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[This paper is part of the Focused Collection on Curriculum Development: Theory into Design.] A level
of curricular design, called design tactics, is identified to fill a gap in the research literature between the
broad principles that guide curriculum development and the detailed writing of specific activities and
lessons. The use of design tactics is illustrated with a case study using a sequence from middle-division
undergraduate electromagnetism, the ring cycle, developed as part of the Paradigms in Physics project at
Oregon State University. A retrospective analysis of the curriculum development process identified ten
design tactics, related to content, sensemaking, and classroom practice. Further analysis of secondary
implementations at DePaul University and California State University San Marcos illustrates how design
tactics can also be used to make adaptations to local settings and contexts. Design tactics can serve as a
productive bridge between higher-level design principles and activity development.
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I. INTRODUCTION

Physics educators and physics education researchers
have developed and popularized many curricula and
instructional techniques (see PhysPort [1] for many exam-
ples). Creating curriculum or classroom activities requires
decisions about goals, topics, modalities of instruction, and
many other factors. In making these decisions, developers’
may draw on and respond to learning goals, institutional
context, and research on student learning about specific
topics. They may also use design principles and models for
curriculum development that are based in research on
student learning of science and instruction design.
The intent of this paper is to begin to fill a hole in the

existing literature—the space between broad design prin-
ciples that guide the development, refinement, and adapta-
tion of curricular materials. We refer to this missing level as
design tactics, which we define as practical instructions that
guide developers in designing (and refining) curricular
materials in order to meet their specific learning goals.
While design tactics do not provide a formula or template
for creating activities, they are more specific than design
principles. In using the term design tactics, we are drawing

from Beach’s use of tactics within image theory as
“specific, palpable actions that are intended to facilitate
implementation of an abstract plan to further progress
toward a goal.”[2]
We place design tactics near one end of a spectrum of

increasingly practical and concrete ideas from which
developers draw in creating curriculum. These ideas range
from the research literature (including learning theory), to
research-based design principles, to design tactics. For
example, curricular materials developed by the physics
education research (PER) community have been accom-
panied by publications describing the research basis for the
development of the innovation [e.g., 3,4]. Less frequently,
physics curriculum developers have described research-
based principles that guided their curricular design process
[e.g., 5,6]. Others within the PER community have
described higher-level, more general processes intended
to guide faculty in transforming science, technology,
engineering, and mathematics (STEM) courses to be more
interactive and effective [7].
Figure 1 highlights where we see design tactics fitting

with other aspects of curriculum development. The figure
identifies a number of contributions to the development,
refinement, and adaptation of curricular materials. While
many of these elements interact and inform each other, the
focus of Fig. 1 is on how they impact the curricular
materials. Research on student learning of science and
instructional design informs curriculum development mod-
els, which describe a general process for development
(more on this in Sec. II A). Also informed by broader
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research, design principles and design tactics provide
guidelines that are used in parallel with the processes
of curriculum development models. Design principles are
more general than design tactics, which are more practical
and more closely guide specific development processes.
However, design tactics must be consistent with the
principles. Learning goals and institutional context
(including such factors as student population, program
structure, course format, etc.) also more directly inform
development and adaptation. Finally, developers may
directly draw on relevant specific research, for instance,
about student understanding of a particular topic. As
discussed in Sec. V D, design tactics, learning goals,
and institutional context are most directly relevant for
secondary implementations.
We developed the concept of design tactics through a

retrospective analysis of a curriculum development process.
During the course of the analysis, it became clear that the
developers had used a number of “guidelines” that were not
as high level as design principles. These are what we came
to identify as design tactics. While we suspect that many
curriculum developers use something similar to design
tactics—some systematic processes for translating princi-
ples to design—we have not seen examples of these being
made explicit and published. In proposing the idea of
design tactics, and providing examples from our own
curriculum development work, we hope to introduce and
formalize this concept and encourage others to be more
explicit about their curriculum development process.
Within the context of a specific curricular sequence, this

paper addresses the following questions: (i) What design
tactics are used to translate general design principles and
theories of learning into the design of specific activities
and sequences of activities and (ii) what design tactics are

used to adapt existing curriculum to new settings, student
populations, or course formats?
Our context for addressing these questions is a sequence

in upper-division electromagnetic theory called the ring
cycle. Author C. A. M. was the lead developer of the
original sequence and has taught it multiple times; authors
M. B. K. and E. P. have adapted the sequence to their
institutions and have also taught it multiple times. Both
M. B. K. and E. P. have worked closely with C. A.M.
previously during the refinement stages of the development
of the ring cycle. In our roles as instructors, we consider
this sequence to be particularly successful at meeting our
goals for middle-division students.
In this paper, we analyze the original development

process and resulting activities for the ring cycle, as well
as two secondary implementations. Section II provides
background and describes the theoretical perspectives and
research base which guided development of the ring cycle.
Section III presents the learning goals and activity descrip-
tions for the ring cycle and Sec. IVA provides a brief
description of our analysis methods and institutional
settings. Section V is the main analysis section of the
paper. Here we identify the design tactics and describe how
they were employed in developing the activities to accom-
plish our learning goals. Further, for the secondary imple-
mentations, we identify how the design tactics were used to
adapt the activities to different settings. In Sec. VI, we
discuss how these design tactics interact with each other
and with ideas in the broader PER community. Finally, we
provide some conclusions about the possible role of these
design tactics in Sec. VII.
We hope that the concept of design tactics as a bridge

between research, higher-level design principles, and actual
activity development will be useful to other curriculum

Research on student learning of 
science and instructional design

Design 
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Design 
Tactics
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Learning 
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Research on student 
understanding of topic X

Curriculum 
Development Models

FIG. 1. A model for how design tactics fit within curriculum development. Vertical placement roughly corresponds to the level of
abstraction (e.g., curriculum development models are more abstract than learning goals) and arrows represent how the elements impact
the curricular materials (e.g., research on learning of topic X can impact development more directly than broader research which is
typically mediated through curriculum development models and design principles.
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developers. Further, we expect that the specific design
tactics described here may be useful to those creating
activities for similar contexts or adapting materials for
secondary implementations as well as serve as an example
and starting point for other curriculum developers to
articulate and share their own design tactics.

II. BACKGROUND

A. Research on curriculum development

As described above, curriculum development is
informed by a range of ideas and the question of what
to include in curriculum and how to develop it has been
addressed in various degrees of specificity by different
research traditions and researchers.
The field of instructional design presents several models

that are specifically intended to guide the process of
instructional design. However, these are generally very
high-level models. ADDIE is a well-known example [8]
consisting of sequential, but iterative stages of analysis,
design, development, implementation, and evaluation.
The PER literature also includes examples of high-level
processes for curriculum design. The science education
initiative (SEI) model for research-based course trans-
formation is one example, and is based on a process of
identifying outcomes or goals, assessment, and curricular
design [7]. In characterizing ADDIE and the SEI approach
as high-level models, we mean that while they prescribe an
overall process, they do not guide the development of
specific classroom activities. ADDIE in particular does not
include choices about instructional format or pedagogy.
The SEI model advocates for research-based instructional
practices and interactive techniques, but is also a fairly
general model.
Design principles, on the other hand, represent a par-

ticular stance or set of commitments about student learning,
teaching, and the organization of instructional settings that
provide high-level guidance for decision making. Design
principles are distillations of research on students’ learning
of science that are formulated in a way to guide the
development of curriculum. Some developers of curricula
for university-level physics courses have described the
principles that guided their design process [5,6]. For
example, one of Goldberg et al.’s design principles is
“learning builds on prior knowledge” [5]. The activities in
their curriculum have a standard structure, and one section,
called initial ideas, “is designed to elicit students’ prior
knowledge about the central issue of the activity.” [5] The
individual initial ideas sections in each specific activity take
into account the principle that learning builds upon prior
knowledge; however, they may include different class
activities (small group discussions, whole class discus-
sions, concept questions, etc.) and with different content
topics. Other design principles recognize the role of
interactions with peers and tools, but the general design

principles do not provide guidance for specific choices at
the level of activity development.

