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Abstract

Background: The undergraduate science, technology, engineering, and mathematics (STEM) education community
has developed a large number of innovative teaching strategies and materials, but the majority of these go unused
by instructors. To help understand how to improve adoption of evidence-based education innovations, this study
focuses on innovations that have become widely used in college-level STEM instruction. Innovations were identified
via a questionnaire emailed to experts in STEM instruction. Descriptions of identified innovations were validated

by preparing brief descriptions of each innovation and sending them to the original developers, when applicable,

and physics.

for feedback, and searching relevant literature. Publicly available funding data was collected for each innovation.
STEM disciplines surveyed include biology, chemistry, computer science, engineering, geoscience, mathematics,

Results: The 43 innovations identified were categorized based on two criteria: level of specificity (general, recognizable,
branded) and type of change (pedagogical, content, both, neither). The 21 branded innovations were analyzed in more
detail. The majority (14/21) require relatively modest changes in pedagogy and no changes in content. In addition, nearly
all have received at least 3 million dollars in external funding over at least 10 years.

Conclusions: This paper presents the full list of instructional innovations produced, which can be used by educational
innovation developers to understand how their ideas fit within the broader landscape and to identify innovations in one
discipline that may have promise for transfer. The findings regarding funding of the branded innovations have important
implications for both educational innovation developers and funding agencies. In particular, the study indicates that a
long-term mindset and access to long-term funding are vital for broad adoption of new teaching innovations.
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Background

Within science, technology, engineering, and mathemat-
ics (STEM) disciplines, significant education research
has focused on developing teaching innovations and
evaluating their efficacy (National Research Council
2012). This research has produced many new instruc-
tional strategies and teaching materials that have been
shown to improve a variety of student-learning out-
comes. However, most of these strategies are not widely
used by STEM instructors (Austin 2011, Seymour, 2001,
Fairweather 2008).
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In contrast, there are some innovative teaching strat-
egies that have become well known and widely used in
STEM education. To begin to understand why some
gain traction while others do not, we ask: are there fac-
tors and/or features common to instructional strategies
that are widely used? If so, what are implications for de-
velopers of educational innovations?

There have been many calls for reform in STEM
education at the college level (Brewer & Smith 2009;
The White House 2010) and, as noted above, many
innovative teaching strategies have been developed and
their efficacy well supported. The limited use of these
strategies suggests that we lack a coherent framework
for implementing widespread reform in college STEM
teaching. This has been an active research area in recent
years (D’Avanzo 2013; Gannaway et al. 2011; Kezar 2011;
Litzinger et al. 2011; Mckenna, Froyd, & Litzinger, 2014).
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Most of the work in this area is focused on understanding
why current practices typically fail. Here, we take the op-
posite approach and seek to build knowledge by studying
the few educational innovations that have made it to sig-
nificant levels of use.

There are several bodies of prior work that have influ-
enced our conceptualization of this project and the re-
sults presented in this paper. An important way that
researchers in many fields think about the spread of in-
novations is Rogers’ (2003) diffusion of innovations
model. For example, this model has been used to exam-
ine awareness and implementation of innovations in
physics and engineering education (Borrego et al. 2010;
Henderson et al. 2012). While diffusion of innovations
provides a useful way to conceptualize how and why in-
novations spread, it is not sufficiently detailed for creat-
ing a dissemination plan. Several research groups have
seen the need for a more detailed framework of dissem-
ination of education innovations. In Australia, a detailed
dissemination framework was evaluated for effectiveness
among grant recipients, but the framework was found to
be insufficient to promote understanding of dissemination
planning (Gannaway et al. 2011). Developers used the
language the framework provided but not its emphasis on
planning, leading to revisions of the framework. Other re-
searchers have conducted literature reviews and studies
with grant recipients to explore what leads to successful
dissemination (Bourrie et al. 2014; Hazen et al. 2012).
These studies find that the interplay between factors such
as the innovation itself and potential adopters is complex,
and confirm that the process is consistent with Rogers’
(2003) ideas. For example, Bourrie et al. (2014), in a
Delphi study of NSF grant recipients, found multiple
factors lead to an innovation becoming successful, with
the main factor being relative advantage. What are still
needed are specific factors that can inform practice from
the context of STEM education innovations.

