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ABSTRACT: In 2012, engineering was adopted as a content area in K-12 science education. Yet few science teachers
have engineering content or pedagogical content knowledge. Teachers learn how to teach engineering through professional
development experiences, for which Darling-Hammond et al. (2017) outline seven characteristics of effectiveness. This
mixed-methods study compared three cohorts of the NSF-funded Research Experiences for Teachers (RET) participants
at one university. Two cohorts of in-service teachers experienced RET on-site, and one (summer 2020) experienced the
program 100% remotely, due to COVID-19. Research questions explore 1) the extent to which the RET program delivered
in-person and remotely reflected the seven characteristics of effective PD; and 2) whether program outcomes of the hands-
on, lab-based program could be achieved remotely. This study found that six of the seven characteristics of effective PD were
fully evidenced in all three RET cohorts, and one was partially evidenced. Program outcomes were achieved at high and
comparable levels for all cohorts, though the nature of the experience varied by mode of delivery. This research contributes
to existing literature that finds no inherent differences in the quality of teacher professional development delivered in-person

or remotely.

INTRODUCTION

Hands-on, laboratory experiences are considered essential
in STEM education. When escalation of the COVID-19 pan-
demic in March 2020 locked Principal Investigators (PIs),
lab staff, and students out of college and university labs, ed-
ucators worldwide had to strategize alternatives (Chen et al.,
2020). Also affected were K-12 teachers who benefit from
intensive, professional learning experiences that take place
on college and university campuses during the summer. In
March 2020, leaders of the Stanford Research Experiences
for Teachers (RET) programs for K-12 teachers were finaliz-
ing participant selection, recruiting staff, and preparing pro-
gram materials for summer 2020 when University restric-
tions due to COVID-19 closed all labs. It was unknown at
that time whether the labs would open in time for the sum-
mer program, which was scheduled to begin in June.

The National Science Foundations’ (NSF) RET solici-
tations explicitly state that experiences need to be on-site
at the college or university (NSF, 2019). For summer 2020,
due to extraordinary circumstances, NSF permitted program
leaders to design and deliver programs in accordance with

the policies of the governing institution. RET program di-
rectors had the option to suspend their program, deliver their
program remotely, or run the program using some combi-
nation of remote and/or COVID-19-safe in-person sessions.
Program leaders faced an unprecedented challenge shared
by all STEM educators: Can a hands-on, lab-based, pro-
fessional development program successfully achieve its
program outcomes if it is delivered partially or complete-
ly remotely? After extensive deliberation and consultation
with lab faculty, Stanford program leaders decided to pilot
a 100% virtually delivered summer program to a limited
number of teachers. The mixed-methods, evaluation study
reported here relies upon Darling-Hammond et al.’s 2017 re-
search into high quality, teacher professional development to
explore the extent to which the RET program met the seven
qualities of effective teacher professional learning opportu-
nities and whether a lab-based teacher professional learning
experience can be effectively implemented through an on-
line format.
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LITERATURE REVIEW

Teacher Professional Development and Learning. Teach-
er professional learning is a critical concern in the K-12 en-
gineering ecosystem. Beginning in 2012, engineering was
introduced as a content area in K-12 education (NRC, 2012;
NGSS, 2013). Engineering is integrated as a component of
the science curriculum. However, few elementary and sec-
ondary science teachers have background or experience in
engineering, for three reasons. First, few states offer an ini-
tial teacher credential in engineering. Second, although most
engineers have some of the necessary coursework required
to earn a teaching credential, they often have to take several
extra science courses in order to meet science credentialing
requirements, which increases the time and money neces-
sary to get a teaching credential. Third, while many states
do have alternative routes for credentialing teachers in engi-
neering, there are not minions of engineers clamoring to ex-
change lucrative and relatively routine engineering jobs for
low-paying, high-stress teaching positions (National Acade-
mies of Engineering, 2020). It is therefore not surprising that
Banilower et al. (2018) found that fewer than 15% of high
school teachers and 5% of elementary school teachers took
even one engineering course during their bachelor’s degree.
Fewer than 20% of high school science teachers and half
as many middle-school science teachers had ever taken an
engineering course at all. Since relatively few K-12 teachers
have engineering content knowledge, building their capacity
to teach engineering—at least for the foreseeable future—
is going to come from post-credential, teacher professional
learning (National Academies of Engineering, 2020).

Up until the early 2000s, teacher professional develop-
ment was characterized by “in-service” workshops, which
typically took place during the work day, lasting from be-
tween two hours to an entire school day. Research and eval-
uations showed this model of professional development to
be insufficient for changing teacher practices and improving
student outcomes (Borko et al., 2010). Instead, a new model
of professional learning has evolved that focuses on devel-
oping teachers’ subject matter competence, includes more
intense and longer duration training (lasting weeks instead
of hours and sometimes a year or more), fosters teacher col-
laboration and professional networks, engages teachers in
active learning, and accommodates teachers’ diverse school
contexts, students, and administrative policies and practices
(Garet et al., 2001; Stein et al., 1999).

Research has identified several features of effective pro-
fessional learning (Avery, 2013; Cunningham et al., 2020;
Desimone, 2009; Garet, 2001; Mesutoglu and Baran, 2020;
Singer et al., 2016; Southerland et al., 2016). Several com-
monly cited features are included in Darling-Hammond and
colleagues’ empirical study of effective teacher learning pro-
grams (Darling-Hammond et al., 2017). The authors define
effective professional development as “structured profes-

sional learning that results in changes to teacher knowledge
and practices, and improvements in student learning out-
comes” (p.2). They scoured research literature looking for
research-based teacher professional learning programs that
resulted in changed teacher practices and improved student
outcomes. To be included, programs had to have an experi-
mental design or comparison group and analyze student out-
comes, controlling for context and student variables. Their
search identified 35 such programs, results of which were
carefully re-analyzed. The 2017 report summarizes seven
characteristics of effective teacher professional learning that
were found to be common across the 35 studies:

1. Is content focused
Incorporates active learning utilizing adult learning
theory
3. Supports collaboration, typically in job-embedded con-
texts
Uses models and modeling of effective practice
Provides coaching and expert support
Offers opportunities for feedback and reflection
Is of sustained duration (Darling-Hammond et al., 2017,

p-4)

The NSF's Research Experiences for Teachers (RET)
Program as a Teacher Learning Program. The RET pro-
gram in engineering and computer science was initiated by
the NSF in 2001 (Russell and Hancock, 2007). K-14 edu-
cators are placed in college or university labs with research
faculty in order to develop hands-on experiences conducting
authentic science and engineering research. The program
intends that teachers use their RET experiences to bring
science concepts alive in their own classrooms in order to
inspire students to pursue STEM careers. Key features of
NSF’s RET program include:

N U

« Active collaborative partnerships between K-12 and/or
community-college educators, and college and universi-
ty faculty and students

o Authentic summer research experiences

« A common cohort experience among participating ed-
ucators

o Integration of summer research experiences into educa-
tors’ classrooms (NSF Program Solicitation https://www.
nsf.gov/funding/pgm_summ.jsp?pims_id=505170).

