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Abstract  

Dallas Independent School District (ISD) is a large school system serving a majority percentage 
of students who identify as Black or Hispanic and from low socio-economic backgrounds. In an 
effort to increase Dallas ISD’s student interest and achievement in STEM, district leadership 
partnered with the Texas Instruments Foundation, Southern Methodist University (SMU), and 
the O’Donnell Foundation to develop and implement the STEM Academy for Science Teachers 
and Leaders. As a part of the Academy, teachers and leaders engage in two primary components 
including: (a) intensive summer professional development on the SMU campus, and (b) one-on-
one coaching with an SMU coach during the school year. Teachers participated in the STEM 
Academy for up to three years.  

The purpose of this report is to summarize trends across time on the measured constructs for the 
participating teachers.  These include the teachers’ implementation of active learning, 
pedagogical content knowledge (PCK), science self-efficacy, and perceived STEM importance 
and confidence.  In addition to summarizing the trends on these measured constructs, this report 
includes a brief description of the three summer academies, the coaching model, and information 
on the participating teachers.    

The teacher implementation of active learning as measured by three different tools indicated that 
the frequency and quality of instruction may be more impacted by the timepoint within the year 
or by other year specific factors such as the perspective of the rater, than by the progression 
across years in the STEM Academy program.  While the teachers self-reported a slight, but non-
significant, increase in frequency of active learning strategy use, the UTeach Observation 
Protocol (UTOP) indicated that external raters found implementation to have increased across 
time.  Although the external raters captured increased scores in all four measured domains of the 
UTOP across the two captured years of participation, the STEM Teacher Observation Protocol 
(STEM TOP) scale scores indicated that management and discipline may be cyclic within a 
given academic year, with an overall negative trend.  STEM TOP integrated STEM instruction 
scale scores generally increased over time, and significantly improved for some teachers across 
certain timepoints.  The STEM TOP was completed by program coaches, who had an established 
relationship with the teacher.  The coaches tended to report less consistent gains and in some 
cases no change or decrease across time in teachers’ implementation of active learning.   

Regarding teacher science self-efficacy, and the teachers’ perceived importance concerning the 
implementation of active learning in their classrooms, no consistent increases were measured 
across cohorts.  Informed by Bandura’s social learning theory, self-efficacy relates to teachers’ 
beliefs that an action will have a favorable result (outcome expectation) and that they can 
perform the action successfully (self-efficacy expectation) (Bleicher, 2004). Teachers with 
higher self-efficacy for teaching are more likely to implement innovative, evidence-based 
instructional practices. We hypothesized that we would observe increases in teachers’ science 
self-efficacy, which would contribute to increased implementation of STEM instructional 
strategies. During the first year of participation, cohort 2 teachers did show an improvement in 
their confidence level regarding the implementation of active learning strategies, but this growth 
was not maintained through the second year with a smaller sample.  Relative to cohort 2 
teachers, cohort 1 teachers consistently scored higher on measures of frequency, implementation, 
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and PCK, so it is possible that they have a more positive outlook on their own pedagogical 
abilities.  
 
Content knowledge (CK) is defined as content-specific knowledge about a discipline; whereas, 
PCK is defined as the integration of CK and appropriate pedagogy for teaching that knowledge 
(Shulman, 1986; van Driel et al., 1998). This type of knowledge is necessary to make learning 
accessible to students. Teacher confidence in their ability to teach STEM correlates with 
teachers’ CK and enacted science instruction (Munck, 2007; Nadelson et al., 2013). Teachers 
who were more confident in their ability to implement STEM instructional strategies were also 
more likely to incorporate inquiry-based instruction; whereas, other teachers expressed hesitation 
and doubt (Nadelson et al., 2013).  The STEM Academy includes a strong emphasis on building 
teachers’ confidence for implementing STEM instruction. As such, we anticipated that we would 
observe increases in teachers’ confidence for teaching STEM across time.  There were 
significant increases in science content as measured by the UTOP and PCK. In addition, 
teachers’ confidence seemed to increase slightly, although only significantly for cohort 2 year 1.  
This may suggest that the STEM Academy influences teachers’ science content implementation 
and PCK. 

Finally, in a different study that utilized qualitative interviews, it was found that teachers 
implemented active learning strategies in differential patterns (Adams, Knox, Hatfield, & 
Ketterlin-Geller, 2020).  These differential patterns stem from variation in the frequency and 
quality of the teachers’ implementation, which could also be linked to the student motivation in 
those classes, and ultimately the teachers’ overall scores captured on a protocol such as the 
STEM TOP or UTOP.  Although this work is ongoing, it may provide an additional lens through 
which to consider the results presented in this report.  One limitation of this study is that no 
comparison group of teachers was evaluated.  Only the teachers participating in the STEM 
Academy and receiving treatment were given the surveys and observed.   

Four recommendations for improving the STEM Academy in the future are suggested, based on 
the results and analysis within this report.  First, future iterations or similar programs to the 
STEM Academy should include external raters during the observation process.  The trends 
observed in this report suggest that coaches’ scores may have been influenced by their 
relationship with the teacher, since the UTOP increased across time while the STEM TOP 
decreased.  Second, in order to further alleviate the possibility of rater drift, future 
implementations of programs similar to the STEM Academy should consider specific coach 
training in order to reduce possible bias.  Next, we recommend to the extent possible that 
teachers teach same grades across years to encourage developing expertise is specific content 
and process standards by grade and reduce possible obstacles in navigating new grade levels.  
Finally, it is important to examine and understand the profiles of schools and teachers who are 
successful in implementing active learning. This might include a needs assessment or measure of 
readiness for active learning. This report focuses on describing teacher trends in the aggregate, 
but is likely that  extensive variability exists in teachers’ experiences within the program 
depending on teacher and school factors. Efforts should be made to better understand individual 
teachers’ experiences based on teacher interviews and other factors.        
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STEM Academy Teacher Outcomes 
Program Evaluation: Cohorts 1 and 2 

Background 
The question of whether education is a private or a public good has been considered for decades.  
In 1997, Labaree outlined three major goals within education that, in his opinion, have shifted in 
importance over time.  Democratic equality and social efficiency classify education as a public 
good, whereas social mobility emphasizes the advantages to the private individual (Labaree, 
1997).  Support and prioritization of STEM education in the United States is increasing, largely 
because industry, governmental actors, and individual citizens have all recognized the potential 
advancement across all sectors that improvements in this field could provide.  Given the 
popularity of STEM advancement, it is surprising that, until recently, the STEM potential of 
many Americans remained relatively untapped.    

The number of STEM related jobs grew at three times the rate of non-STEM jobs between the 
years 2000 and 2010 (Smithsonian, 2018), and both the American and global economies require 
more individuals with STEM related degrees to fill professional positions in an increasingly 
high-tech job market (DeJarnette, 2012).  Although the United States has experienced growth in 
this field, it has not seen the same growth in qualified STEM workers as its global competitors in 
Europe and Asia (National Science Board, 2010).   

While increasing the number of STEM qualified workers is relevant for improving American 
social efficiency, STEM education is also a powerful mechanism for social mobility.  In 2012, 
individuals who held a bachelor’s degree in a STEM major were more likely to be employed 
following graduation and had higher salaries compared to other students (The National Center 
for Education Statistics, 2014). In the same year, the full-time employment rate for STEM 
majors was seven percentage points higher than the rate for graduates overall (77% compared to 
70%). Furthermore, the median salary for STEM majors was $14,000 higher than the median for 
students overall ($60,000 compared to $46,000). This evidence shows that the pursuit of a STEM 
career is both promising in terms of job attainment and salary opportunities.  

Despite this evidence, individuals who belong to historically underrepresented subgroups 
continue to be less likely to pursue STEM careers. These underrepresented subgroups include 
women (Mau, 2016, Sassler, Glass, Levitte, & Michelmore, 2017), students with disabilities 
(Basham & Marino, 2013), students from low-income households (Chen, 2009; Dika & 
D’Amico, 2016), and individuals who identify as Black or Hispanic (Fealing, Lai, & Myers, 
2015, Mau, 2016).  From a democratic equality perspective, these findings are especially 
troubling.  If one of the goals of education is to produce an informed citizenry, then every 
member of the population should have access to the STEM field.  Significant disparities in 
STEM career attainment between subgroups is indicative of a deeper problem within the 
American education system, which only exacerbates the problems of social mobility and 
efficiency described above.   
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In 2013, Texas House Bill 5 (HB 5) required that Grade 8 students select an endorsement area, 
including STEM, Business and Industry, Public Services, Arts & Humanities, or 
Multidisciplinary Studies. During the 2014-2015 school year, just 16.9% of Dallas Independent 
School District (ISD) students selected the STEM pathway, despite the fact that a wide range of 
STEM industries are based in Dallas.  

In response to these statistics, a partnership between the Texas Instruments Foundation, the 
O’Donnell Foundation, Southern Methodist University (SMU), and Dallas Independent School 
District (ISD) was established. A primary goal of this partnership was to determine how 
students’ interest and perseverance in STEM could be significantly improved, ultimately 
affecting the STEM pipeline and equity in the technical fields. Four key areas were identified, 
including (a) active learning which includes inquiry-based STEM instructional strategies such as 
project based learning (PBL) and maker-based instruction (MBI), (b) scientific process 
standards, (c) teacher content knowledge, and (d) differentiated support for all learners, with an 
emphasis on social and emotional learning (Perry, Reeder, Brattain, Hatfield, & Ketterlin-Geller, 
2017). Through these conversations, desired outcomes were determined that would help initiate 
and refine the goals of this 4-year project. The primary desired outcomes included (a) an increase 
in student science achievement and motivation, and (b) an increase in teacher implementation of 
active learning experiences. 

