
“Why is physics so hard?” A story of bringing Physics Modeling Instruction to a New 
Zealand classroom 

Abstract: Physics Modeling Instruction is a research based pedagogy that aims to improve 
students’ understanding in physics. I traveled to Arizona in 2017 to complete a 3-week 
workshop in Physics Modeling Instruction. By implementing this instruction in my classrooms 
in 2018, I have more than doubled the number of students who reach a modest 
understanding of Newtonian mechanics, measured using the Force Concept Inventory.  

Key Points:  

• Physics education research is a large and established field of study in overseas 
universities and classrooms.  

• This research shows there is a mismatch in how teachers teach physics and how 
students actually learn it. 

• Physics Modeling Instruction has been designed and tested using research to bridge 
this mismatch. 

• This article details the author’s journey of learning about this type of instruction, 
implementing it in his classroom, and finally measuring the impact it had on his 
students.  

Physics education research is a well-established field that aims to bridge the gap between 
how students learn physics, and how their teachers teach it (Beichner, 2009). Research 
shows students persistently cling to a number of misconceptions in physics, even after 
repeated instruction (Hestenes, Wells, & Swackhamer, 1992; McDermott, 1993). Physics 
students often misuse scientific language, such as interchanging the terms “velocity” and 
“acceleration” when describing objects in motion or interchanging terms such as “force,” 
“momentum,” “energy” and “power” when describing Newton’s laws (Hestenes et al., 1992). 
Novice physicists have a fragmented understanding of physics concepts, and rely on rote 
learning of formulas; compared to expert physicists, whose knowledge is well organized and 
interconnected around the main concepts in physics. (Chi, Feltovich, & Glaser, 1981). 
Student-centred, interactive forms of learning can overcome these difficulties for teaching 
and learning in physics, and research shows them to be superior to the traditional 
“transmission” form of instruction (Hake, 1998). Physics Modeling Instruction is a research-
based interactive engagement form of teaching physics that improves both a student’s 
conceptual understanding in physics, and their ability to solve problems (Wells, Hestenes, & 
Swackhamer, 1995).  

I was very privileged to be awarded a Woolf Fisher Fellowship in 2016 to travel overseas 
and examine different teaching practices. I travelled to Phoenix, Arizona in June 2017, to 
take part in a Physics Modeling Instruction workshop. This article explains what Physics 
Modeling Instruction is, details my experience in the workshop, and finally catalogues how I 
have implemented Physics Modeling Instruction in my classroom in 2018.  

What are models? And what is Physics Modeling Instruction? 

Scientists use working models to help simplify and explain the natural world (Karplus, 1969). 
We model the planet earth as a sphere, although in reality it is slightly bulged at the equator 
and the surface is uneven because of the many mountains and valleys. Another working 
model is a particle model of matter, where although the interaction of atoms and sub-atomic 
particles are too difficult to comprehend, the model serves as an appropriate abstraction 
from reality. Still another working model is a mathematical model of motion, where physicists 



can make predictions of moving objects based on a set of mathematical equations such as 
the equations of motion for constant acceleration. 

Parallel to working scientific models are mental models. These are the models we construct 
in our heads, and they may or may not reflect scientific models. Experts in science have 
constructed mental models that closely resemble the working models described above, and 
therefore can use these models to help them solve problems and make predictions. What 
science teachers need to appreciate is that the mental models that students bring into the 
classroom, or even construct in our classrooms, are often very different from the working 
models we are teaching. On the surface, both models may look the same, but if we probe 
students’ thinking deep enough, we see that their mental models are inadequate.  

An example of this mismatch between scientific models and student misconceptions is in 
how a pupil describes the forces on objects moving at a constant velocity. The scientific 
model we attempt to teach students is a free particle model. A free particle obeys Newton’s 
First Law, which states that an object in motion will continue that motion unless acted upon 
by an external force. The mental model that often persists with students is the misconception 
that moving objects have received a supply of “impetus” (students use different language 
such as “force” or “energy”) which keeps these objects moving (Hestenes et al., 1992). 
These pupils often represent impetus with a force arrow on a free body diagram labelled as 
“forward force”, “thrust”, “momentum force” or even “acceleration force”.  

These mental models are often named “misconceptions” or “preconceptions”, but fully 
acknowledging them as constructed world views gives teachers more appreciation of the 
effort it requires for students to construct new models that challenge and eventually replace 
their existing ones. In fact, our students’ misconceptions often represent the historical 
consensus of scholars and scientists, and yet we often attempt to change our pupils’ mental 
models in a single hour of instruction when it sometimes took scientists years or decades to 
change theirs!  