B. Research contributing to the design of the Paradigms

The Paradigms in Physics project [9–11] at Oregon
State University (OSU) is the broad context for the work
presented in this paper. The Paradigms are an ongoing
20þ year effort to radically revise the middle- and upper-
division physics courses for physics majors and their
development was informed by a range of theoretical
perspectives and research findings. The Paradigms include
revised content at both the program and course levels. At
the program level, topics are rearranged to better reflect
the way professional physicists think about the field. At the
course level, topics are resequenced to better support
student learning. The Paradigms incorporate a variety of
pedagogical approaches featuring small group work where
students actively engage with physics content.
An early articulation of the Paradigms approach, which

is exemplified in the ring cycle, stated

In brief, PER has taught us that a number of factors will
improve student learning: active participation (as op-
posed to passive note-taking) in exploring the material;
a spiral approach that returns to common themes with
an increasing level of sophistication or complexity;
exploring examples before discussing the general
theory; group activities and peer instruction, in which
students work with one another during class time in
response to problems or exercises posed by the in-
structor; and a clear focus on content objectives, which
forces instructors to trim or repackage bloated courses
to accommodate what they reasonably expect students to
master in the allotted time—sometimes called the “less
is more” approach [11].

Further articulation of this approach has developed
concurrently with the curriculum in response to the
developers’ experience teaching students in the middle
division; to research on the Paradigms curriculum [12–26];
and in response to conversations with and the research of
the broader PER community [27,28]. For more informa-
tion, a formal study [29] details the history of the
Paradigms including the development of principles
and goals.
Development of the Paradigms was guided by findings

from research on students’ learning of science, such as that
students need to be actively engaged in building their
understandings [30]. The on-going research on student
learning conducted within the Paradigms in Physics pro-
gram has contributed to the studies in upper-division
contexts called for in reviews of discipline-based education
research [31] and focused collections [32]. Our emphasis
on group activities and peer instruction is consistent with
social-constructivist theories of learning [33] and, in
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particular, with attention to how students’ understandings
evolve as they participate in small and large group activities
and discussions [34]. In sociocultural theories, learning
occurs through interactions with others and with our
environment through tools [e.g., 35,36]. This is consistent
with one of the most robust findings in physics education
research: the importance of active engagement for learning
[37,38]. The value of actively engaging students is central
in our approach to designing learning environments and
activities. In addition to engaging the mind, it is also
important to engage the body through kinesthetic or
embodied learning activities [39].
Development of the Paradigms was also informed by

perspectives from cognitive science [40] and distributed
cognition [41]. Cognitive structures such as mental schema
(discussed in the context of physics education by Redish
[40]) and concept images [42] suggest that “in-the-brain”
experiences build both new nodes in the concept image and
new connections that increase the chance that nodes will
fire together. The ideas of short-term or working memory
and “chunking” [43] call attention to the challenges learners
face when encountering a symbolically rich, complex topic
such as electromagnetism. Distributed cognition calls our
attention to the way thinking can be embedded in and
mediated by tools such as representational forms, white-
boards, and other manipulables. In addition, the Paradigms
have also drawn on the use of cognitive task analysis [44] to
explore how experts approach the tasks that we ask of
students in order to better connect what is done in the
classroom to the goal of students becoming physicists [45].
The Paradigms development team recognizes that the

emphasis on social interactions in a social-constructivist
theory of learning requires that attention be paid to the
establishment of norms around what types of interactions
are to be expected and how those interactions will be
facilitated [46]. Vygotsky’s zone of proximal development
(ZPD) [33], which is often described as the region between
what learners can do with and without help, suggests the
need to be aware of learners’ current level of understanding
(which varies by student and over time) and match the
difficulty of tasks and feedback accordingly, often through
scaffolding [47,48]. Keeping course activities within the
ZPD of as many students as possible is an important
commitment among the Paradigms development team. We
also believe that it is the moral responsibility of teaching
teams to work toward an equitable learning environment,
where we use Esmonde’s definition of equity as “a fair
distribution of opportunities to learn or opportunities to
participate” [49].

C. Research on secondary implementations:
Adoption and adaptation

Curriculum development often takes place at a single or
small group of institutions. While there are many similar-
ities among U.S. university physics courses and programs,

differences in course format, instructor preferences, student
background, and other characteristics may limit the rel-
evance of curricula developed in other settings, or require
adaptations to make them effective. One focus of this paper
is to consider how design tactics may be useful in making
these types of changes. Previous work in PER has studied
how and why faculty do or do not take up existing research-
based instructional practices [50–55]. Henderson andDancy
[56] introduced an adoption-adaptation-reinvention con-
tinuum to describe the varying degrees of change faculty
make in educational innovations they decide to implement.
Many faculty modify existing innovations in ways large
(reinvention) and small (adaptation) [53]. Often, changes
result in practices that lack key elements of the original
innovation, and may therefore not have outcomes compa-
rable to the original [50,52,57]. However, Henderson and
Dancy also found that some facultymake changes in order to
accommodate local circumstances or instructor preferences,
but are consistent with the original core pedagogical
principles [50]. In this paper, we are interested in whether
and how design tactics are used to adapt innovations,
especially when they are used at different types of institu-
tions, different course formats, or with different student
populations than in the original development.

III. THE RING CYCLE

The ring cycle [58] is a sequence of activities designed for
an upper-division course in electromagnetism covering at
least electro- and magnetostatics (Chaps. 1, 2, and 5 of
Griffiths’s electromagnetism textbook [59]). The ring cycle
was designed with the assumption that students may have
previously had varied and inconsistent experience with
vector calculus in mathematics courses and a fairly typical
treatment of electromagnetism, using only trivial 1D inte-
gration, in a lower-division calculus-based physics course.

A. Learning goals

The primary learning goal for the original development
of the Paradigms, as articulated in the original grant
proposal, was for students to “learn to think like a
physicist” [18,19,23]. Although this goal is recognizable
and often articulated by traditional physicists, it is typically
unclear what exactly is meant by it, or how to achieve it.
In Table I, we identify the learning goals for the ring

cycle that represent one way to refine and unpack what we
mean by “thinking like a physicist,” at least for this slice of
curriculum. These goals are grouped into two broad
categories: content goals and sensemaking goals. We use
sensemaking as “seeking coherence between different
representations of physics knowledge” [60].
While all of the learning goals listed in Table I are

learning goals of the ring cycle as discussed in this paper,
some of these goals (S7, C6) are independent and could be
omitted in a different curricular structure.
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B. Activities

There are ten discrete, coherent, and well-structured
activities in the ring cycle, which play out over several
weeks of instruction. They are connected and supported, as
necessary, with mini lectures, whole class discussions, and
questions that students answer on individual small

whiteboards. See Table II for a short description of each
activity, the learning goals that are addressed by the
activity, the new ideas that are introduced in the activity,
and, if relevant, the iconic equation used in the activity.
It is important to note that this sequence does not sit in

isolation. There are a number of other activities and

TABLE I. The learning goals associated with the ring cycle.

