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[This paper is part of the Focused Collection on Curriculum Development: Theory into Design.]
When disseminating curricula, typically only the physical curriculum materials are transferred from
the instructor to another. However, left as artifacts in the curricula are a set of epistemological beliefs
held by the creators and designers of the materials. These epistemological beliefs are often
underpinning the activity structures and strongly influence how the curriculum materials are
implemented in the classroom, particularly when those beliefs differ from those activated by the
instructor. In this paper, we articulate three epistemological beliefs that are built into the University
Modeling Instruction curriculum that are essential for running the large-group discussions, which are
a crucial part of the curriculum. We highlight how these beliefs are built into the student-facing and
instructor-facing curricular materials and the influence of these beliefs in the interpretation and
implementation of the curriculum materials. Finally, we discuss the implications on curriculum
dissemination, on the adoption and adaptation of curriculum materials, and training models for
instructors beyond the curriculum designers.
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I. INTRODUCTION

Over the past several decades, science educators and
education researchers have developed a variety of active
learning curricula. In physics alone, these curricula
have taken a wide variety of forms from the addition of

clicker questions to introductory physics lectures to
integrating laboratory activities and student discussions
[1–8]. Frequently, these curricula follow a pattern of
development: materials are created (including student-
facing and instructor-facing documents) typically at a
single institution, there is a publication introducing the
curriculum and its structures, evaluative measures are
assessed, materials are revised, and the curriculum is shared
with others via workshops, dissemination of materials,
or shared by word of mouth. Despite the demonstrated
benefits of active learning [9,10], adoption of active
learning curricula is still slow to occur, often with pushback
from faculty, departments, and institutions [11,12].
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While there is likely a combination of reasons that is
unique to each context, one common barrier to the adoption
of active learning curricula could be a mismatch between
the beliefs about knowing and learning assumed by
curriculum designers and the epistemological resources
that same curriculum activates for instructors [11]. For
example, an instructor who views teaching as transmitting
information is less likely to find more dramatic reforms of
teaching useful, but may experiment with reforms like Peer
Instruction or flipped classrooms. These are both reforms
which preserve many of the information transfer elements
of teaching [13]. Similarly, faculty with a strong exper-
imental bent may view learning as happening through
experimentation and thus may find curricula which priori-
tize the role of experimentation attractive, such as the
Investigative Science Learning Environment (ISLE) [5].
Particularly in active learning curricula, developers are

often purposefully challenging student and instructor
beliefs, including: (1) what it means to “do physics” in
the classroom (e.g., running experiments or solving prob-
lems rather than taking notes from lecture), (2) what it
means “teach physics” (e.g., facilitating discussion or
asking questions rather than telling), and (3) what it means
to “learn physics” (e.g., working in small groups rather than
being a solitary learner). Curriculum designers attempt to
build cues about these epistemological beliefs into the
curricular materials. However, in the process of sharing
curriculum materials with instructors, these beliefs are
rarely stated; rather curriculum developers often assume
the curriculum will cue similar epistemological resources
in the instructors preparing to use the materials. Especially
in the curricula where the epistemological beliefs of
curriculum designers are significantly different from those
held in a traditional lecture course, articulating these
underpinnings to the materials is crucial to being able to
adopt and adapt the curriculum. In this paper, we will use
an example from our own development experience to
demonstrate how these curricular materials represent arti-
facts of the designers’ beliefs that can serve to prime and
cue productive instructor epistemological resources. We
will examine materials from the University Modeling
Instruction (UMI) curriculum, which is built from signifi-
cantly different beliefs about the nature of knowing and
learning than those assumed in a lecture classroom.

A. University Modeling Instruction

University Modeling Instruction is a calculus-based,
introductory physics curriculum, which is centered around
students constructing conceptual physics models in a
studio-style integrated laboratory and lecture environment.
The curricular materials for UMI have been developed
assuming a two-semester course sequence, with the first
semester covering introductory mechanics topics and the
second covering introductory electricity and magnetism.
The activities in UMI follow a modeling cycle [14–16],

starting with the investigation of the phenomenon of
interest, coordinating representations through abstrac-
tion and generalization of the model, and finally the
application and refinement of the model. The purpose of
this modeling cycle is to scaffold students through the
process of creating, testing, applying, and refining a
physical model, which simulates the process that scientists
follow in their work [17–21].
Each activity within the modeling cycle is then struc-

tured to follow a student participation cycle [21]. Students
start the activities by working in small groups (3–6
students). As they complete the activities, they are typically
asked to answer the following three questions on small
whiteboard. (1) What did you learn? (2) What rules can you
make or what patterns to did you see? (3) What is still
unclear or what do you still have questions about? After
students have created their whiteboards, they come together
for a large group discussion consisting of 4–8 groups
(∼30–40 students). The large group discussions are often
referred to as a “board meeting.”
The purpose of the board meeting is for students to be

able to share what they learned, what they found, and to be
able to come to consensus about the conceptual ideas in
each activity. Depending on the type of activity and the
position of the activity in the modeling cycle, the goal of the
board meeting may be slightly different. For example, in an
initial investigation activity, the goal of the board meeting
may be to elicit questions about the phenomenon and to
share the results of empirical testing. Or for a coordination
activity, the goal may be to create a list of rules for how to
use a particular representation, like a free-body diagram. In
any board meeting, an underlying assumption is that
students will take the lead of the discussion. Ideally,
students are expected to share ideas, critique each others’
work, and ask and answer each others’ questions. At the
end of the board meeting, students then return to their small
groups to continue on to the next activity, thus starting the
cycle over again. These two cycles—the modeling cycle
and the student participation cycle—distinguish UMI from
other studio-style curricula that have been developed.
Underpinning the UMI courses is a set of intersecting

theories: the Modeling Theory of Science (MTS) and
the Modeling Theory of Instruction (MTI). As described
by Brewe and Sawtelle, the modeling theory of science
states that modeling is the central practice of science [21].
The Modeling Theory of Instruction then outlines how
students can productively participate in the creation of
scientific models in a classroom environment [16,22].
The application of the MTS and MTI in the classroom
has already been described [21,23]. From an evaluation
standpoint, the UMI curriculum has been shown to be
successful across multiple measures such as conceptual
gains, drop-fail-withdraw rates, attitudinal measures,
use of representational tools, and student participation
in class [24–29].
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While the successes and theoretical backing have been
well documented for UMI, the role of the instructor in these
courses has been underemphasized. Desbien [30], and later
expanded on by Durden et al. [31], described a set of
instructional strategies and heuristics (known as Modeling
Discourse Management), which are meant to help instruc-
tors facilitate the discourse in a UMI classroom; however,
Modeling Discourse Management does not focus on lead-
ing the board meeting discussions. The board meeting itself
does not have student-facing materials that guide the
discussion but is instead the culmination of the classroom’s
work in UMI during each student participation cycle. Thus,
the board meeting is the primary place where the under-
pinning epistemological beliefs of the UMI curricula
designers (as well as the missing support structure for
new instructors) become apparent.
With this paper, we aim to articulate the epistemological