Overview of the Project 
There are two main components of the STEM Academy for Science Teachers and Leaders 
(STEM Academy hereafter).  For teachers, the first component is an intensive 90-hour 
professional development academy each summer, and the second is on-site coaching and 
professional learning community (PLC) facilitation that occurs during the academic year at the 
campus level.  For additional detail about the project, please reference previous evaluation 
reports (Adams, Hatfield, Cox, & Ketterlin-Geller, 2018a; Adams, Hatfield, Cox, Mota, Sparks, 
& Ketterlin-Geller, 2018b; Perry et al., 2017; Pierce, Adams, Rhone, Hatfield, & Ketterlin-
Geller, 2019a; Pierce, Cox, Hatfield, Adams, & Ketterlin Geller, 2019b). 
 
The program followed a cohort model, with the first cohort of teachers completing three years of 
program (cohort 1), and a second cohort of teachers completing two years (cohort 2). Cohort 1 
teachers began participation in summer 2017 and cohort 2 teachers began participation in 
summer 2018.  
 
The courses and other online supplemental components administered by the STEM Academy 
facilitators over the summer will hereafter be referred to as Academy 1, Academy 2, and 
Academy 3, for each year of program participation respectively. All Academy content was 
structured around four key areas that were identified during the development of the STEM 
Academy goals as being especially influential in fostering both student and teacher interest and 
success. These key areas are depicted in Figure 1.  
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Figure 1. Key Areas of the STEM Academy 

The main outcomes of the STEM Academy focus on teachers and students (i.e., increased 
teacher and student success).  The STEM Academy focused on the development of participating 
teachers as leaders in their departments as a means of achieving this goal.  Active learning and 
inquiry-based instruction in the science classroom lead to a better conceptual understanding by 
students according to studies conducted between 1984 and 2002 (Minner, Levy, & Century, 
2010).  Furthermore, a 2017 study identified sustained professional development in inquiry-
based instructional strategies for teachers as having a positive trend on student growth in science 
mastery and a narrowed achievement gap within the scientific fields for students (Marshall, 
Smart, & Alston, 2017; Geier, Blumenfeld, Marx, Krajcik, Fishman, Soloway, & Clay-Chamber, 
2008).   

An understanding of the scientific process standards and deep content knowledge is required for 
effective implementation of inquiry-based and active learning instruction (NRC, 2000). 
Therefore, utilization of the Texas Essential Knowledge and Skills (TEKS) was embedded in 
several aspects of lesson design during all three years of the program. In addition, the program 
emphasized differentiated support for all learners by attending to students’ social and emotional 
learning (SEL). It has been suggested that teachers who have higher social and emotional 
competence have better teacher-student relationships and better management of their classrooms 
through differentiated support structures, ultimately leading to better student learning (Jennings 
& Greenburg, 2009). As outlined in the next section, inquiry, content knowledge, process 
standards, and SEL components permeated all three years of the STEM Academy.   

Academy 3 content built on the key areas, which were cultivated during Academies 1 and 2 (see 
Perry et al., 2017 and Pierce et al., 2019 for more detail). Each subsequent Academy continued 
to develop teachers’ understanding and implementation of maker-based instruction (MBI) and 
project-based learning (PBL), as well as community-based resources and Professional Learning 
Community (PLC) meetings (see Figure 2 below).  

Academy 1 was held in 2017 for 16 cohort 1 teachers from six Dallas ISD schools.  The 
following year 12 cohort 1 teachers from seven schools continued with STEM Academy and 
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participated in Academy 2.  In 2019, ten cohort 1 teachers from six Dallas ISD schools 
participated in Academy 3.  Cohort 2 teachers joined the STEM Academy during the summer of 
2018, and 30 teachers from ten Dallas ISD schools participated in Academy 1.  During the final 
year, 16 cohort 2 teachers from seven schools participated in Academy 2. 

Summer Academies 

The SMU project team designed the content and structure of the three summer Academies to 
meet the goals and objectives of the project and align with the needs and constraints of 
instructional leaders and science teachers. At the beginning of the project, in order to facilitate 
collaboration, the SMU team met monthly with representatives from Dallas ISD’s STEM 
curriculum department and the research and evaluation department.  
 
To meet the practical constraints of the science teachers, the SMU project team conducted some 
portions of the STEM Academies online and other portions face-to-face. Overall each summer, 
participating teachers received 90 hours of professional development: 70 hours of face-to-face 
coursework on the SMU campus during two weeks in June or July, and 20 hours of learning 
through the online modules.  

The major themes and the different strategies that were included in each of the three summer 
Academies are shown in Figure 2 below.  Some of the items, specifically the ones that align with 
the core pillars, were present across all three years.  Other items were utilized during only one or 
two years as mechanisms for advancing the main goals of the STEM Academy.   

 
Figure 2. Focus of Each Summer Academy Organized by Major Theme and Emphasized 
Strategies 

Academy 1 

In keeping with the goals of the project, Academy 1 focused on inquiry-based instruction, 
scientific process standards, and teacher content knowledge. After considering current research 
in STEM education, MBI and PBL were selected as the inquiry-based pedagogical approaches 
for the STEM Academy.   
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MBI has two components: proficiency and purpose. MBI requires developing proficiency using a 
tool (e.g., vinyl cutter, 3D printer). Then that tool is used for a purpose (e.g. to make something 
that solves a problem or answers a question). MBI is hands-on, student-directed, iterative, and 
does not have a pre-determined outcome.  PBL is organized around a central, driving question. 
Students work collaboratively to answer an authentic, STEM-related question. The driving 
question is typically broad enough to cover a variety of instructional standards. Students lead the 
project by asking more questions, testing hypotheses, conducting research, and designing and 
carrying out experiments. Usually, the assessment is embedded throughout the PBL unit, both 
formally and informally. Often, the final artifact is presented to peers, educators, and outside 
experts. During Academy 1, teachers generated instructional units that employed PBL and MBI 
approaches to teach high-priority TEKS. The instructional units were intended to be delivered 
during the following academic year.  
 
In addition to MBI and PBL, instruction was also provided on SEL and community-based STEM 
educational resources by participating in field experiences such as the Dallas Zoo, the Trinity 
River Audubon Center, the Frontier of Flight Museum, or the Dallas Area Rapid Transit (DART) 
headquarters.  Additional information about the two years of Academy 1 delivery can be found 
in two previous evaluation reports (Adams et al., 2018a; Perry et al., 2017). 

 

Academy 2 

This Academy was structured similarly to Academy 1, in that participating teachers attended 90 
hours of professional development during the summer.  During Academy 2, MBI and PBL 
strategies were revisited and additional techniques were offered by the STEM Academy 
instructors along with suggested modifications based on what the teachers reported had occurred 
in their classrooms during the previous year.  Additionally, teaching strategies for using 5E, a 
questioning and engagement technique used by Dallas ISD and intended to interest and engage 
students in the learning process, were discussed and incorporated into lesson planning.   

Academy 2 continued the focus on inquiry methods, process standards, and deep content 
knowledge, and also more heavily emphasized differentiation for all types of student learners 
compared to Academy 1.  SEL and new community-based resources were included as well.  For 
more details on Academy 2 see the two previous evaluation reports (Pierce et al., 2019a; Sparks, 
Adams, Mota, Simon, Burton, Hatfield, & Ketterlin Geller, 2019b). 

Academy 3 

Academy 3 was held for the cohort 1 teachers in summer 2019.  It had a similar structure to 
Academies 1 and 2, however most of the face-to-face content was delivered by SMU professors 
and was affiliated with SMU courses. In keeping with the goals of the project, Academy 3 
focused on inquiry-based instruction, scientific process standards, teacher content knowledge, 
and differentiated support for all learners.  During Academy 3, MBI, PBL, and SEL were 
revisited, and additional components of teacher leadership and PLC structure and function were 
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added. In the previous Academy 3 evaluation report, these instructional approaches are described 
in detail (Pierce et al., 2019b). 
 
Coaching 

In the first year of implementation, one coach provided instructional coaching and led PLC 
meetings with the participating 16 teachers. In the second year of implementation, four 
additional coaches served the increased number of schools and teachers with the original coach 
serving as the lead coach. During the third year, due to teacher attrition, only three coaches and 
one lead coach served the participating teachers and campuses.  The lead coach was responsible 
for coach training and supporting problem solving with scheduling or challenges observed in 
classrooms.  