Content goals: Students should be able to

C1—write vectors in different coordinate systems,
C2—use curvilinear coordinates to calculate electrostatic and magnetostatic fields from source distributions with high symmetry,
C3—identify and appropriately treat line, surface, and volume sources,
C4—calculate fields at ANY point in space, not just at points with high symmetry,
C5—calculate fields at points with high symmetry as a limiting case,
C6—calculate fields by building other sources out of pieces you have (i.e., cylinder out of ring).

Sensemaking goals: Students should be able to

S1—make professional choices such as such as deciding which representation(s) to use or what approach to take to a problem,
S2—utilize and coordinate between multiple representations,
S3—distinguish between position vectors for the source and field points in the distance formula,
S4—explore the relationship between discrete and continuous source distributions,
S5—relate given information to the variables in a formula, also described as employing the “use what you know” strategy. The strategy

is particularly apt for evaluating integrals where physicists, including students, must use information about dr⃗ in curvilinear
coordinates to evaluate the integration measure,

S6—understand integration as using the superposition principle by chopping up the source and adding up the various contributions to
the field,

S7—recognize that not all integrals can be done in closed form,
S8—recognize that integrating a vector field expressed in rectangular basis vectors (only) is simply the sum of three integrals.

TABLE II. The activities of the ring cycle including: name, type of activity, learning goals addressed, key new ideas introduced in the
activity, a short description of the activity and iconic equation, if applicable.

A1: Star Trek
Type: Kinesthetic
Goals: S1, S2, S3

Key new ideas: Distance formula, origin
Description: A short improvisational role-playing skit based on the Star Trek series in which students explore the

definition and notation for position vectors and the geometric nature of the distance formula.

jr⃗ − r⃗0j ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðx − x0Þ2 þ ðy − y0Þ2 − ðz − z0Þ2

q

A2: Electrostatic potential due to two point charges
Type: Small group
Goals: S3, C4

Key new ideas: Superposition, symmetry
Description: A small group activity in which students use the superposition principle to find the electrostatic potential V

everywhere in space due to a pair of charges (either identical charges or a dipole). The whole class wrap-up
discussion then compares and contrasts the results and discuss the symmetries of the two cases.

Vðr⃗Þ ¼ 1

4πϵ0

X
i

qi
jr⃗ − r⃗ij

(Table continued)
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TABLE II. (Continued)

A3: Distance formula in curvilinear coordinates
Type: Homework
Goals: S2, S3, C1

Key new ideas: Curvilinear coordinates
Description: A homework problem in which students find the distance between two points jr⃗ − r⃗0j in rectangular,

cylindrical, and spherical coordinates.

jr⃗ − r⃗0j ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
s2 þ s02 − 2ss0 cosðϕ − ϕ0Þ þ ðz − z0Þ2

q

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
r2 þ r02 − 2rr0½sin θ sin θ0 cosðϕ − ϕ0Þ þ cos θ cos θ0�

q

A4: Charge density
Type: Kinesthetic
Goals: S1, S2, S4, S5, S6

Key new ideas: Charge density (linear λ, surface σ, volume ρ)
Description: A kinesthetic activity in which students, representing point charges, are asked to act out linear λ, surface σ,

and volume ρ charge densities and discuss what it means to measure these quantities.

A5: Electrostatic potential due to a ring of charge
Type: Small group
Goals: S2, S4, S5, S6, S7, C2, C3, C4, C5

Key new ideas: Integration, continuous vs. discrete distribution, linear vs. volume elements
Description: A small group activity in which students find the electrostatic potential, V, everywhere in space, due to a ring

of charge with radius R and total charge Q.

Vðr⃗Þ ¼ 1

4πϵ0

Z
ρðr⃗0Þ
jr⃗ − r⃗0j dτ

0

A6: Electric field due to a ring of charge
Type: Small group
Goals: S2, S4, S5, S6, S7, S8, C2, C3, C4, C5

Key new ideas: Vector in numerator, curvilinear basis vectors
Description: A small group activity in which students find the electric field, E⃗, everywhere in space, due to a ring of charge

with radius R and total charge Q.

E⃗ðr⃗Þ ¼ 1

4πϵ0

Z
ρðr⃗0Þðr⃗ − r⃗0Þ
jr⃗ − r⃗0j3 dτ0

A7: Steady current/current density
Type: Kinesthetic
Goals: S1, S2, S4, S6, C3

Key new ideas: Steady current, current density (linear I⃗, surface K⃗, volume J⃗)
Description: A kinesthetic activity in which students, representing point charges, are asked to move so as to make an

imaginary magnetic field meter register a constant magnetic field, introducing “steady current” as a
concept. Students act out linear I⃗, surface K⃗, and volume J⃗ current densities and discuss what it means to
measure these quantities.

J⃗ ¼ ρv⃗

A8: Magnetic vector potential due to a spinning ring of charge
Type: Small group
Goals: S2, S4, S5, S6, S7, S8, C2, C3, C4, C5

Key new ideas: Current source
Description: A small group activity in which students find the magnetic vector potential, A⃗, everywhere in space, due to a

spinning ring of charge with radius R, total charge Q, and period T.

A⃗ðr⃗Þ ¼ μ0
4π

Z
J⃗ðr⃗0Þ
jr⃗ − r⃗0j dτ

0

(Table continued)
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sequences interleaved with the ring cycle in the course. For
the purposes of this paper, we have identified the ten
activities in Table II as a single sequence because either
students directly calculate one of four electromagnetic
fields (V, E⃗, A⃗, B⃗) due to a ring-shaped source, or the
activity is an essential building block for those calculations.
Three other identifiable sequences are related to the ring
cycle. The curvilinear coordinate sequence [61] introduces
cylindrical and spherical coordinates (including inconsis-
tencies between physicists’ and mathematicians’ notational
conventions) and the basis vectors adapted to these coor-
dinates [12,17,62]. In the integration sequence [63], stu-
dents learn and/or review how to do integrals in a
multivariable context, using the vector differential dr⃗ ¼
dxx̂þ dyŷþ dzẑ and its curvilinear coordinate analogues
as a unifying representation [12,17,62,64]. The content
contained in these two sequences is a necessary prerequisite
to the ring cycle. In the (optional) power series sequence
[65], students learn and/or review how to do power series
using concepts, terminology, and techniques that are
common among physicists, but not often taught in math-
ematics courses.
Keeping track of how prerequisite knowledge from

various interleaved sequences needs to build over time
can be a daunting prospect. The Paradigms team is building
interactive online learning progressions that encode what
we have learned about sequencing content [66].

