are present, in what doses, and
delivered with what measure of qual-
ity (e.g., Heck et al., 2012). Below we
describe our study, and then present a
case of how we conceptualized and mea-
sured IOI in our study for illustrative
purposes and to present an argument for
this approach.

Scaling the POD PLD Model

In scaling the POD PLD model, the
team attempted to anticipate how the suc-
cessful PLD model might shift and evolve
in the hands of others, what critical com-
ponents must be maintained or the depth
of the innovation that would be retained,
and what could be modified (Whitworth
et al, 2020). Additionally, the team
needed to identify how to communicate
core elements of the PLD model so it
might best be shared with future facili-
tators. To do so, the POD Team analyzed

how the PLD model was enacted in the
effective Teacher Workshops that were
delivered by the designers in the past as
well as the current literature in science
education, GIS education, and teacher
PLD. This resulted in defining effective
science teaching with GIS through the
process of Geospatial Inquiry: asking
and answering a question through the
analysis and communication of data that
are linked to a geographic location on,
above, or near Earth (Rubino-Hare et al.,
2016a). These data are often represented
visually via maps. The goal of POD
Teacher Workshops (TWs) is to enable
secondary teachers to enhance existing
courses via effective Geospatial Inquiry
(Whitworth et al., 2020).

Additionally, the team identified seven
principles of the PLD that would be
critical for scaling (Rubino-Hare et al.,
2016a, p. xix). These principles empha-
size how Geospatial Inquiry supports
learning and promotes student-centered,
responsive teaching. They were based
on literature reviews and a theoretical
framework of situated cognition, which
suggests learning is contextualized and
created as individuals interact with their
environment to achieve a goal (Brown,
Collins, & Duguid, 1998). The principles
and Geospatial Inquiry formed the con-
ceptual basis for and drove the develop-
ment of the content of the POD Teacher
Workshops (TWs) and core elements of
POD TWs.

Six session components that prepare
teachers with technological and peda-
gogical skills and knowledge necessary
to integrate Geospatial Inquiry into
existing courses were identified and
woven throughout the 35-hour program
(Figure 2). Scaffolds and tools that man-

ifest POD principles and support teacher
learning including a Geospatial Inquiry
learning cycle, frameworks for support-
ing geospatial analyses (Mitchell, 1999)
and a Geospatial Inquiry Lesson template
(Rubino-Hare et al., 2016a) were devel-
oped and incorporated into a Facilitation
Guide and an accompanying Teacher
Guide to enable facilitators to implement
Teacher Workshops with integrity to the
model (Whitworth et al., 2020).

POD Facilitation Academies -
Designing for Flexibility

Effective PLD is generally character-
ized by expert facilitation (Borko et al.,
2014). An expert facilitator must have
knowledge of not only the content peda-
gogy, but also of how to effectively lead
PLD. Therefore, potential facilitators
were required to apply to participate in
the in-person POD Facilitation Acade-
mies. Facilitators were chosen based on
their knowledge of science, their GIS
technical skills, their experience teach-
ing with GIS, learning with GIS, teaching
others to teach with GIS and facilitating
adult learners. By taking this approach,
we ensured the selection of expert
facilitators for POD TWs (Whitworth,
et al., 2020).

In the Academy, facilitators expe-
rienced the POD TW they would ulti-
mately facilitate in-person so they could
broaden their understanding and knowl-
edge of the content (Loucks-Horsley
et al.,, 2003). Facilitators need time to
practice and reflect upon ways to sup-
port adult learners (Loucks-Horsley, et
al., 2003; Perry & Boylan, 2018); facil-
itators debriefed the facilitation moves
(Garmston & Wellman, 1999) that were
modeled by the POD Team during the

