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Abstract  

Dallas Independent School District (ISD) is a large school system serving a majority percentage 
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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 
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STEM Academy Teacher Outcomes 
Program Evaluation: Cohorts 1 and 2 

!"#$%&'()*+
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, 
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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 
affect
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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-
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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 
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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 
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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 
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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
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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).  
 

:."7(&.7+
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 
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includes 22 items, 
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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 
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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
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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 
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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 
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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   

 
Table 12 
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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* 
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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 
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Figure 10. Cohort 1 Teachers’ Mean 
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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    
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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 
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Figure 13. Cohort 2 Year 2 Teachers’ Mean UTOP Scores Across Time based on External Rater 
Observations 
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Table 20 
 
Repeated Measures ANOVA by UTOP Scale   
Scale Source SS df MS F P-Value 
Classroom Culture       
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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, 
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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
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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 
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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. 
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Teacher
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Error 1.415 28 0.501   
Confidence
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Repeated Measures ANOVA Across STEBI Timepoints  
Source Sums of Squares df MS F P-Value 
Importance



 

 38 

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-
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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 



 

 40 

3. In general there was not consistent evidence of change across years in the outcomes 
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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 B – STEM TOP 
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Appendix C – POSTT 

Pre-Test: 
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Post-Test: 
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