IV. METHODS AND SETTINGS

A. Data and analysis

In order to identify the tactics that were used to develop
the ring cycle, we used an analytical approach similar to
that of collaborative autoethnography [67]. Following in
this tradition, our analysis was self-focused, in that we are

each functioning as both researcher and participant;
researcher visible, in that our goal is to make more visible
our thoughts, processes, and commitments during curricu-
lum development; context conscious, in that we are
grounding our experiences in our particular local environ-
ments; critically dialogic, in that there is an ongoing
dialogue between our roles as researcher and participant;
and interactive, in that our analysis of self is enhanced by
the questioning and probing of the other.
We selected the ring cycle for analysis because we have

each used it several times in our own classrooms and adapted
it to our local contexts. Our data consisted primarily of:
public records of the ring cycle activities [9]; research
articles detailing aspects of the Paradigms in Physics project
[10,11,23,29] and the ring cycle activities [12–14,16–
22,24–26]; archival written notes, emails, and reflections
during the original development and various implementa-
tions and adaptations; personal memories; and finally, on-
going individual and collaborative reflections about our
development and adaptation processes. Our analysis
involved individual reflection and writing interspersed with
collaborative meetings in which we probed each other’s
memories and experiences and worked to synthesize and
interpret our data and articulate the patterns uncovered,
proceeding iteratively until we reached consensus.
Early reflections and discussions primarily focused on

generating rich descriptions of our local environments (see
Sec. IV B) and our own implementations of the ring cycle,
particularly attending to why we made the choices we made
and any changes that were made over time. Analysis and
interpretation at this early stage focused on identifying,
articulating, and synthesizing the higher-level theoretical
perspectives and research basis that had informed our
development and adaptation (see Sec. II B). We then
checked (and confirmed) that all three implementations

TABLE II. (Continued)

A9: Magnetic field due to a spinning ring of charge
Type: Small group
Goals: S2, S4, S5, S6, S7, S8, C2, C3, C4, C5

Key new ideas: Cross product in numerator, right-hand rule
Description: A small group activity in which students find the magnetic field, B⃗, everywhere in space, due to a spinning

ring of charge with radius R, total charge Q, and period T.

B⃗ðr⃗Þ ¼ μ0
4π

Z
J⃗ðr⃗0Þ × ðr⃗ − r⃗0Þ

jr⃗ − r⃗0j3 dτ0

A10: Targeted homework
Type: Homework
Goals: C5, C6

Key new ideas: Different symmetries and/or sources
Description: Problems spread throughout the sequence that ask students to find the four different fields (V; E⃗; A⃗; B⃗) from

sources with different symmetries (e.g. rectangular, cylindrical, or spherical) and/or sources that are
combinations of source pieces that have already been used (e.g. disks and cylinders made up of rings).

DESIGN TACTICS IN CURRICULUM … PHYS. REV. PHYS. EDUC. RES. 16, 020145 (2020)

020145-7



were consistent with this synthesis and the focus shifted to
articulating how the these higher-level principles were
instantiated in the ring cycle.
During the analysis, and partly in response to reviewers

of an earlier version of this manuscript, it became clear that
we had each been using a number of “guidelines” that were
not as high-level as design principles, a level that we found
to be missing in discussions in the literature. Thus, our later
analysis focused on explicitly articulating what we are now
calling design tactics. We reanalyzed our data in order to
identify the tactics that we had been using in the original
development and in our various adaptations. The resulting
set of design tactics (presented in Sec. V) represent a
combination of tactics we have been using explicitly for
years (often shared over time as a part of our collaborations)
and those we have been using implicitly that were uncov-
ered or articulated through our analysis.

B. Institutional contexts

The three sites included in this analysis span a range
of settings. In this section, we briefly describe these
settings. Table III provides an overview of the format
and structure of the upper division electromagnetism
courses at each site.
It is important to note that in addition to being physics

education researchers, each of the authors was allowed
considerable autonomy in designing the course at the their
institution, has colleagues who support their approach, and
has taught the course multiple times, providing continuity,
expertise, and iterative adjustments.

1. Original implementation: OSU

OSU is a typical medium-sized, public R1 research
university in the Pacific Northwest. The physics department
offers the entire complement of undergraduate and graduate
degrees with a variety of options. In 1997, C. A. M. was
the developer of the Static Fields and Symmetries and
Idealizations courses in the initial implementation of the
Paradigms redesign. She was given freedom to develop
activities and the sequence of content in the courses, subject
to the constraint that it cover the material from Chaps. 1, 2,

and 5 of Griffiths’s electromagnetism textbook [59]. She
worked collaboratively with the entire Paradigms team to
fit this course within the program, particularly paying
attention to sequencing with a vector calculus course being
simultaneously developed in the mathematics department
as part of the Vector Calculus Bridge Project [62] and with
the senior-level electromagnetism capstone course which
covers more advanced electromagnetism topics. C. A. M.
has continued to teach these two Paradigms frequently
since 1997.

2. Secondary implementation 1: CSUSM

California State University San Marcos (CSUSM) is a
diverse, public, regional comprehensive university in
Southern California. The physics department offers a
bachelors degree in applied physics (there is no graduate
program). The degree program was launched in 2008, and
upper division electromagnetism was first offered in that
year. Developing a new course, in a new program, provided
an opportunity to take a nontraditional approach. Seeking
materials to actively engage students in class, and being
aware of the Paradigms project, E. P. consulted with
C. A.M. and the Paradigms website to learn more about
the electromagnetism materials and the ring cycle specifi-
cally. In spring 2009, E. P. incorporated most of the
material from the two, three-week Paradigms courses,
including the ring cycle. Discussions with C. A.M. during
the semester before and during this semester helped E. P.
develop a deeper understanding of the learning goals,
design principles, and practical implementation of the
Paradigms materials. He has continued to use the materials,
and has served as a consultant on several OSU-based
projects involving the Paradigms.

3. Secondary implementation 2: DePaul

DePaul University is a large, diverse, private, Catholic
university. The physics department offers both bachelor’s
and master’s degrees in physics. Electromagnetism is a
two-quarter sequence offered in alternating years and thus
includes both juniors and seniors (many of whom have

TABLE III. A comparison of the features of each institution.

Feature OSU Paradigms CSU San Marcos DePaul

Electromagnetism I Two 3 week Paradigms 15 week semester 10 week quarter
Class time/week 370 min 150 min 180 min
Class meetings/week 5 2 2
Total class time 37 h 37.5 h 30 h
Math background Most have had vector

calculus
Most have had math methods
and vector calculus

Math methods required, most
had vector calculus

Physics background juniors juniors and seniors juniors and seniors (offered
every other year)

Electromagnetism II 10 week quarter 15 week semester 10 week quarter (not required)
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already taken classical and/or quantum mechanics). In
addition, both quarters are not required for all majors.
As a postdoc at OSU, M. B. K. co-taught (with C. A. M.)

both electromagnetism Paradigms and taught on her own
the first of the electromagnetism Paradigms. This experi-
ence allowed her to experience the ring cycle as an observer
and instructor. Working and co-teaching with C. A.M. also
allowed her to become familiar with the theoretical per-
spectives foundational to the Paradigms curriculum (see
Sec. II B) [68].
When joining the DePaul faculty, M. B. K. reorganized

the electromagnetism course sequence to account for the
fact that not all students take both quarters. In the new
structure, the first quarter focuses on electro- and magneto-
statics in vacuum (Griffiths [59] Chaps. 1, 2, 5, and parts
of 3) and moves solutions methods (Chap. 3), fields in
matter (Chaps. 4 and 6), and electrodynamics (Chap. 7) to
the second quarter, covering more advanced topics as time
allows. With this reorganization, M. B. K. also chose to
incorporate many of the Paradigms activities and sequences
into the first quarter, including the ring cycle.