The structure of the STEM Academy coaching includes a one-on-one pre-conference, 
observation, and post-conference, which is defined as a full cycle of coaching. Each year 
teachers engaged in up to seven coaching cycles and PLC meetings with their instructional coach 
from SMU. The coaching model offered teachers support in understanding and implementing 
aspects that were learned during the summer professional development academy. Extant research 
shows that this type of individualized support (i.e., coaching and PLC meetings) facilitates the 
effective implementation of instructional strategies and practices (Kraft and Blazar, 2017). In a 
meta-analysis examining existing experimental and quasi-experimental research, Kraft and 
Blazar (2017) found that coaching affects long-term, sustained change in teachers’ instructional 
practices and student outcomes. Whereas the summer professional development occurred over 
one specific period of time, coaching and PLC meetings were sustained throughout the school 
year. In addition, the one-on-one nature of the coaching allowed dialogue to be highly 
individualized, context specific, and targeted toward specific pedagogical skills (Kraft et al., 
2017).  

For more information about the coaching and PLC implementation across all years, see Adams et 
al. (2018b) and Sparks, Adams, Cox, Hatfield, and Ketterlin Geller (2019a). 

Purpose of this Report 
The purpose of this report is to summarize trends across time on the measured constructs for 
participating teachers.  These include the teachers’ implementation of active learning, 
pedagogical content knowledge, science self-efficacy, and perceived STEM importance and 
confidence.  The STEM Academy project also included leader coaching and support, but that is 
outside the scope of this report.  For information on the leader components of the project, see 
Pierce, Adams, Sparks, Cox, Knox, Hatfield, and Ketterlin Geller (2020).   

Evaluation Questions 

This report is guided by the following evaluations questions: 

1. To what extent did teachers implement active learning strategies in their classrooms? Did 
teachers increase in their implementation across time? 
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2. The STEM Academy emphasized teacher pedagogical content knowledge (PCK), which 
integrates teachers’ content knowledge with how to teach that content knowledge.  To 
what extent did teachers demonstrate science PCK? Did teachers’ PCK increase across 
time? 

3. To what extent did teachers feel efficacious in teaching science? Did teachers’ science 
self-efficacy increase across time? 

4. To what extent did teachers report importance and confidence in using active learning in 
their classrooms? Did teachers’ perceived importance and confidence increase across 
time? 

For teacher results, we report results for only teachers who completed data at all timepoints, 
which facilitates comparisons across time. Trends across time for all participating teachers are 
available upon request.  

Participating Teachers 
Who are the teachers who participated in the STEM Academy? 

The participating teachers completed the Teacher Information Form in order to provide 
background and demographic information to the STEM Academy research team. This 
questionnaire included items about the participants’ gender, race, and ethnicity, as well as 
gathering the number of years the participants had been teaching, teaching science, working in 
education generally, working in other career fields, and working at their specific campus.  
Finally, information on the teacher’s education and certifications was collected, along with the 
number of hours and content of the in-service training they had attended over the past year.  The 
information obtained from this form is summarized below.   

For cohort 1 teachers, we summarize teacher characteristics across three years of 
implementation.  For cohort 2 teachers, we summarize teacher characteristics across two years of 
implementation.  For cohort 1, the years of participation are 2017-18 (Y1), 2018-19 (Y2), and 
2019-20 (Y3), and for cohort 2 the years of participation are 2018-19 (Y1) and 2019-20 (Y2).   

Teacher Recruitment 

During the first year of implementation, STEM Academy was able to successfully recruit 16 
teachers at six middle schools. Over the course of the first year, one teacher withdrew from the 
program.  During 2018-19, the STEM Academy enrolled the 15 persisting cohort 1 teachers, 6 
additional Grades 6, 7, and 8 science teachers at the six previously participating middle schools 
and 24 science teachers at seven new middle schools.  Two cohort 1 teachers moved to new 
schools, but persisted in the program, bringing STEM Academy to 15 different schools during 
year two. 

To incentivize participation starting in 2018-19, funds were allocated for teachers to receive a 
$1,000 stipend in addition to course credit. This stipend was designed to compensate teachers for 
the 70 hours of face-to-face coursework on the SMU campus in the summer. This decision was 
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designed to encourage participation for teachers who already held a master’s degree or were 
currently enrolled in a master’s program.  In addition, based on teacher feedback, SMU and 
Dallas ISD tailored the communication plan to meet the needs of teachers and leaders in the 
district. For more details on the recruitment efforts and the teacher participation interest survey, 
see the previous report from Adams, Hatfield, and Ketterlin Geller (2018).   
 
Cohort 1 

Table 1 shows that 16 cohort 1 teachers participated in 2017-18. Of those teachers, 12 continued 
in 2018-19 and 9 continued in 2019-20. The majority of teachers were Female, Black, and not 
Hispanic or Latino. In 2019-20, cohort 1 teachers reported an average of 6 years of teaching 
experience. On average, cohort 1 teachers taught science for five years.   
 
Table 1  
 
Cohort 1 Teacher Demographic Information  

Characteristic 
2017-18 2018-19 2019-20 

# of 
Teachers 

% of 
Teachers 

# of 
Teachers 

% of 
Teachers 

# of 
Teachers 

% of 
Teachers 

Gender Male 4 25% 3 25% 2 22% 
 Female 12 75% 9 75% 7 78% 
Race Alaska Native 0 0% 0 0% 0 0% 
 Asian 0 0% 0 0% 0 0% 
 Black 9 56% 7 58% 5 56% 
 Native Hawaiian 0 0% 0 0% 0 0% 
 Other Pacific Islander 0 0% 0 0% 0 0% 
 White 7 44% 5 42% 4 44% 
Ethnicity  Hispanic or Latino 4 25% 3 25% 2 22% 
 Not Hispanic or 

Latino 
12 75% 9 75% 7 78% 

Total   16 100% 12 100% 9  100% 
 
Table 2 shows the grade levels taught by participating cohort 1 teachers. In 2017-18, 2018-19, 
and 2019-20, most cohort 1 teachers taught Grades 7 and 8.  
 
Table 2 
 
Grade-levels Taught by Cohort 1 Teachers 

 2017-18 2018-19 2019-20 
Current 

Grade Level 
Number of 
Teachers 

Number of 
Teachers 

Number of 
Teachers 

6th 1 0 1 
7th 9 10 6 
8th 10 9 6 

Note: Four teachers taught more than one grade level in 2017-18, seven teachers taught more than one grade level in 
2018-19, and four teachers taught more than one grade level in 2019-20. 
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For additional descriptive information about teachers in cohort 1, please reference published 
academy evaluations (Adams et al., 2018a; Perry et al., 2017; Pierce et al., 2019a; Pierce et al., 
2019b; Sparks et al., 2019a).  
 
Cohort 2 

Table 3 shows that 29 cohort 2 teachers participated in 2018-19. Of those teachers, 17 continued 
in 2019-20. Similar to cohort 1, the majority of teachers were Female, Black, and not Hispanic or 
Latino. In 2019-20, cohort 2 teachers reported an average of 9 years of teaching experience. On 
average, cohort 1 teachers taught science for 8 years.   
 
Table 3  
 
Cohort 2 Teacher Demographic Information 

 2018-19 2019-20 

Characteristic # of 
Teachers 

% of 
Teachers 

# of 
Teachers 

% of 
Teachers 

Gender Male 9 31% 5 29% 
 Female 20 69% 12 71% 

Race 

Alaska Native 
Asian 

0 
2 

0% 
7% 

1 
0 

6% 
0% 

Black 
Native Hawaiian 
Other/Pacific Islander 

15 
0 
0 

52% 
0% 
0% 

9 
0 
1 

53% 
0% 
6% 

White 9 31% 4 24% 
Two or More Races 3 10% 2 12% 

Ethnicity Hispanic or Latino 2 7% 2 12% 
 Not Hispanic or Latino 27 93% 15 88% 

Total  29 100% 17 100% 
 
Table 4 shows the grade levels taught by participating teachers. In 2018-19, 16 teachers taught 
Grade 6, 11 teachers taught Grade 7, and 7 teachers taught Grade 8. In 2019-20, 13 teachers 
taught Grade 6, 11 teachers taught Grade 7, and 8 teachers taught Grade 8.  
 
Table 4  
 
Grade-level Taught 

 2018-19 2019-20 
Current 

Grade Level 
Number of 
Teachers 

Number of 
Teachers 

6th 16 13 
7th 12 7 
8th 7 8 

Note: In 2018-19 four teachers taught two grade levels, and one taught all three grade levels. In 2019-20 five 
teachers taught two grade levels and three taught all three grade levels. 
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For additional descriptive information about teachers in cohort 2, please reference published 
academy evaluations (Adams et al., 2018a; Sparks et al., 2019b). For information about the 
characteristics of exiting teachers and their reasons for exit, please refer to Cox, Adams, & 
Ketterlin-Geller (2020).  
 

Measures 
Throughout the STEM Academy, the participating teachers completed several surveys aimed at 
assessing various aspects of their content knowledge, attitudes, and enacted practice.  Both SMU 
coaches and external observers gathered data during in-class observations on two different 
observational tools.  This section describes the five different measurement tools used in detail 
and indicates where each measure can be viewed.  Additionally, to maintain continuity, the 
results in the next section are organized by each measure in the order that they are listed here.    