These features align with several of the characteristics
of effective teacher learning summarized by Darling-
Hammond et al. (2017), cited above. Although participants
nationwide rate RET experiences highly, research has shown
mixed results in actually changing teaching practices and
improving student outcomes. Miranda and Damico (2015)
analyzed data from 14 science teachers who participated
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in a yearlong RET program designed to promote inquiry-
based instruction. Teachers evidenced significantly higher
numbers of teacher-student interactions and stronger teacher-
student relationships, and a significant overall increase on
Reformed Teaching Observation Protocol (RTOP) scores.
Nevertheless, no statistical differences were observed in
teachers’ lesson design and implementation, propositional
knowledge, or procedural knowledge. In their study of
nine teachers in a three-week, intensive STEM pedagogy
workshop, Singer et al. (2016) found that the extent of social
interaction during teacher professional development was the
only variable that significantly influenced science teachers’
classroom practices and efficacy beliefs. Through structural
equation modeling (SEM), Southerland et al. (2016) found
that changes in RET teachers’ practices resulted directly
from teachers conducting research focused on improving
their understanding of science. Social interaction within
the research experience was an indirect factor in changing
teaching beliefs, which in turn led to enhanced teaching
practices.

Lichtenstein et al. (2016) reported that high school stu-
dents found engaging pedagogical strategies promoted in
their teachers’ RET program were significantly more moti-
vating than conventional teaching strategies, but student out-
comes were not assessed. Ragusa and Mataric (2016) found
improved teacher performance and self-efficacy (29% and
24%, respectively), as well as significant student gains in
science knowledge, literacy, and science interest and moti-
vation as a direct result of their teachers’ participation in a
RET program.

Online Teacher Professional Development (OTPD).
Experimental and comparison group studies of online
teacher professional development (OTPD) vs. in-person
professional development (PD)—based on similar contexts
and duration, as well as post-observation of teaching
behaviors and/or student outcomes—show no patterns
favoring one or another modality (Fisher et al., 2010;
Fishman et al., 2013; Masters et al., 2010, Powell et al.,
2010). In one randomized, experimental study of high
school biology teachers, OTPD teachers scored significantly
higher than teachers in the in-person PD condition on
content knowledge, pedagogical knowledge, and the use of
digital media; however, there were no significant differences
in student outcome scores. Furthermore, attrition from the
OTPD group was notably higher than that from the in-person
group (chi-square=3.078, df=2, p=.07; Goldenberg et al.,
2014). Binmohsen and Abrahams (2020) found that teachers
who experienced OTPD professional development scored
significantly higher on a classroom observation instrument
than teachers who experienced the same training in-person.
Although comparisons of OTPD with PD are few, mixed
results suggest that professional development outcomes are

not inherently dependent on the modality of training.

Research Questions. Taken together, studies of OTPD that
include empirical evidence of improved teacher behaviors
or student outcomes show mixed results—just as do stud-
ies of in-person teacher professional learning (Bissonnette
and Caprino, 2015; Hill, 2009; Lee et al., 2020; McChesney
and Aldridge 2018). No evidence confirms that one modality
is inherently more effective than another. In light of that, it
is reasonable to assume that the characteristics identified in
successful teacher professional learning programs that alter
teacher behaviors and student outcomes (i.e., Darling-Ham-
mond et al., 2017) would apply to online as well as in-person
teacher professional learning.

This study analyzes Stanford’s eight-week, summer RET
program, originally designed as an in-person, hands-on, en-
gineering laboratory experience. When COVID-19 made ac-
cess to campus labs impossible, program leaders switched to
100% virtual program delivery. Program leaders as well as
faculty questioned whether the benefits of a lab-based pro-
fessional learning experience could be realized in an online
format. Our research questions are:

1. To what extent did the RET program incorporate Dar-
ling-Hammond et al.’s (2017) seven research-based
characteristics of effective teacher professional learn-
ing?

2. To what extent do immediate outcomes of 100% virtu-
al program delivery compare to outcomes of in-person
program delivery?

METHODS

Program Description. The Stanford RET program is a part-
nership between Stanford University’s Office of Science Out-
reach (OSO) and Ignited. Ignited has been providing paid,
industry- and university-based teacher professional learning
experiences throughout California’s Silicon Valley for 35
years, reaching more than 2,000 teachers. The grant term for
the Stanford RET program was three years, involving three
teacher-fellow cohorts: 2018 (Cohort 1, C1), 2019 (Cohort
2, C2), and 2020 (Cohort 3, C3). Program elements were the
same each year: 1) Laboratory Research (~35 hours/week),
2) STEM content knowledge and pedagogy (4 hours/week),
3) individualized sessions with an instructional coach (min-
imum 30 minutes/week), and 4) development of Education
Transfer Plans (ETPs ~5 hours/week).

During the program, RET teacher-fellows conducted lab-
oratory research, guided by research mentors, who were PIs
or advanced graduate students in each lab. All three teach-
er-fellow cohorts participated in science and engineering labs
for eight hours each day Tuesdays-Fridays. In 2018 (C1) and
2019 (C2), research occurred in the physical laboratories on
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the University’s campus. In summer 2020 (C3), program
leaders, teacher-fellows, research mentors, graduate Stu-
dents, and the instructional coach all worked remotely. Each
of the three years, weekly professional learning-specific
sessions occurred on Monday mornings. In 2018 and 2019,
the face-to-face sessions ran for four hours, but in 2020, the
program leaders, seeking to avoid Zoom-fatigue, reduced
the morning sessions to two hours. Instead of including cer-
tain exercises during training, teacher-fellows arrived to the
Monday sessions having completed the assigned preparatory
work, which in past years had been incorporated into the
four-hour sessions.

In all years, guest speakers presented on a range of rele-
vant topics for 30-60 minutes (e.g. design thinking, virtual
reality for science education, heat transfer at the nanoscale,
the factors that influence students’ decisions to pursue
STEM, and environmental education), followed by discus-
sion. Aspects of engineering, computer science, and pedago-
gy were integrated across all of the weekly sessions. During
2019 and 2020, Design Thinking (DT) was integrated across
Monday PD sessions. In 2018, however, the expert sched-
uled to present the DT component was unable to participate
and a replacement could not be found in time. Therefore, the
comparisons of DT do not include C1, the 2018 cohort. The
Monday sessions usually culminated in a debrief of teach-
er-fellows’ situations with their research mentors and pre-
paring for the next session.

Teacher-fellows in C1-C3 met weekly in “families” with
the instructional coach (a currently practicing classroom
teacher and former Ignited teacher-fellow) and Ignited teach-
er-fellows hosted by other organizations. In addition, the in-
structional coach provided individual support for curriculum
development, advising teacher-fellows on how to translate
their research skills and experiences into lessons for their
students. Teacher-fellows also created and maintained their
own online Reflection Journals. These activities took place
for all cohorts; only C3 (2020 teacher-fellows) participated
remotely.