V. DESIGN TACTICS

In the following subsections, we describe the design
tactics used in developing the ring cycle and provide
examples for each to illustrate how they relate to the
process of curriculum development. These design tactics
are summarized in Table IV. We are presenting the design
tactics in three groups: those related to content (Sec. VA),
sensemaking (Sec. V B), and classroom practice
(Sec. V C). However, this grouping is not intended to

imply that the design tactics are used only in these areas;
rather, design tactics are presented in the area that provides
a clear example of their use. Following the introduction of
the design tactics, we discuss how these design tactics were
used in adapting the ring cycle in the secondary imple-
mentations (Sec. V D).

A. Content design tactics

The first four design tactics are framed around applying
general principles or research findings in order to accom-
plish content learning goals: how to divide the learning
tasks into constituent pieces, sequence the pieces in
increasing level of difficulty, refine tasks to stay within
the zone of proximal development of most students, and
use iterative development and formative assessment to
refine the activities as needed.

Design tactic 1—Task analysis: Perform a fine-grained
task analysis to divide a task into constituent elements

The centerpiece of the ring cycle is a set of four activities
(A5, A6, A8, A9) in which groups of students are asked to
find an electromagnetic field due to a (static or spinning)
ring of charge. In the first ring activity, A5, students
generalize the expression for the potential due to a point
charge to a ring of charge:

V ¼ kQ
r

→ Vðr⃗Þ ¼
Z

kλðr⃗0Þjd⃗r0j
jr⃗ − r⃗0j : ð1Þ

The formula for the electrostatic potential Vðr⃗Þ in this case
involves several elements: linear charge density λ, the

TABLE IV. A summary of the design tactics identified through analysis of the ring cycle. The sections indicate where each tactic is
first introduced, but are not intended to imply that this is the only context to which that tactic applies.

Content design tactics (Sec. VA)

DT1—Task analysis: Perform a fine-grained task analysis to divide a task into constituent elements.
DT2—Build complexity: Give students experience with the basic “building blocks” and add elements and complexity with

activity sequences.
DT3—Challenge level:Adjust the level of difficulty to stay squarely within the zone of proximal development for the majority of students.
DT4—Iterative development:Use formative assessment across multiple iterations to refine the design of activities, with special attention

to sequences, such as adding activities where needed.

Sensemaking design tactics (Sec. V B)

DT5—Problem-solving choices: Make prompts open-ended and/or underspecified to provide opportunities for professional-level
problem-solving choices.

DT6—Representations: Create prompts that expect students to generate and translate between representations.
DT7—Generality: Frame special cases as limits of general cases.

Classroom practice design tactics (Sec. V C)

DT8—Alignment:Match the demands of different activities with the pedagogical affordances of different class components (e.g., small
group activity, kinesthetic activity, lecture, homework).

DT9—Interaction: Craft interactions among students, instructors, and tools to support the task learning goals.
DT10—Classroom norms: Establish norms that emphasize that everyone contributes to scientific reasoning and sometimes gets things

wrong.
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infinitesimal length element jdr⃗0j, and the distance formula
jr⃗ − r⃗0j, which students must recognize and be able to write
in an appropriate coordinate system.
In order to accomplish the task, one must first break the

problem up into manageable pieces:
• understand the geometry of the problem, typically by
drawing a figure,

• find a expression for the linear charge density,
• chop up the source into “infinitesimal pieces”
• write a coordinate dependent expression for the
infinitesimal length element,

• recognize that they must calculate the potential at the
point where they are trying to evaluate it due to each of
the chopped up pieces that live elsewhere in space,

• understand how to coordinatize the denominator,
• set up the correct integral
• include appropriate limits of integration.

Each of these many actions addresses one of the content
learning goals and many are explicitly addressed with
one of the preceding activities (such as how to write the
distance formula in curvilinear coordinates, A3). It is
valuable for the instructional team [69] to keep this long
list of actions in mind as different groups stumble on
different elements.

Design tactic 2—Build complexity: Give students
experience with the basic building blocks and add
elements and complexity with activity sequences

The other three ring activities (A6, A8, and A9) follow
the same pattern as the ring activity for V. The elements of
the calculation for V in A5 also appear in the subsequent

calculations of E⃗, A⃗, and B⃗. Yet these later calculations
require additional elements as well. The activities are
arranged so that the calculational complexity increases
from one activity to the next. For example, the most
complicated field, the Biot-Savart law for the magnetic

field B⃗ (A9), involves a current density (a charge density
times a velocity), a cross product, and a vector-valued
differential dr⃗.

Design tactic 3—Challenge level: Adjust the level of
difficulty to stay squarely within the zone of proximal

development for the majority of students

Early in the development of the ring cycle, we found that
students did not have enough experience with charge or
current densities to be able to complete the ring activities.
Although they were somewhat comfortable with constant
volume mass densities, they had little opportunity to solve
problems with nonconstant, two- or three-dimensional,
charge and current densities. This result motivated the
development of the kinesthetic activities (A4 A7) where
students act out (linear, surface, volume) charge and current
densities with their bodies.

Design tactic 4—Iterative development: Use formative
assessment across multiple iterations to refine the

design of activities, with special attention to sequences,
such as adding activities where needed

There are two major ways in which we have altered the
ring cycle over time based on formative assessment,
including responses of students to in-class activities, home-
work, and exams. Both approaches particularly attend to
sequencing and thus represent a specific focus for our
iterative development. The first, in which tasks are added as
needed, was described in the previous design tactic. In the
second, the content of the tasks is changed.
The decision to use a similar physical context (a ring) for

activities exploring different fields was made in response to
lessons learned during the first few years of the develop-
ment of the ring cycle. Initially, C. A. M. made the choice to
present a sequence of activities that covered all of the
coordinate systems (rectangular, cylindrical, and spherical)
and all of the fields (V, E⃗, A⃗, B⃗) by pairing each field with a
source that was symmetric with respect to a different
coordinate system. A number of groups struggled on the
in-class activities because pairing different coordinate
systems with different fields did not give enough practice
with either for many students to master anything. This
difficulty motivated a shift to the current activities, all
employing the same geometry so that student groups can
focus on the physical and calculational differences among
the various fields. Practice with other geometries is pro-
vided in homework (A10), when students have more time
to coordinate the additional algebraic difficulty.

B. Sensemaking design tactics

The next three design tactics focus on ensuring that
students have the opportunity (and even the need) to carry
out common professional practices to address particular
sensemaking learning goals. In this section in particular, we
make no claim that this set of design tactics is complete. We
have merely chosen to illustrate a few of many possible
sensemaking design tactics that are well illustrated by the
ring cycle: providing students the opportunity to make
appropriate problem-solving choices; to generate represen-
tations and translate from one representation to another;
and to use symmetry as a way to explore special cases of a
more general expression.

Design tactic 5—Problem-solving choices:
Make prompts open ended and/or underspecified to

provide opportunities for professional-level
problem-solving choices

A first simple example: In the four primary ring activities
(A5, A6, A8, A9), students are given the iconic formula
listed in Table II for each of the fields in terms of a volume
source density, rather than the formula for linear charge and
current densities required by the specific example. This
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choice creates a need for student groups to talk through the
different types of sources and chose a dimensionally
appropriate version of the formula.
A deeper second example: The E⃗ ring activity (A6) is the

first of the ring activities where the integrand is a vector
field. In the final steps of this problem, it is necessary
to use curvilinear coordinates (to make the denominator
easier) but rectangular basis vectors (to make integration
possible)—a highly nontrivial set of professional problem-
solving choices. Most student groups stumble on this point.
(Because the curvilinear basis vectors change from point to
point in space, it is impossible to compute the integral using
curvilinear basis vectors.) Sequencing the E⃗ ring activity
after the V ring activity enables groups to focus their
attention on this point alone in the second activity. With
help, they are able to conclude that when they use
rectangular basis vectors the integral of a vector field
decomposes into three separate integrals with unit vectors
attached.