Finally these concepts and mental models are arranged and interconnected very differently 
in novices and experts. This leads to far different approaches in problem solving between 
the two groups (Chi et al., 1981). David Hestenes, a developer of physics Modeling 
Instruction, describes this issue well:  

“From the pedagogical perspective, a major reason for adopting the modeling approach is to 
help students develop a more coherent, flexible and systematic understanding of physics. 
The knowledge that students acquire from traditional instruction tends to be fragmented and 
diffuse. To most students the physics course appears to be "one damn thing after another," 
so they are forced into rote methods to learn it. Soon they are overwhelmed by the 
accumulation of rote fragments, with disaffection as an inevitable consequence.” (Wells et 
al., 1995, p. 4)  

Physics Modeling Instruction is the name given to the program of curriculum design, the set 
of learning activities, and the corresponding instructional strategies that attempt to allow 
pupils to construct mental models that more closely resemble working science models. Only 
a small number of basic physics models are investigated, leading students to develop a 
more coherent, structured and flexible understanding of physics. This method of physics 
instruction has been shown to be effective at developing students who have a more 
coherent, connected understanding of physics, which also allows them to solve numerical 
problems more efficiently (Wells et al., 1995).  

A Modeling Instruction course consists of students learning a limited number of working 
models through a series of 2- to 3-week “modeling cycles”. A modeling cycle begins with a 



paradigm experiment. This experiment is partially developed by 3-person teams of students 
in a process of guided instruction. After obtaining results and plotting graphs from their data, 
students develop an equation from the graph. They reproduce their graph, equation, 
diagram, and verbal description of the relationship onto large whiteboards and share them 
with their classmates. In this “board meeting” the teacher uses Socratic questioning to lead 
students in a dissection of their experiments and results. At this point the students (with 
teacher guidance) have developed the framework that underpins the scientific model. 
Modeling instruction lays particular importance onto this student discourse in the classroom. 
In fact, within my classroom 1/2 of all classroom time is devoted to student-centred post-lab 
discussions of laboratory and classroom activities.  

After developing the scientific model, students deploy this model in a number of different 
activities. These activities could be experiments or worksheets. However, most activities 
have been chosen around the pedagogical principle of “concept first, equation later”. 
Furthermore, Modeling Instruction puts significant focus on students describing physical 
phenomena with multiple representations such as diagrams, graphs, motion maps or energy 
conservation bar charts, and sentences. After each activity (which usually takes a 1 hour 
lesson), the next lesson is devoted to students “whiteboarding” their answers. 
“Whiteboarding” involves verbalising, questioning and debating their answers with their 
peers. Students prepare their answers on a 60cm x 80cm whiteboard (ACM board), which 
involves an initial round of debate among their small group of 3. Finally students present 
their answers to the class in “board meetings” which require teachers to develop skills in 
promoting student discourse, as opposed to giving out answers themselves. Figure 1 shows 
two whiteboards, prepared for a practicum on predicting the collision point of a fast and slow 
moving constant speed buggy. Note the number of different diagrams and representations 
students have used in their quest to solve the problem.  

         

Figure 1. Student whiteboards prepared for class discussion based on finding the collision 
point of two constant speed buggies. 

The modeling cycle is repeated throughout the different physics models. The basic particle 
models my students studied in 2018 were the “constant velocity model”, “constant 
acceleration model”, “constant unbalanced force particle model”, “free particle model”, 
“projectile motion model (which combines the constant velocity and constant acceleration 
models)”, “uniform circular motion model”, “energy transfer process model”, and “impulsive 
force model”. 

 

The Workshop Experience 

I arrived in Phoenix in June 2017 for a 3 week workshop. After initial introductions, our 
instructor asked us to wear two “hats” for the remainder of the workshop: a teacher hat, and 



a student hat. For the majority of this course we would pretend to be our students. We would 
ask the questions they would get stuck on, be as confused as they get, and even clam up 
like they do when asked to do something in front of the class! This method of instructing 
teachers in the style of a modeling classroom has been shown to be successful (Jackson, 
Dukerich, & Hestenes, 2008), and rings true with the old teacher adage “you teach how you 
were taught”. 

The workshop progressed through the entire Mechanics unit. It took us 90 hours to cover 
constant speed, uniform acceleration, types of forces, momentum and energy transfer and 
conservation. 

The aim of the workshop was to familiarize us with the modeling cycle, the modeling 
materials, the experiments, and importantly, the specific language of science that the 
instructor used with his/her students. Interestingly, although I thought of myself as an 
“expert” on the content of mechanics leading into this workshop, the workshop illuminated a 
number of deficiencies I had, and filled a number of gaps in my knowledge that I did not 
realise existed.  

 

Figure 2: The author taking data in a paradigm experiment at a Physics Modeling Instruction 
workshop in 2017 

Each evening we were expected to read a number of current and historical journal articles in 
physics education research, and we debated their merits on our return to the classroom 
each morning. Overall, it was a brilliant format for running professional teacher development, 
easily the most informative and enjoyable of my career. I thoroughly enjoyed it, and I learned 
a lot from it. 