Sample. This study focused on three cohorts of RET
teacher-fellows who participated in the eight-week summer
program in 2018, 2019, 2020. Table 1 summarizes the
demographic information of all three cohorts. Teachers
applied for the summer fellowships through Ignited (http://
www.igniteducation.org), which places K-14 teachers in
internship experiences in tech companies and research labs
throughout California’s Silicon Valley. In order to be eligible,
teachers must have completed two years’ full-time teaching
in K-14 contexts, commit to working the entire eight weeks
of the summer program, and demonstrate a commitment to
teaching for at least three years after the program. Applicants
are coached during the application process by Ignited staff,
but hiring decisions are made by industry or lab supervisors

(“mentors”). Teacher-fellows may participate in fellowships
for more than one summer.

Applications for fellowships from teachers whose
background and interests align with projects in laboratories
at Stanford are forwarded to Stanford RET staff, who then
share with faculty willing to host teachers during the summer.
The 2020 cohort differed in some respects from prior cohorts.
C3 was limited to eight participants, since this was the
number that faculty could accommodate who were willing
to pilot 100% virtual lab experiences. In interviews, lab Pls
indicated that their decision whether to host a C3 teacher-
fellow in under COVID-19 restrictions was based on 1) PI’s
previous experience working with RET teacher-fellows, 2)
a teacher-fellow’s previous experience participating in a
RET program, and 3) PI’s having a project available that a
teacher-fellow could engage in remotely. Four of the eight
PIs who were willing to experiment with remote delivery
had hosted teacher-fellows at least once previously.

Of the eight C3 teacher-fellows, four had participated
in RET previously, and a fifth had participated in a similar
summer intern experience in a corporate setting. By faculty
request, the four returning C3 teacher-fellows were placed in
labs in which they had worked previously. C3 teacher-fellows
had more years’ teaching experience than did teachers in C1

Table 1. Demographic characteristics of teacher-fellow participants in
RET.

Cohort3 Cohort2 Cohort1
Teachers: Teachers: Teachers:
Demographic 2020 2019 2018
Characteristic Response Options (n=8) (n=25) (n=16)
1-4 25% 12% 43.8%
Jearsteaching 5.4 25% 36% 18.8%
11+ 50% 52% 37.5%
Years teaching 1-4 37.5% 20% 50%
at current grade 5-10 12.5% 32% 25%
level 11+ 50% 48% 25%
High school 37.5% 80% 87.5%
Grade level Middle school 37.5% 12% 18.8%
taught” Elementary school 12.5% 4% 0%
Community college 12.5% 4% 6.3%
Science 62.5% 80% 68.8%
Most common Engineering/ 25% 8% 12.5%
subject taught Computer Science
Math 12.5% 12% 18.8%
Urban 50% 20% 50%
) Urban/suburban 25% 20% 25%
School setting
Suburban 25% 60% 25%
Rural 0% 0% 0%
0-25% 37.5% 52% 31.3%
% of studentsat  76.5005 37.5% 32% 25%
school on free/ . . . .
reduced lunch 51-75% 0% 4% 31.3%
76-100% 25% 12% 6.25%

“In 2018, two participating teachers taught both middle school and high school.
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and fewer years’ teaching experience than Cohort C2. C1
teacher-fellows compared to C2 had a higher proportion of
teachers in their first through fourth years; however, the two
cohorts had similar proportions of teachers with 11 or more
years’ experience.

Out of the eight teacher-fellows in 2020 (C3), three taught
high school, three taught middle school, one taught elemen-
tary school, and one taught community college. Teacher-fel-
lows from all three cohorts taught either science (5), math
(1), or engineering/computer science (2). All of the teach-
er-fellows came from either urban and/or suburban (no ru-
ral) areas and the breakdown by percentage in each category
was similar across cohorts. Overall, C3 served fewer schools
with Free and Reduced Lunch programs than had C1 (2018)
and C2 (2019).

Mixed-Methods Research. This was a mixed methods study
based on program evaluation data collected in a convergent,
mixed-methods design (Breitmayer et al., 1993; Fetters et
al., 2013). Data included surveys, interviews, and observa-
tion notes. Survey changes after 2018 limited comparisons
between all three cohorts, so most data compare C2 and C3
outcomes. Data collection was expanded in 2020 in order
to assess the effects of online program delivery on teach-
er-fellows as well as PIs and science mentors. Means on sur-
vey items were summarized using conventional descriptive
statistics. Qualitative data (surveys and interviews) aligned
with narrative methodology (Connelly and Clandenin, 2006;
Lichtenstein, 1997). As described by Connelly and Clandi-
nin, narrative methodology “entails a view of the phenome-
non. To use narrative inquiry methodology is to adopt a par-
ticular view of experience as the phenomenon under study”
(Connelly and Clandinin, 2006, p. 479).

Integrity and authenticity of data collected were assessed
based on patterns of participants’ responses within and across
cohorts, convergence of interview and survey data over time
and within years, continuity between researcher-observed
experiences and participants’ meaning-making over time,
and convergence of meaning-making across program con-
texts. We initially used Miles and Huberman’s (1994) and
Miles et al.’s (2013) cluster coding techniques for analysis of
the semi-structured interviews and open-ended survey items.
The process of open coding (particularly of interviews) re-
vealed themes convergent with both quantitative and quali-
tative survey data (Saldafia, 2015).

Pre-/Post Surveys. Teacher-fellows in all three cohorts
completed pre- and post-surveys that collected demographic
information, background/experience with design thinking,
and ratings of RET program effectiveness. C3 surveys in-
cluded questions regarding how included teacher-fellows
felt in the labs to which they were assigned, how connected
they felt to their fellow cohort members, as well as items

rating the virtual experience. Participants who had attended
prior years were asked to compare the virtual to the in-per-
son experience. Response rates on all pre- and post-surveys
for all cohorts was 100%.

Interviews. The evaluation team conducted semi-structured
interviews with all eight teacher-fellows in C3 and six
teacher fellows in C1 and C2 (Drever, 1995; Posner, 1982).
Interviews of all participants throughout all three years took
place by Zoom. Informal interviews were conducted with all
C3 participants during weekly or bi-weekly check-ins. Over
the course of the eight-week session, focal participants were
interviewed informally as opportunities arose, and formally
at least twice. In some cases, participants were interviewed a
third time, if evaluation questions remained unanswered. In
order to understand the C3 fellows’ virtual experience, two
evaluation team members divided participants between them
and observed lab sessions, Monday professional learning
sessions, and some independent work periods. During
C3, the evaluation team also formally interviewed the
research mentors who hosted a teacher-fellow in each lab.
These interviews focused on the experience of having the
teacher-fellow as part of the lab team, the teacher-fellow’s
contributions to the lab, and the value to the research mentor
of working with teacher-fellows. Also during C3, the Ignited
instructional coach was formally interviewed twice and
informally interviewed throughout the eight-week session.
Interview questions focused on the progress of teacher-
fellows’ Education Transfer Plans (ETPs)—the lesson
plans that translate teachers’ lab experiences into classroom
lessons.