Design tactic 6—Representations: Create prompts
that expect students to generate and translate

between representations

Figures, especially figures that encode geometric rela-
tionships are a representation that students must not only
use to translate from a physical situation to an algebraic
representation, but also be able to generate and elaborate at
need. The prompt for the four ring activities is given from a
hula hoop rather than a drawing. “This hula hoop represents
a ring of charge. The radius of the ring is R and the total
charge is Q. Calculate the electrostatic potential V at an
arbitrary point in space.” (Later magnetic field activities
have similar prompts which include a period T for the
spinning ring.) By not providing a figure in the problem
statement, students must draw and appropriately label their
own figure, including adding the two position vectors r⃗ and
r⃗0 when needed.

Design tactic 7—Generality: Frame
special cases as limits of general cases

The primary four ring activities (A5, A6, A8, A9) ask
students to find the relevant field at an arbitrary point in
space rather than on the axis of symmetry. Follow-up
prompts in class ask them to evaluate their expression on
axis or in the plane of the ring. This order provides several
important pedagogical affordances: Students recognize that
the distance between source and field point is not constant
and cannot be factored out of the integral. Students also
experience directly that not all integrals can be computed
analytically, in closed form. Finally, students are not led to
believe that only problems with high symmetry can be
solved. Instead, symmetric problems are situated as an
opportunity for limiting case analysis [70,71].

C. Classroom practice design tactics

The final three design tactics are framed around class-
room practice: placing activities in the course so that they
align with the available learning resources, choosing
pedagogical strategies appropriate to the task, and setting
classroom norms, especially ensuring that all students have
the opportunity to participate in all of the professional
practices, such as contributing to scientific reasoning and
discourse.

Design tactic 8—Alignment: Match the demands
of different activities with the pedagogical affordances

of different class components

The difficulty and newness of the primary four ring
activities (A5, A6, A8, and A9) suggests the benefit of
intensive working with peers and the teaching team. Hence,
in the ring cycle, these tasks are done as in-class, group
problem-solving activities.
Kinesthetic activities, such as the charge density (A4)

and current density (A7) activities involve a number of
students in interaction with the instructional team.
Obviously, an in-class setting is required. Furthermore,
as kinesthetic activities naturally engage students’ embod-
ied cognition, these activities are great for exploring geo-
metric relationships. Because students respond in quick
succession, to prompts like: “Make a linear charge density,”
“make a nonconstant linear charge density,” “make a
surface charge density,” etc., these activities are also
conducive to addressing technical vocabulary.
In the current density activity, most students do not know

the how to describe the relationship between charge density
ρ, velocity of the charges v⃗, and current density J⃗:

J⃗ ¼ ρv⃗; ð2Þ

nor how to use this relationship to “measure” the current by
counting the number of charges that go through a two-
dimensional “gate” in one second. Thus, this content is best
handled by a mini lecture within the overall current density
activity and can be supported by appropriate reading.
In contrast, other tasks may require different pedagogical

resources. When students must express the distance for-
mula in the denominator of the ring problems,

jr⃗ − r⃗0j ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðx − x0Þ2 þ ðy − y0Þ2 þ ðz − z0Þ2;

q
ð3Þ

in cylindrical coordinates

jr⃗ − r⃗0j ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
s2 þ s02 − 2ss0 cosðϕ − ϕ0Þ þ ðz − z0Þ2

q
: ð4Þ

The transformation of coordinates relies heavily on stu-
dents’ individual facility with trigonometric identities but
typically does not require as much support from the
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instructional team. Hence, in the ring cycle, this task is
assigned as a homework problem prior to doing the first
ring activity (A5). Students can spend as much or as little
time on it as they personally need and are then prepared to
contribute to the relevant conversations during the in-class
activity.

Design tactic 9—Interaction: Craft the form of
interactions among students, instructional staff, and tools

to support the task learning goals

Applying DT8 (alignment) allows us to choose which
activities should be done in small groups in class. For these
activities to be effective, it is necessary for the students to
have individual space to record and refine their own ideas
and to be able to see each others’ work in order to
collaborate. It is also necessary for the instructional team
to monitor the work of many groups and choose when to
intervene. Therefore, we choose to have students work in
groups of 3, using a 20 × 30 whiteboard placed on a table as
a shared brainstorming space. The work on the whiteboard
is easily visible to the teaching team and easily available for
them to point at and write on, as needed.
In a similar way, while many students are able to reason

about the geometric relationships in the ring directly from a
figure sketched on their whiteboards, there are often a few
students who have trouble with understanding such figures
as representing three-dimensional relationships. It can be
helpful to provide these latter students with the hula hoop
(described in DT6) so that they can handle, point to, and
even write on it.

Design tactic 10—Classroom norms: Establish norms
that emphasize that everyone contributes to scientific

reasoning and sometimes gets things wrong

After several years of teaching the ring cycle, author
C. A.M. noticed that many students were unfamiliar with
both the common professional notation for the position
vector r⃗ and its relationship to the origin and to the distance
formula. Enter the Star Trek activity (A1). This activity is
framed as an in-class role-playing skit based on characters
in the science fiction TV show and movie series by that
name. The instructor begins by explaining the premise of
the play, especially for students who may be unfamiliar
with the show or characters. Two characters: Captain Kirk
and Mr. Spock, are separated while exploring a planet. The
chief engineer, Scotty, who is on their starship, must
“beam” (teleport) Mr. Spock to Captain Kirk’s location
to save him from an attack by aliens. To do this, the rest of
the starship crew must figure out the distance between Kirk
and Spock. The instructor plays Scotty, two students
volunteer to play the role of Kirk and Spock, and the
remaining students play the role of crew members and take
turns coming to the board to outline a solution to the
problem. To find the appropriate distance, Spock and
Kirk must both describe their position vector relative to

an origin—a large red building that is fortunately visible to
all protagonists. In this activity, both the concept of and a
notation for the position vector r⃗ are established and the
role of the origin is highlighted. The distance in rectangular
coordinates [Eq. (3)] is calculated collaboratively by the
crew in consultation with Scotty, who promptly promotes
the successful red shirt crew members. (Note that in
the original TV show, crew members with red shirts often
died by the end of the episode, so promotion is a very
good thing.)
At OSU, the ring cycle occurs right at the beginning of

the first middle-division course, so C. A. M. uses the Star
Trek activity to set several classroom norms. The instructor
stands on a table during the play (because she is on the
Starship Enterprise in orbit above the planet). This act
establishes both that this classroom will not be like any
other that the students have experienced and that, if she can
be silly enough to do this, then perhaps it is safe for the
students to take intellectual risks as well. Also, since she is
stuck on the table, the other crew members must come to
the board to sketch out solutions, establishing that the roles
of teacher and learner are fluid. Typically, it requires input
from several crew members before the distance formula has
been correctly formulated, establishing that different people
may have different elements of a correct solution so that
collaboration is useful.
We consider all of these classroom norms to be essential

in facilitating productive interactions, although, of course,
in different institutions these norms will be established at
different times and in different ways. For example, at
DePaul, the Star Trek activity (A1) is implemented differ-
ently in ways both small and large. This is described next in
Sec. V D.