To help identify these factors, we have identified a set
of educational innovations that are well known and
widely used along with basic information such as how
long they have existed and been funded. We refer to
these innovations as well-propagated instructional strat-
egies and materials (WePISMs). A small number of
these WePISMs have been identified and examined in
depth to understand practices and processes that led to
their widespread adoption (Khatri et al., 2016; Khatri,
Henderson, Cole, & Froyd, 2014, 2015). The focus of this
paper is to analyze the larger set (see the Additional file 1:
of this paper for the full set).

Methods

This study was motivated by a desire to understand the
current landscape of well known and widely used under-
graduate teaching innovations within STEM. We used
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qualitative methods suitable to develop an emergent
understanding of this previously unknown situation
(Creswell 2007).

This study was carried out in several stages: initial data
collection, validation of the results through additional
data collection, and analysis using a new categorization
scheme (Table 1).

Initial data collection
An important goal of this study was to identify WePISMs.
We began by surveying (via email) experts in research-
based undergraduate teaching in the seven disciplines
studied (biology, chemistry, computer science, engineer-
ing, geoscience, mathematics, physics). We identified ex-
perts through membership on national committees (e.g.,
NRC DBER committee), professional society leadership,
and our professional networks of individuals who serve as
journal editors and opinion leaders. We began with a list
of at least ten experts from each discipline (except for
computer science where we identified nine, see Table 2).
After contacting these initial experts, if the minimum of
five responses was not achieved, we asked the experts who
did respond within their discipline to recommend add-
itional experts we could contact.

Each expert was sent an email that briefly introduced
the project and asked the expert to respond to the fol-
lowing prompt:

Please respond to this email and identify the five or so
‘new’ learning materials or teaching strategies that you
feel have been most successfully propagated in
undergraduate [DISCIPLINE]. It will be very helpful if
you could also include a short explanation of why
each was chosen.

In order to increase the response rate, we sent up to
two reminder emails to non-responders. In these follow-
ups, we also made a point to mention the names of team
members who might be familiar to survey recipients
(e.g., mentioning the name of our chemistry team mem-
ber when emailing the chemistry experts).

Most experts responded via email, while others
(two) preferred to set up a phone call. Phone calls
were not recorded, although the innovations named
and the basic rationale for including them were writ-
ten down during the phone call.

A minimum of five responses was sought in each dis-
cipline. If we did not get five responses in a discipline
with the initially identified experts, we contacted add-
itional experts to achieve the minimum.

Validation of the list of WePISMs
All suggested innovations were included in the list,
which was validated in several steps: applying inclusion
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Table 1 Overview of the three study phases
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Initial Data Collection

Validation of Results

Analysis

« Email survey of experts (N = 39 responses)

- Literature, public funding information, project website,
digital libraries, (e.g. SERC, ComPADRE) used to construct
understanding of each WePISM

participants

« Member check with initial N = 39 experts
- Feedback from workshop with N =70

- Use criteria to determine if the items on the
list were appropriate and well-propagated

« Development of WePISM categories
(degree of definition, type of change)

- Application of categories

« Collection and analysis of funding and
length of use data for branded WePISMs

criteria (discussed below), member checking with the ex-
pert responders, and presenting the list for feedback
from 70 additional education researchers in various
STEM disciplines.

To help determine the extent to which each of the in-
novations on the list was widely propagated, we used
Google Scholar to identify publications about each of
the innovations. In addition to the expert recommenda-
tions and literature search, we held focus group
discussions with National Science Foundation (NSF)
Transforming Undergraduate Education in STEM
(TUES) program directors (Khatri, Henderson, Cole, &
Froyd, 2013). The primary motive behind the focus
groups was to understand program director views of
propagating educational innovations in general terms,
but they frequently employed example innovations from
their disciplines, and discussion of those innovations was
considered additional evidence of propagation while
checking the list. With this information, the list was win-
nowed using the following inclusion criteria for being
counted as a well-propagated educational innovation:

1. Used primarily in college settings. Some items
suggested by the experts were designed for and
primarily used in K-12 settings, which was not
our area of focus.

