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Broadly speaking, the maker movement is characterized
by people who engage in the construction, deconstruction,
and reconstruction of physical artifacts, and who share both
the process of making and their physical products with the
broader community of makers. There is growing sentiment
that elements of the maker movement have the capability of
positively impacting student outcomes in K-12 environments.
This study reports on the extent to which teacher education
programs in the United States have begun to integrate maker
principles and technologies, and explores the factors which
contribute to their decisions to include or not to include mak-
er elements into their programs. Results indicate that approxi-
mately half of teacher education programs have at least some
opportunities for undergraduates and graduates to learn about
teaching and learning with maker technologies and prin-
ciples, and there is desire among programs to increase these
opportunities, as well as their maker technology infrastruc-
ture. There is less institutional-level interest in supporting re-
search agendas related to maker education, however. There-
fore, this study calls for a corresponding increase in research
on the role of maker principles and technologies in teacher
education.
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I want to encourage you to participate in programs to allow stu-
dents to get a degree in science fields and a teaching certificate at
the same time. I want us all to think about new and creative ways
to engage young people in science and engineering, whether it’s
science festivals, robotics competitions, fairs that encourage young
people to create and build and invent -- to be makers of things, not
just consumers of things.

- President Barack Obama, addressing the National Academy of
Sciences, 27 April 2009

The epigraph above, delivered to the 2009 annual meeting of the Na-
tional Academy of Science (Obama, 2009), represents a call, echoed by
many, to schools and other educational organizations to seize upon the prin-
ciples and technologies embodied by the growing maker movement to cre-
ate richer, more engaging, and potentially more meaningful learning expe-
riences for our students. Seven years later, primary, secondary, and higher
educational bodies are indeed beginning to leverage maker principles and
maker technologies in both formal and informal contexts. What is less clear
is the extent to which the programs designed to prepare educators have also
embraced this call. In order to explore the extent to which teacher education
programs are including or are planning to include making as an explicit part
of their students’ experiences, survey data was compiled from 123 member
institutions of the American Association of Colleges for Teacher Education
(AACTE; n = 811). Specifically, the survey data were used to answer the
following questions:

1) To what extent are teacher education programs integrating maker

principles and technologies into their programs?

2) What factors are impacting teacher education programs’ intent

either to include or not include maker technologies and principles
into their programs?

LITERATURE REVIEW
Who Are Makers?
The maker movement is a growing group of individuals who (1) em-

ploy a combination of traditional tools and newer digital fabrication tech-
nologies in the creative production of personalized artifacts, and (2) lever-
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age modern communication technologies to share both the processes and
products of their making with the broader community of makers. Making
and sharing are instincts as old as humanity itself, and to be sure the modern
maker movement is “built from familiar pieces” (Martin, 2015, p. 31). What
distinguishes it from traditional arts-and-crafts and do-it-yourself activities
are the digital technologies leveraged by makers in the production of arti-
facts and an ethos of open-source sharing that, in combination with digital
communication technologies, has fostered the creation of a growing com-
munity of makers (Martin, 2015).

The growth of the maker movement is generally traced to two commu-
nity-building entities, Make magazine and Maker Faires (Brahms, 2014;
Halverson & Sheridan, 2014; Martin, 2015; Vossoughi & Bevan, 2014). The
makers who participate in these and in other forums are “people who de-
sign and make things on their own time because they find it intrinsically re-
warding to make, tinker, problem-solve, discover, and share what they have
learned” (Kalil, 2013, p. 12). In a study of the makers who contribute work
to Make magazine, Brahms (2014) noted that makers come from and work
in a variety of disciplines, though primarily these disciplines are limited to
science, technology, engineering, arts, and mathematics. Though there has
been criticism of the lack of diversity in the more visible aspects of the
maker movement—Buechley (2013) has pointed out that a wide majority of
maker depicted on the cover of Make are white men, and attendees of Maker
Faires tend to be middle-class, middle aged males (“Attendee Study Maker
Faire Bay Area 2014,” 2014; Peppler, Maltese, Keune, Chang, & Regalla,
n.d.)—there is evidence that the maker movement is more demographical-
ly diverse than the broader demographics of professionals working in sci-
ence, technology, engineering, and mathematics (STEM) fields, particularly
among young makers (Blikstein, 2013; Peppler et al., n.d.). The diversity of
young makers stands in contrast to the typically male, socioeconomically
advantaged, and white or ethnically Asian individuals who provide most
of the input to the STEM pipeline (E. Anderson & Kim, 2006; Blustein et
al., 2013; Hernandez, Schultz, Estrada, Woodcock, & Chance, 2013; Wang,
2013), and provides an attractive opportunity to those interested in diversi-
fying participation in STEM careers.

