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Introduction and Background
 STEM employment opportunities may double in the 
2020s, increasing the demand for a refined STEM edu-
cation system to encompass a greater volume of STEM 
graduates. Interdisciplinary STEM education approaches 
to learning position technology and engineering educa-
tion at the center, where students apply science, tech-
nology, engineering, and mathematics in contexts that 
make connections between school, community, work, 
and the global enterprise, allowing for the development 
of broader STEM literacy (Southwest Regional STEM Net-
work 2009, p. 3). Three major and inclusive goals for STEM 
education were described in two National Research Coun-
cil (NRC; 2011, 2013) reports on successful K-12 STEM 
programs in the United States: 1) increase the number 
of STEM innovators and professionals; 2) strengthen the 
STEM-related workforce; and 3) improve STEM literacy in 
all citizens. Technology and engineering education plays 
a substantial role in enhancing STEM- associated literacy 
and preparing students for a STEM workforce (ITEEA, 
2020). Given the increasing growth, breadth, and inter-
disciplinary focus, how have teacher
 

credentials, characteristics, and student populations 
changed technology and engineering education?
 Ernst and Williams (2014) stated that utilizing a stan-
dardized reporting set could be invaluable in understand-
ing the educational issues affecting teachers. Under the 
federal educational funding clusters and guidelines, the 
National Center for Education Statistics (NCES) and the 
Institute for Education Sciences (IES) employ standardized 
surveys that encompass the metrics for educators ranging 
from K-12 where data for these systems are national in 
scope. Four surveys were used for this study to examine 
technology and engineering education teacher character-
istics: the 2007-2008 Schools and Staffing Survey Teacher 
Questionnaire (SASS), the 2011-2012 SASS, the 2015-
2016 National Teacher and Principal Survey (NTPS) and 
the 2017-2018 NTPS

Literature Review
 There are two models for teaching K-12 students 
about technology and engineering: 1) a stand-alone 
course in which the disciplines of technology and engi-
neering are the primary organizers for student learning; 
examples are Project Lead the Way, Engineering by De-
sign, the Infinity Project, Engineering the Future, or 2) 
integration of en- gineering and technology concepts and 
skills into other subjects such as science and mathematics.
 The second model has been used for years in individ-
ual states and classrooms. Two examples of this approach 
are Virtual and Physical Modeling--Algebra I and Scientif-
ic Visualization--Biology. Both integrated approaches are 
offered as part of the North Carolina scope and sequence. 
New Jersey-based educational programs such as the Pre- 
Engineering Instructional and Outreach Program (Hirsch, 
Kimmel, Rockland & Bloom, 2005), as well as the recent 
example of the Qualcomm Thinkabit Inspired-By Schools’ 
programs in California, Louisiana, Michigan, North Caro- 
lina, and Virginia (Myers, 2020), situationally apply engi- 
neering and technology concepts in the frame of science 
and mathematics courses.
 Apart from subject-specific content knowledge, the 
ability and confidence to teach across subjects are criti- 
cal for educators to deliver technology and engineering to