Observations of Labs, Meetings, and Events. Evaluators
attended teacher-fellow orientation sessions for all three co-
horts. During C3, they also attended kick-off meetings for
research mentors. In addition, project evaluators provided
formative feedback to program leaders during weekly meet-
ings and occasionally through emails. Each year, teach-
er-fellows shared their final projects during an end-program
symposium with their cohort members. During C3, teach-
ing colleagues, administrators, lab colleagues, their own
students, and whomever else they chose to invite attended
the virtual symposium. The evaluation team observed all of
these workshops and the symposium.

The Researchers. Data were collected as part of a three-
year, evaluation study of the Stanford Research Experiences
for Teachers program, conducted by Quality Evaluation De-
signs (QED), a for-profit research and evaluation firm that
has conducted research for K-12 school districts, colleges
and universities, foundations, and government entities na-
tionwide for twenty-five years. Data were collected by two
seasoned evaluators, each with over 25 years’ experience in
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science teaching and evaluation methods. The lead author
is QED founder and principal. All data were collected ac-
cording to Ethical and Independent Review Services IRB
Protocol #18108-01. Quantitative data were analyzed using
Excel with Qi Macros.

RESULTS AND FINDINGS

Data were analyzed according to the Darling-Hammond
et al. (2017) framework for effective professional learning.
These features of teacher professional learning are found in
programs that change teacher behaviors and improve student
outcomes. The following sections provide evidence of the
effectiveness of the RET program in meeting each criterion.

Feature 1. Professional Learning is Content Focused.

[Professional learning] that focuses on teach-
ing strategies associated with specific curriculum
content supports teacher learning within teachers’
classroom contexts. This element includes an in-
tentional focus on discipline-specific curriculum
development and pedagogies in areas such as math-
ematics, science, or literacy (Darling-Hammond et
al, 2017, p. v).

The Stanford RET program focused on developing in-
terdisciplinary content across STEM in alignment with the
Science and Engineering Practices (SEPs) of the Next Gen-
eration Science Standards (NGSS). Discipline-specific cur-
riculum development was based on: 1) teachers’ laboratory
research and 2) Monday professional learning sessions fo-
cused on STEM content and pedagogy.

Each Monday STEM professional learning session in-
cluded a guest speaker who presented a discipline-specific
presentation about their current research (e.g. heat trans-
fer, human impacts on the environment, etc.). The Monday
sessions augmented the teacher-fellows’ experiences in the
laboratory settings with a range of science and engineering
content. Exit surveys asked C2 and C3 teachers the likeli-
hood of their integrating examples from those presentations
into their teaching. In both cohorts, 88% of teacher-fellows

Table 2. Teacher-fellows ' ratings of disciplinary knowledge gained
across all cohorts

2020 Mean rating
N=8

2019 Mean rating
N=25

2018 Mean rating
N=16

% That Selected Moderately or Extensively
Response Options:1= Not At All, 2=Minimally, 3=Moderately, 4=Extensively

97% 100% 100%

Outcome

Exposed you to
different STEM
topics/research

Improved your 97% 92% 93%
understanding
of the discipline

you teach

reported they would very likely integrate ideas shared by re-
search faculty into their teaching.

As with many RET programs nationwide, content-focus
through hands-on laboratory experiences is a predominant
feature of the Stanford summer experience. Post-survey
items asked teacher-fellows to reflect on the influence of
the RET program on their content and disciplinary knowl-
edge. Ratings across cohorts were consistently high. Table
3 shows that teacher-fellows’ mean ratings for exposure to
content-specific research and disciplinary understanding
were comparable across all three cohorts.

Teacher-fellows’ comments across cohorts emphasize the
value of the RET experience for enhancing their content and
disciplinary knowledge:

1t shifted my mindset to use more inquiry-based
learning and problem solving in my teaching prac-
tice. 1 failed in my lab experiences on many occa-
sions and 1 learned a great deal from troubleshoot-
ing. (C2 Teacher-Fellow)

I was reminded how open-ended real scientific re-
search is, and how much critical thinking and cre-
ative problem solving is needed. (C2 Teacher-Fel-
low)

It was amazing to see all the labs and learn about
what is happening on the cutting edge of the work!
(C1 Teacher-Fellow)

This is the dumbest and most excited I have felt in a
long time. (C3 Teacher-Fellow)

In 2020 (C3), teacher-fellows partnered with research
mentors conducting research for labs in neurotechnology,
assistive robotics, marine science, mechanical engineering,
civil and environmental engineering, materials science, and
a biomimetics and dexterous manipulation lab. Two ex-
amples of lab work that C3 teacher-fellows engaged in for
mechanical engineering PIs who had participated in RET
previously include: 1) a teacher-fellow helped design, con-
duct, and analyze test data from gripping experiments with
adhesives and spines, using CAD, and 2) a teacher-fellow
developed curricular modules to introduce machine learn-
ing and its engineering applications to high school students.
Two examples of lab work that C3 teacher-fellows engaged
in for PIs who had not participated in RET previously in-
clude: 1) in an assistive robotics laboratory, a teacher-fellow
helped develop the algorithm for and programmed (using
Python and Java) an app that assists in communicating us-
ing American Sign Language, and 2) in a materials science
lab, a teacher-fellow assisted in designing and implementing
new materials and instruments for advanced brain-machine
interfaces. C3 teacher-fellows were able to conduct science
research remotely and described a wide range of projects. In
an interview, one teacher-fellow said:
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.1t was incredible. I explained to my family that [ was
going to be working with a Stanford neurotechnology
lab that focused on materials usage to improve
the interface between computers and humans. (C3

Teacher-Fellow)

Table 3. Cohort 3 (2020) Labs and Education Transfer Programs (ETPs)

Teacher Lab Department ETP

and Research

C31 Mechanical Engineering: Uses Teaching modules to introduce
computer simulations to machine learning and its engineer-
understand behavior/ performance ing applications to high school
of materials. students.

C3.2 UNIV Institute for the Distance learning module for mid-
Environment: Researches ex- dle-schoolers that enables students
ploitation of renewable resources  to make the connection between the
related to marine fisheries. health of the ocean and the health

of humans. Students use infor-
mation from the Planetary Health
Alliance Case Studies, real data,
and local research, to define the
criteria and constraints of problems
and design solutions.

C33 UNIV Institute for the Distance learning module for mid-
Environment: Researchers dle-schoolers that enables students
exploitation of renewable to make the connection between

resources related to marine the health of the ocean and the

fisheries. health of humans. ETP focuses on
an environmental justice storyline
that recognize inequities in the
health and environmental effects
to humans of degraded marine
environments.

C34 Neuroscience Department: A laboratory experience that will
Researches advanced brain- help elementary students better
machine interfaces that allow understand the neurobiology of the
computers to communicate eye, then demonstrate their under-
with the brain directly. standing through a design challenge

to build a camera obscura. Students
learn how current technologies
involve similar concepts and phe-
nomena in order to excite students
about potential jobs in the field.