Increasingly, makers gather together in makerspaces, which are “infor-
mal sites for creative production in art, science, and engineering where peo-
ple of all ages blend digital and physical technologies to explore ideas, learn
technical skills, and create new products” (Sheridan et al., 2014, p. 505). In
addition to traditional hand tools, makerspaces tend to include digital fabri-
cation technologies (i.e., 3D printers, digital die cutters, and laser cutters),
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microcontrollers, and the software necessary to operate all the hardware.
The primary function of these technologies is to bridge the digital and phys-
ical worlds. The 3D printers, for example, convert digital designs into physi-
cal objects—moving from “bits to atoms,” as some have described the pro-
cess (Bell et al., 2010). The microcontrollers have the ability to digitize in-
formation from the physical world, such as sound waves, physical contacts,
or gestures, which can then be manipulated by various software. And all of
this crossing of the physical/digital worlds can be done with non-specialized
technological knowledge or training.

Makers, then, are highly motivated, inquisitive people who develop
their own and their community’s knowledge through the construction and
sharing of physical artifacts. Their work is frequently interdisciplinary, ap-
plied, and it is generally the product of a combination between their own
knowledge and that of others in the community. It is easy to see, then, the
potential appeal of the maker movement to educators (Peppler & Bender,
2013). We explore the still-emerging literature on the role of making in
K-12 contexts below.

Making and K-12 Education

It is difficult to state with any confidence the extent to which the maker
movement is penetrating schools, as no large-scale, methodologically rig-
orous survey of the extent to which K-12 schools are adopting the princi-
ples or technologies of the maker movement has been published. Howev-
er, secondary evidence does exist that making is poised to make an impact
on schools, if it is not already begun (Halverson & Sheridan, 2014). The
2013 (Johnson et al., 2013) and 2015 (Johnson, Adams Becker, Estrada, &
Freeman, 2015) K-12 editions of the Horizon Report describe 3D printing,
a technology commonly used metonymically to represent making, as be-
ing a part of mainstream education at the time that many current preservice
teachers are entering the field. These types of predictions are being reified
by grant competitions, such as the U.S. Department of Education’s CTE
Makeover Challenge (“CTE Makeover Challenge,” 2016), which aimed to
provide schools the resources with which to create the infrastructure nec-
essary to facilitate making. Additionally, various national standards value
certain skills and concepts which are skills and concepts compatible with
making the classroom. The Next Generation Science Standards (NGSS), for
example, call for an increase in engineering practices, including hands-on
construction, in the science curriculum (National Research Council, 2012),
which aligns with the core tenets of making. The Common Core State Stan-
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dards for English Language Arts & Literacy in History/Social Studies, Sci-
ence, and Technical Subjects (National Governors Association Center for
Best Practices & Council of Chief State School Officers, 2010) emphasize
the increasing need for students to be able to communicate effectively in a
variety of media to increasingly diverse audiences. As a guiding principle
of making is that makers communicate not only the final products of their
making but also the process of making with their communities (C. Ander-
son, 2012; Brahms, 2014; Hatch, 2014; Sheridan et al., 2014), a natural
alignment with the Common Core ELA/Literacy standards becomes likely.
The alignment with these and other individual state standards adds to the
body of evidence suggesting that making will play an increasing role in
schools.

The research on the potential of maker principles and technologies to
support student learning and skill development focuses largely on out-of-
school makerspaces, clubs, and other informal settings; research on making
in formal, school contexts is only beginning to emerge (Martin, 2015; Vos-
soughi & Bevan, 2014). Vossoughi and Bevan (2014) undertook a critical
review of the literature surrounding making and education, and identified
three major categories of impacts making has had on student development:
(1) fostering and supporting students’ participation in science environments,
(2) supporting academic/disciplinary development, and (3) creating commu-
nities of learners.

Research on the integration of technology into classrooms consistently
shows that teachers are more likely to integrate new technologies and the
pedagogies they support into their practice if the teachers (1) possess the
relevant technological knowledge (Mueller, Wood, Willoughby, Ross, &
Specht, 2008), (2) self-efficacy relative to teaching with technology (Wozny,
Venkatesh, & Abrami, 2006), and (3) a belief system which values technol-
ogy as a necessary ingredient to successful education (Ertmer & Ottenbre-
it-Leftwich, 2010; Ertmer, 2005; Kim, Kim, Lee, Spector, & DeMeester,
2013). In particular, the Technological, Pedagogical Content Knowledge
framework (TPACK; Mishra & Koehler, 2006), an extension of Shulman’s
concept of pedagogical content knowledge (PCK; Shulman, 1986), states
that the most effective technology integration—and, indeed, the most ef-
fective teaching—happens when teachers apply their understanding of the
affordances of specific technologies to their PCK, allowing the technol-
ogy to impact not only how they teach, but also what they are able to teach.
Therefore, it becomes incumbent on teacher education programs and other
types of professional development programs for in-service teachers to help
teachers develop their relevant technological knowledge, self-efficacy, and
belief systems. Those responsible for preparing and supporting teachers,
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including policymakers, administrators, and teacher educators, then, can
benefit from understanding what the current status of maker education is
among their peers. The research presented here focused in on teacher edu-
cation programs, with the aim of understanding better the extent to which
teacher education programs are including maker principles and technologies
into their programs and the factors influencing decisions to include or not
include them.