Session 1 Session 2

Session 3

Session 4

Session 5

Intro to POD
Geospatial Inquiry

Geospatial Inquiry
Designing a Geospatial Inquiry

Pedagogical Moves
Geospatial Inquiry ~ Career Spotlight

Metacognition Metacognition

Geospatial Inquiry

Implications for Teaching with
Geospatial Inquiry

Career Spotlight

Designing a Geospatial Inquiry
Pedagogical Moves
Metacognition

Geospatial Inquiry
Geospatial Inquiry

Career Spotlight
Pedagogical Moves

Metacognition

Implications for Teaching with

Designing a Geospatial Inquiry

Implications for Teaching with Geospatial
Inquiry

Designing a Geospatial Inquiry

Celebration
Evaluation

Figure 2. Order of Sessions and Components in Teacher Workshops
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delivery of the FA such as negotiating
working agreements, responsiveness to
participants, and varying grouping tech-
niques to promote active participation
and productive discussion.

The FA included the examination of
resources and the underlying program
principles, which were intended to
deepen facilitators’ understanding of the
design of the TW and how each session
component of the TW helps teachers pro-
vide opportunities for students to engage
in Geospatial Inquiry. The team shared
rationale for PLD design decisions such
as decreasing the technological demands
in favor of using simple GIS analysis
tools in powerful ways. Facilitators also
had time to plan and customize their
TWs within the constraints of the princi-
ples. They were told they had freedom to
make changes as long as these changes
were in agreement with overall POD
principles and were aligned to the goals
identified for teachers within each of the
components and sessions. For example,
the context for Geospatial Inquiry was
earth and environmental science, but this
could be modified as long as teachers
were provided opportunities to examine
geospatial data for a specific purpose,
use GIS as a tool to explore patterns
and relationships, critically analyze and
interpret data, creatively select and dis-
play appropriate data as evidence to sup-
port or refute a claim, and complete one
full cycle of Geospatial Inquiry as an
adult learner. Drawing attention to these
design elements helped increase the like-
lihood that IOI would be achieved, and
the implementation would be success-
ful as facilitators began leading TWs
(Whitworth et al., 2020). Following the
Academy, participants participated in
a professional learning community via
synchronous online meetings to support
continued improvement (Learning For-
ward, 2011) as well as frequent emails
and individual meetings with the POD
PLD designers as needed.

Within one year of completing the
FA, facilitators were required to imple-
ment their first POD TW, provide feed-
back, and within a second year they were
required to implement the second iter-
ation of a POD TW (Whitworth et al.,

2020). Since the goal was to design for
flexibility and scale-up, and the designers
expected facilitators to adapt materials
for their unique contexts, a Design-Based
Research (The DBR Collective, 2003)
approach was employed. Through infor-
mal and formal feedback from facilita-
tors after implementation of two FAs and
subsequent TWs, the design team made
modifications that provided support to
facilitators so they could effectively adapt
the innovation with integrity (Whitworth
et al., 2020). To determine whether the
POD PLD model was effective when
implemented at scale, a rich measure of
IOI was necessary.

Participants

Participants (n=15) of the FA were
PLD specialists, college faculty, school
STEM education specialists, and oth-
ers whose primary professional goal
was to support teachers. Applicants
were selected as participants based on
whether they had prior experience lead-
ing PLD for secondary teachers, held
high geospatial technology (GST) skills
as measured through an assessment, and
whether they had experience implement-
ing projects with students. If facilitators
had prior experience, scored highly on
a GST assessment, and had experience
implementing projects with students,
they were offered the opportunity to
attend the FA. Participants attended a
week-long FA to: 1) Learn through Geo-
spatial Inquiry similar to a “typical”
TW; 2) Develop an understanding of the
POD Principles essential for facilitating
successful TWs; and 3) Receive access
to the Facilitation Guide, data, and other
online materials to support implementa-
tion of at least two TWs. Within one year
of completing the Academy, 13 facilita-
tors implemented a TW, each with 10-15
teachers in their own local setting rep-
resenting nine unique states across the
country. Two of these TWs were deliv-
ered by a team of two facilitators work-
ing as a pair.