Teacher STEM Perceptions, Practice, and Culture (STEM PPC) survey 

Our team developed the STEM PPC survey to measure teachers’ perceived importance, 
confidence, and frequency in using active learning strategies. This survey includes 24 items 
describing active learning strategies (e.g., learning experiences encourage student ownership). 
Three strategies were excluded from analysis because they do not describe active learning 
strategies (e.g., students learn from teacher-led lecture or activities). To measure frequency of 
implementation, teachers reported their use of each practice on a six-point scale ranging from 
“less often than 1 time per month” to “everyday.”  Additionally, the teachers indicated on a four-
point scale the importance they placed on each practice, ranging from “not important at all” to 
“very important.”  Similarly, the teachers indicated their confidence in implementing each 
practice on a four-point scale, ranging from “not confident at all” to “very confident.”   

Teachers completed the STEM PPC at three timepoints: before the face-to-face summer academy 
(i.e., approximately July), near the beginning of the school year (i.e., approximately October), 
and near the end of the school year (i.e., approximately February). Because SMU was awaiting 
IRB approval from Dallas ISD, our team was not able to collect fall 2017 teacher survey 
responses. The STEM PPC is included in Appendix A. A confirmatory factor analysis supported 
the internal structure of the STEM PPC (Sparks, Adams, Perry, & Ketterlin-Geller, 2020).   

STEM Teacher Observation Protocol (STEM TOP) 

Our team developed the STEM TOP based on existing observational measures to capture a 
snapshot of teachers’ implementation of active learning strategies. SMU coaches used the STEM 
TOP during each coaching observation as a tool to support their feedback to teachers. In order to 
encourage consistency in the type and quality of feedback teachers received and facilitate the use 
of STEM TOP scores in reports, SMU coaches were trained and calibrated on the STEM TOP 
(see Pierce, Adams, Sparks, Burton, Hatfield and Ketterlin Geller, 2020 for information on the 
STEM TOP development and rater consistency).  

SMU coaches completed the STEM TOP approximately seven times across the course of the 
school year for each participating teacher. These observations, referred to as cycles, occurred 
between October and April for both the 2018-19 and 2019-20 school years.  The STEM TOP 
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includes 22 items, which are organized into two scales including STEM Instruction and 
Management and Discipline (see Adams, Sparks, and Ketterlin Geller, 2019c for information on 
the scale development). Each item is rated on a four-point scale ranging from “not observed” to 
“exemplary.” The STEM TOP was developed and piloted during 2017-18; thus, our team was 
not able to collect STEM TOP data during the 2017-18 academic year. The STEM TOP is 
included in Appendix B. Exploratory factor analyses and evidence of concurrent validity support 
the use of the STEM TOP for measuring enacted STEM instruction (Adams, Sparks, & 
Ketterlin-Geller, 2019c; 2020).  

UTeach Observation Protocol (UTOP) 

The UTOP is an observational protocol “designed to allow individuals to evaluate teaching 
effectiveness while valuing different modes of instruction” (UTeach, 2019, par. 1). The UTOP 
was developed by the UTeach College of Natural Sciences program at the University of Texas at 
Austin and has 27 items divided into four sections, including classroom culture, lesson structure, 
implementation, and science content, which are intended to evaluate instruction and provide 
meaningful feedback. The version of the UTOP used in this study is available at 
https://utop.uteach.utexas.edu/ (UTeach, 2019). Relative to the STEM TOP, the UTOP is more 
comprehensive, including lesson purpose, lesson preparation, teaching method/learning activity, 
and student grouping structure. Each of 27 items scored on a 1 “Not observed at all” to 5 
“Observed to a great extent” Likert scale, with some items including an “NA” option if not 
observed.  As a result of the comprehensive nature of the tool, the UTOP requires considerably 
more time to score. Our team hired and trained external raters to complete the UTOP in the fall 
and spring in participating teachers’ classrooms (see Burton, Hatfield, Adams, and Ketterlin 
Geller, 2020 for information on the UTOP training and calibration). Because SMU was awaiting 
RRB approval from Dallas ISD, our team was not able to collect fall 2017 teacher UTOP data.  

Pedagogy of Science Teaching Test (POSTT) 

Teachers completed an existing teacher assessment of science PCK called the Pedagogy of 
Science Teaching Test (POSTT) (Cobern, Schuster, Adams, Skjold, Muğaloğlu, Bentz, & 
Sparks, 2014) at two timepoints each year; before and after each face-to-face summer academy. 
An item bank for the POSTT is available at https://wmich.edu/science/inquiry-items (Cobern, 
Schuster, Adams, Skjold, Muğaloğlu, Bentz, & Sparks, 2014). The pre and post assessments 
included 10 items, which were selected based on relevancy to middle school science content. 
Each item included a vignette, which described a lesson, and teachers made a recommendation 
for the lesson from four possible responses. Each response ranged in its alignment to inquiry-
oriented instruction on a four-point scale with the categories of response classified as a) open 
inquiry, b) guided inquiry, c) active direct, and d) didactic direct. The versions of the POSTT 
used in this study are included in Appendix C. 

Science Teacher Efficacy Beliefs Inventory (STEBI) 

Teachers completed an existing measure of teacher self-efficacy for teaching science called the 
Science Teacher Efficacy Beliefs Inventory (STEBI) (Riggs & Enochs, 1989; Enochs & Riggs, 
1990). This survey includes two subscales:  
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• Personal science teaching efficacy beliefs (PSTE) defined as a teacher’s belief in their 
own ability to perform a behavior, and  

• Science teaching outcome expectancy (STOE) defined as a teacher’s expectation that 
“certain behaviors [will] produce desirable outcomes” (Riggs & Enochs, 1989, p. 4).  

Teachers reported agreement with 25 items on a five-point scale ranging from “strongly 
disagree” to “strongly agree”. The version of the STEBI used in this study is available at 
https://cpb-us-w2.wpmucdn.com/u.osu.edu/dist/2/5604/files/2014/09/Science-TE-2fbsc7e.pdf 
(Enochs & Riggs, 1990). Teachers completed the STEBI at three timepoints: before the face-to-
face summer academy (i.e., approximately July), near the beginning of the school year (i.e., 
approximately October), and near the end of the school year (i.e., approximately February). 
Because SMU was awaiting IRB approval from Dallas ISD, our team was not able to collect fall 
2017 teacher survey responses.   

Results 
The following section includes the results from the five measures described above.  This section 
is organized into four subsections:  

• teacher implementation of active learning, which includes teachers’ self-reported enacted 
instruction based on the STEM PPC and observed enacted instruction based on 
observations conducted by coaches using the STEM TOP and external raters using the 
UTOP; 

• teacher pedagogical content knowledge as measured by the POSTT; 

• teacher science self-efficacy as measured by the STEBI; and  

• teachers’ reported importance and confidence of STEM practices as measured by the 
STEM PPC.   

Additionally, all data is disaggregated by cohort, and for cohort 2 by year.  This is because the 
cohort 1 teachers persisted at a higher rate, and their data can be considered across multiple 
years.  Cohort 2 experienced high levels of attrition, so the data collected from participating 
cohort 2 teachers is separated into teachers who participated in one and two years of the 
program. We include significance testing based on a repeated measures analysis of variance 
(ANOVA) or t-tests.  

Teacher Implementation of Active Learning 

Our team measured implementation of active learning strategies using three tools including a 
teacher survey called the STEM PPC and two observational measures including the STEM TOP 
and the UTOP.  

These three measures capture information from different perspectives (i.e., teachers, coaches, 
external raters) about teachers’ implementation of active learning. More specifically, teachers 
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report on the lessons that they themselves taught on the survey; teachers’ coaches rate teachers’ 
lessons using the STEM TOP; and external raters, who have no existing relationship with the 
teacher, rate teachers’ lessons using the UTOP. Each of these perspectives uniquely contributes 
to understanding teachers’ implementation of active learning at each time point and across time.  

STEM PPC 

Based on teacher self-report on the STEM PPC, to what extent did teachers implement active 
learning strategies in their classrooms? Did teachers increase in their implementation across 
time? 

Cohort 1 

In this analysis, we investigated the extent of cohort 1 teachers’ self-reported frequency of active 
learning. Figure 3 includes only teachers who completed the survey at all timepoints.  
 
Cohort 1 teachers’ self-reported frequency increased from summer 2017 to spring 2020.  
Although the teachers’ perceived frequency fluctuated across all time points, it increased from 
the summer to the spring of each of the three years included in this data, and each subsequent 
year showed increases from the previous year.  
 

 
Figure 3. Cohort 1 Teachers’ Mean Self-Reported Frequency in using Active Learning Strategies 
Across Time based on the Teacher STEM PPC Survey 
Note: Cohort 1 Fall 2017 survey data were not collected because SMU was awaiting approval from Dallas ISD. 
Dotted lines connect summer 2018 and spring 2018 to indicate that this timepoint was not collected for cohort 1 
teachers. 
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As shown in Table 5, these increases were not significant. 
 
Table 5  
 
Repeated Measures ANOVA Cohort 1 for Teacher-Reported Frequency 
Source Sums of Squares df MS F P-Value 

Time 3.504 7 0.501 2.185 0.067 
Error 6.414 28 0.229   

Cohort 2 Year 1 

In this analysis, we investigated the extent of cohort 2 teachers’ self-reported frequency of their 
use of classroom active learning for cohort 2 teachers who participated in one year of the STEM 
Academy.  Figure 4 shows that the extent of cohort 2 teachers’ self-reported frequency increased 
slightly across the year.   
 