 
K-12 STEM education. Educators will need to understand 
how to provide instructional supports that assist students 
in identifying cross-disciplinary linkages, as well as how 
to support students’ increasing competency in specific 
topics in ways that complement their learning through 
integrated activities.
 Compared to other subject areas, few professional de- 
velopment programs have been created, integrated, and 
evaluated for K-12 technology and engineering education 
(e.g., Brophy, Klein, Portsmore, & Rogers, 2008; Hubers, 
Endedijk, & Van Veen, 2020). In addition, according to the 
Committee on K-12 Engineering Education (Katehi et al., 
2009), teacher preparation programs have produced a 
modest-sized engineering teaching workforce, and rigor- 
ously researched models are scarce.
 Some reform efforts have been unsuccessful due 
to a lack of teachers’ attitudes, beliefs, and knowledge 
(Van Driel et al., 2001). Teacher implementation may in-
fluence student results and lead to modifications that are 
minor or superficial in teaching practice (Archibald et al., 
2011; Durlak & DuPre, 2008). One study of K-12 teachers 
found low levels of familiarity with design, engineering, 
and technology as well as confidence in their ability to 
teach engineering (Yasar et al., 2006). Teachers’ attitudes 
of the importance of teaching engineering to students 
could influence the effort that they exert in learning for 
themselves, as well as how they instruct their students 
(Douglas, et al., 2016).
 This literature has emphasized the significance of 
teachers to STEM education and called for educators to 
cultivate STEM thinking (e.g., National Research Council, 
2011; Reeve, 2015). The existing research focuses on pro-
fessional development that builds STEM skills with prac-
ticing teachers (e.g. Havice, Havice, Waugaman, & Walker 
Donnelly, 2018). Despite the varied results of studies, there 
is a growing consensus on what constitutes good profes-
sional growth. Effective professional development in any 
discipline should focus on improving teachers’ abilities 
and knowledge to teach content and subject matter, ad-
dress ing teachers’ classroom work, the problems they face 
in their schools, and providing multiple and sustained op- 
portunities for teacher learning over a long period of time. 
Professional credentialing activities are not a solution to
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current limitations on teachers’ capacities. Instead, it is
more effective to contemplate educator development as
a continuum spanning initial preparation, initiation into
practice, and then development of a professional network
where intentional opportunities are organized to allow for
interaction and collaboration with colleagues. A lack of
educators in K-12 possessing formal training in engineering
creates difficulty in being able to teach engineering
material, because introducing engineering in a classroom
increases complexity by introducing new content area
which must be actively negotiated with other subject
areas and includes contemporary approaches to learning
(Custer & Daugherty, 2009).
 Nadelson and Seifert (2013) and Nadelson, Seifert,
Moll, and Coats (2012) have found increased teacher
confidence, content knowledge, and use of community
resources during an evaluation focusing on knowledge,
instruction, and efficacy for STEM. Baxter, Ruzicka,
Beghetto, and Livelybrooks (2014) analyzed the outcomes
of professional development for teachers to integrate STEM
and found increased confidence and perceived changes
in practice following the program. Other studies have
looked strictly at teachers’ implementation of professional
development approaches in classroom contexts with a
focus on engineering practices.
 Roehrig et al. (2012) investigated the application
of engineering curriculum and discovered that coteaching
and cooperation were beneficial to instructors’ STEM 
practice. Avery and Reeve (2013) found that a
supportive learning environment and engineeringfocused
professional development had a lasting impact on 
classroom practice. Guzey, Tank, Wang, Roehrig,
and Moore (2014) analyzed a year-long engineering in-
tegration program and found effective implementation of 
engineering practices in classroom contexts.
 Capobianco and Rupp (2014) found that, following
professional development, teachers implemented
engineering practices in the classroom but emphasized
problem identification and planning over prototyping.
Additional research has focused on STEM teacher
learning at the preservice level. Larkin (2013) used six
science teacher education programs to describe present
STEM teacher education landscape, which help identify
differences in priorities and strategic use of resources.
Hiebert (2013) presented one approach to STEM teacher
preparation that involves clearly defined learning
objectives and iterative reflection and improvement of
practice. Murphy and Mancini-Samuelson (2012) reported
on a STEM concentration for elementary preservice
teachers, primarily focusing on content development and
inquiry approaches, which found significant increases in
preservice teachers’ competence and confidence around
STEM. 
 Berlin and White (2012) reported on attitudes toward
STEM content integration of preservice teachers enrolled
in an integrated STEM preparation program. They

found that though there was no change over time in
how preservice teachers valued content integration,
significant changes in their perception of the feasibility
of content integration was present. With the increase of
K-12 engineering programs, the National Academy of
Engineering Committee on K-12 Engineering Education
(Katehi et al., 2009) addressed issues regarding existing
engineering PD programs such as pre-service programs
with long-term training are more advantageous than
the prevalent short-term in-service programs. This is
the case because teachers in pre-service programs can
spend sufficient time processing multiple engineering
concepts, content, and skills through long-term exposure
to engineering. Second, if teachers lack confidence in
teaching mathematics or science, and they are not familiar
with engineering as a subject, they may be unmotivated
to teach engineering due to apprehensions manifested as
anxiety, fear, low self-confidence, and reluctance.   