METHODS
Participants

A list of deans, associate deans, or department chairs of colleges and
universities with teacher education programs (n = 811) were invited to par-
ticipate in this survey, of which 123 responded (see “Results” below). The
list of participants was generated from a membership roster available on the
AACTE public website. The researcher identified the contact at each educa-
tion program through an examination of the programs’ websites. For schools
or colleges of education, the preferred contact was an Associate Dean for
Academic Affairs, though if that role did not exist, then an assistant dean,
dean, or dean of undergraduate/graduate studies was identified, depending
on the individual college. For institutions in which teacher education pro-
grams are housed in a department rather than a college or school of educa-
tion, the department chair was the preferred contact. When participants were
invited to participate in the survey, they were given the option to forward the
invitation email to another, more appropriate individual, if necessary.

Each education program was then categorized by its geographic region,
and by its Carnegie Classification. Each program was sorted into one of the
four U.S. Census regions (i.e., West, Midwest, South, Northeast), based on
the location of the college/university’s main campus. The programs were
also sorted by the institutions’ Carnegie classifications, the framework of
which was established in 1973 to “to represent and control for institutional
differences, and also in the design of research studies to ensure adequate
representation of sampled institutions, students, or faculty” (“The Carnegie
Classification of Institutions of Higher Education,” 2016). The classifica-
tions take into account types of degrees conferred by the institutions, size
and setting, and special foci. This study used the Basic Classification of
four-year or higher focused institutions, which includes 17 different catego-
ries (Table 1).
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Table 1

Carnegie Classifications of AACTE Member Institutions
Carnegie Classification n Percent
Associate’s--Private For-profit 1 0.1
Associate’s--Public 4-year Primarily Associate’s 3 0.4
Associate’s--Public Rural-serving Large 1 0.1
Associate’s--Public Rural-serving Medium 2 0.2
Baccalaureate Colleges--Arts & Sciences 72 8.9
Baccalaureate/Associate’s Colleges 7 0.9
Baccalaureate Colleges--Diverse Fields 117 14.4
Doctoral/Research Universities 58 7.2
Master’s Colleges and Universities (larger programs) | 252 31.1
Master’s Colleges and Universities (medium 92 11.3
programs)
Master’s Colleges and Universities (smaller programs) | 51 6.3
Research Universities (high research activity) 78 9.6
Research Universities (very high research activity) 71 8.8
Special Focus Institutions--Schools of business and 1 0.1
management
Special Focus Institutions--Theological seminaries, 1 0.1
Bible colleges, and other faith-related institutions
Special Focus Institutions--Other special-focus 2 0.2
institutions
Tribal Colleges 2 0.2

Procedure

The survey was conducted in two stages: a pilot test and the main study.
Both proceeded similarly: Participants were approached to take the survey
through an emailed invitation. Taking a cue from Dillman’s Tailored Design
Method (Dillman, 2000), one follow-up set of emails were sent to the non-
responders one week following the original emails. If participants agreed
to complete in the survey, they were directed to Qualtrics, an online survey

website.
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Survey Instrument

The survey instrument contained a maximum of 14 questions, though
some respondents would receive fewer questions depending on their re-
sponses. For example, if a respondent indicated that his or her education
program did not offer undergraduate classes, then that respondent would not
be given any of the follow-up questions regarding undergraduate education.
The survey items were developed based on consultation with senior faculty
and administration from a large teacher preparation program in the South-
eastern United States. See Appendix A for the complete survey instrument.

A panel of 4 experts examined the survey instrument prior to the pilot
test. The 4 panelists, 3 professors and a dean, came from 2 different uni-
versities. Each examined the instrument and suggested clarifications, which
were incorporated into the pilot version of the survey instrument. It was
then sent to a sub-sample (n = 40) of the main study sample. The sub-sam-
ple was chosen to reflect the diversity of the main sample with regards to
geographic diversity and university classification, as determined by Carn-
egie classifications.

The pilot instrument included questions following each main question
which probed for any potential confusion arising from either the wording or
content of the items. Twenty percent (n = 8) of the sample responded. None
of the respondents indicated any issues arising from the items, so the main
survey instrument was distributed unchanged from the pilot version.

RESULTS

Of the initial population of 811, 70 potential contacts were excluded.
Criteria for exclusion included international programs, AACTE member in-
stitutions which do not have teacher education programs, and programs for
which there were no available contact persons or information. A total of 741
colleges of education/education departments received invitations to partici-
pate in the survey, and 123 completed responses (16.6%) were received. In-
complete responses were not considered.