resources that UMI designers intended to cue in the UMI
curricula, with a particular focus on the aspects related to
leading the board meeting. We examine the curriculum as an
artifact of the beliefs of the curriculum designers and ask
which artifacts are most likely to successfully cue the
intended resources for classroom instructors and which
are likely to cue unintended resources. We will focus on
our discussion primarily on the role of the “lead instructor” in
the course; however, we recognize that much of the dis-
cussion is also applicable to supporting instructors, including
graduate teaching assistants and undergraduate learning
assistants. In the following sections, we will outline the
epistemological beliefs that are intended to be communicated
by the designers of UMI, introduce a set of UMI student-
facing and instructor-facingmaterials, and outline how those
materials exemplify successful curing of similar epistemo-
logical resources. Then we will describe how the cued
resources impact the interpretation of the curricular materi-
als, which is crucial for running a board meeting in UMI.
Finally, we will close with a discussion of how curricula
designers could better support instructors in understanding
the epistemological beliefs built into their materials.

II. THEORY

In this section, we describe our orientation to epistemo-
logical resources, beliefs, and framing. We intend to align
our work with previous physics education researchers,
while also acknowledging that this theory has a much
longer and richer history [32–34]. We then describe the
specific epistemological beliefs held by the curriculum
designers of UMI. We outline these beliefs as a precursor
for examining cues for similar resources in the curricular
materials.

A. Our orientation to epistemological resources,
beliefs, and framing

Framing a classroom is a continuous process of making
interpretations about how to act in a particular situation.

Framing answers the question, “What is it that is happening
here?” [33]. Epistemological framing is the dynamic
process of answering the question, “What forms of know-
ing and learning are appropriate here?” [35]. Answering
this question is a dynamic process where one’s prior
knowledge about a setting interacts with the physical
and social cues of the environment. In the classroom,
Hammer and Elby have argued that an individual’s prior
knowledge is composed of epistemological resources—
fine-grained ideas about the nature of knowing and
learning [36,37].
Traditionally, when physics education researchers dis-

cuss epistemological framing their focus is on how students
frame the classroom and the epistemological resources
that students activate in constructing that framing [38–40].
Recently the emphasis has been on understanding how to
support productive epistemological orientations toward
science [38,39]. Specifically, Redish and Hammer describe
how they designed a study to understand “the match or
mismatch between student epistemologies and what
we want them to learn…” [38]. Redish and Hammer
describe the learning of these epistemologies as the implicit
curriculum.
We argue that designers of curricular materials also

have an implicit curriculum that they hope to convey to
students. However, in order for this implicit curriculum
to be conveyed, instructors need to be aware of these
intentions. In this paper, we explore this awareness as an
issue of a match or mismatch of epistemological framing of
instructors and curriculum designers. We know that when
instructors consider taking up a new curriculum, they act
effectively as learners, and thus, their epistemological
framing of the learning environment influences how they
implement instructional practices. The epistemological
resources that are activated when faculty consider their
classroom influences the choice of curricula as well as the
implementation and adaptation of those curricula. This can
lead to benefits or challenges. For example, faculty who
maintain a transmissionist view of learning may view
clickers as a means to test students’ declarative knowledge
or to take attendance. On the other hand, the use of clickers
may provide faculty an opportunity to carry out formative
assessment and ultimately expand the set of epistemologi-
cal resources that the faculty member draws upon [41,42].
In this paper, we examine existing UMI curriculum

designs in relation to the implicit curriculum [38]. We focus
specifically on the epistemological issues about the nature
of scientific knowing and learning that are built into our
curricular materials. Our focus on the instructor creates a
question of how curriculum designers communicate the
implicit curriculum to potential users of curricular materi-
als. Specifically, we are interested in articulating the set of
epistemological resources the curriculum designers expect
to be activated by the curriculum when instituted in the
classroom. For this paper, we will use “beliefs” to refer to
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the stable set of epistemological resources the designers
of curricular materials intend to communicate as the
implicit curriculum. We will refer to the curriculum as
the artifacts of these beliefs and ask in what ways the
artifacts cue the intended set of epistemological resources
to a prospective instructor. In an ideal scenario, there
would be near perfect alignment between the beliefs
communicated by the designers of the curriculum and
the epistemological resources activated by the prospective
instructor.

B. Artifacts of designer beliefs are embedded in
curricular materials

With UMI, there is an established set of curricular
materials, instructor guides, and student activities that
support implementing the curriculum with the intention
that other instructors may want access to the materials [43].
Despite their easy access online and promotion through
workshops, the materials have not been widely adopted
and have been used primarily by developers of the instruc-
tional materials. One reason for this is the time, effort, and
infrastructure constraints of those looking to implement
UMI. We also believe that there are assumptions made by
the designers about the nature of knowing and learning that
are not articulated in the curriculum, and thus make it hard
for instructors to consider taking up.
In the case of UMI, we will investigate the curriculum’s

communication of three foundational beliefs (listed below).
However, we do not mean to say that these are the only
beliefs built into the curriculum. For example, the broad set
of epistemological beliefs about learning from the design-
ers of UMI have already been thoroughly described in the
Modeling Theory of Science and Modeling Theory of
Instruction [17,21,23,44]. We choose to focus on these
three beliefs in this paper because they are particularly
relevant to the management of the board meeting, which we
have found to be a challenging element for even experi-
enced instructors to implement.

1. Scientific knowledge is built of a set of shared
conceptual models.—These conceptual models are
not held by an individual, but are distributed across
the class [20]. These models are developed through
person-person interactions and appropriated by indi-
viduals, so that each person has a unique version of
the shared conceptual model.

2. Conceptual models are composed of coherent,
coordinated representations.—The process of build-
ing, validating, deploying, and ultimately revising
these coordinated sets of representations is known as
modeling, and is the process by which knowledge
is built.

3. Students have agency to construct (with guidance)
knowledge that aligns with standard accepted
understanding of physics, and that this guided
epistemological agency [45] allows students to take

ownership of the knowledge and knowledge gen-
eration processes.