I0I Measurement Approach

There were a variety of approaches and
modifications to delivery of POD TWs.
We needed a way to analyze and measure

these changes. We modified an approach
provided by Heck, Chval, Weiss, and Zie-
barth (2012) to develop an IOI measure-
ment approach. Our approach included
logistic  integrity  (following lesson
sequence and timing), enactment integ-
rity (adhering to lesson purpose, objec-
tives, goals, principles, and the level of
modifications; adherence and program
differentiation), and quality (adhering to
high quality facilitation moves as iden-
tified by principles; quality of delivery
and participant responsiveness). These
categories encapsulated the various ways
we felt facilitators might implement dif-
ferently and allowed us to examine and
categorize the different ways facilitators
were modifying the TWs.

Logistic Integrity Scores

Logistic integrity scores measured
facilitators’ adherence to the sequence
of activities within a daily session, and
the amount of time (exposure) spent on
activities as suggested in the TW. The
data sources were the implementation logs
facilitators completed after each day of the
TW. For instance, for each daily session,
facilitators were asked to compare how
much time was spent on the session with
how much time was recommended for the
session in the manual. Data from these
logs were used to determine a mean adher-
ence rating for the daily session sequence,
and a mean activity exposure rating for the
daily session, each measured on a three-
point scale. These means were totaled
to provide each facilitator with a logistic
integrity score, on a scale of 0-6.

Enactment Integrity Scores

Enactment integrity scores measured
facilitators’ adherence to the lesson pur-
pose, principles and objectives, as well
as the level of modifications they made
during implementation. The data sources
were the daily implementation logs facil-
itators completed. For instance, on the
implementation forms, facilitators were
asked to indicate if they taught explicit
steps of the workshop components, made
modifications or extensions as compared
to how the session components were
presented in the TW manual, and asked
to identify which POD principles were
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present in the session. Data from imple-
mentation logs were utilized to create a
daily session adherence/level of modi-
fications rating on a three-point scale.
These ratings were summed to provide
each facilitator with an enactment integ-
rity score, on a scale of 0-15.

Quality Integrity Scores

Quality integrity scores measured
the extent to which the facilitator sup-
ported adult learning, met the goals of
the session as stated in the TW manual,
and used appropriate facilitation moves
(e.g. supporting academically productive
talk and building rapport, best practices
for adult learners) during the TW. Data
sources included the videos of TWs
and post-workshop surveys from teach-
ers who participated in the workshops.
Facilitators were asked to video-record
a purposefully selected seven sections of
the TW across the five sessions. The seg-
ments were selected to enable researchers
to examine a variety of research-based
factors for supporting adult learning,
such as how facilitators framed the
learning, supported teachers in sense
making, how they emphasized the prin-
ciples, and how they wrapped-up the
learning. Facilitators then sent the video

100%

Percent of total score

FA101

m Logstic Integrity

Figure 3. Examples of 101 profiles.

m Enactment Integrity

files to the researchers after the TW. To
identify quality, researchers looked for
whether facilitation strategies supported
adult learning and whether session goals
were met. Researchers noted the identi-
fied goals and POD principles for each
of the seven sections, as identified in the
TW manual. Two researchers observed
implementation of the TWs using the
videos, discussed what they saw, and
assigned a quality of delivery rating on
a three-point scale with three indicat-
ing highest use of strategies that were
likely to enhance learning, improve upon
resources of the session, and/or result
in meeting most of the session’s goals.
Lower scores indicated that few facilita-
tion strategies that support learning were
used, or few session goals were met.

As another source to assess the quality
of the PLD, researchers analyzed teach-
ers’ post TW surveys for their perception
of facilitator quality. Ratings of teacher
satisfaction with the PLD for preparing
them to understand and be prepared to
teach with Geospatial Inquiry and scores
of teacher satisfaction with the level of
facilitator geospatial technology skill and
overall effectiveness as a PLD facilita-
tor, all on a five-point Likert scale, were
added. The video observation score was

80%
70%
60%
50%
40%
30%
20%
10%

0%

FA108_FA105 FA1

FA112 FA113

Facilitators

= Quality Integrity

weighted higher than the teacher response
score, as teachers might be likely to be
satisfied with PLD whether it aligned with
intended design features or not. The video
score and the teacher survey rating were
summed to assign each facilitator with a
quality score, on a scale of 0-14.