The response rate suggested that nonresponse bias needed to be consid-
ered in the interpretation of these data. However, a low response rate does
not necessarily equal nonresponse bias (Cook, Heath, & Thompson, 2000;
Rogelberg & Stanton, 2007); nonresponse bias “occurs when a significant
number of people in the survey sample do not respond to the questionnaire
and have different characteristics from those who do respond, when these
characteristics are important to the study” (Dillman, 2000, p. 10). Therefore,
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initial analysis examined the extent to which the nonrespondents differed
from the respondents.

Two Pearson correlation tests indicated high correlations between both
the Carnegie classifications of the respondents and the population (r = 0.96,
p < .001) and the geographic regions of the respondents and the population
(r=0.99, p = .007). Additionally, a wave analysis procedure (Leslie, 1972)
was conducted, in which the researcher compared the responses of early re-
sponders to late responders. Wave analysis proceeds from the perspective
that participants who respond less readily (i.e., those who respond late or
need additional reminder(s) to encourage participation in the survey) are
more like nonrespondents (Armstrong & Overton, 1977). To conduct this
analysis, responses on the single-selection items of the first set of respon-
dents and those of the second set of respondents were compared, using a
series of independent samples #-tests (see Table 2).

Table 2

Wave Analysis of Single-Response Items

Wave 1 Wave 2

M SD M SD t df p

Q1 2.03 0.57 1.95 0.38 0.59 121 0.56
Q2 1.69 0.74 1.59 0.73 0.59 118 0.56
Q3 217 0.84 2.05 0.79 0.63 121 0.53
Q4 2.01 0.39 2.10 0.45 -0.90 106 0.37
Q5 1.82 0.74 1.65 0.75 0.92 106 0.36
Q6 2.74 1.02 2.31 0.95 1.37 64 0.18
Q7 2.50 1.00 2.14 1.04 1.52 121 0.13
Q8 3.62 1.02 3.23 1.31 1.57 121 0.12
Q9 3.15 1.28 2.64 1.47 1.65 121 0.10
Q10 1.90 0.84 2.23 0.75 -1.68 121 0.10

No significant differences existed between the two waves of responses, in-
dicating that further attempts to increase the response rate were not likely to
alter the results reported by the respondents.

For the single-selection items, a margin of error was calculated using
the formula , where d is the margin of error, 1.96 is the Z score for a 95%
confidence interval, n is the sample size, p is the predicted percent accuracy,
and g is 1 — p (Lohr, 2010). Here, p = 0.50 because the response percentage
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for any of these items is unknown, so setting p = 0.50 gives the maximum
margin of error. Given that the population surveyed was finite, this margin
for error score (d) was then corrected by multiplying it by the Finite Popu-
lation Correction Factor, . The resulting calculations give an initial margin
of error of d = 0.088, and a FPCF = 0.913. Multiplying the two results in a
margin of error for the single-selection survey items of +8.08%.

Maker Movement in Academics

Roughly half of teacher education programs have at least some oppor-
tunities for undergraduates and graduates to learn about teaching and learn-
ing with maker technologies and principles, with 12.7% of undergraduate
programs (n = 14) offering an entire course on teaching and learning with
maker technologies and principles, and 57.4% (n = 58) offering at least a
unit or module on the topic. Among graduate programs, 18.8% (n = 19) re-
ported offering an entire course on teaching and learning with maker tech-
nologies and principles, and 48.9% (n = 43) indicated that they offer a unit
or module. Fewer graduate programs (7.1%; n = 7) focus entire courses on
researching the maker movement. Of all of the programs which currently
do not offer courses, 12.1% (n = 8) reported significant interest in offering
a course within the next 3 years, 37.9% (n = 25) reported limited positive
interest, 22.7% (n = 15) indicated no interest, and 27.3% (n = 18) were un-
sure.

Follow-up tests were conducted to determine the extent to which the
type of institution had any influence on the presence of courses or future
plans to institute them. The small number of respondents who offer courses
precluded any meaningful follow-up analysis to determine whether an inter-
action exists between classification and the presence of courses. The pres-
ence of either limited or significant intentions to offer courses in the future
was highly correlated with the proportion of Carnegie classifications in the
population (r = .90, p < .001). Therefore, it can be concluded that there is no
interaction between classification and the intention to offer courses in the
future.

The survey also asked about the extent to which education programs
planned on establishing research centers focused on the maker movement.
See Table 3 for results.
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Table 3
Intention of Establishing a Research Center Focused on the Maker Movement

Interest level n Percent

Already have one 9 7.3

Significant 10 8.1

Limited 27 22

Not at all 58 47.2

Not sure 19 15.4

The small number of respondents indicating the presence of a research cen-
ter, or a significant or limited desire to start one, precluded a follow-up anal-
ysis to determine any potential interaction between the results and Carnegie
classifications.

