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Current education law in the US

It lays the 
responsibility of 
addressing teacher 
effectiveness on the 
state.

It is up to the states 
how they monitor 
OOFT, and resolve the 
disproportionate 
occurrence of OOFT in 
low income and 
minority serving 
schools.



Without an agreed upon definition, it becomes 
difficult to understand the magnitude of OOF teaching 

The criteria within the 
definition can vary from 
the teacher lacking 
adequate certification 
to detailed measures 
such as, credit hours in 
the content area or the 
amount of instructional 
time spent OOF in a day

(U.S. Department of 
Education, 2018).



Hidden in Plain Sight

•Edit Master text styles
• Second level

• Third level
• Fourth level

• Fifth level

OOF teaching has been 
recognized and researched 
for more than two 
decades. Yet the issue 
continues to exist due to 
high rates of teacher 
turnover, attrition, and 
misassignments.



Prevalence of 
Science OOFT in the 
US

(Rahman et al., 2017)



 Teaching Reform-based Standards

The NGSS require teachers to adopt 
reform-based practices, and prioritize 
implementation of SEPs

OOF science 
teachers may not 
have the expertise 
or sufficient 
training to 
implement aspects 
of the standards

(Napier et al, 2020
Singh et al, 2021)



(Gao et al, 2018) 

Insufficient training in NGSS a challenge for teachers

However, there is no data on implementation of NGSS by OOF teachers

Implementation of the NGSS has been found to be uneven in California
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SEPs are a crucial part of the 
standards

Practices reflect the work of 
scientists and engineers 

8 SEPs are the experiences 
teachers should provide students

Engaging students in SEPs leads to 
improved learning and 

understanding of science

(National Research Council, 2012)
(Lead States, 2013)  



Research questions
Q1 How does secondary science teachers’ personal Pedagogical 
Content Knowledge (pPCK) of Science and Engineering Practices 
(SEPs) of creating and using models, analyzing and interpreting data, 
and engaging in argument from evidence compare between in-field 
and OOF science teachers?

Q2 Does the high level of pPCK of the science and engineering 
practices ensure their implementation in classroom instruction? 



(National Research Council, 2012)
(Lead States, 2013)  

SE
Ps

Engaging in argument 
from evidence

Creating and using 
models

Analyzing and 
interpreting data
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pPCK is the knowledge of, and reasoning 
behind teaching a particular topic, in a 
particular way, for a particular purpose

Teachers draw upon this reservoir of 
knowledge and skills while teaching

pPCK reflects their own dynamic teaching 
and learning experiences, as well as 

contributions of others
(Carlson & Daehler, 2019)

Framing of the Study
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 ePCK is the specific knowledge and           
skills utilized by an individual 
teacher for instruction

How a teacher enacts their PCK 
reflects the context of the school, 
the classroom, student and teacher 
interactions, the teacher’s 
understanding of the science subject 
matter as well as their pedagogical 
knowledge and skills

(Carlson & Daehler, 2019)

Framing of the Study



Participants
In-Field Teachers

Out-of-field Teachers

Equally 
IF and OOF

Completely 
OOF



Participants

Completely 
OOF

Teacher Pseudonym IF/OOF

Daisy 1

Rosy 1

Noel 1

Juan 1

Nicole 1

Raj 1

Mia 1

Brandon 1

David 2

Joseph 2

Emma 2

Aurora 2

Teresa 3

Rita 3

Jasmine 3



Data Collection
Weekly-Overview Interviews

One week of instruction

Three times a year

Total of 30 days of instruction

       Video Based Interviews

Shown three 1-2 minute videos

Each video focused on one SEPs



Data Collection
        Video Based Interviews: pPCK

Shown three 1-2 minute video clips

Each video focused on students 
engaging in one SEP

Asked if they saw something important 
to the teaching of science, explain 
reasoning



Data Analysis: pPCK
State the SEP Describe the SEP Interpret the SEP

State the appropriate 
SEP’ name (NGSS) or 
their state's language 
(2)

IONIC-aligned 
description of SEP (2)

Interpret, evaluate, analyze, or 
predict the correct SEP shown in 
the video regarding science 
education (2)

State the SEP’s by 
their own words (1)

Partially 
IONIC-aligned 
description of SEP (1)