Analysis of the IOI Data
We analyzed the 10I data in a number
of ways, depending on the purpose and
use of the data.

Developing Facilitator 101 Profiles

Profile scores were developed for each
facilitator. The logistic integrity, enact-
ment integrity, and quality integrity scores
(described above) were converted to per-
centages to make comparison across dif-
ferent scales easier. These were then
entered into a bar graph to allow com-
parison of profiles. As profiles were
compared, similar profiles were grouped
together so patterns could be more easily
visualized and analyzed. Analyzing the
data in this way allowed us to identify
patterns and to group the types of mod-
ifications we were seeing more easily.
A sample is provided (Figure 3) for
demonstration purposes.

Average 10I Score of Facilitators

The average facilitator ratings on each
IOI construct were calculated (Table 1).
Results indicated facilitators had a range
of logistic integrity (M = 4.4, SD = 1.0), an
average of 73% adherence to the measure,
and enactment integrity (M = 9.8, SD =
3.5), an average of 65% adherence to the
measure. However, facilitators had high
quality of integrity scores (M = 12.6, SD
= 1.3), an average of 90% adherence to the
measure. Analyzing this information pro-
vided early information to the research-
ers and the development team about how
well the facilitators were able to follow
the program model. Because part of the
application process was to provide evi-
dence of prior experience delivering PLD,
it is not surprising that most facilitators
exhibited high quality facilitation moves.
Although not part of the IOI analysis
framework, post-workshop interviews
with facilitators (described below) illumi-
nated a variety of reasons they modified
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Table 1. Average Facilitator 10l Scores (n=13)

Logistic Integrity Enactment Integrity Quality
(0-6) (0-15) (0-14)
Mean 4.4 9.8 12.6
Standard Deviation 1.0 3.5 1.3
Percentage of total score 73% 65% 90%

their workshops. It is useful to triangulate
IOI scores with qualitative feedback. This
feedback can help to explain the varying
IOI scores, why facilitators modified ses-
sions, and may help to identify supports
and/or challenges facilitators encountered
in shifting the innovation to their con-
text. Some challenges to enactment and
logistic integrity in the POD PLD were
due to facilitators offering the TW online
or through a hybrid designed course that
changed how they chose to implement
and modify the model.

Use of I0I Scores for Formative
Changes to POD PLD Model

We determined the importance of
providing specific feedback to facili-
tators on which model elements could
be provided online and which should be
face-to-face, as well as which should be
synchronous or asynchronous, though
we were constrained by data we needed
to collect for the research. For example,
some sessions had to be implemented
in person so we could collect videos for
observations. We also made minor modi-
fications to the TW based upon the logis-
tic and enactment scores. For example,
we changed the timing of a few sessions
because multiple facilitators reported it
took significantly more or less time than
suggested, and we simplified some direc-
tions. These changes were shared via
updated Facilitation and Teacher Guides
and were explained in an online meeting
with facilitators so they could use the
modified Guides in successive TWs. We
did not want to ask facilitators to imple-
ment a TW that was drastically different
from what they experienced in the FA, so
some elements, such as the sequence of
activities, were not changed. In a subse-
quent version, we changed the sequence
of the activities. The changes were imple-
mented in a second FA attended by a new

cohort of facilitators (n = 13). Another
change involved our recruitment of facil-
itators. In Cohort 1, most facilitators
attended the FAs as individuals, but some
came in teams. Those who came with a
partner reported benefits of planning and
delivering TWs together, so we encour-
aged teams to attend FAs in the second
cohort. The logistic and enactment scores
also informed more significant edits to
the final TW and accompanying Facili-
tation Guide. For example, when we real-
ized the suggested enactment of a session
was difficult for multiple facilitators, we
made changes accordingly. Results from
the IOl scores have continued to inform
our work. For instance, the designers
recently developed and delivered an
online version of POD PLD based on the
results of this study, using the IOI scores
to determine which parts of the program
needed to be synchronous.