Opportunities are built into the class for the develop-
ment of shared conceptual models distributed across a
classroom. Students are expected to solve and present to
one another different problems as a means to give the class
exposure to multiple problems. Frequently in class, stu-
dents will perform different experiments, or will design
their own experiments. This naturally leads to different
experiences. Additionally, one of the means of guiding
students is that during small group interactions, instructors
“seed” ideas to some groups and different ideas to others
[31]. The expectation is that these groups then bring these
ideas to the board meeting. This allows for the conceptual
model to develop in shared ways across the classroom
community [21].
Second, University Modeling Instruction relies heavily

on varied representations, not just on equations, as models
are built up of sets of coherent representations [28,29].
The UMI curriculum materials rely heavily on instructors
viewing understanding and representing physics as involv-
ing more than equations alone. Since representations are
built into the curriculum, we expect that representations are
incorporated as an essential part of problem solutions.
Building skill with creating and interpreting representations
is part of physics, and thus should be assessed. As a result,
we see the view of representations as an essential part of
understanding physics as a productive belief to implement-
ing UMI.
Finally, the curriculum materials for UMI are designed

to grant students epistemic agency [45]; thus, instructors
have to accept a role that is not necessarily at the center
of the classroom. Instead, instructors play a guiding role in
activities, while prioritizing students’ role in developing
models. This allows the students to lead discussions, which
frequently means discussions do not proceed directly from
question to answer. Often in board meetings, this means that
wrong answers are expressed. These wrong answers can be
productive as they promote further discussion, with students
challenging and reasoning through the answers. However,
guiding this discussion requires a willingness from the
instructor to be flexible and to allow a discussion to flow
in directions that are not predetermined. It is productive to
have instructors that view students as capable of leading their
learning (with guidance). As a result, the curriculum
materials are not developed as a script to be followed and
the discussion for an activity is not entirely predictable,
which can be unsettling for instructors who have not cued a
resource of student epistemological agency.
Some elements of the epistemological beliefs of the

developers are evident in the UMI curricular materials,
but in many cases there are ways of interpreting the artifacts
of these beliefs in ways that are not aligned with the
designers’ intentions. In the subsequent sections, we will
(1) outline our methods and introduce the student-facing and
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instructor-facing materials that have been developed for the
UMI curriculum, particularly focusing on one activity from
the circuits unit of introductory electricity and magnetism
(Sec. III), (2) demonstrate how the epistemological beliefs
of the developers are evidenced in the materials (Sec. IV),
and (3) highlight what is missing from the materials in order
to run the circuits activity as intended (Sec. V).

III. METHODS AND CONTEXT

In this section, we outline the approach, methods, and
context for the subsequent analysis of the three epistemic
beliefs in the UMI curricular materials. First, we position
ourselves as the authors of this paper, then outline our
approach to the analysis of a single activity from the
UMI electricity and magnetism (UMI-EM) curriculum.
We then position the activity from the UMI-EM curriculum
within the context of the course structures, place the activity
in the context of the curriculum sequence, and describe
the activity and curriculum materials that we use in our
analysis.

A. Positioning of the authors

As the authors of this paper, it is important for us to
position our experience and interaction with the UMI
curriculum. First and foremost, we all have significant
experience in developing and teaching the UMI curriculum.
Brewe (second author) developed the student-facing activ-
ities of the UMI mechanics (UMI-Mech) curriculum over
the past decade, with the implementation and instantiation
of the MTS and MTI articulated previously [23]. Sawtelle
(last author) was on a curriculum development team as
UMI-Mech was preparing to launch a website with materi-
als. As a new instructor to UMI, she initially developed the
instructor guides used with the UMI-Mech curriculum,
which have become pivotal to communicating the intent of
the activities to other instructors. Monsalve (third author)
has extensive teaching experience of the UMI curricula,
assisted in revisions of the curricular materials for UMI-
Mech, and has led training of new instructors in UMI.
McPadden (first author) developed the UMI-EM curricu-
lum, including both the student-facing activities and the
instructor guides [46]. Since their work in UMI-Mech and
UMI-EM, Brewe, Sawtelle, and McPadden have adapted
and built on the UMI curricula in different contexts,
including physics for life science majors, a hybrid prob-
lem-based learning and studio context for science and
engineering majors, and a lecture context without labo-
ratory equipment.
Thus, we are coming to this paper from the perspective

of the curriculum designers. When we talk about the
“epistemic beliefs of UMI,” we are articulating what we
see as the beliefs that we have attempted to build into the
UMI materials. This paper was borne out of the conversa-
tions and reflections on our own materials, particularly as

we each tried to apply the same UMI framework to a
different context. This process forced us to articulate our
own assumptions and beliefs as curriculum designers. We
found these to be subtle and often implicitly built into
our materials. In this paper, we attempt to highlight how we
see three of these beliefs manifest in the curriculum
materials.

B. Approach and analysis

This paper was intended as a theoretical discussion of
the epistemological beliefs built into UMI by curriculum
designers. As such, we collectively identified which
beliefs to focus this paper around and picked an activity
from the UMI curriculum to illustrate how these beliefs
were embedded in the curricular materials. As such, we
use the curricular materials as our “data source” for the
analysis. We use the phrasing and structure built into the
curricular materials as the evidence of the epistemic beliefs
that were built in by the designers. We then offer different
ways that we could see these materials interpreted by
instructors, highlighting both the interpretation that was
intended by the curriculum designers and possible inter-
pretations that could work against the intended design.
These possible interpretations are offered as hypothetical
statements that we could envision other instructors making.
They are not intended as anecdotes and do not come from
recorded observational data. We see this paper as the first in
a larger project, which would include interviews with
instructors who did not participate in the curriculum design
about their beliefs and how those align with the curriculum
materials.
In order to decide which epistemological beliefs to

include in this paper, we started by having four conversa-
tions spread out over six months about how we share
curricular materials with new instructors and what assump-
tions we make about how instructors interpret those
materials. From these conversations, we created a list of
what we thought was missing from the materials that we
created. From this list, we decided to focus on the beliefs
that had a strong impact on the board meeting discussions
for the following two reasons: (a) there are no student-
facing materials for the board meeting, which leaves the
shape of the discussion largely up to the instructor’s
interpretation, and (b) while the board meetings are critical
course structures in UMI, there has been little discussion
of how they function in the literature. We then also
narrowed to the beliefs that could be interpreted in multiple
ways by instructors and that we could see manifested in
the curriculum materials (rather than just a belief about
practice). While we recognize that there are many other
epistemological beliefs held by the designers that are
likely present as artifacts in the curricula, this process
led us to the three beliefs presented in the analysis below:
(1) learning is distributed across the classroom, (2) multiple
representations are central to students’ construction and
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understanding of the models, and (3) students’ epistemic
agency is emphasized in the learning process.
After identifying the beliefs, we decided to focus our