 
Figure 4. Cohort 2 Year 1 Teachers’ Mean Self-Reported Frequency in using Active Learning 
Strategies Across Time based on the Teacher STEM PPC Survey 
 
A repeated measures ANOVA analysis, in Table 6, showed that this increase was non-
significant.    
 
Table 6 
 
Repeated Measures ANOVA Across STEM PPC Frequency Timepoints  
Source Sums of Squares df MS F P-Value 

Time 1.084 2 0.542 1.699 0.194 
Error 15.32 48 0.319   
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Cohort 2 Year 2 

The next analysis shows cohort 2 teachers’ self-reported frequency of their use of classroom 
active learning for cohort 2 teachers who participated for two years of the STEM Academy.   
Figure 5 shows that the extent of cohort 2 teachers’ perceived frequency increased slightly across 
the two years.   
 

 

 
Figure 5. Cohort 2 Year 2 Teachers’ Mean Self-Reported Frequency in using Active Learning 
Strategies Across Time based on the Teacher STEM PPC Survey 
 
A repeated measures ANOVA analysis, in Table 7, showed that this increase was not significant. 
 
Table 7 
 
Repeated Measures ANOVA Across STEM PPC Frequency Timepoints  
Source Sums of Squares df MS F P-Value 
Time  0.064 5 0.0129 0.0129 0.999 
Error 19.495 45 0.4332   

For the mean, standard deviation, minimum, and maximum of the scores indicting self-reported 
frequency for each cohort, see the data tables in the Supplemental Appendix document (available 
upon request). 

STEM TOP 

Based on coach observational scores on the UTOP, to what extent did teachers implement active 
learning strategies in their classrooms? Did teachers increase in their implementation across 
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Cohort 1 

For cohort 1 teachers who completed all STEM TOP cycles in years 2 and 3, both the 
Management and Discipline and the STEM Instruction scale fluctuated.  Figure 6 shows that the 
items comprising the Management and Discipline scale were consistently scored higher on 
average than the items comprising the STEM instruction scale.  Additionally, the Management 
and Discipline score was at its highest during cycle 1 of each year and decreased as each year 
progressed. When considered by year, the Management and Discipline scale score decreased, 
while the STEM Instruction scale score showed no directional trend in change.   

   
Figure 6. Cohort 1 Teachers’ Mean STEM TOP Scores Across Time based on SMU Coach 
Observations by Scale and Observation Cycle 
 
Over the course of cohort 1 teachers’ participation in the STEM Academy, no significant 
changes were captured on the STEM TOP measure, as shown in Table 8.  Post-hoc analyses 
revealed an adequately powered analysis with five teachers across twelve time points, assuming 
a high correlation between measures (r = 0.85), and an intended effect size of 0.80.  
 
Table 8 
 
Repeated Measures ANOVA for Cohort 1 STEM TOP Overall 
Source Sums of Squares df MS F P-Value 
Time  0.441 11 0.0401 0.426 0.936 
Error 4.147 44 0.0942   
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Cohort 2 Year 1 

Figure 7 shows that for cohort 2 teachers in their first year of the STEM Academy, the 
Management and Discipline scale scores were consistently higher than the STEM instruction 
scale scores.  This is similar to cohort 1, although, unlike cohort 1 the overall Management and 
Discipline scales score decrease across the year is more moderate.   

 
Figure 7. Cohort 2 Year 1 Teachers’ Mean STEM TOP Scores Across Time based on SMU 
Coach Observations by scale and observation cycle 
 
Table 9 provides the results of the repeated measure ANOVA test across the seven timepoints for 
cohort 2 during year 1.  Table 10 provides the post-hoc pairwise analyses using a Tukey-adjusted 
p-value. We observed significant differences between cycles two and four, two and seven, and 
four and six. 
 
Table 9 
 
Repeated Measures ANOVA Across STEM TOP Timepoints Overall  
Source Sums of Squares df MS F P-Value 
Time  1.241 6 0.2069 3.587 0.002 
Error 9.113 158 0.0577   
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2-4 -0.233 0.008** 
2-7 -0.209 0.031* 
4-6 0.196 0.046* 

Note: *<0.05, **<0.01 

Cohort 2 Year 2 

Figure 8 shows the scale scores for each timepoint for cohort 2 teachers who completed both 
years of the STEM Academy. While the Management and Discipline scale scores decreased 
across all timepoints, the change is not as dramatic as that seen in cohort 1, and the intra-year 
drops were not as pronounced.  Furthermore, while cohort 1 had peaks in their Management and 
Discipline scale score at cycle 1 of each year followed by decreasing scores, this trend is not 
apparent in cohort 2.  STEM Instruction shows slight decreases over the two year period. 

 
Figure 8. Cohort 2 Year 2 Teachers’ Mean STEM TOP Scores Across Time based on SMU 
Coach Observations by scale and observation cycle 
 
Overall, we observed significant differences between timepoints on the STEM TOP as evidence 
by the repeated measures ANOVA in Table 11.  Table 12 provides the Tukey-adjusted pairwise 
comparisons for cohort 2 in year 2. 
 
Table 11 
 
Repeated Measures ANOVA Across STEM TOP Timepoints  
Source Sums of Squares df MS F P-Value 
Time  2.419 11 0.2200 3.407 <.001 
Error 6.392 99 0.0646   
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Significant Tukey-adjusted pairwise comparisons 

Cycle Pairs Mean Difference P-Value 
Y1 Cycle 2-Y2 Cycle 4 -0.395 0.034* 
Y1 Cycle 2-Y2 Cycle 5 -0.419 0.018* 
Y1 Cycle 6-Y2 Cycle 5 -0.395 0.034* 

Note: *p < 0.05 
 
For each cohort, STEM TOP means, intra-class correlations, standard deviations, minimum 
scores, and maximum scores by STEM TOP item across time are available in the Supplemental 
Appendix document (available upon request). 

UTOP 

Based on external rater observational scores on the UTOP, to what extent did teachers 
implement active learning strategies in their classrooms? Did teachers increase in their 
implementation across time? 

Cohort 1  

The external raters evaluated the participating teachers on the four sections on the UTOP. This 
builds on the previous enacted instruction data that we collected because it represents a different 
perspective. Whereas, teachers self-reported their enacted instruction and coaches, who had a 
relationship with teachers, observed their instruction. The data presented in this section 
represents scores observed by external raters who had little knowledge of the program and did 
not have existing relationships with the teachers. Figure 9 shows that the average score of all 
UTOP sections increased across all timepoints.   

   
Figure 9. Cohort 1 Teachers’ Mean UTOP Scores Across Time based on External Rater 
Observations 
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Note: Cohort 1 fall 2017 observational data were not collected because SMU was awaiting approval from Dallas 
ISD. 

Table 13 provides the results for the repeated measures ANOVA over the five time points. 
Significant results prompted post-hoc analyses. Table 14 describes the Tukey-adjusted pairwise 
analyses. We detected significant difference in mean UTOP scores between Spring 2018 and Fall 
2019, Spring 2018 and Spring 2020, Fall 2018 and Fall 2019, and Fall 2018 and Spring 2020.  

Table 13 

Repeated Measures ANOVA for UTOP Overall Cohort 1 
Source Sums of Squares df MS F P-Value 
Time  7.761 4 1.940 5.405 0.003 
Error 8.614 24 0.359   

Table 14 

Significant Tukey-adjusted pairwise comparisons for UTOP Cohort 1 
 Pairs Mean Difference P-Value 

Spring 18 – Fall 19 1.071 0.021* 
Spring 18 – Spring 20 1.000 0.034* 

Fall 18 – Fall 19 1.036 0.027* 
Fall 18 – Spring 20 0.964 0.043* 

Figure 10 shows the average score for each domain at each timepoint, and only includes scores 
for teachers who completed all years.  Science content increased during the first two years and 
plateaued during year three.  The other three sections all increased across year two, but both 
classroom culture and implementation average scores decreased during year three.   
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Figure 10. Cohort 1 Teachers’ Mean UTOP Scores Across Time based on External Rater 
Observations 
Note: Cohort 1 fall 2017 observational data were not collected because SMU was awaiting approval from Dallas 
ISD. 

A repeated measures ANOVA (Table 15) revealed significant mean differences by time for 
implementation and science content scales of the UTOP. The post-hoc analyses are described in 
Table 16.  

Table 15 

Repeated Measures ANOVA by UTOP Scales for Cohort 1   
Scale Source SS df MS F P-Value 
Classroom Culture       
 Time 6.171 4 1.543 2.932 0.042* 
 Error 12.63 24 0.526   
Lesson Structure       
 Time  6.000 4 1.500 2.250 0.094 
 Error 16.00 24 0.667   
Implementation       
 Time 9.314 4 2.329 5.653 0.002** 
 Error 9.886 24 0.412   
Science Content       
 Time 13.31 4 3.329 6.955 <.001*** 
 Error 11.49 24 0.479   
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Significant Tukey-adjusted pairwise comparisons for UTOP Components: Cohort 1 
 Component Pairs Mean Difference P-Value 

Classroom Culture    
 Fall 18 – Fall 19 1.143 0.050 
Implementation    
 Spring 18 – Fall 19 1.143 0.021* 
 Fall 18 – Fall 19 1.286 0.008** 
 Fall 18 – Spring 20 1.143 0.021* 
Science Content    
 Spring 18 – Spring 19 1.429 0.006** 

 Spring 18 – Fall 19 1.571 0.002** 
 Spring 18 – Spring 20 1.571 0.002** 

Cohort 2 Year 1 

Figure 11 shows that cohort 2 teachers who completed the first year showed an increase in 
average UTOP score across the four sections.   