Research Questions
 Ernst and Williams (2014) examined characteristics
of technology and engineering education teachers
using the 2011-2012 Schools and Staffing Survey and
found that there were discrepancies in teacher and
student characteristics reported across technology and
engineering education literature. Expanding on their
study, this research was launched to build a national
profile of technology and engineering education teachers
that examined teacher and student characteristic trends
over time through the employment of four waves of
Institute of Education Sciences (IES) data. Specifically, this
research addressed the following:

1. How have the characteristics and teaching credentials of
technology and engineering education teachers changed
over time?

2. What are the student population features and char-
acteristics identifiable within technology and engineer-
ing education teachers’ classrooms and how have they
changed over time? 

Data Sources
 Data utilized within this study came from the restricted 
-use 2007-2008 and 2011-2012 Schools and Staffing
Surveys (SASS) and the 2015-2016, and 2017-2018
National Teacher and Principal Surveys (NTPS) developed
by the National Center for Education Statistics (NCES) and
the Institute of Education Sciences (IES) within the U.S.
Department of Education. The objective of the SASS series
was to collect information necessary for a comprehensive
picture of elementary and secondary education in the
United States. The abundance of data collected by the
SASS allows for a detailed analysis of the characteristics of
schools, principals, teachers, school libraries, and public 

school district policies.
 The NTPS is a redesign of the SASS and many of the
questions are identical. The NTPS maintains the same
focus on schools, teachers, and administrators that was
traditionally held by the SASS. The NTPS collects data on
core topics including teacher and principal preparation,
classes taught, school characteristics, and demographics
of the teacher and principal labor force (Taie & Goldring,
2017; Goldring, Taie, Rizzo & Riddles, 2020).

Methodology
 The methodology of this study expanded on Ernst and
Williams (2014) ex post facto study of SASS restricted use
data in which technology and engineering education
teachers were identified by specific content area criteria,
and detailed teacher demographics, credentials, and student
characteristics were examined. Similarly, in this ex-
post facto study, a secondary analysis of the 2007-2008
SASS, 2011-2012 SASS, the 2015-2016 NTPS, and the
2017-2018 NTPS restricted-use data files was employed
to examine trends in technology and engineering education
teacher demographics, credentials, and student charac-
teristics through descriptive data analyses (frequency-
counts, percentages, and mean values). A site license was
applied for and approved through IES which granted the
researchers permission to access the non-public restricted-
use data files. Specific IES reporting protocols were followed
and results were submitted to the IES for approval
and were authorized for release to the general public. 
The NCES and IES require that all n’s be rounded to the 
nearest ten to assure participant anonymity. Therefore, 
data in tables and narrative may not add to the total N 
reported because of rounding requirements. Any data that 
did not meet IES reporting requirements were noted in the 
tables.
 All data presented were weighted using variables and
procedures recommended by IES. A detailed explanation
of data-weighting procedures used by IES can be found in
Tourkin, Thomas, Swaim, Cox, Parmer, Jackson, Cole, and
Zhang (2010); Cox, Parmer, Strizek, and Thomas (2016);
Taie and Goldring (2017) and Goldring, Taie, Rizzo, and
Riddles (2020). This resulted in a sample size of 54,570
technology and engineering education teachers within
the weighted results for the 2007-2008 SASS; 50,610
within the weighted results for the 2011-2012 SASS;
55,540 within the weighted results for the 2015-2016
NTPS and 43,910 within the weighted results for the
2017-2018 NTPS.

