
Why Pedagogy Professional 
Learning is Critical
(And how to fit it into your busy schedule!)

Teachers are the most important factors in the quality of a student’s 
STEM education. Research indicates that students achieve more 
when instructed by a highly effective teacher (Margot & Kettler, 
2019; Chetty, Friedman, & Rockoff, 2011; Effective teachers, 2003; 
Hanushek, Kain, O’Brien, & Rivkin, 2005; Kaplan & Owings, 2002) 

But, what exactly does "highly effective" mean? According to research, highly effective 
teachers have deep pedagogical content knowledge (PCK).  In fact, research shows 
that PCK is “the greatest single contributor to explaining student progress” (Baumert 
et al., 2010). Gess-Newsome defined PCK as “the knowledge of, rationale behind, 
planning for, and act of teaching a specific piece of subject matter, in a specific 
context, to support student learning of the material” (Gess-Newsome, 2015). 
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This research has large implications for school districts because often a majority of the 
focus on improving student achievement is placed on selecting the "best" curriculum - 
and subsequently training teachers on how to "correctly" implement that curriculum.

To investigate how curriculum alone impacts student learning, StarrMatica conducted 
research funded by a Small Business Innovation Research Grant from the National 
Institute of Food and Agriculture.  We gave teachers a high-quality, NGSS-aligned 
science lesson plan.  We then observed each teacher executing the plan with her 
students and evaluated her teaching with the Science Teaching Inquiry Rubric which 
measures the quality of science instruction.
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The results were astounding. All 12 teachers - some with several years of experience 
and others with decades - did not score well on the rubric, meaning their teaching was 
not likely to result in long-term student learning.  On a scale of 1 to 18 with 1 
representing the most well taught lesson, no one scored below a 16!  While the teachers 
had in their hands a well constructed lesson with the potential to impact student 
understanding of a key science concept, the teachers did not have the pedagogical 
content knowledge to teach it in a way that would move student thinking forward.

To really understand the impact of pedagogical knowledge on 
student learning, it is helpful to observe teaching in action. 
We're going to listen in on the same lesson (from a high-
quality curriculum) being taught by two different teachers.  
While there are several key aspects of pedagogy, in this 
example, we'll focus on the teacher's questioning skills.  First, 
let's look at a teacher who has not be trained in science 
instructional pedagogy - specifically productive questioning.



STUDENT: I think maybe people used to fish for lionfish and now they don’t.
TEACHER: OK, why would people stop fishing for them?
STUDENT: Maybe we used to eat them and now we don’t.
TEACHER: Maybe, but have you ever eaten lionfish or seen it on a menu or at the store?
STUDENT: No.
TEACHER: Me either, so let’s keep thinking.
STUDENT: Maybe something in the water changed, and it makes it easier for them to 
lay more eggs?
TEACHER: OK, what might have changed in the water?
STUDENT: Maybe global warming?
TEACHER: OK. But, I’m not sure if global warming affects the number of eggs that 
fish lay. So, let’s focus on a cause we know something about already. What is an 
animal called if it is food for another animal? What is that science word we learned?
STUDENT: Predator.
TEACHER: Nope, not predator. What's the opposite of a predator?
STUDENT: Prey.
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TEACHER: We just 
watched a video that 
showed how the lionfish 
population has 
exploded in the waters 
around Florida over the 
last thirty years. 

Why do you think that 
might have happened?



In this example, the teacher narrows the discussion right from the start by telling the 
students what they were supposed to notice about the video: The lionfish population 
has exploded. And then has them speculate why this has happened. Four of the 
following questions are asking students for a yes/no response or a recall of a fact. 
Three of the questions are leading students towards specific conclusions about 
fishing, differences in the water, or predator/prey relationships. 

The student answers to these types of questions do not reveal a student’s reasoning 
process or prior knowledge. The questions and the way the teacher responds to 
student answers communicates to the students that the teacher is looking for a 
correct answer that has been determined by the teacher. And through the teacher’s 
responses, she even reveals to students the answer to the research they are now 
expected to complete.
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TEACHER: Right. Think about what we have learned about predators and prey. If a 
lionfish is prey, what might be causing their number to increase?
STUDENT: Maybe there aren’t enough predators to eat them.
TEACHER: Right! Off the coast of Florida, there aren’t enough lionfish predators. This 
is because lionfish aren’t native to the Florida region. They aren’t supposed to be 
there. Now we’re going to do a little more research to learn about how the lionfish got 
into non native waters and why their population is exploding.

 www.starrmatica.com
emilystarr@starrmatica.com

Why Pedagogy Professional Learning is Critical
(And how to fit it into your busy schedule!)