analysis and discussion around a single activity from the
UMI-EM curriculum. Ultimately, we decided on the
Combining Resistors activity for several reasons. First, it
occurs early in the modeling cycle, thus requiring less
context as its focus is to generate the rules for Combining
Resistors in a circuit. Second, the activity at first glance
seems rather simple (only 1=3 of a page on instructions and
space to draw circuits), while the instructor guide indicates
that this should be a long activity (90 minutes is budgeted
for part 1 alone) to build toward the discussion points for
the activity. The discrepancy between the student-facing
materials and the instructor guide highlights an interesting
place in the curriculum, where the developers are making
assumptions about how to move from the student-facing
activity into the larger board meeting. Third, this activity
provided concrete examples of the three beliefs that we
identified.

C. Positioning of the activity of analysis

In this section, we provide the context, positioning, and
description of the Combining Resistor activity within the
UMI-EM curriculum. First, we describe the general UMI
curricular structures, which are included in the Combining
Resistors activity. Next, we describe where in the unit the
Combining Resistors activity falls and what students
would have learned in the previous activity. Then, we
provide a brief overview of a relatively new representation
called Power Boxes, which was designed for and built into
the UMI-EM curriculum. This representation is featured
heavily in the Combining Resistors activity, and thus, it is
worth providing some context on the representation.
Finally, we describe both the student-facing and instruc-
tor-facing documents for the Combining Resistors activity
that we used as the unit of analysis.

1. UMI curricular structures

The UMI curricular materials are currently organized by
week throughout the semester (e.g., 15 weeks of course
outline), consisting of a set of activities and homework
(student-facing documents) for that week with an asso-
ciated instructor guide (instructor-facing documents); in
some cases, video vignettes accompany the instructor
guide. These are the materials that are available on the
UMI website, which would be shared with an instructor
interested in using the UMI curriculum.
The format of each activity varies, depending on where

in the modeling cycle the activity falls. There are three
general forms of activities: investigation activities, co-
ordination activities, and application activities. An inves-
tigation activity will typically occur at the beginning of
the modeling cycle, with the purpose being to explore
a phenomenon (either theoretically or empirically), to

generate questions about that phenomenon, and to pro-
duce a set of rules from the initial investigation about
how that phenomenon works. A coordination activity
typically follows the investigation activity (or activities).
Coordination activities are designed to focus students on
connecting the new concepts and rules from the inves-
tigation to their previous knowledge and to the various
representations that are used to describe that phenomenon.
The investigation and coordination activities serve as the
“model building” activities and the place where new
knowledge is generated and abstracted by the class. The
application activities are then designed so that students
have the opportunity to take the model that they built (over
the previous activities or class periods) and apply it to real-
world contexts. In these activities, students are asked to
create a coordinated set of representations for the phe-
nomenon (e.g., system schema, energy pie charts, word
description, force diagram, etc.) in addition to solving for
any missing quantities [29]. This holistic approach to
problem solving is highly emphasized over problems that
ask students to solve for one particular quantity [23].
The current version of the instructor guide for UMI is a

weekly guideline for time management of six student-
contact hours along with the purpose of the activities,
student generated whiteboards, and board meetings. Each
week has a breakdown of the activities, the corresponding
white board questions, the important points that should be
discussed in the board meeting, and recommended home-
work for the students. The instructor guide states the
purpose of each activity including the content knowledge
needed or generated. Occasionally, the instructor guide
indicates that an idea should be “seeded.” The “seeding”
tells an instructor that a representation or a formula requires
an introduction from an instructor (be it a faculty member,
teaching assistant or learning assistant) to formalize the
idea during small group discussion [31]. The instructor
guides for the activity can also have logistical notes for the
instructor to manage small group collaboration or to split
the activity into parts during class. The guidelines for the
student whiteboards typically have the aforementioned
three questions for investigation activities (what did you
learn, what patterns or rules do you see, what do you have
questions about), a suggested prompt for explanation in the
coordination activities, or suggested phenomenon for the
application activities. The guidelines for the board meeting
have the bullet points of the concept and/or connection of
the material that students could cover.

2. Situating the activity in the curriculum

For context, the Combining Resistors activity occurs in
the seventh week of class, following five weeks focused on
electrostatics and one week on introductory circuits. It is
the second investigation activity in the modeling cycle on
circuits, following an investigation around voltage and
current for a single light bulb and for a single resistor. In the
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first part of the previous activity, the students would have
come up with rules for basic circuits, such as current will
only flow around a closed path, the current is the same
everywhere in the circuit (resistors do not “use up” current),
there is very little change in voltage over the wires in the
circuit, the change in voltage across the battery is the same
as the change in voltage across the resistor, and the energy
from the battery is transferred to internal energy (heat) at
the resistor. This last rule opens up a discussion about
energy versus power in circuits and facilitates the intro-
duction of a new representational tool called Power Boxes
[47]. We recognize that this is a new representation that is
uncommon to most physics course, so we briefly describe
the Power Boxes in the following section. In the second
part of the activity, students then build quantitatively on
these rules to develop Ohm’s law. In summary, going into
the Combining Resistors activity, students have already
defined and measured current, voltage difference, resis-
tance, and power; however, up until this point, students
have only been working with a single circuit element (either
a light bulb or resistor) that is connected directly to a battery
or power supply.