2. Used primarily as a teaching tool. Some items
suggested by the experts, such as concept
inventories, are more frequently used for research
and evaluation rather than for instruction. Although
we realize that there is no clear line, we nonetheless
decided to exclude items used primarily for research
and evaluation from our list.

Table 2 Number of experts contacted in each discipline

Discipline Number of Number of
experts contacted responses (total)

Biology 20 5

Chemistry 10 6

Computer Science 9 6

Engineering 13 5

Geoscience 18 10

Mathematics 16 7

Physics 12 7

3. All items on the list, in addition to meeting the first
two criteria, also required evidence of significant use
by others. We operationally define “significant use”
as being used by at least 100 institutions or being
highly visible in the field. We collected the following
sources for evidence of significant use: (i) being
mentioned by significant reports or papers authored
by non-developers, such as being mentioned in the
NRC DBER report (National Research Council
2012), (ii) literature written by innovation adopters
who reported their experience in an education
journal, (iii) being included in a well-attended
workshop program, such as the Science Education
Resource Center (SERC) On the Cutting Edge
workshops (Gosselin et al. 2013), (iv) existence of
a conference devoted solely to the innovation
(e.g., (Dreyfuss 2013)), (v) frequency of mentions
by experts, and (vi) Internet searches for examples
of implementations and/or data provided by the
innovation developers. Occurrences in more than
one of these sources were required in order for an
innovation to be judged as being significantly used.

As an example for applying the criteria, Workshop
Physics' is (1) used in college settings and (2) used pri-
marily as a teaching tool. When we apply (3) (significant
use), however, it is not clear that Workshop Physics has
ever been particularly highly used. But, it is clear that
Workshop Physics is highly visible in the field and has
contributed significantly to advances in how the physics
community thinks about undergraduate instruction
(Laws 1991). Therefore, Workshop Physics is included
on the list.

Applying these criteria yielded an edited version two
of the list, which was sent back to the participants for
member checking. A participant received a list contain-
ing only innovations from version two specific to their
discipline. Participants often disagreed on items in the
second list and suggested a few more that could pos-
sibly be included, giving opinions or evidence as to
why. We examined additional suggestions and applied
the same criteria to determine if they should be
added to the WePISM list. In addition, we used par-
ticipant responses critiquing the spread of some inno-
vations to remove some from the list, yielding version
three of the list.



Khatri et al. International Journal of STEM Education (2017) 4:2

We used several available opportunities to validate ver-
sion three of the list. The largest opportunity was at the
TUES principal investigator (PI) meeting in January
2013. The list was presented both in a workshop with 70
participants and in a poster session (Henderson & Cole,
2013). These meeting participants had all received NSF
education grant funding and were knowledgeable in
their discipline. We received feedback on the innova-
tions included and suggestions for additional innovations
to include. We also sought and received feedback on the
list from our project advisory board. After carefully con-
sidering this feedback and the other available evidence,
in Spring 2015, we considered the list to be finalized.
The final list contained 43 innovations.

Analysis of the WePISMs
Once the 43 WePISMs were identified additional ana-
lysis was needed to develop a better understanding of
them. This involved collecting additional information
about each WePISM and developing a categorization
scheme to highlight important WePISM characteristics.
The first step in the analysis process was gathering
additional data to develop a preliminary understanding
of each of the innovations, many of which were outside
of our fields. With the aid of digital libraries, literature,
project abstracts, and project websites, we wrote a brief
(~100 words) description of each. These were sent to
the developers of the WePISMs for review and approval
when a project leader for the innovation could be identi-
fied and contacted.