C35 Civil and Environmental A curriculum unit to create physics
Engineering: Creating an virtual labs for high school students
analyzing wind measurement based on actual data and authentic
data. science research.

C3.6 Mechanical Engineering: Based on lab experiences analyzing
DESIGN LAB GROUP: statistical data, ETP is a 10-lesson
Independent projects involving series to teach high school students
engineering and engineering about data literacy in order to
education research. encourage informed decision-mak-

ing and as a means for self-empow-
erment.

C3.7 Mechanical Engineering/ Based on lab research writing
Computer Science: Wind programs for wind sensing units,
Engineering Lab collects the ETP challenges high school
environmental data for studying students to translate a programming
wind energy. script written in Snap! into Python.

C3.8 Biomimetic and Dexterous ETP challenges Community

Manipulation Lab: Researchers
and designs devices for grasping
and climbing vertical surfaces.
Explores dry adhesives and
applications for robots, humans,
and space missions.

College students to design, conduct
and analyze test data from gripping
experiments with adhesives and
spines. Students will determine
whether gripping systems perform
as well in space as they do in earth-
bound labs.

RET teacher-fellows’ Educational Transfer Plans (ETPs)
serve as the vehicle by which fellows transfer their summer
experience into their instructional practice. Table 3 shows
how ETPs from the RET 2020 cohort reflect the disci-
pline-specific content knowledge.

Feature 2. Professional Learning Incorporates Active
Learning, Utilizing Adult Learning.

Active learning engages teachers directly in design-
ing and trying out teaching strategies, providing
them an opportunity to engage in the same style of
learning they are designing for their students. Such
PD uses authentic artifacts, interactive activities,
and other strategies to provide deeply embedded,
highly contextualized professional learning. This
approach moves away from traditional learning
models and environments that are lecture based and
have no direct connection to teachers’ classrooms
and students (Darling-Hammond et al, 2017, p. v).

Engaging laboratory experiences naturally involve active
learning. Typically, RET lab experiences are highly rated
because they are hands-on, and because teachers are excit-
ed working in labs alongside world-renowned scientists and
engineers. An important question for RET leaders in 2020
was whether the benefits of laboratory placements could be
realized in a 100% remote learning environment.

Teachers spent approximately 35 hours each week en-
gaged in lab projects. This was as true for the 2020 virtual
cohort as it was for cohorts from prior years. All cohorts ex-
perienced hands-on learning, yet the nature of the “hands-
on” varied. In C1 and C2, when teacher-fellows were in labs,
they often used expensive, highly sophisticated equipment to
conduct experiments and collect data. They also had hands-
on experiences analyzing data and conducting auxiliary re-
search that added value to lab findings. C3 teacher-fellows,
who did not have hands-on experiences with lab equipment,
had more experiences analyzing data and conducting auxil-
iary research. When reflecting on hands-on learning, teach-
er-fellows from C2 were more likely to reference their in-lab
experiences:

[The RET experience] shifted my mindset to use
more inquiry-based learning and problem solving in
my teaching practice. I failed in my lab experiences
on many occasions and I learned a great deal from
troubleshooting. (C2 Teacher-Fellow)

[Hands-on experience] was the way I learned this
summer and you do learn a lot just by doing things.
The project provides a context and a forum through
which to learn and express ideas about the concepts
involved. (C2 Teacher-Fellow)
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It was evident through interviews and post surveys that C3
teacher-fellows felt that they had experienced hands-on
learning. C3 fellows were more likely to reference auxilia-
ry research they conducted or their ETP’s, which translated
their remote-lab experiences into lesson content, often in
formats for online delivery:

I worked on developing a website for a wind en-
gineering lab at Stanford. They have a lot of data
stored in an FTP server and the website takes a long
time loading this information. My goal this summer
was to organize the information and find a faster
way to locate the desired information. (C3 Teach-
er-Fellow)

1 researched the intersections between engineering
education, access, and belonging to help figure out
how to make the engineering profession stronger
and more diverse. (C3 Teacher-Fellow)

1 feel like I learned a ton, not just about what I teach
but about how to teach remotely. (C3 Teacher-Fel-
low)

The Stanford RET program grant was built around De-
sign Thinking (DT), as promoted by the Hasso Plattner In-
stitute of Design (Stanford d.school), described by Sheppard
and Goldman (2017). DT was presented as a way to strat-
egize project-based learning (PBL). As a result, PBL was
promoted in the labs (where teacher-fellows experienced it)
and in Monday STEM professional learning sessions, where
teacher-fellows focused on translating their lab experiences
into classroom lessons.

Teacher-fellows discussed, reflected upon, and shared
their ETPs in Monday STEM professional learning sessions,
with their research mentors in labs, and with their instruc-
tional coach. Teachers in all cohorts reported experiencing
the value of hands-on, inquiry-based learning and, as evi-
denced below, most were moved to include those elements
in their own classrooms, as reflected in this teacher’s com-
ment:

This summer s experience encourages me to incor-
porate more project-based learning experiences that
call upon enduring, lasting science and engineering
skills that students can translate to other areas of
their lives well beyond the course and four walls of
my classroom. (C3 Teacher-Fellow)

Feature 3. Supports Collaboration, Typically in Job-
Embedded Contexts.

High-quality PD creates space for teachers to share
ideas and collaborate in their learning, often in
job-embedded contexts. By working collaborative-
ly, teachers can create communities that positively

change the culture and instruction of their entire
grade level, department, school and/or district
(Darling-Hammond et al., 2017, p. v).

The RET program consistently promoted collaboration
and community among teacher-fellows, program leaders, re-
search mentors, and lab personnel. By all accounts, the C3
(2020) teacher-fellows felt connected to their labs and lab
personnel, even though contact was virtual. In one case, the
research mentor and teacher-fellow texted each other multi-
ple times each day to problem solve. Another research men-
tor was sure to add the teacher-fellow to all mailing lists for
the lab so the fellow could access the same seminars that lab
personnel would attend. This research mentor met with the
teacher-fellow to set goals twice each week and they talked
every day:

1 think [the teaching fellow] is getting as close to the
lab experience as she can get. It's important that she
can text me at any time. I also got her on the mail-
ing lists because she should be included in all the
seminars that we would have gone to. (C3 Research
Mentor)

Figure 1 shows the frequency with which teacher-fellows
reported interacting with different categories of lab person-
nel. N/A refers to laboratory research experiences that did
not involve that category of personnel or where the PI of the
lab was the same person as the research mentor.

Lab PI

# Teacher-Fellows
(=] ot R w E= w (=] -~ =}

Graduate
Students

Research Mentor PostDocs Other Lab Staff

NA B 1 or more/day B 2-3 times/week m 1 time/week Couple times/summer

Figure 1. Frequency of C3 (2020) teacher-fellows’ interactions
with others in the lab.