 
Figure 11. Cohort 2 Year 1 Teachers’ Mean UTOP Scores Across Time based on External Rater 
Observations 
 
Table 17 shows that this increase for cohort 2 teachers in their first year of participation was 
significant. 
 
Table 17 
 
Paired t-test for cohort 2 teachers year 1 
Fall 18 M(SD) Spring 19 M(SD) Difference t-statistic P-Value 95% CI 
2.6 (0.55) 3.29 (0.82) 0.73 (.77) 5.03 <.001 (0.434,1.031) 

This pattern of increase was present in all four domains, as shown in Figure 12, and was most 
pronounced in implementation scores and least pronounced in science content scores.   
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Figure 12. Cohort 2 Year 1 Teachers’ Mean UTOP Scores Across Time based on External Rater 
Observations 
The p-values in Table 18 indicate that all of these increases were significant. 
 
Table 18 
 
Dependent t-test for UTOP scales    
Scale Mean Difference  t-statistic P-Value 95% CI 
Classroom Culture 0.679 3.52 0.002 (0.283,1.074) 
Lesson Structure 0.821 4.80 <.001 (0.471,1.172) 
Implementation  0.929 5.02 <.001 (0.549,1.308) 
Science Content 0.500 3.81 <.001 (0.231,0.769) 

Cohort 2 Year 2 

For cohort 2 teachers who completed both years, the overall UTOP score increased during year 
1, but decreased during year 2.  Figure 13 shows that the teachers received their lowest score at 
the first timepoint in the fall of 2018.  Then they achieved their high score during the spring of 
2019, and the scores decreased during the 2019-20 academic year.   
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Figure 13. Cohort 2 Year 2 Teachers’ Mean UTOP Scores Across Time based on External Rater 
Observations 
 
We observed significant mean differences by time point, shown in Table 19.  Post-hoc analyses 
with a Tukey-adjusted p-value revealed a significant difference between the first and second time 
points (t(27) = 3.29, p = 0.01). Furthermore, the trend is similar to that seen across the second 
and third year for cohort 1 teachers, with the exception being that cohort 2 teachers achieved 
their highest score during the spring of 2019 while cohort 1 teacher peaked during the fall of 
2019.  
 
Table 19 
 
Repeated Measures ANOVA   
Source SS df MS F P-Value 
Time 4.605 3 1.535 3.876 0.02 
Error 10.69 27 0.396   

 
Figure 14 shows the average scores for each of the domains, which all follow similar trends as 
the overall average scores, except science content, which decreased only from fall 2019 to spring 
2020.   
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Figure 14. Cohort 2 Year 2 Teachers’ Mean UTOP Scores Across Time based on External Rater 
Observations 

Table 20 describes the repeated measures ANOVA by UTOP scale. We observed no significant 
mean differences across four time points on the classroom culture scale. For the lesson structure 
scale, we observed a significant mean difference between the first two time points using a 
Tukey-adjusted p-value for multiple comparisons (t(27) = 2.97, p = 0.03). Similarly, we detected 
a significant mean difference between the first two time points on the implementation scale of 
the UTOP (t(27) = 3.10, p = 0.02). Lastly, we detected a significant mean difference between 
time points one and three for the science content scale of the UTOP (t(27) = 2.86, p = 0.04).  
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Table 20 
 
Repeated Measures ANOVA by UTOP Scale   
Scale Source SS df MS F P-Value 
Classroom Culture       
 Time 4.20 3 1.40 2.39 0.091 
 Error 15.8 27 0.59   
Lesson Structure       
 Time  4.88 3 1.63 3.55 0.028* 
 Error 12.4 27 0.46   
Implementation       
 Time 6.08 3 2.03 3.01 0.048* 
 Error 18.2 27 0.67   
Science Content       
 Time 4.88 3 1.63 3.28 0.036* 
 Error 13.4 27 0.50   

For the mean, standard deviation, minimum, and maximum scores by item and by each cohort, 
see the data tables in the Supplemental Appendix document here: 
https://smu.box.com/s/ombb4wlkkrnfzj8y3jup3dm972gyk2ig. In addition, these descriptive 
statistics are available by item for all participating teachers across time in the supplemental 
appendix document. 

The teacher implementation of active learning as measured by three different tools indicated that 
the frequency and quality of instruction may be more impacted by the timepoint within the year 
or by other year specific factors such as the perspective of the rater, than by the progression 
across years in the STEM Academy program.  While the teachers self-reported a slight, but non-
significant, increase in frequency of active learning strategy use, the UTeach Observation 
Protocol (UTOP) indicated that external raters found implementation to have increased across 
time.  Although the external raters captured increased scores in all four measured domains of the 
UTOP across the two captured years of participation, the STEM Teacher Observation Protocol 
(STEM TOP) scale scores indicated that Management and Discipline may be cyclic within a 
given academic year, with an overall negative trend.  STEM TOP integrated STEM Instruction 
scale scores generally increased over time, and significantly improved for some teachers across 
certain timepoints.  The STEM TOP was completed by program coaches, who had an established 
relationship with the teacher.  The coaches tended to report less consistent gains and in some 
cases no change or decrease across time in teachers’ implementation of active learning.   

Overall, teachers tended to report slight changes over time, coaches’ scores tended to show little 
change which fluctuated over the school year, and external raters tended to score teachers higher 
across time, with the exception of cohort 2 during year 2.  The difference between coaches and 
external raters may warrant further drift checks to see if the coaching relationship is influencing 
scores in a way that biased scores and may have resulted in coaches scoring teachers more 
harshly across time due to increased expectations. 
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Overall, the UTOP indicated increased scores in all four measured sections across all time points, 
although slight decreases were seen in the second year for both cohorts.  The STEM TOP scale 
scores indicated that Management and Discipline may be cyclic within a given academic year, 
with an overall negative trend, and STEM Instruction scale scores were variable with some 
increases, some decreases, and some stagnation observed.  On the STEM PPC teachers generally 
did not change their perceptions about the frequency of their active learning strategy use in the 
classroom. 

Finally, there are differences between the mean scores of the two cohorts of teachers.  Cohort 1 
scored higher on both the STEM PPC and the UTOP than cohort 2.  Even when the year is 
adjusted for duration of participation, the cohort 1 teachers self-reported higher frequencies of 
active learning strategy use and the external UTOP observers captured higher levels of 
implementation, lesson structure, classroom culture, and science content.   

Teacher Pedagogical Content Knowledge 

Based on the POSTT, to what extent did teachers demonstrate science pedagogical content 
knowledge (PCK)? Did teachers’ PCK increase across time? 

The results of the POSTT are summarized in this section. 

Cohort 1 

Figure 15 shows the mean scores for the POSTT pre- and post- academies in summers 2017, 
2018, and 2019. We see an increase in scores between summer 2017 and summer 2018, but a 
slight decrease in summer 2019.  

 

Figure 15. Cohort 1 Teachers’ Mean Science Pedagogical Content Knowledge (PCK) Across 
Time 
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To determine the existence of a significant change across time points, a repeated measures 
ANOVA was conducted.  The repeated measures ANOVA accounts for the dependency involved 
with surveying the same individuals at multiple time points.  Table 21 illustrates that the repeated 
measures ANOVA with sphericity assumed across the six time points was significant. Post-hoc 
analyses, in Table 22, revealed significant mean differences between Summer 2017 Pre and 
Summer 2018 Post, Summer 2017 Pre and Summer 2019 Pre, and Summer 2017 Pre and 
Summer 2019 Post. 

Table 21  

Repeated Measures ANOVA Across POSTT Timepoints  
Source Sums of Squares df MS F P-Value 
Time  1.083 5 0.217 3.91 .006 
Error 1.942 35 0.055   

 
Table 22 
 
Significant Tukey-adjusted comparisons for POSTT: Cohort 1 

Pairs Mean Difference P-Value 
Summer 17 Pre – Summer 18 Post 0.388 0.026* 
Summer 17 Pre – Summer 19 Pre 0.363 0.043* 
Summer 17 Pre – Summer 19 Post 0.400 0.020* 

 
Cohort 2 Year 1 
 
Figure 16 shows the mean scores for the POSTT in summer 2018 for all teachers who completed 
the academy.  The post-POSTT score was slightly higher than the pre-POSTT score.  
 

 
Figure 16. Cohort 2 Year 1 Teachers’ Mean Science Pedagogical Content Knowledge (PCK) 
Across Time 
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When a t-test was conducted, this increase was found to be significant, as shown in Table 23. 
 
Table 23 
 
Paired t-test for POSTT Cohort 2 Year 1   
Pre M (SD) Post M (SD) Difference (SD) t-statistic P-Value 95% CI 
3.0 (0.44) 3.2 (0.32) 0.24 (0.44) 2.41 0.03* (0.03,0.44) 

 
Cohort 2 Year 2  

Figure 17 shows the mean scores for the POSTT across time for all teachers who completed both 
years of the academy.  In both years, the post-POSTT score was slightly higher than the pre-
POSTT score.    