D. Secondary implementations

As described in Sec. II C, instructors adopting instruc-
tional methods and materials often make modifications.
Dancy and Henderson [52] point out that some degree of
modification is likely to be necessary because of
differences in instructor preference and local circumstan-
ces. The circumstances requiring customization may
include differences in student population and preparation,
local program design (e.g., which topics are covered in
which courses), and course format. Consistent with this
finding, M. B. K. and E. P. made modifications to the ring
cycle when they used it at their institutions. Both institu-
tions differ significantly from the original development site
(as discussed in Sec. IV B) and have more typical electro-
magnetism courses that are part of more standard physics
degree programs (as compared to the Paradigms). In this
section, we provide examples of how making these
adaptations can be understood as the reapplication of the
design tactics given awareness of the new context.
Table III shows the format and structure of the upper

division electromagnetism courses at OSU, CSUSM, and
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DePaul. At OSU, two, three-week Paradigms courses cover
electro- and magnetostatics (with other topics covered in a
one quarter-long capstone) [72]. These topics are covered
in the first of two semester-long courses at CSUSM and the
first of two quarter-long courses at DePaul. The ring cycle
is used in the first electromagnetism course at all three sites.
At CSUSM, the ring cycle is used in a course with less

overall class time, and shorter, less frequent class meetings.
To accommodate this, E. P. has made some adaptations in
individual activities. One example is in the V for 2 charges
activity (A2), where students are asked to calculate an exact
and approximate potential for two point charges in a variety
of cases (identical charges or dipole, and in different
limiting geometries). At CSUSM, all student groups work
through the first case in class, ending with a brief
discussion of the key points in the calculation. Students
are assigned one or more of the remaining cases as
homework for the next class, which begins with groups
conferring and putting their solution on a whiteboard.
Groups present their work to the class, leading to a
discussion that compares and contrasts the cases. This
approach reduces the class time needed for the activity by
shifting some of the calculation to homework, but only after
students have successfully solved one case working with
other students and with the instructor’s support.
Breaking the V for 2 charges activity (A2) across in- and

out-of-class time is an example of using DT8 (alignment) to
adapt an activity to a local setting by aligning tasks and
course components. Students first attempt the calculation
with support from the instructor and other students. They
then work on variations as homework, when they (gen-
erally) have less support but also, because of the in-class
work, need less. Students can also take the time to work
through and check the details of the calculation; the
sustained focus this requires may be better suited to
homework than a noisy classroom environment. Finally,
students can check their work, confirm their understanding,
and resolve lingering issues during the second round of
group work and whole class discussion, taking advantage
of the resources available during in-class time.
In the secondary implementation at DePaul, M. B. K.

made some changes in the Star Trek activity (A1), where
students “derive” the Cartesian distance formula, in order to
highlight different classroom norms (DT10) than those at
OSU. At OSU, the emphasis in this activity is on establish-
ing an environment where the students feel safe being
publicly wrong, so that students are encouraged to interact
with others moving forward. This is best done by instructor
modeling in a whole class discussion. However, at DePaul,
students come into the upper-division courses with the
expectation of interacting with each other regularly since all
of their previous physics courses are taught in a studio
environment and use active engagement approaches.
Therefore, a more pressing need is the tendency of a
mixed class of juniors and seniors to separate and M. B. K.

instead chooses to have them work in small groups that
intentionally mix cohorts in order to facilitate future
interactions.
Another small change in this activity related to class-

room norms (DT10) is that M. B. K. uses the characters of
Kirk and Uhura (one of the few female characters in the
original show) instead of Kirk and Spock. Like other
physics departments, upper-level courses at DePaul tend
to be majority male (for the three years that M. B. K. has
taught the class, women and gender minorities comprised
17% (4=23), 35% (6=17), and 30% (3=10) of the class).
This small change was done to provide an added way for
the women in the class to connect to the story.

VI. DISCUSSION

In this section, we provide some synthesis and discus-
sion of the design tactics introduced in Sec. V. The sections
mirror those in Sec. V, but highlight the fact that these
design tactics are not limited to the category in which they
were introduced. These sections explore how the design
tactics interact with each other as well as how they are
related to and can inform conversations about curriculum
development in the larger community. The last section
provides some synthesis and discussion around the appli-
cation of these design tactics in adapting curricular materi-
als in other contexts.

A. Discussion of content design tactics

While each of the design tactics presented in Sec. VA is
grounded in the research and theoretical perspectives out-
lined in Sec. II B, these tactics provide a tighter connection
to how activities within the ring cycle accomplish the
content learning goals shown in Table I. First, the use of a
task analysis identifies the building blocks for a complex
task (DT1), which are then sequenced in a logical pro-
gression that builds these elements together by gradually
adding complexity (DT2). Then, this sequence is turned
into activities at a appropriate level such that the majority of
students are working on tasks that they may not be able to
do on their own, but can do with appropriate guidance
(DT3). This refinement is conducted in response to ongoing
formative assessment both within a given single course as
well as across multiple iterations of the sequence (DT4).
It is important to note that these tactics are not orthogo-

nal, but intersect and interact with each other. For example,
sequencing which builds complexity (DT2) can be done on
multiple levels. The task analysis used to demonstrate DT1
(identifying the elements needed to find the potential due to
a charged ring), led to a sequencing of activities (A1–A5)
that is as much of an illustration of building complexity,
albeit at a smaller scale, as the sequencing of the four
different fields (A5, A6, A8, A9).
While these four tactics highlight how the curriculum

development process addresses the content learning goals,

DESIGN TACTICS IN CURRICULUM … PHYS. REV. PHYS. EDUC. RES. 16, 020145 (2020)

020145-13



DT3 (challenge level) and DT4 (iterative development) are
much broader in scope than just addressing content. In fact,
these overarching tactics can and should be used through-
out the development process, as well as when adapting to
local context, as discussed in the following sections. Of
course, when a curriculum is “finished” and disseminated
as final product, continuing iterative improvement may
end. This tension is a challenge for curriculum developers.
Disseminating materials in editable form can help resolve
this, and should be an on-going conversation within our
community.

B. Discussion of sensemaking design tactics

The three design tactics identified in Sec. V B begin to
articulate a set of strategies that can provide students with a
broad set of opportunities to think like a physicist. These
tactics are directly relevant to the ring cycle and are
designed to connect the research basis discussed in
Sec. II B with the sensemaking learning goals of the course
(see Table I). For courses with goals that operationalize
thinking like a physicist differently, we expect that different
design tactics would and should be used.
As mentioned in Sec. VI A, creating activities that

maintain an appropriate level of challenge for most students
(DT3) is broader than just addressing content goals and
it is also important to consider this tactic in conjuction
with the design tactics discussed in this section. For
example, when using open-ended and ambiguous prompts
to provide opportunities for professional-level problem-
solving choices (DT5), the timing of intervention is critical.
Students need the chance to do what they can, make
choices, get stuck, try to get themselves unstuck, and
generate questions. At this point, students are at the point
where guidance is appropriate. Understanding when and
how to intervene in order to appropriately hit the zone of
proximal development for students is also related to our last
set of design tactics, which are focused on larger classroom
practice issues.