If this exchange sounded familiar, you are not alone.  Research 
shows that fewer than 1 in 5 lessons even incorporate effective 
questioning.  Yet, questioning is essential to an inquiry-based 
science classroom.  You cannot have science instruction that 
moves student thinking forward without effective questioning.
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TEACHER: OK. Can you clarify what you mean by end and beginning?
STUDENT: Yeah, well..you know, at the beginning of the video…when it says 1995 on
the screen and then at the end of the video when it says 2015. 
TEACHER: Would anyone like to add on to what Alex observed?
STUDENT: I also noticed that the red lionfish areas were spread out all over the map in
2015.
TEACHER: Alex and Nadia noticed that the lionfish population grew and spread out
from 1995 to 2015. What do you wonder about Alex and Nadia's observation? Turn and
talk to a partner about it.

 

(Wait time is given for discussion.)
 

TEACHER: OK, is there a pair that would like to share their wondering?
STUDENT: We wondered why there were so many more lionfish in 2015, like what
caused that to happen? (Teacher records wondering on the board in the form of a
question.) 
TEACHER: Who else would like to share their wondering? 
STUDENT: We wondered why there weren’t many lionfish in 1995.
TEACHER: Can you say more about that?

TEACHER: We just watched a video that showed a time lapse 
map of the lionfish population off the coast of Florida. What did 
you notice in the video?
STUDENT: I noticed that there were a lot more lionfish at the 
end than at the beginning.

Now, let's take a look at the same lesson delivered by a 
teacher who has received professional learning on 
effective questioning.
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What caused there to be so many more lionfish in 2015?
Why were lionfish only in one spot on the map in 1995?
What problems might be caused by too many lionfish?

STUDENT: Well, there was only one spot on the map in 1995. And we were wondering
why lionfish were only in one area back then because they were in so many different
places on the map in 2015. (Teacher records wondering on the board in the form of a
question.)
TEACHER: Did another group have a different wondering?
STUDENT: We were talking about how all of those lionfish might be causing a problem.
TEACHER: Can you tell us more about that?
STUDENT: Well, my uncle goes deer hunting and he told me the state is giving out a lot
more licenses to hunt deer because there are too many of them, and they are
destroying crops and killing some forest areas because there isn’t enough food for
them.
TEACHER: So you are wondering if there might be too many lionfish which causes
problems just like too many deer causes problems?
STUDENT: Yeah. (Teacher records wondering on the board in the form of a question.)
TEACHER:  So our current wonderings include:

In this example, the teacher’s questioning techniques helped students to share their
own varied observations about the video and to explain their reasoning based on prior
experience. Not only does the teacher have a deeper understanding of her students’
thinking and prior knowledge, she has also motivated her students to want to learn
more about this phenomena and will be able to guide their research with questions
generated by the students themselves.
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Though it may sound easy, the discussion the second teacher was facilitating was 
anything but simple.  It was the result of her pedagogical skills mastery and prior 
planning. She thought in advance about the big ideas she wanted her students to 
explore and the productive questions she would like at the end of the discussion that 
would lead students to develop knowledge of concepts for themselves.  She knew how 
to respond to student answers in ways that encouraged participation, and she used 
talk moves to facilitate deeper thinking and productive discourse between students.

It was a successful lesson not only because of the way she designed and facilitated 
the discussion but because she had spent the previous few months working with her 
students on discussion norms so all students understood the rules of the discourse. 
She had been providing scaffolding so all students had an entry point for participation 
and requiring deep thinking of her students so they were used to the rigor of class 
discussions.  
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As these examples have shown, productive questioning is essential to an 
effective science lesson.  And questioning is just one of the pedagogical 
content knowledge areas in science.  Teachers need to possess deep 
content knowledge so they can anticipate and dispel student 
misconceptions. (For example: Do you know how many of your teachers 
misunderstand gravity and believe that heavier objects fall faster than lighter 
objects? It is a more pervasive belief than you may think! )  Teachers also 
need to understand the structure of standards so they can help students to 
examine new phenomenon using the crosscutting concepts and to use the 
science and engineering practices. This varied pedagogical knowledge 
simply cannot be scripted in a high-quality curriculum. 

Curriculum is only one piece of the puzzle. Teachers must master pedagogical content 
knowledge through effective professional learning. Pedagogical skills combined with a 
high-quality curriculum are what make deep student learning possible.



While training all of your teachers in effective pedagogy may 
seem daunting, the good news is that many of the skills are high 
impact teaching strategies - meaning they have a large affect on 
student achievement.  In addition, skills like questioning are 
transferrable and can improve instruction in all subjects - not just 
science. This makes time learning these skills worth the 
investment because of the exponential improvement that can be 
achieved with their application.

The Virtual Science Coach was designed to help 
administrators overcome time and resource obstacles to
improve student achievement in science regardless of 
curriculum materials or teacher experience.

CLICK HERE or scan the QR code to schedule your personal 
online tour to learn how our "bite-sized" coaching empowers 
busy teachers with the pedagogical knowledge they need to 
increase student achievement in science.
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Segmenting pedagogical skills can be a helpful strategy when planning professional 
learning time. Maybe this year you are going to work on questioning skills and next year 
you'll tackle content knowledge.  Skills can be implemented and mastered over time 
which makes long-term improvement more manageable and achievable.

https://calendly.com/starrmatica/vscwalkthrough
https://calendly.com/starrmatica/vscwalkthrough