 

Figure 17. Cohort 2 Year 2 Teachers’ Mean Science Pedagogical Content Knowledge (PCK) 
Across Time 

A repeated measures ANOVA was conducted to investigate significant changes in mean content 
knowledge over time. Table 24 illustrates the results of the ANOVA test. The insignificant p-
value suggests no change in teachers’ content knowledge across the four time points.  

Table 24  
 
Repeated Measures ANOVA POSTT C2  

Source Sum Squares df Mean Squares F P-Value 
Time 0.30 3 .098 1.19 0.33 
Error 2.48 30 .083   

For the mean, standard deviation, minimum, and maximum of the scores indicting self-reported 
frequency for each cohort, see the data tables in the Supplemental Appendix document here 
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https://smu.box.com/s/ombb4wlkkrnfzj8y3jup3dm972gyk2ig. Means and standard deviations on 
individual items by cohort are also included.   

Cohort 1 teachers improved in their science PCK across the three years, which was also captured 
by the science content domain on the UTOP discussed in the previous section.  Cohort 2 teachers 
did not exhibit the same level of growth as cohort 1 teachers, as measured on the POSTT, but 
cohort 2 teachers’ PCK increased significantly during the first summer of the program.   

Teacher Science Efficacy 

Based on the STEBI, to what extent did teachers feel efficacious in teaching science? Did 
teachers’ science self-efficacy increase across time? 

Cohort 1 

Figure 18 shows the mean scores for cohort 1 teachers’ personal science teaching efficacy 
beliefs, their science teaching outcome expectancy, and items on the STEBI overall.  At all 
timepoints, the personal science teaching efficacy beliefs were higher than the outcome 
expectancy.  From the first year to the third year, the teachers’ personal science teaching efficacy 
beliefs increased, while their science teaching outcome expectancy decreased.   

Of note, one teacher in fall 2018 rated more than half of the items for personal science teaching 
efficacy on the survey with a value of 2 (disagree).  This same teacher at all other timepoints 
rated all of these items as 4 (agree) or 5 (strongly agree).  Due to the small sample size, this 
disagreement in the fall of 2018 led to a lower personal science teaching efficacy score, which in 
turn contributed to a lower overall score. We decided to retain this teacher given that we believe 
that all teachers responded in ways that reflected their beliefs at the time of the survey.   
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Figure 18. Cohort 1 Teachers’ Mean Self-Efficacy for Teaching Science Across Time 
Note: Cohort 1 fall 2017 survey data were not collected because SMU was awaiting approval from Dallas ISD. 
Dotted lines connect summer 2018 and spring 2018 to indicate that this timepoint was not collected for cohort 1 
teachers. 

Table 25 details the results of a repeated measures ANOVA analysis, which revealed no mean 
differences between time points. 

Table 25 

Repeated Measures ANOVA for STEBI Overall: Cohort 1 
Source Sum Squares df Mean Squares F P-Value 
Time 0.743 7 0.106 2.037 0.078 
Error 1.824 35 0.052   

Cohort 2 Year 1 
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Figure 19 shows that for cohort 2 teachers who completed the first year, the personal science 
teaching efficacy beliefs decreased from summer 2018 to fall 2018 but returned to baseline in 
spring 2019.  For science teaching outcome expectancy, the means remained stable during the 
three timepoints measured during this year.   

 
Figure 19. Cohort 2 Year 1 Teachers’ Mean Self-Efficacy for Teaching Science Across Time 

A repeated measures ANOVA was conducted to investigate significant changes in mean overall 
teacher beliefs over time. Table 26 illustrates the results of the ANOVA test. The insignificant p-
value suggests no change in teachers’ overall self-efficacy. 

Table 26 
 
Repeated Measures ANOVA Across STEBI Timepoints: Overall  
Source Sums of Squares df MS F P-Value 
Time  0.190 2 0.095 1.365 0.266 
Error 3.066 44 0.070   

Cohort 2 Year 2 

Figure 20 shows that for the cohort 2 teachers who completed both years, the personal science 
teaching efficacy beliefs remained relatively constant across all six timepoints.  The decrease 
during the fall of 2018 noted in the cohort 1 year 1 only data is also present here, and the second 
year shows no change in mean personal science teaching efficacy beliefs.  For science teaching 
outcome expectancy, the means increased slightly during the three timepoints measured during 
year 1, and then decreased slightly during year 2.   
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Figure 20. Cohort 2 Year 2 Teachers’ Mean Self-Efficacy for Teaching Science Across Time 

A repeated measures ANOVA was conducted to investigate significant changes in mean teacher 
science efficacy beliefs over time. Table 27 illustrates the results of the ANOVA test. The 
insignificant p-value suggests no change in teachers’ personal science teaching efficacy beliefs 
or science teaching outcome expectancy. 

Table 27 
 
Repeated Measures ANOVA Across STEBI Timepoints: Overall  
Source Sums of Squares df MS F P-Value 
Time  0.152 5 0.030 0.717 0.614 
Error 1.904 45 0.042   

For the mean, standard deviation, minimum, and maximum of STEBI scores for each cohort, see 
the data tables in the Supplemental Appendix document here (available upon request). In 
addition, descriptive statistics on individual items are included.  

In general, the STEBI results do not indicate significant changes in cohort 1 or 2 teachers’ 
science self-efficacy. The results from the STEBI appear to be unaffected by the cohort 2 
teachers’ participation in the STEM Academy, because no significant changes were observed.  
For the cohort 1 teachers, the personal science teaching efficacy beliefs increased over the course 
of the academy, but their science teaching outcome expectancy decreased slightly. However, 
these changes were not statistically significant.  
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Teachers’ Perceived Importance and Confidence in Active Learning 

Based on the STEM PPC, to what extent did teachers report importance and confidence in using 
active learning in their classrooms? Did teachers’ perceived importance and confidence 
increase across time? 

Cohort 1 

In this analysis, we investigated the extent of cohort 1 teachers’ perceived importance and 
confidence. Figure 21 shows that the extent of cohort 1 teachers’ perceived confidence increased 
from summer 2017 to spring 2020 with a slight decrease from spring 2018 to summer 2018.  The 
cohort 1 teachers’ perceived importance remained constant across this timeframe and was higher 
at each timepoint than their perceived confidence.  The STEM PPC was measured on a four-
point scale, so a ceiling effect may be responsible for the static responses of the cohort 1 
teachers, especially since they consistently rated the importance as near the top available score.  
 

 
Figure 21. Cohort 1 Teachers’ Mean Perceived Importance and Confidence in using Active 
Learning Strategies Across Time 
Note: Cohort 1 Fall 2017 survey data were not collected because SMU was awaiting approval from Dallas ISD. 
Dotted lines connect summer 2018 and spring 2018 to indicate that this timepoint was not collected for cohort 1 
teachers. 

Table 28 describes the insignificant mean differences by time on both the importance and 
confidence scales.  

Table 28  

Repeated Measures ANOVA for Importance and Confidence: Cohort 1 
Source Sums of Squares df MS F P-Value 
Importance      
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Error 1.415 28 0.501   
Confidence      

Time 0.746 7 0.107 1.359 0.261 
Error 2.196 28 0.078   

Cohort 2 Year 1 

In this analysis, we investigated the extent of cohort 2 teachers’ perceived importance and 
confidence in using classroom active learning.  Figure 22 shows that cohort 2 teachers’ perceived 
importance decreased over the year, while the extent of confidence increased between these 
seasons.   

 
Figure 22. Cohort 2 Year 1 Teachers’ Average Perceived Importance and Confidence in using 
Active Learning Strategies Across Time 
 
A repeated measures ANOVA was conducted to investigate significant changes in mean 
importance and confidence over time. Table 29 illustrates the results of the ANOVA test. The 
significant p-value suggests a significant change in both teachers’ importance and confidence in 
using active learning strategies. Similar to cohort 1, there may be a ceiling effect due to the use 
of a four-point scale on STEM PPC.   
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Table 29 
 
Repeated Measures ANOVA Across Importance and Confidence Timepoints  
Source Sums of Squares df MS F P-Value 
Importance      

Time 0.443 2 0.217 4.788 0.013 
Error 2.218 49 0.045   

Confidence      
Time 0.884 2 0.442 4.839 0.012 
Error 4.476 49 0.091   

 

Cohort 2 Year 2 

In this analysis, we investigated the extent of cohort 2 teachers’ perceived importance and 
confidence in using classroom active learning.  Figure 23 shows that cohort 2 teachers’ perceived 
importance decreased slightly over the two years while their perceived confidence increased 
slightly over the timeframe.   
 

 
Figure 23. Cohort 2 Year 2 Teachers’ Average Perceived Importance and Confidence in using 
Active Learning Strategies Across Time 

A repeated measures ANOVA was conducted to investigate significant changes in perceived 
importance and confidence, and Table 30 illustrates the results of the ANOVA test. The 
insignificant p-value suggests no change in teachers’ perceived importance and confidence 
across the five time points. 
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Repeated Measures ANOVA Across STEBI Timepoints  
Source Sums of Squares df MS F P-Value 
Importance      

Time 0.295 5 0.059 1.138 0.354 
Error 2.331 45 0.052   

Confidence      
Time 0.519 5 0.104 1.335 0.267 
Error 3.501 45 0.078   

There is some evidence that teachers’ confidence increased slightly over time. Cohort 2 teachers 
who participated in the first year of the program increased significantly in their confidence, but 
this trend was not observed during the second year of the program with the smaller sample of 
cohort 2 teachers. Teachers’ perceived importance either did not change or decreased across the 
course of the program. Cohort 2 teachers who participated in the first year of the program 
decreased significantly in perceived importance, but this trend was not observed during the 
second year.  
 