Figure 1 shows that six of eight C3 teacher-fellows inter-
acted several times each week with the lab PI and research
mentors. None of the eight C3 teacher-fellows reported
communicating fewer than three times/week with lab staff,
and most reported considerably more contact. In fact, the
constraints of COVID-19 provided an unexpected benefit.
Because professional conferences were cancelled or held
virtually, faculty were not traveling, and so they were more
available to meet with teacher-fellows than in previous
years. Only one of the eight teacher-fellows interacted with
the PI just once each week. One teacher-fellow described her
regular contact:
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1 met daily with someone from the lab, and attended
Friday meetings to start. I also had a one-on-one
with the head of the lab each week. He offered to an-
swer any questions I had... Everyone was incredibly
welcoming and touched base with me more as the
summer went on. (C3 Teacher-Fellow)

C3 teacher-fellows were asked what the lab personnel
did that made them feel connected to the labs. Responses
included:

o Inclusion in lab and department meetings
o Lab members initiating meetings with teacher-fellows

e Lab members providing feedback on teacher-fellows
Education Transfer Plans (ETPs)

o Conversations about topics other than the lab re-
search-personal connections

o Lab members alerting teacher-fellows about materials
relevant to what the teacher-fellow was working on,
and/or K-12 related articles or resources

« Sharing online conferencing tools

o Alerting teacher-fellows to science and engineering op-
portunities

Teacher-fellows also benefited from collaboration with
members of their cohort. In both C2 (in-person) and C3
(100% virtual) program delivery, 100% of teacher-fellows
reported in the post-survey that they would very likely use
ideas and resources they got from other cohort members.

Working remotely might have emphasized to C3 program
participants the collaborative skills necessary for conducting
scientific research. One teacher-fellow described how mean-
ingful it was to see how the lab members interacted with one
another to share information, question one another, take on
various tasks, and present their findings. The teacher-fellow
was inspired by how lab partners worked together to devel-
op tools for patients suffering from Alzheimer’s and Parkin-
son’s diseases. She felt that she would be able to use her
virtual experience in the lab to provide concrete examples
for her students of the importance of working together in
teams and recognizing the diverse skills that every member
of a team brings to a project.

Feature 4. Professional Learning Uses Models of Effec-
tive Practice.

Curricular models and modeling of instruction pro-
vide teachers with a clear vision of what best prac-
tices look like. Teachers may view models that in-
clude lesson plans, unit plans, sample student work,
observations of peer teachers, and video or written
cases of teaching (Darling-Hammond et al., 2017,

p. V).

The design and implementation of Stanford’s RET pro-
gram is similar to other RET programs nationwide in inte-
grating models of adult learning through hands-on lab ex-
periences, interactive teacher professional learning sessions,
and project-based deliverables (i.e., ETPs). As mentioned
earlier, the entire design of this RET program was based on
active learning, including modeling effective practices. As
teacher-fellows are integrated into labs, they are tasked with
using meaningful, disciplinary content knowledge to solve
authentic science and engineering problems. The design of
the RET program encouraged teacher-fellows to translate
those experiences into classroom practice. This translation
process was promoted in Monday STEM professional learn-
ing sessions that both taught and modeled active learning, as
well as in lab meetings and in weekly sessions with the in-
structional coach, who supported teacher-fellows in creating
PBL-oriented ETPs.

As noted above, the thrust of the RET program was to
teach design thinking (DT), as practiced by the Stanford d.
school, in order to promote PBL in teacher-fellows’ class-
rooms. The program’s instructional coach was instrumen-
tal in working one-on-one with teacher-fellows to develop
PBL-oriented ETPs. DT, a Stanford d.school method for de-
signing PBL, was taught and practiced during the Monday
STEM PD sessions. Research activities, STEM sessions,
and coaching incorporated into the program provided mod-
els to guide teacher-fellows’ implementation of PBL in their
classrooms.

Using a retrospective pre/post survey design, the evalu-
ation team asked teacher-fellows in C2 and C3 to consid-
er the frequency of implementing PBL in their classrooms
before the summer program, and the likely frequency after.
Figure 2 shows substantial pre/post gains in both 2019 and
2020. The 2019 cohort shifted from 20% implementing PBL
3 or more times/term before the program t0 56% intending
to implement PBL 3 or more times after the program. The
2020 (virtual) cohort shifted from 37.5% implementing PBL
3 or more times/term before the program t0 75% intending
to implement PBL 3 or more times after the program. There
is no significant difference in gains between 2019 vs. 2020
cohorts (Fisher’s Exact Test, df=1, N=28; p=1.0).

Teachers in C2 and C3 commented on how experiencing
active learning in the labs and Monday STEM profession-
al learning sessions influenced their understanding of and
confidence to implement active learning in their classrooms:

The Design Thinking workshops inspired me to do
more activities with students that incorporate empa-
thy. (C2 Teacher-Fellow)

1 really liked all of the little activities we did that
help your brain to start thinking differently in order
to do design thinking better. (C2 Teacher-Fellow)
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Figure 2. Retrospective Pre/Post Survey Item: Frequency of
implementing PBL before and after RET.
1 feel like I picked up a new tool [Design Thinking]
to drive teaching methodology. (C3 Teacher-Fellow)

As teacher-fellows participated in lab activities, they
were professionally inclined to consider how to integrate
what they were learning into their own classrooms. Ongoing
development of their ETPs encouraged these connections.
We asked them the extent to which their summer experienc-
es are likely to influence their use of hands-on learning in
their classrooms. Responses from C3 teacher-fellows, who
experienced the program 100% remotely, were especially
revealing:

A LOT. I think it will be really important to have
unique PBL summative assignments as we are
teaching online. (C3 Teacher-Fellow)

This summer experience encouraged me to incor-
porate more technology projects into my classroom
instruction. (C3 Teacher-Fellow)

I will try it more often than just the final team project
for the semester. (C3 Teacher-Fellow)

1 really enjoyed [another teacher-fellows] presen-
tation on how to get kids into the Design Thinking
mindset. I think with an intro like that, it is easier to
get the kids thinking outside of the box. (C3 Teach-
er-Fellow)

C3 participants also benefited from a form of hands-on
learning that was not experienced by in-person cohorts;
namely, gaining facility navigating online collaboration.
Comments include:

1 feel like I picked up a new tool to drive teaching
methodology. (C3 Teacher-Fellow)

1 feel like I learned a ton, not just about what I teach
but also about how to teach remotely. (C3 Teacher-
Fellow)

Feature 5. Professional Learning Provides Coaching
and Expert Support.

Coaching and expert support involve the sharing of
expertise about content and evidence-based prac-
tices, focused directly on teachers’individual needs
(Darling-Hammond et al., 2017, p. vi).