Maker Technology Infrastructure

This survey also aimed to determine the extent to which education pro-
grams possessed the technological infrastructure to support teaching and
learning about the maker movement within their teacher education pro-
grams. In order to ascertain this information, the survey asked participant
programs whether they possessed or intended to establish a makerspace or
a maker laboratory' of technology to be used by students either as part of
courses or independently. See Table 4 for results.

Table 4
Maker Technology Infrastructure Descriptive Statistics

Makerspace or lab Purchase maker technologies
Interest level n Percent n Percent
Already have one 21 171 Not asked Not asked
Significant 21 171 21 171
Limited 31 25.2 54 43.9
Not at all 30 244 22 17.9
Not sure 20 16.3 26 211

1 A maker lab here is distinguished from a makerspace in that a maker-
space is open to some community of makers to use, whereas a maker lab
functions more like a biology or chemistry classroom lab space, available
only to students as part of a course.
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Certainly, maker technologies can exist in an education program outside of
an organized makerspace or maker lab. However, as it was conceivable that
a number of the survey’s respondents (i.e., deans and department chairs)
might not be aware of small or diffuse pockets of hardware within a pro-
gram or college, the researcher made the determination to focus only on es-
tablished, centralized makerspaces or labs. Therefore, the survey did not ask
respondents about the presence of individual pieces of maker technologies
within their programs.

Factors Driving Desire to Include Maker Elements in Future Efforts

The 84 respondents who indicated a limited or significant desire to in-
clude courses, add technology or facilities, or establish a maker research
center were asked to select factors which are driving that desire. The select-
ed-response factors were developed through conversations with senior fac-
ulty and administration of a large teacher preparation program. In order to
ensure that other factors beyond those listed in the survey instrument could
be expressed, respondents could select “Other” and describe any factors not
listed. See Table 5 for results.

Table 5

Factors Driving Desire to Include Maker Elements
Factor n Percent”
Consistent with the college’s mission/strategic plan 47 56
Consistent with the university’s mission/strategic plan 32 38.1
Availability of research grant and/or foundation money 18 214
One or more of the faculty believe it to be important 65 77.4
Students have expressed interest in learning more about it 30 35.7
Schools which are hiring graduates are incorporating elements | 26 31
of the maker movement into their curricula
Other 15 17.9

* Note that the percentages will not equal 100%, as respondents were al-
lowed to mark more than one response.

The researcher also examined the 15 “Other” textual responses, using
an open-response item coding procedure (Ruel, Wagner, & Gillespie, 2016).
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Two coders read through the 15 textual responses independently and devel-
oped a list of codes, including separate codes for nonresponses and uncode-
able responses (i.e., responses which do not answer the prompt). Each then
compared the lists of codes and negotiated a final list of 3 codes in addition
to the nonresponse and uncodeable codes. The coders then independently
coded the responses using the final codes. As this was a fully-crossed de-
sign with 2 coders (Hallgren, 2012), Cohen’s kappa (Cohen, 1960) was used
to determine if there was agreement between the two coders’ judgement on
the codes for each answer. There was strong agreement between the coders’
judgements, k = 0.90, p < .001.

The 5 final codes were partnerships, general statements of beliefs,
standards, uncodeable, and nonresponse. Four of the 15 textual responses
mentioned partnerships as factors driving their desire to include maker tech-
nologies and principles into their programs, referencing both other divisions
within their institutions as interested partners as well as local school dis-
tricts. Three of the textual responses were general statements of belief in the
potential of infusing maker technologies and principles into their programs
(e.g., “sparking STEM innovation” and “we want to better prepare our
teacher candidates”). One program cited incoming state science standards
as a driver of their interest in exploring maker technologies and principles.
Of the remainder, those not answering the question were coded as uncode-
able (e.g., “The Center for Math and Science Education incorporates some
of these elements”), and those responses in which “Other” was checked but
no text was entered were coded as nonresponses.

Overall Impact of the Maker Movement on Teacher Education Programs

Participants were asked to rate the extent to which the maker movement
is a presence in their programs (Table 6).

Table 6
Extent to Which the Maker Movement is a Presence
Presence n Percent
Strong 2 1.6
Moderate 34 27.6
Limited 44 35.8
Not at all 43 35
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Respondents who indicated that the maker movement is not a presence
at all (n = 43) were asked in a follow-up question to select the why it is not
a presence. As in the previous section, selected responses were generated in
consultation with teacher education faculty and senior administrators, and
respondents could select “Other” to describe any factors not listed. See Ta-
ble 7 for results.

Table 7

Explanations for Lack of Presence
Factor n Percent*
Lack of funding 20 36.7
Lack of interest from students 10 18.4
Lack of interest from faculty 21 38.6
We don’t believe the maker movement is worth 4 7.3
addressing at this time
We’re not sure how principles of the maker 9 16.5
movement can support teaching and learning
Other 15 27.6

* Note that the percentages will not equal 100%, as respondents were al-
lowed to mark more than one response.