3. Power Boxes

Power Boxes were introduced to the UMI-EM curricu-
lum in 2016 and published by McPadden et al. in 2018
[47]. We briefly summarize this representation here as it
is a relatively new representation to the physics education
community. Power Boxes were introduced in the UMI-EM
curriculum as a means to represent the energy in a circuit.
More common energy representations, such as energy pie
charts, energy bar charts, energy tracking diagrams, etc.,

often fail when applied to circuits contexts due to a lack
of ability to track energy around multiple paths or to
address the energy of more than one electron [47]. Rather
than focusing on energy, Power Boxes were designed to
help students focus on power around a circuit by visually
representing changes in potential and current around a
circuit.
There are two pieces to Power Boxes—the tracking

Power Boxes and the summary Power Box. The vertical
side of each box represents the potential available in the
circuit, whereas the horizontal side of the box represents the
current. Thus, within the box, the area represents the power
available in the circuit (P ¼ I V). Tracking Power Boxes
are used to help students track changes in potential and/or
current at different locations around a circuit, which can
then be used to construct a summary Power Box of the
whole circuit.
As an example of Power Boxes in use, consider the

circuit shown in Fig. 1, where R1 ¼ 10 Ω, R2 ¼ 5 Ω, and
R3 ¼ 3 Ω. The tracking Power Boxes are shown on the
right in Fig. 1(a). Starting with point A, the entire box is
shaded in black, which indicates that there is the full
amount of potential and current from the battery at this
location. At location B, after passing R1, there is a drop in
potential (indicated by a decrease in the vertical black
shading), though this does not change the current (indicated
by the full horizontal width being shaded). The blue box
represents then the change in potential at R1. At points C
and D, there is no drop in potential as there is no circuit
element between B and C or between B and D, but there is a
junction. This would result in a division of the current
(which is represented by the splitting of the black shading
on the horizontal axis into “bins”) such that R2 has less

FIG. 1. Example of the (a) tracking Power Boxes and (b) summary Power Box used for a simple direct current (dc) circuit. The Power
Box representation shows the changes in potential difference and current around a circuit as a tool to think about power in the circuit.
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current than R3. At point E (and similarly at point F), there
is a final decrease in potential, indicating the potential drop
across R2 (or R3, respectively); however, there is still
current at this location, so this is indicated by a thick
black line at the bottom of the Power Box. Finally at point
G, the line at the bottom indicates that there is the full
amount of current present at that location with zero
potential.
The summary Power Box [shown on the left in Fig. 1(b)]

then summarizes these changes in potential and current
for the whole circuit. We have color coded these sections
for clarity (though that may not be expected of students).

From the summary Power Box, it becomes easy to judge
where energy is being used at a faster rate in the circuit based
on the relative area sizes. Power Boxes can then also be used
to help students construct Kirchoff’s node and loop rules.
For example, it is clear from the diagram that V1 þ V2 must
equal the total voltage from the battery (Vbat). For further
examples or details on the Power Boxes, see Ref. [47].

4. Description of curricular materials for the activity

The student-facing portion of the Combining Resistors
activity is shown in Fig. 2 [48]. In the first part of the

FIG. 2. Student-facing document for the Combining Resistors activity in the UMI-EM curriculum. Note that the spacing has been
altered from the original version to better fit the page.
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activity, students are asked to create six different circuits
with the restrictions that (1) all the circuit elements must be
in a single loop (limiting to the case of series circuits) and
(2) they can use a maximum of three resistors in each circuit
(however, changing the order of the resistors would count
as a different circuit). For each circuit, students are asked to
take measurements of the voltage across and the current
through each resistor. They are then prompted to think
about the rules that they can make for resistors in a single
loop. The second part of the activity then broadens to have
students investigating resistors that are in separate loops (or
are in parallel). They are asked again to create six different

circuits and restricted to using three resistors in each circuit.
Much like in part 1, they are asked to take voltage and
current measurements in each of their circuits and arti-
culate the rules for when resistors are in multiple loops
(or in parallel). In each of the parts, students are asked to
construct their circuits, record their measurements, draw the
circuit diagrams for their circuits, and construct the Power
Boxes for their circuits.
The instructor guide for part 1 of this activity is shown in

Fig. 3 [49]. (For brevity, we chose to show only part 1 of the
corresponding instructor guide as part 2 follows a very
similar format for parallel circuits). The instructor guide

FIG. 3. The instructor-facing document for the Combining Resistors activity in the UMI-EM curriculum. This is the first of two pages
for the activity. Note that the spacing has been altered from the original version to better fit the page and part 2 was omitted because of
similarity to part 1.
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gives an estimate of approximately 90 minutes for the first
part of the activity. At the top of the guide, there are
teaching notes that briefly explain the reason for the
restrictions and the purpose of the activity. The teaching
notes are then followed by the whiteboard questions that
students should answer and a bulleted list of the important
points that should be covered in the board meeting. While
the list is bulleted, the order of the points is not meant to be
restrictive and could occur in a different order depending on
the flow of conversation in the larger discussion. For the
first part of the activity, the “important points” in the
discussion include defining what it means to be “in series,”
articulating the rules for current and voltage difference
when resistors are connected in series, and articulating how
those rules then relate to Power Boxes as a representational
tool for analyzing circuits.

IV. ARTIFACTS OF EPISTEMOLOGICAL
BELIEFS IN THE MATERIALS

Within both the student activities and the instructor
guide described above, there are artifacts of curriculum
designer’s epistemological beliefs left as curricular ele-
ments. As we stated before, there are likely many beliefs
built into the materials; however, we will focus our dis-
cussion on three of those particularly relevant for being able
to conduct the board meeting following the activity:
(1) learning is distributed across the classroom, (2) multiple
representations are central to students’ construction and
understanding of the models, and (3) students’ epistemic
agency is emphasized in the learning process. The artifacts
of each of these epistemological beliefs is described below
in the context of the Combining Resistors activity shown in
Figs. 2 and 3.

A. Learning is distributed across the classroom

The student-facing materials communicate the belief
about learning being distributed across the classroom in
the wording and scaffolds of the activity. In part 1 of the
activity, students are asked to create six different circuits
and prompted to take measurements of the voltage and
current through each resistor. The phrasing of this inves-
tigation is intentionally open ended. Students are given
constraints to work with (i.e., a maximum of three resistors,
the circuit elements should be in a single loop), but beyond
that the choice and design of the circuits is up to the
students themselves. For example, they could pick circuits
with resistors of the same resistance, with a varying number
of resistors, resistors of varying resistance, vary the order of
the resistors, etc. In giving an open-ended prompt, this
means that each group of students is creating a different set
of six circuits.
Similarly, the white board prompts in the activity are

intentionally open-ended. Students are simply asked to
think about the rules that they can make for voltage,

current, and resistance, along with anything else that they
learned in investigating their circuits. Instead of a direct
prompting about a particular rule, this open-ended prompt
means that students will come to the discussion with a wide
variety of rules, based on what they found from the six
particular circuits that they tested. By keeping the prompts
open ended, students are able to come up with the rules they
are finding that make sense based on their circuits and their
measurements.
Since each group is only creating six circuits, it is not

expected that every group has all of the voltage rules or all
of the current rules in the board meeting. Rather, students
are expected to be able to articulate the rules they found
from their specific circuits and measurements. When the
groups then come together for the board meeting, there
is a wide variety of circuits tested and rules that each
group found.
Within the instructor guide, this designer belief is evident

in the purpose of the whiteboard time and the board
meeting purpose, which focus on “sharing experimental
results” and “coming to consensus on rules.” Since students
are intended to investigate different circuits, it is important
that they have the opportunity to share what they did since it
is likely different from what their neighboring group did.
Likewise, there will be negotiation and consensus needed
between the groups to develop the rules for series circuits.
For example, if one group tested primarily circuits with
resistors of the same resistance, they may come up with a
rule that says the voltage across each resistor is the same.
Whereas, if another group tested resistors of different
values, they may have a rule that a larger resistance means
a larger potential difference. The board meeting allows the
space for students to share these findings and what they did
in order to come to consensus on the rules for series
circuits. This is further evidenced by the first bullet of the
board meeting, which emphasizes that students should
explain what they tested and what they measured in
investigating their circuits.
Thus, the structures of this activity and the following

discussion are based on the idea that the student groups
have all tested different circuits. This provides a wider
variety of circuits and a wider variety of rules, which can
then be negotiated and formalized in the board meeting.