Use of 101 Scores in Larger Data
Analysis

Using an IOl score in analysis allows
researchers to have a better understand-
ing of what implementation factors are
important in a scale-up of an innova-
tion, and how implementation factors
affect resulting outcomes. For example,
as part of the analysis of the POD PLD
scale-up, researchers are determining the
skills, understandings and preparedness
of teachers who participate in the TWs
in a future study. Facilitator implementa-
tion choices in the PLD, as well as other
variables, are hypothesized to influence
teacher outcomes. Therefore, to under-
stand the relationship between these
variables and facilitator implementation
factors, in a larger study comprising an
additional cohort of facilitators, many of
whom taught multiple TWs, IOl scores
are included in analysis. Using Poisson
regression models, results indicated high

logistic integrity, but not enactment integ-
rity or quality integrity, influenced GST
skills. This indicates facilitator logistic
integrity may not be a factor when trying
to improve teachers’ GST skills scores.
This information illuminates that low
logistic integrity may not be important
for positive teacher outcomes but ensur-
ing facilitators of PLD have a deep under-
standing of the principles (enactment
integrity) and an ability to implement high
quality PLD (quality integrity) may be of
more importance when scaling-up and
implementing PLD Using an IOI score in
analysis allowed us to better understand
teacher outcomes that resulted from the
scale up of our program.

Reasons for Varying 101

Beyond quantitative data calculated
to create the IOl measurement approach,
qualitative data from the participants
can be examined to provide research-
ers a richer understanding of imple-
mentation, providing an actor-oriented
perspective (Penuel, Phillips, & Harris,
2014) and a window into how and why
participants implement the way they do.
To illustrate this concept, we share
some insights gleaned from Facilita-
tor open-ended responses on surveys
as well as quotes from post-TW facil-
itator interviews about implementation
choices and challenges.

Oftentimes facilitators made deci-
sions to modify activities based on their
own beliefs about what was important to
emphasize and their learning goals for
their teacher participants. For example,
one facilitator stated,

We spent more time on designing
their own inquiry because I feel that
is the most important part of the
POD workshop. I allowed the par-
ticipants more time to work on their
geospatial designs and think about
how ArcGIS could be implemented.
(FA112)

Other times changing the delivery mode
from in person to online impacted
timing: “some of it was modified just
because it was going into an online for-
mat....” (FA114). And another facilitator
shared:
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I wrote down the time allocations
for [the overall agenda] based on
the guidance in the manual and
then I kind of went through those
ahead of the workshop to parse
out what I could have the teach-
ers do ahead of time and reduce
time for those activities. We didn’t
cut anything out. We just kind of
condensed things or they did some
of the reading ahead of time or
watched some of the videos and
then we have mentioned that and
by the way you watched that ahead
of time. (FA113)

Facilitators also made decisions because
of a need to differentiate the PLD for
their particular context:

More hands-on exercises and expe-
rience in ArcGIS Online is needed
for almost all teachers. Initially the
teachers struggled with learning
ArcGIS Online. Some were getting
frustrated. There is no way I could
have progressed through the work-
shop without providing additional
instruction and time to learn Arc-
GIS Online. (FA109)

This facilitator felt the need to provide
more time to work with the technology
before working through other aspects of
the PLD. In addition, several comments
provided insight on the usefulness of
the components and materials provided:
“just too much for teachers to process.
It’s a lot of stuff to get through with
teachers - it feels complicated. We ran
out of time to do everything.” (FA104).
Another facilitator shared,

The teachers really needed the time
to work on Geospatial Inquiry. I
think the Implications for Teaching
portion helped.... I think having
task cards that show how to buffer
and do additional analysis would
have helped with their creation of
their presentations/story maps....
They really like the [GIS] task
cards. I thought examining student
work and discussing it was really
helpful for them. (FA113)

Taken together these qualitative results
help explain why there were varying 101
scores and what might have been influ-
encing some of the variance singular we
saw in the data.