Participant Selection
 In this study, teachers who gave subject-matter codes
relating to technology and engineering education for the
question, “This school year, what is your MAIN teaching
assignment field at THIS school?” in the 2007-2008 and
2011-2012 SASS were identified as participants. In the
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school year, in what subject is your MAIN teaching as-
signment at THIS school, that is, the subject matter in 
which you teach the most classes?” was used to identify 
participants. Table 1 shows the codes and descriptors used 
to identify these teachers.

Variables Analyzed
 Gender, age, teaching experience, employment status,
and race/ethnicity  were examined  to provide  a  demo-
graphic profile. Race and ethnicity were determined by 
two questions. The first addressed ethnicity by asking, “Are
you of Hispanic or Latino origin?” The second asked, “What
is your race?” Respondents were instructed to mark one
or more of the listed races to indicate what race(s) they
consider themselves. Five choices were provided for race:
White, Black/African-American, Asian, Native Hawaiian/
Other Pacific Islander, or American Indian/Alaska Native.
The racial categories listed were taken verbatim from the
surveys. Respondents were allowed to make more than
one selection and response choices were the same across
the four surveys.
 The highest degree obtained by the teacher was used
as an indicator for education level. This variable considered
five levels of degrees ranging from Associates through
Doctorate.  The surveys recorded the highest degree  ob-
tained and did not consider multiple degrees (e.g. Bach-
elor’s and Master’s or double Master’s).
 Certification status was used to identify if teachers
were certified in the subject they teach. We chose to report
those teachers who responded as being fully certified
with no contingencies by the state in which they were
employed. Certification route was identified as either al-
ternative or traditional program. An alternative program
was described as a program that was designed to expedite
the transition of non-teachers to a teaching career, for 
example, a state, district, or university alternative certifi-
cation program. Teaching placement was determined by
level of students taught as either elementary or secondary
 The number of students taught was determined by 
teachers’ responses to how many students they teach per 
day in their content area. The survey response questions
employed to address students with categorical disabilities
and students with limited English proficiency (LEP) asked
teachers to state how many students in their classes had
individualized education programs (IEPs) or were listed
with LEP. Service load was calculated by the researchers
to be the sum of responses relating to students with cat-
egorical disabilities and LEP.

Results
Gender, Age, Teaching Experience, 
And Employment Status
 Demographic information concerning gender, age, 
teaching experience, and employment status is presented 
in Table 2. There was an approximate 4.6 percent increase 
in the number of female teachers from the first wave of 

data to the fourth wave of data with a corresponding de-
crease in male teachers. The mean age and the number of 
years of teaching experience has remained fairly consis-
tent. The full-time employment status has remained in the 
low 90 percent range, indicating that most teachers were 
employed full time.

Race and Ethnicity
 Self-reported race and ethnicity descriptions are
reported in Table 3. Because participants were allowed

to make more than one selection, the percentage may
not equal 100 percent. The data showed a 2.2 percent
decrease in the percentage of White teachers and a 2.4
percent increase in the percentage of Black/African
American teachers over time. The percentages for the
other groups have fluctuated over time but have remained
consistently low as a percentage of technology and
engineering education teachers. 

Table 1.   Technology & Engineering teacher placement codes and summary descriptors representing main
                   teaching assignment.

Table 2. Technology & Engineering educator gender, age, teaching experience, and employment status.



J o u r n a l  o f  S T E M  E d u c a t i o n      V o l u m e  2 3  •  I s s u e  4    O c t o b e r - D e c e m b e r  2 0 2 219

Level of Education
 Table 4 shows the highest reported level of education.
It should be noted that only the highest degree obtained
is reported. With regard to highest degree obtained, there

has been a steady increase in the percentage of teachers
indicating a Master’s and Educational Specialist degree
and a decrease in the percentage of those indicating a 
Bachelor’s degree.

Teaching Credentials: Certification Status,
Certification Route, and Placement
 Table 5 shows the certification status, certification 
route, and school placement. There has been a slight per-
centage decrease in the number of fully certified teachers 
and alarge percentage increase (14.2 percent) for those 
who chose alternative routes to certification. The majority 
of technology and engineering education teachers teach 
at the secondary level. 