Above, we noted the frequency of contact between lab
staff and teacher-fellows; in particular, frequent interactions
with PIs and research mentors. In addition, each teacher-fel-
low in the Stanford RET program is part of a “family” of
teacher-fellows supported by an instructional coach who
shares their pedagogical content knowledge and expertise,
helps teacher-fellows translate their STEM research experi-
ence into their classroom instruction (through the ETP), and
provides one-on-one individualized support. The program
requires that the instructional coach meet with each teach-
er-fellow for a minimum of 30 minutes/week. Teacher-fel-
lows can and usually do request more time. C3 teacher-fel-
lows reported spending an average summer total of 7.5 hours
with their instructional coach, compared to 4.8 hours for C2
teacher-fellows. This is especially notable because typical
meetings with the instructional coach during C1 and C2 took
place on campus and lasted about an hour, which often in-
cluded a walk around the grounds. However, C3 meetings
happened virtually, and were therefore more focused, typ-
ically lasting 30 minutes. The fact that C3 teacher-fellows
reported spending more time with the instructional coach
than C2 teacher-fellows suggests that they received signifi-
cant coaching and expert support despite, as well as because
of, experiencing the program remotely.

C3 teachers sought more meetings with the instructional
coach compared to prior years in part due to the remote de-
livery of the program. Because C3 teachers were not physi-
cally in labs, there were gaps between when they completed
one lab task and were assigned a new one. During these gaps,
teachers developed their ETPs. At least one teacher created
three ETPs instead of the one required one. In both C2 and
C3, 100% of teacher-fellows reported that the amount of
time they spent working with their instructional coach was
neither too little nor too much, but was just right. Two teach-
ers from C3 described the willingness of program personnel
to support their learning during the program:

We had lab meetings every Monday and Wednesday.
On Mondays after the lab meeting, my mentor and [
had individual meetings with the Pl of the lab. [ met
with my mentor after that meeting. We also met on
Wednesdays and Fridays to check in. (C3 Teacher-
Fellow)

The relationships that I built with [my lab] and
mentor will continue throughout my life. (C3
Teacher-Fellow)
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Teacher-fellows in C2 and C3 rated each Monday STEM
professional learning sessions (speakers, tours, other activ-
ities) on a scale from 1 to 4, with 1 indicating it was no
or low value and 4 meaning it was extremely valuable. The
overall mean ratings were 3.4 for C2 (2019) and 3.7 for C3
(2020). Differences are not statistically significant: X (df=1,
N=298)=2.53; p=.11).

Feature 6. Offers Opportunities for Feedback and Re-
flection.

High-quality professional learning frequently pro-
vides built-in time for teachers to think about, re-
ceive input on, and make changes to their practice
by facilitating reflection and soliciting feedback.
Feedback and reflection both help teachers to
thoughtfully move toward the expert visions of prac-
tice (Darling-Hammond et al., 2017, p. vi).

Although this feature of effective professional learning
was integrated into the Stanford RET experience, we have
less evidence of implementation than we do other features.
Certainly, teacher-fellows in all cohorts received extensive
feedback from the instructional coach on their evolving
ETPs. Their learning was supported in labs by Pls and re-
search mentors. We have self-reports from teacher-fellows
about the input and feedback they received throughout the
program, but not documentation.

Teacher-fellows were asked to keep private Reflection
Journals, in which they reflected on prompts such as: How
is Design Thinking similar to and different from other teach-
ing frameworks you have used? What are the strengths and
challenges of implementing Design Thinking in your class?
How might the strengths of distance learning be leveraged
in curricula that involve Design Thinking? Journals were not
collected or reviewed by research mentors, the instructional
coach, or the Monday PD facilitators.

Teacher-fellows met each week with their instructional
coach to develop and refine their ETPs. In the process of
developing their ETPs, teacher-fellows were called upon to
draw from a range of sources to produce a curricular module
that other teachers would be able to implement. The ETP
was required to identify the focal content and supporting
pedagogical practices that are core to their ETPs, draw-
ing from the Next Generation Science Standards (NGSS),
California Content Standards, California Standards for the
Teaching Profession, Math Common Core Standards, Career
and Technical Education Standards, National Engineering
and Technology Standards, National Board Standards from
the National Board for Professional Teaching Standards,
or the 21st Century Skills. Working with their instructional
coach, teacher-fellows were required to identify up to three
measurable learning objectives and the assessment tools

teacher-fellows will use to assess the students’ ability to ap-
ply or demonstrate understanding of the content, concepts,
and practices. Teacher-fellows valued the feedback and op-
portunities they had to reflect as they developed their ETPs:

The one-on-one meetings with our coach were the
most effective, as they addressed specific require-
ments of my ETP. I received valuable feedback
throughout the process, as well as at the end, which
helped to elevate my ETP. I believe the suggestions
during the process were the most essential, as they
helped prevent unnecessary, errant development.
(C3 Teacher-Fellow)

In addition to the feedback and reflective time built into
the development of the ETPs, teacher-fellows were prompt-
ed to reflect on their ETP exchange sessions, during which
two teacher-fellows read and discuss one another’s ETPs.
The exchange and discussion is supported by the teacher-fel-
lows’ use of a feedback form with key prompts, to generate
suggestions for improvements or enhancements.

The ETP exchange and feedback session was ex-
tremely helpful. Out of my five fellowships with Ig-
nited, this remote version last summer was far and
away the most effective. Having a feedback form to
capture [my partners] responses ahead of time al-
lowed more time for deep reflection and conversa-
tion guidance. I would say my personal reflection
took place as I developed the ETP throughout the
entire process. The reflection for me was only on an
informal basis. (C3 Teacher-Fellow)

In the spring following their summer experience, after
they have implemented their ETPs, teacher-fellows are re-
quired to complete Impact Reports, in which they reflect on
the experience of delivering their ETP, what they learned,
and the potential impacts on their students. Program lead-
ers collect Impact Reports, but teacher-fellows do not re-
ceive feedback on them. Although teacher-fellows receive
extensive input and feedback throughout the designing of
their ETPs, there is no mechanism in the Stanford summer
program by which teacher-fellows receive direct feedback
on implementing their lessons. Therefore, we conclude that
this feature of high-quality teacher professional learning was
only partially evident in the Stanford RET program.

Feature 7. Professional Learning is of Sustained Dura-
tion.

Effective PD provides teachers with adequate time
to learn, practice, implement, and reflect upon new
strategies that facilitate changes in their practice
(Darling-Hammond et al., 2017, p.vi).
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The RET summer experience is eight weeks in duration,
with teacher-fellows expected to participate for eight hours
each day, for a total of 320 hours. Translated into continuing
education credits (10 hrs = 1 credit), that is equivalent to
32 continuing education credits. In addition, teacher-fellows
follow-up on the summer experience during the academic
year. In the spring following their summer experience, after
they have implemented their ETPs, teacher-fellows complete
Impact Reports (mentioned above), which are designed to
link teachers’ summer experiences to their classroom prac-
tice.