Categorization scheme for educational innovations

We searched the literature for an existing categorization
scheme for educational innovations to begin characteriz-
ing the WePISMs. While we found some published
schemes, none of these were suitable for our purposes.
The most promising of these was developed by Ruiz-
Primo et al. (2011), who identified four characteristics of
educational innovations: conceptually oriented tasks,
collaborative learning activities, technology, and inquiry-
based projects. They found many of the 868 papers they
analyzed combined one or more of these types, citing
Peer Instruction? (Mazur, 1996) as an example that com-
bines technology, collaborative learning, and conceptual
tasks. We found, though, that categorizing our list in
terms of these characteristics was not always possible and
did not lead to meaningful groupings. For example, a
major problem in using this scheme was that it uncom-
fortably put all the “technology” things together—even
though Blue)® (Kolling et al. 2003), PhET Simulations*
(Wieman et al. 2008), and online homework are only
similar in that they are all accessed on a computer. Their
differences, intention and use of these innovations, how-
ever, outweigh this similarity.
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Therefore, we needed to develop a new categorization
scheme that would help us better understand this set of
instructional strategies with respect to their successful
propagation. A categorization scheme should be both
replicable (different researchers can classify items the
same way into the same categories) and theoretically
meaningful (creating a basis for new insights). After
many iterations and much discussion, we arrived at the
categorization scheme presented in Table 3, which is
based on whether use of the innovation requires a
change in content, pedagogy, neither, or both. Each
innovation on the list was coded separately by all six au-
thors and discussed to come to agreement on its
categorization.

This categorization scheme is discussed in more detail
elsewhere (Stanford et al., 2016).

In addition to placing each of the 43 innovations into
one of the four categories in Table 3, we needed a
second categorization scheme to further differentiate the
innovations. Some innovations in the final list include
large movements and big ideas in STEM education (e.g.,
use of metacognition) or large umbrella terms for many
other innovations (e.g., active learning), while others
were specific and their proper name well recognized
(e.g., the PhET Interactive Simulations). A categorization
scheme was needed to differentiate the innovations
along this as yet undefined dimension. We used the fol-
lowing scheme: general (innovation is an idea with vari-
ous types of implementation), recognizable (innovation
is clear but without central leadership), and branded
(innovation is clear and has central leadership) (Table 4).
This second scheme proved useful when the authors
studied factors that influenced propagation of the inno-
vations (see following section).

Using the two categorization schemes, the six authors
classified the list of 43 WePISMs. The team then dis-
cussed their individual ratings and disagreements were
resolved to reach consensus in coding.

Data collection of branded WePISMs

We sought to identify the number of funding sources,
years funded, and total amount of funding for each
WePISM. We found that this information could be iden-
tified for most of the branded innovations, but not the
general or recognizable innovations. Thus, this part of
the study was conducted only with the 21 branded inno-
vations. We identified the PIs of the branded innovations
through project websites and literature and used search
engines for the funding agencies and the websites for the
innovations (when appropriate) to gather funding infor-
mation. We note that not all funding agencies make
their funding amounts public. As a result, there may be
funding for many innovations beyond what was listed by
project websites. The amounts presented in the results
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Table 3 The authors’ categorization scheme of types of
educational innovations

Change in 3. Implementation requires 4. Implementation requires
content use of new course content use of new/revised
(e.g. objectsfirst learning) course content and
pedagogy (e.g. Alice,
Geogebra)
No change 1. Implementation does not 2. Implementation requires
in content require change in use of new course

pedagogy or course
content (eg. online
homework)

pedagogy (e.g. Peer
Instruction)

No change in pedagogy Change in pedagogy

section are likely to be a low estimate for some
innovations.

We sent the ~100-word project description to the ori-
ginal project PI (or, if unavailable, a prominent cham-
pion of the innovation) to allow them to check our
understanding of the essence of their innovation (ex-
ample descriptions in Table 5). We sent them the entire
list of branded innovations in order to place their
innovation into context, as we anticipated that without
the context of the other short descriptions, they would
say that our description was too short. In some cases,
they wrote entirely new descriptions, and others gave a
simple “Okay” to what we sent.