B. Multiple representations are central to students’
construction and understanding of the models

The student-facing materials demonstrate the belief of
valuing multiple representations in two sections. First,
students are asked for each circuit to have a circuit dia-
gram, Power Boxes, and a table of measurements made on
the circuits (i.e., a table of relevant current and voltage
measurements). Second, students are given the white-
board questions that appear in the instructor guide but
are contextualized specifically for the understanding single
loop circuits. For example, “what rules can you make about
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voltage?” The open-ended nature of the question to ask for
a rule allows students to answer with multiple representa-
tions that are appropriate to explain the phenomena of
single loop circuits.
In the instructor guide, the designers communicate

the epistemological belief of multiple representations
being central to model construction as dispersed bullet
points through the important points of the board meeting.
Explicitly, the instructor guide highlights both Kirchhoff’s
rules and Power Boxes as resulting from this investigation.
The board meeting is the place where students’ measure-
ments in the circuit (the first bullet) are expected to
coordinate with both of these formalized representations.
Power Boxes are still a new representation at this stage in
the course, and thus, this activity outlines specific elements
of that representation.

C. Guided epistemic agency is emphasized
in the learning process

Within the curricular materials, there is a balance
between student agency and the guidance that they are
given. It is important to the classroom that both parts of
this epistemological belief are activated. We have already
discussed how the student-facing materials in the Com-
bining Resistors activity are phrased so that students are
free to choose and design their own circuits. This phrasing
emphasizes the belief that learning is distributed across
that classroom, but also cues resources about providing
students with autonomy in the learning process. Not only
do they have to design the circuits, they have to make
decisions about which resistors they want to use (how
many, what values of resistance, the same resistance or
different resistance). They also have to make decisions
about where they place their multimeters to measure either
voltage or current. This provides students with ownership
over their circuit design and experimental decisions.
In the instructor guide, students’ epistemic agency is

communicated through the structure of the board meeting.
For example, the first bullet point has students explaining
what circuits they tested, what they measured, and what
they found. Thus, students should be leading this discus-
sion as opposed to the instructor highlighting student
results. With the students leading this discussion, the
discussion points are not anticipated to happen in any
particular order. This is reflected in the choice of bullets for
the discussion points as opposed to a numbered or ordered
list. Furthermore, the amount of time budgeted for this
activity and discussion is 90 minutes, shown in the top right
corner of the instructor guide. This is a reflection that
despite the simplicity of the activity, there is a lot of
negotiation in the student-led discussion. Because student
epistemic agency and ownership is emphasized (especially
in the discussion), this means that the discussion will likely
not be efficient in terms of time and will require students to
work out ideas with one another.

Within the student-facing materials, the “guided” part of
this designer belief is communicated through the limita-
tions or constraints that students are asked to work in. For
example, students are asked to “investigate circuits where
all the elements are in a single loop.” This constrains
students to focusing on only series circuits; thus, the
rules that students are asked to come up with will be
focused on only series circuits. The other constraint that
helps to guide students in this investigation is that they can
only use “a maximum of three resistors in each circuit.”
This prevents students from just adding one more resistor to
make a new circuit. By adding this constraint, the designers
are communicating a balance of student agency and guided
direction by asking the students to be creative in their
circuit design and to consider combinations of resistors that
they may not have before (i.e., two resistors with the same
resistance with one different). Within the instructor guide,
the “guidance” shows up as teaching notes to the instruc-
tors. In these teaching notes, the developers explain why
there are limitations placed in the student-facing materials,
albeit they are short notes and require some interpretation
on behalf of the instructor.

V. IMPLICIT CURRICULUM IN INSTRUCTOR
GUIDE AND STUDENT MATERIALS

In the previous section, we highlighted how the episte-
mological beliefs of the curriculum designers were com-
municated in the curricular materials of the Combining
Resistors activity. However, the instructor also activates
their own epistemological resources when teaching the
course and using the materials. Since there are no explicit
directions particularly in how one translates between the
student-facing activity and the guidelines provided in
the instructor guide, the set of epistemological resources
activated by the instructor is crucial to the interpretation of
the instructor guides and materials. In this section, we
articulate how the designers’ beliefs outlined above are
implicitly built into the curriculum and how those beliefs
may interact with the beliefs held by instructors.

A. Learning is distributed across the classroom

Despite the activity and instructor guide incorporating
distributed learning into their structure, the materials do not
communicate how the instructor is supposed to use these
materials. In the design of the activity, it is not intended that
every group come up with all the rules about series circuits.
Rather, they are intended to come up with the rules that are
related to the circuits they designed and the measurements
they took. This means that prior to the board meeting, the
instructors are walking around to see what each group is
testing. As they go, the instructors should be helping the
students formalize the rules that make sense to their group’s
experiments. If none of the groups are testing a particular
rule, the instructor might suggest to one or two groups that
they design a circuit in a particular way. This suggestion

PRODUCTIVE FACULTY RESOURCES … PHYS. REV. PHYS. EDUC. RES. 16, 020158 (2020)