Using the same procedure outlined above, two coders also examined
the 15 “Other” textual responses. Cohen’s kappa (Cohen, 1960) was used to
determine if there was agreement between the two coders’ judgement on the
codes for each answer, and again there was strong agreement between the
coders’ judgements, k¥ = 0.90, p < .001. Analysis yielded 4 codes: capacity,
lack of awareness, uncodeable, and nonresponse. In addition, two responses
matched factors from the selection list, so these were added into the tally
of selected responses and were not included into the open-response coding
procedure. Three of the textual responses addressed a lack of capacity to
add any elements of the maker movement into their programs, specifically
referencing a lack of faculty time and a lack of space in the curriculum. In
addition, three responses referenced a lack of awareness of the maker move-
ment (e.g., “not aware of the research” and “What on earth are you talk-
ing about?”). Seven of the responses were coded as either uncodeable (e.g.,
“We have not yet discussed this as a group”) or nonresponses (e.g., blank
responses).
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DISCUSSION

These data document the current role of maker principles and technolo-
gies in teacher education programs in the United States. Because this is the
first research of its kind, it is impossible to point to any trends regarding this
data over time; it cannot be inferred whether the number of programs choos-
ing to embrace maker technologies and principles is growing, shrinking, or
remaining stagnant. Moreover, the conclusions presented here are derived
from a low response rate survey of a single teacher education professional
association, which indicates that the conclusions should be interpreted cau-
tiously. However, there is a historical parallel that can be drawn between
the current status of the maker movement in teacher education and teacher
education programs’ preparation of their students to teach online. Online
learning in K-12 has been steadily gaining prominence to the point that it
is now established in every state nationwide (Watson, Murin, Vashaw, Ge-
min, & Rapp, 2013), but only a minority of teachers who teach online re-
port receiving formalized, targeted curricula to teach online (Archambault,
2011), though doing so emphasizes particular skillsets (DiPietro, Ferdig,
Black, & Preston, 2008) which warrant specialized instruction. Traditional
teacher preparation programs are beginning to help their students to learn to
teach online, albeit slowly (Rice, 2014). For instance, a 2012 survey (Ken-
nedy & Archambault, 2012) of each of the AACTE and National Council
for Accreditation of Teacher Education-accredited teacher education pro-
gram field experience offices found that just 1.3% of those programs offered
a field experience for online K-12 teaching. A sampling of the open-ended
responses to a question of whether teacher education programs should offer
virtual schooling field experiences (VSFE) reveal attitudes similar to some
of those offered by respondents to the maker education survey. As was the
case in the present study, some respondents in the Kennedy and Archam-
bault (2012) were pro-VSFE, viewing them as necessary steps for keeping
pace with a growing segment of K-12 education. However, others indicated
a lack of knowledge or awareness of online K-12 education and the need
to prepare teachers for that environment, and some even expressed extreme
reservations about online K-12 education, for example asserting that “Good
teaching must happen in person,” and “Our students need to be able to in-
teract with people/students and not machines” (Kennedy & Archambault,
2012, p. 195). Given the similarities between the research in these two ar-
eas, it is plausible that a parallel can be drawn between the potential path
and rate of adoption of maker principles and technologies in teacher educa-
tion and that of online K-12 teacher education.
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The current study’s data show that roughly half of the current under-
graduates and graduates in teacher education programs have experienced
maker principles or technologies through a unit or module of instruction
at the least. Further, 50% of the programs which do not currently offer a
course indicate at least limited interest in offering a course within the next
three years. These data suggest that many teachers will soon be entering
classrooms with at least some knowledge of maker principles and tech-
nologies. Undoubtedly the quality of these teacher education experiences
will vary, but a few generalizations can be drawn here. As research shows,
successful teacher technology integration is a function of the teachers pos-
sessing adequate technological knowledge (Mueller et al., 2008)/TPACK
(Mishra & Koehler, 2006), self-efficacy with respect to technology use
(Wozny et al., 2006), and a belief system which values the use of technol-
ogy in education (Ertmer & Ofttenbreit-Leftwich, 2010; Ertmer, 2005).
The bulk of the experiences currently being offered are of the shorter-term
variety (i.e., modules or units). It is questionable that such short-term en-
gagements will have a strong impact on teachers’ technology self-efficacy
or on their durable belief systems. More likely is that maker modules or
units could improve teachers’ technological knowledge, which is an essen-
tial ingredient to the development of their TPACK. Given their duration,
courses perhaps offer a better opportunity for full development of the skills,
attitudes, and beliefs necessary to meaningful technology integration than
modules or units. This research shows that while maker-focused courses are
still relatively rare in teacher education programs, there is an appetite within
programs to offer them in the near future, which could grow infrastructure
for more meaningful and effective integration of maker principles and tech-
nologies in classrooms.