C. Discussion of classroom practice design tactics

The design tactics identified in Sec. V C focus on the
types of activities that will facilitate interactions that will
support students in learning both content and how to think
like a physicist. They also highlight how to create settings
where these interactions can happen and how to ensure that
the appropriate resources are available to students as they
undertake these tasks.
Just as DT3 (challenge level) and DT4 (iterative develop-

ment) are broader in scope than just addressing content
issues, we also view DT8 (alignment) as a tactic that is
foundational to all design decisions and one that is not
explicitly discussed as such in the literature on curriculum
development.
Many excellent sets of curricular materials (e.g.,

Tutorials [73], Peer Instruction [74], RealTime Physics

[75]) employ a single pedagogical approach, typically
because they are intended to be used in a restricted
pedagogical setting (recitation, large lecture, and lab,
respectively). In smaller classes without these constraints
and with more complex upper-division content, we have
found it both possible and advantageous to use a mixture of
pedagogical approaches. In this setting, DT8 (alignment)
becomes particularly important.
There are many components to a course (different types

of in-class activities, homework, office hours, exams, etc.)
that each have particular affordances. For example, during
class when students and the instructor are all in the same
place at the same time, students can interact with each other
and with the instructor. Help and feedback is quickly
available, the instructor can monitor students’ progress
(i.e., formative assessment made possible by access to
evidence of student thinking), and address the entire class if
needed. In contrast, when students work outside of class
(such as on homework), they may have access to other
students, textbooks, and online materials, but limited access
to the instructor. However, students can generally take more
time with homework, stopping and starting, returning to a
problem after seeking help or simply taking a break.
Just as a course has many components, we also expect

students to engage in several different types of tasks, just as
professional physicists do. [Note that the intent of DT1
(task analysis) is to help the development team unpack and
identify these tasks.] For example, when solving a complex
problem, we expect students to be able to analyze the
problem conceptually, diagram the situation, work through
detailed calculations, explain their reasoning and choices,
and reflect on the result. In addition, students are also
learning to perform new procedures; apply techniques in
different situations; use, generate, and translate between
different representations; and many other kinds of tasks.
Thus, DT8 (alignment), is about achieving the best match
between the demands of tasks and the affordances of the
different class components.
The process of alignment is intimately tied to the other

classroom practice design tactics (see Sec. V B). Alignment
(DT8) weighs the question of what types of interactions are
best supported in each context. Once a choice is made, one
can craft the activity to take advantage of the affordances of
the context in order to facilitate interactions that will
support learning (DT9). Finally, one must establish appro-
priate classroom norms (DT10) in order to ensure that these
interactions support equitable participation.
One example of how these tactics interplay is in the

design of what is assigned for homework. It is not unusual
for faculty to design their courses such that challenging
problems are assigned to homework, with the expectation
that if students need help, they will come to office hours.
However, this expectation does not attend to some of the
potential inequities around students’ lives outside of class
(e.g., students who work and cannot attend office hours)
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and these inequities may be magnified depending on the
type of institution. The intersection of the three classroom
practice design tactics (DT8, DT9, DT10) means that we
want students to get stuck on difficult points where there
are other people around to help. Thus, we move challenging
problems, such as those that require getting the conceptual
feel of a problem, explaining one’s reasoning, or justifying
one’s choices, into the classroom where everyone can
benefit from the formative feedback of working with peers
and the instructor. In contrast, students have more time but
less access to feedback during homework, so we use
homework for tasks that are more time consuming, but
that are routine, provide practice, or apply and extend work
done in class to other contexts (e.g., A10 and E. P.’s
adaption of A2 discussed in Sec. V D).
Finally, two broader points of discussion that apply to all

three types of design tactics. First, we note that there are
tensions among some of the design tactics. Sometimes one
must decide which tactics to emphasize in a particular
situation. Making the tactics explicit facilitates resolving
these tensions and helps make the design process explicit as
well. For instance, a task analysis (DT1) can reveal many
constituent elements of a task and there can be an efficiency
to leading students through these elements; but giving
students opportunity to make professional-level problem-
solving choices (DT5) may require allowing them to
choose their own path through a problem solution. An
example of this occurs in the ring cycle when students
calculate the electrostatic potential due to a charged ring
(A5). The task analysis reveals a large number of pieces to
this problem (see Sec. VA). The prompt to students,
however, is a hula hoop (rather than a drawing), and
parameters for the ring’s radius and total charge. While
one could enumerate individual steps for students, the
prompt requires that they identify and sequence the
necessary steps themselves. Learning goals can help weigh
the different, competing priorities. In this example, empha-
sis is placed on providing opportunity for students to make
professional choices (learning goal S1), rather than iden-
tifying and sequencing the steps in this problem for
students. Exploration of tensions within these design tactics
and the consequences of potential trade-offs is an area for
further work.
Second, it is important to note that the design tactics

do not stand on their own. They stem from and are steeped
in the broader research and theoretical perspectives
outlined in Sec. II B. In particular, DT8 (alignment) relies
heavily on understanding both the cognitive demands
of tasks (as outlined in the design tactics discussed in
Sec. VA) as well as the sociocultural aspects of the class
components and a commitment to promoting equitable
classroom participation.

D. Discussion of secondary implementations

When adopting curricular materials or instructional
practices, adaptions are often needed to address the local
setting and context. The changes described in Sec. V D are

examples of such adaptations. Although the design tactics
were not formulated in advance and then applied to make
these changes, our retrospective analysis shows that the
changes made were consistent with application of the
design tactics. That is, the same design tactics, applied
in a different context (instructional format, student pop-
ulation, course or program goals), can lead to a different
version of an activity. Based on this, we suggest that
prospective users of a curriculum can intentionally use that
curriculum’s design tactics to guide productive or necessary
adaptations that will be consistent with the original devel-
opment. Of course, this assumes that the original devel-
opers have made the design tactics explicit and public,
which is something that is not currently done in the
literature.
Clearly, adopters may wish to make changes outside the

scope of the design tactics. This could include using
different or additional design tactics. However, if adopters
are considering changes that are at odds with the original
design principles, we suggest that the materials may not be
a good choice. This is not to say that an adopter cannot
glean something useful from a curriculum in such a case.
However, changes at the level of design principles are more
likely to be modifications of what Henderson and Dancy
[52] call “essential components.”

VII. CONCLUSIONS

This article has proposed design tactics as a tool for
curriculum development, and presented ten tactics identi-
fied from a retrospective analysis of the development of
the ring cycle. Design tactics are intended to be more
concrete and guide the development of activities more
directly and with greater specificity than design principles.
While the particular ring cycle design tactics may be
useful to others developing similar materials, we hope
these examples of design tactics will be useful for
curriculum developers interested in creating their own
design tactics. We expect this will make their work more
systematic and consistent. We also anticipate that the
articulation of design tactics may provide a fruitful
mechanism for comparing curricula.
Design tactics can also be useful tools for curriculum

adopters. We have described two secondary implementa-
tions of the ring cycle, and how adaptations for these new
contexts are consistent with the (re)application of the ring
cycle design tactics. Based on this, we suggest that
knowledge of a curriculum’s design principles and design
tactics can be useful for potential adopters. We therefore
encourage developers to make their principles and tactics
explicit and public.
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