Discussion

Having a measure of IOl has allowed
us to better understand teacher outcomes
that result from scaling-up PLD. For
instance, we learned that teachers who
attended workshops provided by facili-
tators with high logistic integrity scores
tended to score higher on GST perfor-
mance assessments. Studying this con-
struct also allowed us to confirm some
of our conceptual assumptions, that
the innovation will shift and evolve in
the hands of users (Dede & Rockman,
2007), and that not all changes will neg-
atively affect teachers’ development of
skill or preparedness in the program.
In scaling the POD PLD model, we
also encountered a variety of issues and
learned many lessons. Here we discuss
and share those challenges and lessons
we think are most pertinent for others
examining IOl as they scale-up their
own innovations.

Data Collection

One of the largest issues encountered
in measuring facilitator implementation
of the POD PLD model, as might be
expected, was the collection of data from
facilitators and teachers in the workshops.
Despite tying stipends to the completion
of data submission, many facilitators
failed to turn in complete data sets (i.e.
videos of TWs for scoring observations
for the Quality rating) for the implemen-
tation of TWs. One reason was a shift in
delivery mode which made it difficult to
collect data through the means we had
designed. Although the original model
was designed for face-to-face TWs,
facilitators reported it was often difficult
for teachers to commit to a five-day, 35
hour, in person workshop, particularly
in rural geographic locations. Therefore,
they chose to implement in a variety of
other contexts including face-to-face
over a series of weekends, all online,
and/or hybrid workshops where some
portions were attended online and oth-

ers in-person. This significantly changed
how we could collect data to measure
IOL. Thus, our research plan lacked a
means to collect observation data for
online components rather than via vid-
eos of in-person implementation. Desim-
one (2009) suggests that other methods,
such as well-designed teacher surveys,
can be used to measure certain features
of teacher learning experiences, such as
the quality of the PLD, and may be more
consistently able to capture this construct
than observations. Hybrid and blended
PLD will likely grow in importance, thus
having appropriate methods to collect
implementation, and other research data,
in these environments is a critical consid-
eration to identify how implementation
changes in these environments.

Depending on the scale-up of the
innovation, it may be a challenge to col-
lect data at distance. Collecting teacher
and student data at a distance was diffi-
cult. We relied on the facilitators to help
us with the data collection and despite
stipends being tied to data collection, we
had great difficulty in obtaining the data.
If we could do it over, we would utilize
a learning management system where
all facilitators and teachers enrolled and
completed aspects of the course and
data collection through the online sys-
tem. Doing so would allow us to directly
monitor the completion of workshops,
data, and lessons.

Additionally, we intended each of the
15 facilitators to teach two TWs for 15
teachers each; however, in response to
the feedback received from the initial
cohort, we modified the FA to encour-
age teams of facilitators to deliver TWs
together. This change resulted in lower
numbers of teachers, and ultimately
students, from whom we could col-
lect data to determine the downstream
impacts of the PLD model. This is a
tradeoff we accepted when choosing
the DBR model.

Implications for Stakeholders

Our work has led us to several rec-
ommendations for researchers, evalua-
tors, and PLD designers as they take
their innovation to scale and study out-
comes. Additionally, we provide some
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insight for educators and items to con-
sider.

Examining the outcomes using an
IOl measurement approach has been
illuminating. Program design and sup-
port embedded in the FAs and explic-
itly taught to facilitators, such as having
a defined model, principles and critical
PLD components, have enabled IOI
(Whitworth et al., 2020). Neverthe-
less, some unexpected outcomes arose.
For example, a few facilitators chose to
deliver their Workshops in hybrid and
online settings and others delivered them
over a period of several months even
though the program was designed to be
delivered face-to-face over five consecu-
tive days. Approaching the research from
a design-based perspective has enabled
flexibility during these times.