The data also allow for preliminary conclusions to be drawn regard-
ing the factors contributing to decisions either to include or not to include
maker principles and technologies in teacher education programs. In both
cases, faculty interest in the topic is a main determinant in decisions regard-
ing the inclusion of maker principles and technologies into teacher educa-
tion programs. For programs planning on increasing the role of making, fac-
ulty interest at the faculty level was cited 38% more than a college-level fac-
tor (i.e., “Consistent with the college’s mission/strategic plan™) and 117%
more than a student-level factor (i.e., “Students have expressed an interest in
learning more about it”).

Exploration of the factors cited by programs in which the maker move-
ment is not a presence yields two findings of relevance to proponents of its
inclusion in teacher education programs. As is the case with those planning
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on increasing the role of making in their programs, faculty interest was
one of the 2 the most cited factors. The other most cited factor was lack
of funding, which indicates a potential conflation of the maker movement
with often expensive advanced manufacturing technologies, like 3D printers
and laser cutters. While these tools are certainly an important part of many
makerspaces (Martin, 2015), they are, by no means, essential (Vossoughi &
Bevan, 2014). Indeed, an instructional program built on the principles of the
maker movement would require very little additional technology, beyond
those which can be leveraged in the process of sharing, such as computers,
smartphones, and high-speed internet connections. That perception of the
maker movement is skewed towards images of high-tech makerspaces indi-
cates that more awareness of the nature of the maker movement among ad-
ministrators might be necessary so that they are able to make more informed
choices.

Another aspect of these data worthy of further exploration is the lack
of interest or capacity within many teacher education programs to research
the maker movement and its potential impacts on not only teacher profes-
sional development but also on student learning. Only 7% of those surveyed
reported offering a course for graduate students in researching the maker
movement, and almost 50% of respondents indicated no desire to establish
a research center focusing on making in the near future. Logic dictates that
unsuccessful experiences with technology in classrooms dissuades teach-
ers from continuing on with those technologies in the future. Certainly, ef-
fective teacher education and development programs can help to minimize
these unsuccessful experiences, but ideally, these teacher education and de-
velopment programs will be based on thorough research. These data suggest
that infrastructure to support a broad range of research on this topic may not
yet exist.

Implications for Teacher Education

The results of this survey indicate that there will be a growth in the
amount of maker education occurring in teacher education programs over
the next few years. Though there is a rich literature base describing how
preservice and inservice teachers develop TPACK, self-efficacy, and teach-
er beliefs in a variety of content areas, there is currently no literature con-
cerning the development of those areas as they relate to maker principles
and technologies. Therefore, there is a need for focused research on maker
movement and teacher education. Moreover, these data also indicate that



22 Cohen

there is not a great deal of institutional-level interest in pursuing research
agendas related to the maker principles and technologies in teacher educa-
tion. Instead, faculty interest appears to be one of the primary determinants,
if not the primary determinant, of programs’ decisions about formalizing re-
search agendas, as well as creating a maker technology infrastructure and
offering maker courses/modules/units. Therefore, in the short term, the infu-
sion of maker principles and technologies into teacher education programs
will likely be a faculty-led effort.

Research has shown that a combination of positive beliefs about the
role of technology in learning (Ertmer & Ottenbreit-Leftwich, 2010; Ot-
tenbreit-Leftwich, Glazewski, Newby, & Ertmer, 2010), access to resourc-
es and technology infrastructure (Dexter & Riedel, 2003), and meaningful
alignment of technological knowledge with pedagogical and content knowl-
edge (Ertmer & Ottenbreit-Leftwich, 2010) will help to create an environ-
ment in which preservice teachers will learn to integrate technology into
their practice. In addition, if one broadens the scope of inquiry to individual
teacher education programs as a unit of change (Tondeur et al., 2012), we
see that other factors impact preservice teachers’ successful preparation to
use new technologies and the pedagogies they enable, including technology
planning and leadership, training staff, access to resources, and cooperation
within and between institutions. The data presented here indicates that ca-
pacity is being built among some individual teacher preparation programs
to integrate the maker movement into their programs. These programs are
more likely to be able to bridge the use of this technology with pedagogi-
cal principles in specific contents and contexts, given the presence of access
to technologies and opportunities in courses to develop the necessary peda-
gogical beliefs and knowledge. Ultimately, research suggests that this effort
has the potential to result in a variety of positive impacts on the students
who will eventually be served by teacher candidates (Halverson & Sheridan,
2014; Martin, 2015). Though the body of research on the potential of the
maker movement to support positive student outcomes is emergent, there is
reason to be bullish about its prospects. This study indicates that over the
next few years, many teacher candidates will indeed have the opportunity to
explore how they might leverage maker technologies and principles in their
own practice, and a need exists for research on how best to support these
explorations. An awareness among administrators, faculty, and researchers
of the current extent to this work is an initial step towards potentially more
systematic action.
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APPENDIX A
Maker Survey

Broadly speaking, the maker movement is characterized by people who
engage in the construction, deconstruction, and reconstruction of physical
artifacts, and who share both the process of making and their physical prod-
ucts with the broader community of makers.