Results

We present the results of this study in two parts: (1) the
final list of all 43 WePISMs and (2) a more detailed ana-
lysis of the 21 branded innovations for which there was
additional publically available data. Attributes of WeP-
ISMs discussed are based upon the email questions and
member checking results. For example, identification of
disciplines mentioning an innovation was only based on
the email surveys of experts, not additional searches of
the literature, although examples may be found in litera-
ture of WePISMs crossing over into other disciplines.
We took this approach because the items on the list
were validated with external sources. While use by other
disciplines could be evidence of propagation, it does not
imply widespread use in the other disciplines. External
information (literature, digital libraries) was used to

Table 4 Level of specificity of educational innovations

Specificity Description

A movement or broad theoretical term in education
literature with many possible implementations (e.g.
metacognition, active learning)

General

Recognizable The innovation has a name which is associated with a
set of teaching practices, but has no central leadership
(e.g. flipped classroom, think-pair-share)

Branded The innovation name is associated with a set of teaching
practices and has central leadership (e.g. PhET

Simulations, Peer Instruction)
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inform coding decisions regarding project type and level
of specificity.

Characteristics of the WePISMs overall

The number of WePISMs identified in each discipline
ranged from 6 to 16 (Fig. 1). Geoscience and physics had
more, while chemistry, engineering, and computer sci-
ence had fewer WePISMs. In addition to potential bias
from the number of experts initially contacted in each
discipline, disciplinary differences in the number of
WePISMs were likely influenced by some extraneous
factors. For example, the well-documented history of
physics education research (Cummings 2011) and the
centralized resources in geoscience (SERC) may have
contributed to listing innovations that we were able to
confirm were indeed well propagated.

Figure 1 Number of WePISMs reported by surveyed
experts in disciplines. Some innovations were mentioned
by experts in multiple disciplines (e.g., SCALE-UP®).

Further examining the breakdown of the level of speci-
ficity of WePISMs, there are notable differences in sev-
eral disciplines (Fig. 1). Most share an even mix of
general, recognizable, and branded innovations. Biology
and geoscience experts identified recognizable WePISMs
most frequently, but experts in all disciplines identified
some of these innovations. Physics experts identified the
most branded innovations, followed by math. Engineer-
ing experts identified no branded innovations. A chi
square test (comparing projected and actual counts)
showed significant differences between physics, engin-
eering, and geoscience in use of branded, recognizable,
and general innovations (Greenwood and Nikulin 1996).
Physics uses more branded innovations, geoscience uses
more recognizable, and engineering uses more general
innovations.

Figure 2 Breakdown of the WePISMs (N =43) by the
categorization scheme described in Table 3. The col-
umns are further broken into level of specificity
(Table 4).

We also examined WePISMs by categorization of in-
novations, as shown in Fig. 2. Most WePISMs invoke
only pedagogical changes (60%). This is followed by in-
novations that do not require a change in pedagogy or
content (28%) and innovations that require a change in
both pedagogy and content (9%). There was only one
innovation reported which required a change in content
only (objects-first learning in computer science).

Branded WePISMs

Using publically available data about funding, we can
offer more details about the branded WePISMs. We dis-
cuss the amount of time branded WePISMs were
funded, the amount of funding, and the number of
sources of funding.
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Table 5 Example descriptions from branded innovations list
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Innovation name Description Disciplines

mentioned

CATME Team Tools  Online tool that allows instructors to form groups of students using default or instructor-defined data Computer
surveyed from the students. Science

« Instructors can also collect self- and peer-evaluation data on team-member effectiveness according to a

scientific model.

« The system provides diagnostic information to the instructor about teams that may require intervention.

« Developed by M. Ohland and M. Laughry.

Learning Assistants

Undergraduate students are hired to facilitate small-group interaction in large-enroliment undergraduate courses. Physics

« This can occur either during whole-class sessions or in recitation sessions.
- Learning assistants are given training in leading group discussion and meet regularly with the course instructor.

« Originally developed by V. Otero.

Process Oriented
Guided Inquiry

Learning submit it for review.

Instructional format where students work in self-managed teams on inquiry-type activities.
« Activities are written in a specific manner, and the instructor can write their own if they desire and

Chemistry

- Instructors using POGIL do not use a traditional lecture format but instead provide guidance and

facilitate student activities.

+ POGIL has been adapted to work within a variety of class sizes and physical structures.

+ Developed by R. Moog et al.