Interpret, evaluate, analyze, or 
predict the correct SEP shown in 
the video regarding non science 
education (1)

Not state the SEP(0) Wrongly describe the 
targeted SEP or do 
not describe the SEP 
(0)

Do not interpret evaluate, 
analyze, or predict the SEP or 
interpret evaluate, analyze, or 
predict the wrong SEP (0) 

Rubric to determine the level 
of student engagement with
The SEPs (Chen & Tarda, 2021)

5 or 6= Well developed pPCK
3 to 4= Developing pPCK
1 or 2= Limited pPCK



Data Collection
           Weekly Overview: ePCK

One week of instruction

Three times a year

Total of 30 days of instruction



Data Analysis: ePCK

Frequency 
Table ePCK



Findings RQ1: 
IF teachers had a 
better developed 
pPCK than OOF 
teachers

Teacher 

Pseudonym IF/OOF

pPCK score of 
Developing 
and using 
models

pPCK score of 

Analyzing 

and/or 

interpreting 

data

pPCK of 

Engaging in 

argument from 

evidence
Daisy 1 1 1 2
Rosy 1 1 3 1
Noel 1 2 1 2
Juan 1 3 3 2
Nicole 1 3 3 2
Raj 1 3 3 2
Mia 1 3 3 3
Brandon 1 2 2 1
David 2 1 1 1
Joseph 2 1 1 2
Emma 2 1 2 2
Aurora 2 2 1 2
Teresa 3 2 1 1
Rita 3 1 2 1
Jasmine 3 1 2 2

pPCK: 3=Well developed pPCK, 2=Developing pPCK, 1= Limited pPCK



12 years teaching 
physical science.
Undergrad degree in 
History
Called herself a fake 
science teacher

Teacher 

Pseudonym IF/OOF

pPCK score of 
Developing 
and using 
models

pPCK score of 

Analyzing 

and/or 

interpreting 

data

pPCK of 

Engaging in 

argument from 

evidence
Daisy 1 1 1 2
Rosy 1 1 3 1
Noel 1 2 1 2
Juan 1 3 3 2
Nicole 1 3 3 2
Raj 1 3 3 2
Mia 1 3 3 3
Brandon 1 2 2 1
David 2 1 1 1
Joseph 2 1 1 2
Emma 2 1 2 2
Aurora 2 2 1 2
Teresa 3 2 1 1
Rita 3 1 2 1
Jasmine 3 1 2 2



Findings RQ2:
Teachers with 
higher pPCK did 
not necessarily 
integrate SEPs in 
their classroom 
instruction 

▪pPCK and ePCK of Creating and Using 
Models



Findings RQ2:
Teachers with 
higher pPCK did 
not necessarily 
integrate SEPs in 
their classroom 
instruction 

▪pPCK and ePCK of Analyzing and 
interpreting data



Findings RQ2:
Teachers with 
higher pPCK did 
not necessarily 
integrate SEPs in 
their classroom 
instruction ▪pPCK and ePCK of Engaging in Argument 

From Evidence
▪This was the least implemented SEP

OOF

OOF

IF



Discussion

Lower pPCK of SEPs by 
OOF physical science 

teachers

Knowledge of content 
and SEPs in OOF 

content area (physical 
science)

Knowledge of content 
and SEPs in in-field 

content areas 

Developing      knowledge 

The ability to develop 
pPCK and enact it in the 

classroom may be 
science subject specific 

OOF teachers may not 
be able to translate 

their knowledge of SEPs 
into other science areas

OOF science teachers 
may need extra support 
to develop expertise in 
reform-based science 

teaching



Discussion: RQ2

(Singh et al., 2020), 
(Napier et al., 2020)

High level of pPCK of the SEPs does not ensure their 
implementation in classroom instruction, for IF and OOF 
teachers

Context matters. Factors like teachers’ beliefs in the role of 
SEPs in science learning, resources available like time and 
curriculum materials etc. may influence the 
implementation of the SEPs

PD targeted at the SEPs might need to (1) address multiple 
faces of SEPs enactment, and (2) differentiate the support 
based on the teachers’ background (e.g., in-field or OOF)



Questions?



Thank You!
For questions contact hsingh49@csustan.edu

harrleen@gmail.com
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