Maker technologies include desktop manufacturing equipment, including
3D printers, digital die cutters, laser cutters, digital CNC routers, and analog
hand tools. Maker technologies also include microcontrollers, such as Ar-
duinos, Raspberry Pi, and MaKey-MaKey.

1) Select your institution name from the list below. [Drop-down menu of
all U.S. states, then drop-down menu of all institutions in the study].

2) Anexample of an undergraduate course which focuses on the maker
movement is one in which the majority of the readings, assignments,
and in-class activities are centered on hands-on making activities. The
course could include such activities as designing and building robots,
deconstructing and reconstructing electronic devices, or using micro-
controllers to collect data and automate various processes.

Does your college of education/education department offer an under-
graduate course in which the primary focus is the maker movement?

Yes

No

I don’t know

We do not offer undergraduate classes [if selected, skip to question 4]

3) Other than any full maker courses you may or may not offer, do any of
the courses offered to undergraduates at your college of education/
education department have a unit or module in which students study
the maker movement and/or engage in any maker-style activities?
Maker-style activities are activities in which students design and create
artifacts and share their process with others.

e Yes
No
e Jdon’t know
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4)

5)

6)

7)

Cohen

Some schools offer a graduate-level course which focuses on train-
ing preservice or in-service teachers to utilize principles of the maker
movement in the classroom. These courses typically teach students
about not only the technologies involved in making (e.g., 3D print-

ers, digital die cutters, laser cutters, microcontrollers, etc.) but also the
pedagogies associated with maker activities (e.g., project- and problem-
based learning, inquiry activities, design-based learning, etc.).

Does your college of education/education department offer a graduate
course which focuses on training teachers to utilize principles of the
maker movement in the classroom?

Yes

No

I don’t know

We do not offer graduate classes [if selected, skip to question §]

Some schools offer master’s- or doctoral-level courses which primar-
ily focus on the theories, frameworks, and research associated with the
maker movement. In these courses students focus primarily on schol-
arship related to the maker movement, as opposed to participating in
hands-on making activities, though those can make up a smaller portion
of the coursework.

Does your institution offer a master’s- or doctoral-level course which
focuses on study of and/or research about the maker movement?

e Yes
e No
e Jdon’t know

Is this class offered regularly, or is it a “special topics”-style class, of-
fered infrequently?

e The class is offered regularly
e The class is offered infrequently
e Idon’t know

Other than any full maker courses you may or may not offer, do any of

the courses offered to graduate students at your institution have a unit
or module in which students study the maker movement and/or engage
in any maker-style activities? Maker-style activities are activities in
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8)

9)

10)

11)

which students design and create artifacts and share their process with
others.

e Yes
e No
e Jdon’t know

To what extent does your college of education/education department’s
future plans (i.e., within three years) involve offering courses on mak-
ing and/or the maker movement?

Significant
Limited
Not at all
I’m not sure

To what extent does your college of education/education department’s
future plans (i.e., within three years) involve purchasing maker tech-
nologies?

Significant
Limited
Not at all
I’m not sure

To what extent does your college of education/education department’s
future plans (i.e., within three years) involve establishing a research
center focused on the maker movement?

We already have one
Significant

Limited

Not at all

I’'m not sure

To what extent does your college of education/education department’s
future plans (i.e., within three years) involve creating a maker lab or a
maker space (e.g., a space available for students to use maker tech-
nologies, either as part of a class or independently)?

e  We already have one
e  Significant
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Limited
Not at all

12) [if any of the above answers are “We already have one”, “Limited”, or
“Significant””] Which of the following factors are driving your college
of education/education department’s desire to include elements of the
maker movement in your future plans? (select all that apply)

13)

14)

It is consistent with the college’s mission/strategic plan

It is consistent with the university’s mission/strategic plan

There is research grant and/or foundation money available for work
associated with the maker movement

One or more of the faculty believe it to be important

Students have expressed interest in learning more about the maker
movement and/or maker technologies

Schools which are hiring our graduates are incorporating elements
of the maker movement into their curricula

Other

To what extent is the maker movement a presence at your college of
education/education department?

Not at all

Limited impact (i.e., there have been discussions about it, commit-
tees examining it, etc.)

Moderate impact (i.e., some units or modules sprinkled throughout
courses, some equipment purchased, etc.)

Strong impact (i.e., courses offered, equipment labs, degree pro-
grams, research center, etc.)

For which reasons has the maker movement not impacted your college
of education (check all that apply)

Lack of funding

Lack of interest from students

Lack of interest from faculty

We don’t believe the maker movement is worth addressing at this
time

We’re not sure how principles of the maker movement can support
teaching and learning

Other