For Researchers and Evaluators
Rather than assuming that implemen-
tation was as intended by developers,
having a measure of I0I promotes valid-
ity of study findings (Stains & Vickrey,
2017). IOI also allows researchers and
evaluators to more deeply examine cer-
tain aspects of the innovation scale-up,
such as what educators modify and what
they keep, as well as whether different
methods of delivery are equally effective
for identification of and implementation
of critical program components. Part of
this understanding, in our study, came
from the logistic and enactment integ-
rity scores and examining closely where
shifts were made and identified in the
implementation logs. qualitative data
collected provided additional insight into
why shifts were made by facilitators. It
may also be that the learning outcomes
impact what part of IOl is most import-
ant when scaling. As in our research we
found facilitator logistic integrity was
positively correlated with teacher GST
skills; however, if our focus had been
on different learning outcomes, we may
have had a different result. Researchers
should also carefully consider implica-
tions for collecting data at scale, when
there is no direct contact with the par-
ticipants. A learning management Sys-
tem may be a solution for this challenge;
however, the training time to use a

learning management system may also
need to be considered. If this option is
selected it may be important to identify
one with a high ease of use and/or famil-
iarity for many.

For PLD Designers

Sustainability requires the innovation
design be strong enough to tolerate nega-
tive shifts in context (Dede & Rockman,
2007), retaining its core characteristics
for success yet flexible enough to adapt
and modify as needed. As described
above, the POD Team worked with
facilitators and continued to develop
resources so TWs could be delivered to
meet the needs of individuals in partic-
ular contexts.

Having a measure of 10l is critical to
determine what is important to main-
tain in the model, and what is not. For
example, when low 10l is measured, tak-
ing an actor-oriented approach (Penuel
et al., 2014) can help designers better
understand reasoning for modifications,
identify potential problems and make
adjustments so materials can support
higher integrity when implemented
under less than ideal conditions. We have
learned through examining the facilita-
tor IOI scores, to maintain the effec-
tiveness of the model, designers must
ensure facilitators both understand the
underlying principles of the PLD model
and the core program components and
implement these in the TWs. We have
also learned that the order of component
implementation in the workshop (logis-
tic integrity) is more critical for skill
development. With this understanding,
even with modifications, educators will
maintain the principles integral to the
program (Krajcik, Blumenfeld, Marx, &
Soloway, 1999).

Ensuring this deep understanding
also allows for delivery of PLD in both
online and hybrid environments, which
may decrease costs by not requiring the
use of space and/or hands-on materi-
als and result in higher teacher partic-
ipation. In the event that online PLD
happens, as per a proposed spectrum
of online PLD (Cheng & Hanuscin,
2012), designers can suggest a mix of
asynchronous activities, such as lesson

planning or practicing GIS, and syn-
chronous interactions in the form of
webinars or break-out rooms to allow
a more face-to-face authenticity to the
online environment (e.g. discussions).

Finally, although we attempted to pro-
vide support for facilitators via frequent
communication, they likely required more.
Facilitators sought out a community of
practice and reached out to one another
for ideas. More resources and space could
have been built into our model. We rec-
ommend designers who scale innovations
through a facilitation development model
attend more closely to the needs of facili-
tators (Perry & Boylan, 2018).

Conclusion

The examples from the scaling of the
POD PLD model have demonstrated how a
robust IOl measurement approach utilizing
a variety of sources of data can inform the
design of PLD experiences. It also enables
us to better understand facilitation in a
scale-up project and the resulting teacher
PLD experiences, which in turn enables
researchers to determine whether the
scaled-up model is effective. Through this
example, we hope others can find ways to
define and develop their own IOI measures
for projects they are scaling-up. In future
research, we hope to gain a deeper under-
standing of how the IOl measurement
approach can be used in the scaling-up of
other projects and in other K-12 and higher
education settings.
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