Perceived importance was consistently higher than the perceived confidence.  This indicates that 
across all timepoints and within each cohort, the teachers involved in the STEM Academy 
thought active learning strategies were important, regardless of how well they felt they were able 
to implement them.  

Conclusions  
The STEM Academy supported the participating teachers in several ways including summer 
professional development and mid-year coaching. It was expected that by offering training and 
support in active learning and inquiry-based instruction, teachers would increasingly implement 
these pedagogical strategies in their classrooms. In order to assess the success of the STEM 
Academy, the teacher outcomes were evaluated based on teacher implementation of active 
learning, teacher PCK, teacher science self-efficacy, and the teachers’ perceived importance and 
confidence regarding the implementation of active learning in their classrooms.    

Teacher implementation of active learning was determined through the use of three different 
measures.  These measures included a teacher self-report, an evaluation by the coach, and an 
evaluation by external observers with no relationship to the teacher.  Self-reports and external 
raters tended to indicate that teachers’enacted active learning practices increased across time 
with significant increases in lesson structure, implementation, and science content observed by 
external raters depending on cohort.  However, coaches’ observations tended to indicate 
fluctuation or slight decreases in scores across time. This suggests that the relationship between 
the rater and teacher may influence scores. In general, increases across time were more 
consistent for cohort 1 teachers, suggesting that these teachers differ somehow from cohort 2 
teachers, but it is not possible make comparisons in this report, because these two groups are 
comprised of different individuals. 

Two of the measures used resulted in different trends of teacher implementation.  The UTOP 
indicated increased scores in all four measured domains across the full range of captured time 
points. Conversely, the STEM TOP evaluated by coaches did not show this same trend of 
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improvement. The difference in trends between the coaches’ observations with the STEM TOP 
and the external evaluators’ observations with the UTOP suggest that rater drift phenomenon 
may need to be examined to better understand the results of this study, and in future 
implementations of programs like the STEM Academy.   

Regarding teacher science self-efficacy, and the teachers’ perceived importance concerning the 
implementation of active learning in their classrooms, no consistent increases were measured 
across cohorts.  Informed by Bandura’s social learning theory, self-efficacy relates to teachers’ 
beliefs that an action will have a favorable result (outcome expectation) and that they can 
perform the action successfully (self-efficacy expectation) (Bleicher, 2004). Teachers with 
higher self-efficacy for teaching are more likely to implement innovative, evidence-based 
instructional practices. For example, Tschannen-Moran and McMaster (2009) observed increases 
in teachers’ implementation of evidence-based reading strategies in classrooms of teachers with 
higher self-efficacy. Existing research shows that teacher self-efficacy is responsive to 
professional development (PD) in reading (Nadelson et al., 2013; Tschannen-Moran & 
McMaster, 2009) and mathematics (Ross & Bruce, 2007). Authors of both studies identified 
statistically significant increases in self-efficacy attributable to teacher participation in PD. We 
hypothesized that we would observe increases in teachers’ science self-efficacy, which would 
contribute to increased implementation of STEM instructional strategies. 

During the first year of participation, cohort 2 teachers did show an improvement in their 
confidence level regarding the implementation of active learning strategies, but this growth was 
not maintained through the second year with a smaller sample.  Relative to cohort 2 teachers, 
cohort 1 teachers consistently scored higher on measures of frequency, implementation, and 
PCK, so it is possible that they have a more positive outlook on their own pedagogical abilities.  

Following STEM-focused PD, teachers often experience unanticipated challenges translating 
STEM practices to their specific contexts (Kelly, Gningue, & Qian, 2015). Teachers who believe 
in the importance of STEM tend to overcome those challenges more efficiently compared to 
other teachers (Allen, Webb, & Matthews, 2016). As such, viewing STEM as important is 
especially critical when teachers encounter colleagues, parents, or school or district leadership 
who are less knowledgeable about STEM.   Cohort 1 teachers taught predominantly Grade 8 
students in both 2017-18 (71%) and 2018-19 (59%) and then majority Grade 7 students in 2019-
20 (73%). Cohort 2 teachers taught majority Grade 8 students in 2018-19 (40%), but then 
majority Grade 6 students in 2019-20 (51%). It is possible that differences exist in the content 
standards of the grade levels, that there could be challenges associated with changing grade 
levels, or that there are inherent differences in the training and ability levels of teachers who are 
assigned to Grade 8 versus Grade 7 or Grade 6 classes.   
 
Content knowledge (CK) is defined as content-specific knowledge about a discipline; whereas, 
PCK is defined as the integration of CK and appropriate pedagogy for teaching that knowledge 
(Shulman, 1986; van Driel et al., 1998). This type of knowledge is necessary to make learning 
accessible to students. Existing research demonstrates a strong connection between teachers’ 
science and mathematics PCK and student academic achievement (Gess-Newsome, 2013; Keller, 
Neumann, & Fischer, 2017). Teachers with stronger mathematics PCK were more likely to 
engage students cognitively in higher-level tasks during instruction, rather than focus on lower-
level procedural knowledge (Baumert et al., 2010). A recent meta-analysis found that STEM-
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focused teacher PD focused on both CK and PCK increased students’ academic achievement 
(Lynch et al., 2019).   
 
Teacher confidence in their ability to teach STEM correlates with teachers’ CK and enacted 
science instruction (Munck, 2007; Nadelson et al., 2013). Teachers who were more confident in 
their ability to implement STEM instructional strategies were also more likely to incorporate 
inquiry-based instruction; whereas, other teachers expressed hesitation and doubt (Nadelson et 
al., 2013). In addition, teachers’ confidence for teaching STEM is responsive to PD. Nadelson et 
al. (2013) observed a statistically significant increase in teachers’ confidence with an effect size 
of 0.48 following a three-day PD experience designed to increase teachers’ STEM confidence. 
The STEM Academy includes a strong emphasis on building teachers’ confidence for 
implementing STEM instruction. As such, we anticipated that we would observe increases in 
teachers’ confidence for teaching STEM across time.  There were significant increases in science 
content as measured by the UTOP and PCK. In addition, teachers’ confidence seemed to increase 
slightly, although only significantly for cohort 2 year 1.  This may suggest that the STEM 
Academy influences teachers’ science content implementation and PCK. 

Finally, in a different study that utilized qualitative interviews, it was found that teachers 
implemented active learning strategies in differential patterns (Adams, Knox, Hatfield, & 
Ketterlin-Geller, 2020).  These differential patterns stem from variation in the frequency and 
quality of the teachers’ implementation, which could also be linked to the student motivation in 
those classes, and ultimately the teachers’ overall scores captured on a protocol such as the 
STEM TOP or UTOP.  Although this work is ongoing, it may provide an additional lens through 
which to consider the results presented in this report 

One limitation of this study is that no comparison group of teachers was evaluated.  Only the 
teachers participating in the STEM Academy and receiving treatment were given the surveys and 
observed.  Therefore, we are unable to determine whether the change observed in certain 
indicators is attributable to teachers’ participation in the STEM Academy.   

Recommendations 
Four recommendations for improving the STEM Academy in the future are suggested, based on 
the results and analysis within this report.   

1. For future iterations or similar programs to the STEM Academy, it is important to include 
external raters during the observation process.  The trends observed in this report suggest 
that coaches’ scores may have been influenced by their relationship with the teacher, 
since the UTOP increased across time while the STEM TOP decreased.  External raters 
are essential for identifying if this discrepancy exists in the observational data and 
allowing researchers to quantifying this gap.   

2. In order to further alleviate the possibility of rater drift, future implementations of 
programs similar to the STEM Academy should consider specific coach training in order 
to reduce possible bias.  Although both the STEM TOP and the UTOP observational data 
produced interesting trends that this study could examine, the overall messages were at 
times contradictory.    
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3. In general there was not consistent evidence of change across years in the outcomes 
included in this study. One reason for this might be change in grade levels or other school 
factors. We recommend to the extent possible that teachers teach same grades across 
years to encourage developing expertise is specific content and process standards by 
grade and reduce possible obstacles in navigating new grade levels.  

4. Finally, it is important to examine and understand the profiles of schools and teachers 
who are successful in implementing active learning. This might include a needs 
assessment or measure of readiness for active learning. This report focuses on describing 
teacher trends in the aggregate, but is likely extensive variability exists in teachers’ 
experiences within the program depending on teacher and school factors. Efforts should 
be made to better understand individual teachers’ experiences based on teacher 
interviews and other factors.     
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Appendix A – STEM PPC 
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Describe characteristics of project-based learning. 
Describe characteristics of maker-based education. 
Describe an example of how you have integrated mathematics into a science lesson. 
Describe a typical professional learning community meeting on your campus.  
What informal learning settings have you used to enhance your instruction and engage your 
students?  
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Appendix C – POSTT 

Pre-Test: 
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Post-Test: 

 



 

 54 

 



 

 55 

 

 