C3 teacher-fellows reported spending on average between
15-100 hours on their ETPs, with a mean of 41. This com-
pares to C2 teacher-fellows who reported 6-100 hours with
a mean of 27. We believe that the difference is attributable
to the fact that teacher-fellows experiencing virtual delivery
had to expend more time and effort researching informa-
tion as well as organizing their presentations for remote (vs.
classroom) delivery. Teacher-fellows in both cohorts spent
substantial amounts of time preparing their ETPs, which,
as discussed above, involved extensive coaching, support,
and reflection—far more than is typically included in most
teacher professional learning experiences.

DISCUSSION

Our first research question is: 7o what extent did the RET
program incorporate Darling-Hammond et al. s (2017) sev-
en research-based characteristics of effective teacher pro-
fessional learning? Evidence suggests that the Stanford RET
program included all seven characteristics of effective teach-
er professional learning. Six characteristics were fully inte-
grated; reflection on instructional design was included, but
reflection on implementation was not. Lab placements for
35 hours each week ensured a heavy focus on disciplinary
content. Lab experiences involved active learning almost
entirely. Teacher-fellows collaborated extensively with lab
partners, Pls, the instructional coach and sometimes with
one another to complete lab tasks and develop their ETPs.
Monday PD sessions, both virtual and in-person, modeled
effective teaching practice. The RET teacher-fellows re-
ceived extensive support from lab PIs and research mentors,
as well as the instructional coach in understanding and par-
ticipating in lab projects and developing their ETPs. Finally,
the 5-days/week, 8-week program (equivalent to 32 continu-
ing education credits), was of substantial duration.

Our second research question asked: To what extent do
immediate outcomes of 100% virtual program delivery com-
pare to outcomes of in-person program delivery? Interviews
and exit surveys show no significant or meaningful differ-
ences in program outcomes between in-person and virtual
cohorts. Comments from C3 teachers were mostly positive,
even among returning teacher-fellows. Inevitably, the suc-

cesses were accompanied by at least some sense of loss:

As it was virtual, I did not feel that I contributed as
much as I could have, had we been in person, and
that is just me personally. When I did get a chance
to visit the lab I was so impressed and wished I had
had the opportunity to see it in action! If there could
be a camera or something set up to help those who
are working virtually—if you are going to offer this
to teachers again virtually—I think that would be a
great help. (C3 Teacher-Fellow)

Comments from returning teacher-fellows who had expe-
rienced in-person and remote delivery include:

In-person was better but this year was helpful for
Design Thinking. (C3 Returning Teacher-Fellow)

The advantages of this summer s experience include
having no commute and being able to be more flex-
ible with my time and work. The disadvantages of
a virtual experience is that I didnt get to interact
with my mentor, PI, or the lab students as much as
1 would have in person. I also missed being able to
connect with teachers on Mondays in a more spon-
taneous manner. It was nice to be able to check in
virtually with teachers first thing in the morning [on
Mondays] and it would have ALSO been nice to be
able to choose who I checked in with at the begin-
ning of the Monday meetings because I had specif-
ic questions for different teachers. (C3 Returning
Teacher-Fellow)

Overall, the data across three cohorts show that the move
to virtual programming did not significantly influence or di-
minish the desired outcomes of the program.

Having said that, the nature of the experiences of in-per-
son delivery compared to remote delivery differed consid-
erably. Teacher-fellows in C1 and C2 interacted directly
with laboratory equipment, and worked one-on-one next to
graduate student mentors and Pls. C3 teacher-fellows, who
could not work in labs, were more focused on data analy-
sis, auxiliary research and converting technical content
into classroom lessons, often for remote delivery. Howev-
er, all cohorts, including C3, reported extensive hands-on
learning. C3 teacher-fellows felt engaged with laboratory
culture, even though returning teacher-fellows, who could
compare remote and in-person delivery, acknowledged that
virtual-delivery wasn’t the same. Our data show that the na-
ture of the experience varied based on the mode of program
delivery, but the benefits and outcomes--including actively
collaborating with research staff, engaging science and en-
gineering content, and learning to communicate technical
content--were achieved for all cohorts.

We hasten to point out that the summer 2020 program
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included only a limited sample of eight teacher-fellows, due
to the number of faculty willing to support teacher-fellows
in a remote lab environment on short notice. Given the se-
lectivity of the PlIs and prior RET experience of four of the
eight teacher-fellows, readers may speculate that the suc-
cess of remote delivery in 2020 was anomalous. We don’t
think so. Communication strategies rarely implemented pri-
or to COVID-19 have become routine. And, in retrospect,
COVID-19 mitigations have not been as dire as they seemed
initially. One scientist mentor said of remote program deliv-
ery, “It’s a working style we had before COVID-19. We have
written papers with people we have never met in person,
only through Zoom interactions, and for us the transition to
current times has been easy.” In Summer 2021 (operating
as we write this), Stanford RET includes 16 teacher-fellows
and 13 PIs. The Stanford RET Director reports that 13 proj-
ects are entirely remote and three are hybrid (in-person and
remote access). Exit surveys are expected to confirm the ef-
ficacy of remote program delivery.

Limitations. As mentioned above, the 2020 cohort was
limited to eight participants, five of whom were returning
alumni who were already familiar with the program goals
and activities, unlike most teacher-fellows from 2018 and
2019. Second, summer 2020 fellows were placed in labs in
which the Pls were experienced hosts of teacher-fellows and
who were committed to experimenting with remote delivery
of RET. Third, and most notably, while we can demonstrate
that the Stanford RET program met Darling-Hammond et
al.’s criteria of effective teacher learning, we have no evi-
dence that embedding those characteristics improved class-
room teaching practices and/or student achievement.

Implications: Challenges and Opportunities Presented
by Virtual Programming. The most obvious challenge of
Stanford’s 2020 lab-based, summer RET program was that
no one was able to get into the labs! The obvious drawbacks
were counterbalanced by substantial opportunities. In inter-
views and on exit surveys, teacher-fellows describe expe-
riencing hands-on learning, being engaged in lab culture,
and learning science and engineering content that they can
integrate into their classrooms. Notably, remote delivery
broadened participation geographically, supporting teachers
for whom distance and time away from home and children
would have prevented participation.

This study contributes to research findings that suggest
the quality of teacher professional learning does not depend
on the modality of its delivery. RET program solicitations
embed several of the characteristics of effective teacher pro-
fessional learning opportunities outlined by Darling-Ham-
mond et al. (2017); yet, little research has been funded to
explore whether RET summer experiences change teachers’
instructional behaviors or result in improved student out-

comes. Because the components of RET programs are, by
design, similar across contexts, the RET program offers a
rich opportunity to explore the effects of the summer pro-
grams in teachers’ classrooms.

This historical moment provides an opportunity to com-
pare classroom outcomes based on in-person vs. virtual pro-
gram delivery. If engineering is going to be taught mean-
ingfully in K-12 schools, substantial teacher professional
learning will be critical for boosting science teachers’ capac-
ity to teach engineering content and methods. The National
Academies of Science, Engineering, and Medicine (2020)
found little research connecting teachers’ professional learn-
ing to classroom teaching behavior or student outcomes.
RET programs are a promising venue for exploring and
patching that gap.
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