020158-11



might be to a group who finishes early and has some time
before the board meeting, or it might be to a group who is
struggling to come up with a fifth or sixth circuit to test.
In this way, the instructor can emphasize the distributed
nature of learning when planning and supporting the board
meeting that follows. However, within the given materials
themselves, there are no directions for what the instructor
should be doing during the time that students are working
on the activity. It is assumed that the instructors know what
to do with this time, rather than these sorts of directives
being communicated through the curriculum materials.
Additionally, this means that when the instructor calls

the board meeting, each group is expected to come with a
different set of rules. It is not expected that any one group
has a complete set of the rules, but rather that the rules listed
in the instructor guide are distributed among the groups.
Over the time period of the discussion, a complete set of the
rules is expected to be negotiated and pieced together using
the information collected by multiple groups. Again, this is
not stated in the curricular materials. Instead, the “impor-
tant points” listed in the board meeting are the complete set
of rules that should be pieced together by the end of the
board meeting. Even more importantly, there is nothing in
the materials that points to how the instructor moves from
the rules generated in pieces by the students to the main
points presented in the instructor guide. The instructor
guide does not explicitly state that learning is distributed or
how instructors should interpret the board meeting notes
through that lens.
Without specifics for the instructor in the curricular

materials, it is quite possible that the instructor does not
activated the “learning is distributed” set of epistemological
resources. As a result, the instructor may change the
purpose or design of the activity unintentionally. For
example, they may expect that each group come up with
“all” the rules from the activity. This may mean that the
instructor modifies the activity so that students are given the
“right” circuits to test that will lead to all the rules, or they
may ask students to build and test more circuits so they can
come up with the “complete” set on their own. In this
design, the activity may take up much more class time than
anticipated since the work being asked of the students is
much higher. This may also lead to a pointless board
meeting since each group would then come in with the
same set of rules. This would leave nothing for the students
to negotiate, discuss, or come to consensus about.
Depending on the goals of the instructor, this may uninten-
tionally undermine the purpose of the activity and/or the
following board meeting.

B. Multiple representations are central to students’
construction and understanding of the models

While many designers of transformed pedagogies
assume that multiple representations are productive, this
belief about the nature of knowledge is core to UMI’s
construction of models. In the UMI classroom, students

learn that models are a coordinated set of representations.
Thus, the epistemological belief of multiple representations
being central to learning is key to interpreting and imple-
menting both the instructor guide and the student-facing
materials. The student materials prompt students in this
direction—asking them to record their circuits in multiple
forms (e.g., make a table of measurements and draw a
circuit diagram) and to draw Power Boxes. However,
students are apt to skip the representations they find
unnecessary, and as a result, a key activity of an instructor
of UMI is to focus attention on the coordinated set of
representations. As the instructor is moving around the
room, they are looking for representations to work together
to tell a consistent story—or to develop a key rule. Working
hand in hand with the belief of distributed learning, the
UMI instructor looks for groups that have representations
that are consistent within their data collection, but where
the representations highlight differences across groups.
Not found in the instructor guide are any notes about

how to pull the different group representations together to
formulate a rule in the board meeting. Without activating a
set of epistemological resources around multiple represen-
tations being central to learning, we might see instructors
using a single group to write Kirchhoff’s loop rule in
equation form without noting how it is represented by
Power Boxes. Similarly, in the board meeting, we might
find instructors wondering what they are meant to do with a
group that did not use any equations at all. In this version of
the classroom, we might find some students who never
really understand circuits or find that they do not have a
good tool to help them think through complicated prob-
lems. Without a commitment to multiple representations,
instructors might bypass individual students and end up
marginalizing students who do not understand the one
representation that appears to be highly valued.
Similarly, without an activated set of resources that

highlight the coordinated nature of multiple representations,
an instructor might miss key elements that are stated within
the materials. A UMI designer reads the bullet “the voltage
across each resistors adds up to the total voltage from the
power supply” and recognizes that the bullet should showup
on students’whiteboards as (1) a formulaic or mathematical
expression, (2) a sentence with words, (3) a Power Box, and
(4) a sequence or table of measurements. Depending on
where each group is in the activity andwhat they tested, they
may have some or all of these representations, which relates
back to the belief of distributed learning. Without the belief
that all of these representations are valuable, an instructor
might mistakenly value only one and miss the varied set of
experiments and representations that should be valued
during a board meeting.

C. Guided epistemic agency is emphasized
in the learning process

Within the student-facing and instructor-facing materi-
als, students are seen as epistemic agents, and their role as
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knowledge generators is promoted in the phrasing of the
activity and the constraints placed on students’ circuit
designs. However, this epistemological belief is particularly
influential in the interactions between instructors and
students, as well as in the role that the instructor takes
both prior to and during the board meeting. Despite its
importance, this belief is not articulated well in either the
literature or as an artifact in the curricular materials
[14,30,31]. It is assumed that the instructor has activated
a similar set of epistemological resources and interprets the
materials through this lens. Furthermore, it assumed that
the instructor knows how to balance the guidance they are
providing with supporting student autonomy in the learning
process.
A primary example of how the curriculum fails to cue this

set of resources is that there is nothing built into the
instructor guide that says how one moves from the stu-
dent-facing activity to the bullet points for the discussion
listed in the instructor guide. This means that many questions
are left up to the interpretation and judgment of the instruc-
tors in the room: How much guidance does the instructor
provide when working with the small groups on the activity?
When should the instructor call a board meeting? How
much time should be spent with each group? How does the
instructor guide the discussion while maintaining students’
ideas? When do you leave questions open ended versus
telling students? How does the instructor promote a student-
led discussion in the board meeting? How do you know
when the board meeting is done and students “have it”?
The epistemological resources that are activated for an

instructor will influence how they implement the materials.
For example, if the instructor resources about student
epistemic agency are activated without any resources
emphasizing guided inquiry, the activity may be imple-
mented in a pure discovery-learning style. In this framing,
the instructor would not help students during the activity
time and allow students to create the circuits and rules on
their own. Certainly, there is nothing wrong with this
framing; however, it is coming from a a different set of
epistemological resources than was intended by the cur-
riculum designers. If students are given complete freedom
in the activity without guidance from the instructor, this
could mean that one or more of the “important points” in
the instructor guide do not come up in the board meeting
based on students’ experiments. Instead the instructor may
be forced to introduce those ideas in the board meeting
more often than they would like, which undermines the
purpose of the activity and the modeling cycle that are built
into the class. Furthermore, if the instructor does not see
their role as guiding the groups during the activity time, this
could mean the instructor does not feel like they have a role
during the activity or are sitting idly by for large parts of
the class.
Alternatively, if the instructor activates the guided

inquiry set of resources without any resources about student
epistemic agency, this could lead the instructor to tell the

student groups what they “should” find as opposed to
working from students’ ideas and measurements first. This
could lead to students just waiting for the instructor to tell
them what to do or to tell them what the answers are
without working through their own ideas. Rather than
students taking ownership over their own ideas and the
learning process, this promotes the idea that the instructor
has all the “right” answers and that if students just wait for
the instructor, those answers will be told to them. This can
also be problematic in the board meeting, where students
may become less willing to share their findings unless they
are sure they are “right” or they will simply wait until the
instructor provides the answers they were “supposed” to
find through the activity. This removes the discussion and
evaluation from the board meeting, turning into a lecture
from the instructor.
Thus, what an instructor emphasizes and how they

balance the guidance and student epistemic agency can
change the implementation of the same activity with the
same instructor guide. In their current format, the curricular
materials do not offer any supports or suggestions for
how to navigate this balance or implement it while teaching
the activity. It is entirely implied or left up to the discre-
tion of the instructor, which can significantly change the
purpose or messaging behind the activity and board meet-
ing discussion.