Caseloads
 The  caseloads  of  technology  and  engineering  edu-
cation teachers are illustrated in Table 6 pertaining to the 
total number of students served, students with individual-
ized education programs (IEPs), students who are iden-
tified as limited English proficienct, and the total service 
load, which is the sum of students with IEPs and those 
who with limited English proficiency. Over time, the case-
load of students has slightly increased. The number of stu-
dents with categorical disabilities has increased as well as 
the number of students with limited English proficiency. 
The service load has also increased over time. 

Findings and Conclusions
 Evidenced through findings of this study, the number
of technology and engineering education teachers has
averaged in the low to mid-50,000 across three waves of
national data representing 2007-08, 2011-2012, and 
2015-16. However, the 2017-2018 data show a marked 
decrease of almost 12,000 technology and engineering 
education teachers. This decrease is inconsistent with 
previous waves of national data. At the time of this study, 
data are being collected for the 2020-2021 cycle. It would 
be interesting to see if this downward data trend holds for 
the next wave of data. 
 The percentage of male teachers is slowly decreasing
with a proportionate increase in female teachers. With
regard to the ethnicity and racial make-up, it has remained
over 90 percent White. However, this percentage is slowly
decliningover time while the percentage of Hispanics or
Black/African Americans are going up. The percentage of
those reporting as Asian, Native Hawaiian/ Other Pacific
Islander, and American Indian/Alaskan Native were very
low and in some cases the data were not stable. Therefore,
it was difficult to establish a trend for these groups.
 With regard to highest degrees earned, Master’s 
degrees have increased over time, while the percentage 
indicating Bachelor’s degrees and Doctorate degrees has 
decreased. The percentage with full state certification has 
decreased slightly over time, while the percentage receiv-
ing certification from alternative programs has increased. 
Technology and engineering education teachers primarily

Table 3.   Technology & Engineering educator self-reported race and ethnicity.

Table 4.   Technology & Engineering educator highest degree obtained.

work in secondary settings. 
 The categorical and LEP caseloads have increased over
time. Specifically relating to students with categorical
disabilities and LEP, this may prove to be problematic.
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with life, society, work, and the world. 

Implications for Future Research 
 Technology and Engineering education teachers are
tasked with increasingly complex educational demands
and accountability but are often not provided with the
necessary training and support to undertake these
demands. Their caseloads are growing for students
with disabilities and for students with limited Eng-
lish proficiency. If this trend holds for the future,

technology and engineering education teachers will
find themselves tasked with more students in general
and with more students with disabilities and limited
English proficiency. How will this impact the technology
and engineering education classroom? How will this
affect technology and engineering education teacher
preparation programs? How will this affect teacher
retention and job satisfaction? 
 In regard to increasing the diversity of technology
and engineering education teachers, there has been
some progress made. There has been a slight increase
in minority teachers over time and a slight increase in
female teachers. Although the results are promising for
increasing diversity, they are underwhelming. It also
appears that technology and engineering education
teachers are increasingly entering into the field through
alternative  programs. What impact will this have on 
programs at colleges that offer licensure? Will licensure 
programs and program numbers decrease over time as 
well? 
 The use of nationally representative data sets is
an important step in examining characteristics of
technology and engineering education teachers that
may have an impact on the field. These data sets are
meant to represent the population of teachers at a given
point in time. This research addresses issues pertinent
to technology and engineering education teachers and
are presented to generate discussion across the field
concerning these issues. These findings are suggestive
that technology and engineering education classrooms
are becoming increasingly crucial to inclusivity in STEM
education for secondary learners. The researchers of this
study urge educational providers to revisit educational
preparation models to account for the increased service
loads of students with disabilities and limited English
proficiency. This can guide teacher preparation, state creden-
tialing, and suitability of career path entry considerations for 
increased effectiveness of technology and engineering edu-
cation teacher readiness and practice. 

 The Virginia Tech Open Access Subvention 
Fund supplied funding for this article. 
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