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What is STEM?

Why STEM?

• Address STEM workforce needs

• Improve STEM literacy

• Address grand challenges of the 

21st century



What is STEM?

Experts agree on some features of STEM integration

• Learning is contextualized by an authentic, real-world context 

(e.g., Breiner et al., 2012)

• Explicit connections between the disciplines (e.g., English, 2016)

• Application and development of 21st century skills (e.g., Bryan et 

al., 2015)

• Emphasis on student-centered pedagogies (e.g., Labov et al., 

2010)



Research in K-12 STEM

• There is no observation instrument to document K-12 integrated 

STEM instruction 

• A number of instruments that were designed for science and 

mathematics classrooms do not address integration 

– Reformed Teaching Observation Protocol (Sawada et a., 2002)

– UTeach Observation Protocol (Walkington et al., 2012)

– Classroom Observation Protocol for Undergraduate STEM (Smith et al., 

2013)



Collaborative Research: Design and 
Development of a K-12 STEM Observation 

Protocol is a four-year NSF grant that aims to 
create a valid and reliable observation 

instrument for use in science and engineering 
classrooms using integrated STEM approaches.

Gillian Roehrig, Emily Dare, Joshua Ellis, 
Elizabeth Ring-Whalen, Mark Rouleau

STEM Observation Protocol (STEM-OP)



Development of the STEM-OP

Video Review of Quality iSTEM Instruction

Collaborative Development of Draft of Items

Analysis and Consolidation: Lit Review, 
Conceptual Framework, Group Discussions

Item Levels

Item Description and Guidelines for Scoring

Final Result:
10 items, each 
including 4 
descriptive levels



Sample STEM-OP Item



Data Collection

• The project team viewed and scored classroom video of 
integrated STEM lessons from a prior NSF project

• Over a four-month period, 104 videos were scored, forming 
the basis for determining inter-rater reliability (IRR)

–IRR was determined for each individual item using Krippendorff’s
alpha

–An acceptable alpha of 0.6 was obtained for all items except Item 5, 
which reached an alpha of 0.58

• EFA was then performed on consensus scores from 314 
videos and all 10 instrument items



Data Analysis

• EFA was performed on 
scores from 314 videos

• Analysis revealed three 
components with eigenvalues 
greater than 1

• The χ2 fit of the model is given 
by p = 0.61

• The model explains 61% of 
the cumulative variance

Item Factor 1 Factor 2 Factor 3 Factor 4

1: Relating content to 

students’ lives

-0.32

2: Contextualizing 

student learning

0.90

3: Developing multiple 

solutions

0.53 0.38

4: STEM concept 

development

0.96

5: Integrating STEM 

content

0.62

6: Epistemic agency 0.38

7: Student 

collaboration

0.63

8: Evidence-based 

reasoning

0.82

9: Technology practices 

in STEM

0.60

10: STEM career 

awareness

Note: Loadings with an absolute value less than 0.30 are suppressed.



Factor 1:
Higher Order 
Thinking and 
Design 
Decisions

Activities that are representative of 
higher-order thinking and design 
decisions include: 

• The analysis and evaluation of 
STEM concepts (Item 4)

• The use of evidence-based 
reasoning (Item 8)

• The co-construction of 
knowledge with peers (Item 7)

• The development, evaluation, 
and redesign of multiple 
solutions (Item 3)



Factor 2:
Contexts for 
STEM learning

•The high loading of Item 2 
anchors this factor

•The loading of Item 3 suggests 
that students’ learning is 
contextualized by engaging 
students in an engineering 
design challenge (NGSS-
aligned)



Factor 3:
Data Practices •Composed of Items 6 and 9

– Evidenced by activities where 
students in data practices with a 
degree of student agency

• Item 1 exhibited a modest 
negative loading on this factor
– We observed that lessons relating 

content to students’ lives often 
occurred in the early lessons of an 
integrated STEM unit

– Students often engaged in data 
practices later in the unit without 
connection to student lives



Factor 4:
The Nature of 
STEM 
Integration

• Item 5 focuses on the degree to 
which content from multiple 
disciplines is integrated

•Connections between multiple 
disciplines must be made 
explicit for the students 



Factor 5:
STEM Career 
Awareness

•A relatively new approach in 
science and math classrooms

•Teacher shares specific details 
about STEM careers with students
• May reflect the teacher’s own 

understanding of STEM careers

•Activities relating to STEM careers 
can occur independently from 
activities that directly engage 
students in integrated STEM



Conclusions

• The results of the exploratory factor analysis provide 

validity evidence for the internal structure of the STEM 

observation instrument

• The relationships among the items reflect some of 

those expected from existing theoretical frameworks of 

STEM integration

• We conclude that the items loaded in each factor 

correlate to one another because they are indicators 

of latent constructs measured by the instrument



Next Steps

• Our next steps include conducting observations in new 

classrooms and conducting confirmatory factor analysis (CFA) on 

STEM-OP scores from those observations 

– The data set came from a previous project that used specific 

engineering-centric frameworks of integrated STEM education (Moore 

et al., 2014)

– Limited primarily to upper elementary and middle school classrooms

– Some events that are captured by our instrument occurred 

infrequently in this data set (i.e. STEM career awareness)



Questions?

Gillian Roehrig

roehr013@umn.edu
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