VI. DISCUSSION AND CONCLUSION

In the previous sections, we have provided an example
from the UMI curriculum that shows how three epistemo-
logical beliefs of the UMI designers are left as artifacts
into the curricular materials: scientific knowledge is built
on a set of distributed set of conceptual models, multiple
representations support student understanding, and stu-
dents have epistemic agency which is guided by instructors.
These epistemological beliefs were chosen as the focus of
the paper since they have a significant impact on the role of
the instructor both during the activity time and the board
meeting, which has been left out of the discussion in
previous publications on University Modeling Instruction.
In addition to highlighting how these epistemological
beliefs are left as artifacts in the student- and instructor-
facing materials, we discussed how these materials may not
cue a similar set of resources for an instructor, thus
influencing the implementation of the activities. Within
the curricular materials, particularly the instructor guide,
the designers assume that the instructor using the guide
knows how to interpret and move between the activity and
instructor guide in a way that is consistent with the designer
beliefs.
Currently, the MI materials do not detail how the

instructor moves between the provided student-facing
and instructor-facing curricular materials. In part, this is
because the materials are designed to be flexible. If students
are to have epistemic agency in the learning process, they
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should be free to come up with their own ideas and rules
from the activity. This makes it difficult for the designers to
describe in detail how the instructor should move from the
student idea to the “important bullets” since the students’
ideas are intended to be the starting point. While it is
possible to outline predictions of what students may come
up with, it is not guaranteed that students would come up
with the same ideas. Additionally, providing one line of
reasoning may unintentionally suggest that there is only
one path to get from a students’ idea to a given discussion
point, when, in reality, the discussion may take a variety of
forms with different paths to get to the same result. This
format offers flexibility to the instructor to build off of and
be responsive to students’ ideas.
However, this expects a lot from an instructor. It expects

an instructor to be able to use the techniques of responsive
teaching [50], to be comfortable leading a discussion that
is guided yet student centered, and to be flexible and
comfortable in a teaching environment that is difficult to
prep for. On top of that, much of what is “missing” from the
instructor materials are really a set of teaching practices. For
example, how to lead a discussion, how to transition from a
small-group activity to a large-group discussion, how much
time to spend with each group—these are all practices that
are not explicit in the curriculum and techniques that are
passed from one instructor to another. While these practices
are as much a part of the curriculum as the materials, it is
impossible (and undesirable) to write down in a document
how each of the practices is used in the variety of scenarios
that might come up. Not only is this impractical from a
design perspective, but it would make the instructor guide
overwhelming to read, difficult to implement, and still may
not be understandable just from reading off the paper
without the practical application in the classroom.
Thus, we argue that simply passing off the curricular

materials (only the student- and instructor-facing documents)
is unlikely to be sufficient for a new instructor to adopt a
curriculum. This problem is exacerbated when there is a
mismatch between the epistemological resources cued for
the instructor and the beliefs of the curriculum developers.
As we have demonstrated in this paper, there are epistemo-
logical beliefs built into any set of curriculum materials.
These sets of resources are also presumed to be activated in
the interpretation of the materials, which are crucial to the
adoption and authentic adaptation of the curriculum.
Particularly if the intended resources are not activated by
an instructor when looking at the curricular materials, there
may not be enough supports for the instructor to successfully
implement the new teaching style, no matter the demon-
strated benefits provided by the curriculum. Previously,
workshops at national meetings have been the primary
vehicle to help faculty understand the intended epistemo-
logical resources prior to implementing the curriculum.
However, work on dissemination suggests that other modes
of dissemination are also important and may be useful in
developing a coherence between instructor and curriculum
developer beliefs without workshops [13].

While we have discussed an example from University
Modeling Instruction in this paper, we do not believe that
this is unique to the UMI curriculum. Rather, all curriculum
developers leave artifacts of their epistemological beliefs in
every curriculum. The epistemological resources that are
activated by an instructor can significantly impact how
the materials are interpreted and implemented. The more
disparate the beliefs are between those held by instructors
and those intended in the curricula, the more likely it is that
instructors will need supports beyond the materials in order
to authentically implement them as intended by the design-
ers, or will simply choose not to adopt the materials.
Curriculum dissemination must include more than the

transfer of curricular materials—especially for curricula
that take on epistemological beliefs that are distinct from
typical instructional settings. It is important that curriculum
designers are able to identify and articulate these beliefs to
those who may take up the curriculum. This paper would
also suggest that it is unproductive to separate the peda-
gogical techniques from the curriculum materials as the
design and intention of the materials is in part based on
their implementation. From this perspective, by focusing
curriculum dissemination on only materials or alternatively
on only pedagogical techniques, the interplay between the
materials, their design, and their implementation is under-
valued. Thus, in disseminating a curriculum, having a space
to learn both the classroom practices and the materials
would offer the greatest opportunity for successful adop-
tion. This is not a new idea—many workshops at the
American Association of Physics Teachers Meetings focus
on curriculum implementation of specific curricula. Within
modeling instruction, the training models that have been
successful at the high school and university levels have
been extensive summer workshops and apprenticeship or
co-teaching models in the classroom, yet these are expen-
sive and instructor-heavy models of dissemination.
Research has shown that active learning curricula are

slow to be adopted despite their demonstrated benefits. We
aver that one possible reason for this is a lack of articulation
of epistemological beliefs that come with an active-learning
curriculum, in combination with the fact that the success-
ful professional development models for new faculty are
resource heavy in terms of time, money, and possibly
travel. We have used UMI as an example from our own
development experience, but in doing so, we do not suggest
that UMI has a perfect answer to this problem. On the
contrary, we have shown places where the materials in UMI
are lacking. However, we would urge both curriculum
designers and those who disseminate curricula to think
about what supports are needed beyond the materials for
other instructors to implement the curriculum. With this
paper, we hope to start and continue the conversation
within the community about how we can better commu-
nicate and support new faculty in adopting and adapting
new curricula.
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