Figure 3 shows a box-and-whisker plot showing the
number of years of funding and the amount of funding
for the branded WePISMs. The median time was
15 years and the median amount was 3.1 million dollars.
The boxes represent the second and third quartiles.

The branded innovations all received funding for a
period of at least 8 years, with most receiving continuous
or nearly continuous funding for over 10 years (Fig. 3).

The amount of funding covers a wide range, with the
lower end at a half million dollars and a median of 3.1
million dollars (Fig. 3). It is important to note that these
are low estimates since most innovations have some
funding sources that do not disclose funding amounts.
For example, unlike public funding agencies such as the
National Science Foundation, companies and institutions
backing an innovation often do not publically report
funding amounts.

Figure 4 shows a box-and-whisker plot showing the
number of funding sources for the branded WePISMs.

The median amount was 3. The boxes represent the sec-
ond and third quartiles.

Many of the innovations had more than one funding
source (Fig. 4). Most received funding from two to five
sources. Nearly all received funding from Federal sources
(mainly the National Science Foundation). Additional
funding sources were often the institution where the
innovation was developed for private foundations and
companies. Notably, computer program innovations such
as the PhET Simulations, Geogebra®, and ALICE’ received
funding from a large number of sources (20 or more).

Discussion

Disciplinary differences

Many of the WePISMs originating in physics are
branded, in contrast to geoscience and engineering,
which have more recognizable and general innovations.
There are several possible reasons for this difference.
Physics education research as a field is one of the older

Fig. 1 Number of WePISMs reported by experts across disciplines

Discipline use of innovations

8
6
4
= B B
0

Biology = Chemistry Comp. Sci. Engineering Geoscience ~ Math Physics
(N=11) (N=6) (N=6) (N=7) (N=14) (N=11) (N=16)
m General m Recognizable Branded




Khatri et al. International Journal of STEM Education (2017) 4:2

Page 7 of 10

30

25

20

15

10

Number of Innovations

No Change

® General

Fig. 2 Type and Level of Specificity of WePISMs

Innovation type and level of specificity

Pedagogy Change

m Recognizable

Content Change Pedgogy and

Content Change

m Branded

STEM education fields, and some of the well-propagated
innovations are well-documented as part of the history
of the field (Cummings 2011; National Research Council
2012). It could also be due to disciplinary differences.
Engineering education encompasses many individual en-
gineering disciplines (mechanical engineering, electrical
engineering, civil engineering, etc.). Educational innova-
tions adopted in these disciplines may be as different as
the differences between physics and geosciences. Thus,
engineering may rely on umbrella ideas more heavily
than physics. Geoscience is more place-based, so in-
structional strategies for one setting may not transfer to
others, but the overall template for a change might.

Content innovations
In this study only one innovation focused on content
change could be confirmed to be well-propagated

(objects-first learning in computer science). Several
more were suggested, such as the Matter and Interac-
tions course and textbook (Chabay and Sherwood 1999),
but these candidates could not be verified as well propa-
gated based on the criteria and data available for this
study. The focus on pedagogy may imply a lack of devel-
opment of content innovations, or it may be that content
innovations are not being propagated. Possible barriers to
propagation of content-based innovations might include
disciplinary norms and expectations of content coverage
at the departmental and interdepartmental levels. It may
be that content innovations require a large amount of co-
operation between individuals and departments and thus
are slow to be implemented, while innovations focused on
pedagogy are more easily adopted within existing institu-
tional structures. This is an area that requires more inves-
tigation. Although we think of pedagogy as being firmly

Years Branded WePISMS were funded

0 S 10 15 20 25 30
Years funded

Amount of funding Branded WePISMs received

0 2 4 6 8 10

Fundingreceived (dollar amounts) Millions

Fig. 3 Years and amount of funding for WePISMs
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Number of funding sources

}—I

0 5 10 15 20 25 30 35 40

Funding sources (number)

Fig. 4 Number of funding sources for WePISMs

entrenched in higher education, our findings suggest that
content may be even more so. If content-based innova-
tions are, in fact, less likely to spread it is important for
education researchers to ask themselves about the desir-
ability of this state of affairs.

Funding implications

The findings regarding funding of the branded innova-
tions have implications for educational developers. First,
based on this study, characteristics of innovations likely
to be broadly adopted can be identified at the proposal
review stage. This study has found that innovations re-
quiring content changes are unlikely to propagate widely
using existing strategies. Therefore, if the goal of a pro-
ject is broad adoption, then projects expecting signifi-
cant content change should either propose significantly
different propagation strategies or not be undertaken.
Second, branded, broadly-adopted innovations received
significant funding over a minimum of 8 years. For
projects aiming for broad propagation and expecting
pedagogical change, propagation plans should be de-
veloped with long-time horizons. Educational develop-
ment projects may have goals other than broad
adoption within a 10-year time horizon; for example,
projects may be funded to stimulate consideration of
a variety of very different content in some established
courses. If this is the case, then goals for these pro-
jects should be clear to both developers and any or-
ganizations funding these projects.

These findings have implications for modifying exist-
ing funding structures. A typical grant for an education
project lasts 3 or 4 years, so getting to the 8—10 years of
funding that we found as a minimum for successful
propagation means pursuing multiple grants. Developers
often think that publishing and presenting results of the
work at the end of a 3-year grant will mean the
innovation reaches others. However, the implication here
is that in addition to having a good idea, developers need
to be willing and able to spend a decade or more
working on an innovation and pursuing funding oppor-
tunities in order to develop something that can be well-
propagated. As a result, funding agencies may wish to
consider extension funding mechanisms for educational
innovations that have demonstrated progress on devel-
oping, implementing, and evaluating propagation plans
during the initial 3—4-year grant period.
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Future research

While this study focused on the innovations that were
well propagated, another avenue for study is studying
innovations that were funded but did not reach a
level of significant use. One study has done some-
thing similar to this by analyzing the propagation
plans of a set of funded proposals and looking at out-
comes several years later (Stanford et al., in press). A
comparative analysis of well-propagated and not-as-
well-propagated funded innovations could further illu-
minate factors related to propagation.

Conclusions

The purpose of this article was to discuss the character-
istics of instructional strategies and materials that have
spread well within undergraduate STEM education, and
consider some of the factors associated with their propa-
gation. We refer to these strategies and materials as
WePISMs and identified 43 WePISMs with multiple
ones in each STEM discipline. Across all 43 WePISMs,
most of the disciplines had similar mixes of general,
recognizable, and branded innovations. However, en-
gineering, geoscience, and physics were significantly
different from each other: engineering had more gen-
eral, geoscience more recognizable, and physics more
branded innovations. Overall, WePISMs largely repre-
sent changes to pedagogy, not changes to content, and
the branded WePISMs share significant levels of exter-
nal funding (median US$ 3.1M) over an extended
period (median 15 years).

We hope these findings, the list and description of WeP-
ISMs, and the new vocabulary introduced in this paper to
discuss educational innovations, will help developers think
more explicitly about the type of change they wish to cre-
ate and a propagation plan to support their goals.

Endnotes

"Workshop Physics: Instructional format in which trad-
itional lectures and weekly laboratory sessions in a
calculus-based introductory physics are replaced with
inquiry-oriented activities and occasional demonstrations.

%Peer Instruction: Lecture-based strategy in which the
instructor intersperses brief presentations with concep-
tual questions (i.e., ConcepTests), and allows students to
respond. After responding, students discuss their an-
swers in pairs and then respond again.

®BlueJ: Intro programming environment based in
objects-first teaching, intended for introductory Java
instruction.

*PhET Interactive Simulations: Over 125 free online
and downloadable simulations, targeting a large number
of physics and astronomy concepts (with more recently
added simulations in chemistry, geoscience, biology, and
mathematics).
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*SCALE-UP: Instructional format where students work
in small cooperative groups on activities, many of which
are hands-on.

®Geogebra: Interactive software that joins geometry
with algebra and calculus: rather than just showing and
manipulating shapes, shapes are linked with algebraic
expressions and spreadsheets in different views.

’Alice: Intro programming environment for object-
oriented programming.
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