Prior to taking the workshop, I had read of some of the aspects and practices of Physics 
Modeling Instruction and had tried to implement them into my classroom. However, after the 
workshop I realized I had a completely fragmented understanding of the overall process of 
Physics Modeling Instruction, as well as the individual activities in the modeling cycle. I 
simply cannot stress how beneficial this workshop was! 

Modeling in my classroom. 



This year I have implemented Physics Modeling Instruction into my Level 2 Physics classes. 
This has meant that my classes have deviated significantly from a typical NCEA Level 2 
physics timeline. Along with internal assessments, my students now are only studying for the 
mechanics external (6 credits). Effectively, running a full mechanics modelling program has 
taken the majority of three school terms. Teaching a physics course that covers fewer topics, 
but in far more depth, agrees more with physics education research, which has shown that 
students who receive a “depth over breadth” education in high school physics tend to 
perform better at university (Sadler & Tai, 2001; Schwartz, Sadler, Sonnert, & Tai. 2009).  

To measure the effectiveness of my teaching practice, I pre- and post-tested my students 
using the Force Concept Inventory (FCI) of Hestenes, Wells and Swackhamer (1992). This 
is a test that measures students’ conceptual understanding of basic mechanics and 
Newton’s laws, and is the standard tool in physics education research to measure the 
effectiveness of a particular teaching method (Beichner, 2009). The FCI has 30 multi-choice 
questions and is deceptively easy in appearance. However, it turns out to be extremely 
difficult for students to master, as all of the multi-choice distractors are common student 
misconceptions. The questions in the FCI are all qualitative and are written in a plain, 
everyday language, so students have no difficulty in interpreting the questions, even before 
they have studied a physics course.  

 

 

Figure 3: FCI mean scores under different instruction types 

Figure 3 shows a comparison of FCI mean scores under different instruction types. The first 
three bars display data from the Modeling Instruction program (Hestenes, 2006), and show 
the substantial gains achieved by teachers using Modeling Instruction, over teachers using 
traditional instruction practices.  

The fourth data set shows a post-test score for my physics class (N=22) in 2017 which was 
taught using a traditional instruction method. I did not complete a pre-test in 2017, but the 
pre-test data from 2018 has been added underneath for comparative purposes. Notice the 
mean FCI post-test score in 2017 (before changing to Physics Modeling Instruction) is 
exactly the same as the average of traditional teachers!  

The final data set shows the pre- and post-test of data from 3 classes (N=57) taught in 2018 
using Physics Modeling Instruction. Physics Modeling instruction is not a “silver bullet”, but it 



has been shown in numerous studies, as well as data from my school, to take students from 
a place of little conceptual understanding in physics to a modest understanding of the basic 
principles that underlie the entire field of physics. 

To appreciate how hard it is for a pupil to let go of physics misconceptions and build the 
correct scientific models for Newtonian mechanics, it may be more appropriate to look at 
these results in terms of the number of students who graduate from pre-Newtonian thinking 
(FCI score ≤ 60%) to a Newtonian threshold (FCI score >60%) and eventually to Newtonian 
mastery (FCI score ≥ 90%) (Hestenes & Halloun, 1995). Table 1 shows that by changing my 
teaching practice to Physics Modeling Instruction the percent of students that operate at a 
Newtonian threshold or above has more than doubled.  

 % of students in 
2017 

% of students in 
2018 

Pre-Newtonian thinking (FCI score ≤ 60%)  82  59 
Newtonian threshold (FCI score >60%) 14 38 
Newtonian mastery (FCI score ≥ 90%) 4 3 
 

Table 1: Student results on post-test FCI 

 

Anecdotally, my classrooms have transformed for the better. My physics students can now 
think! Instead of blindly applying formulas to text book problems, my students are debating 
the merits of scientific models with their peers. Instead of following “cookbook” labs, my 
students help design experiments, and then meet to dissect and compare their results. My 
students can express their physics knowledge in a variety of forms including verbally, 
graphically, diagrammatically, as well as mathematically. I used to be afflicted very strongly 
by the “curse of knowledge” (Wieman, 2007), and would be content that our class would be 
ready to move on from a concept after my top student could answer a question. However, 
through whiteboarding sessions and student discourse, I have many opportunities to make 
students’ learning visible, and design rigorous learning opportunities accordingly.  

Finally, one of the biggest advantages for me in Physics Modeling Instruction is how much 
both my students, but especially I, have enjoyed our classroom this year. It hasn’t been 
without its challenges, but through these challenges I have reignited my desire and 
motivation to be an effective physics teacher.  

 

Conclusion.  

My experience at a Physics Modeling Workshop in 2017 has profoundly changed how I 
teach physics. Where I once taught to “cover content”, my focus has changed to now 
attempting to teach for understanding. To complement this change in teaching design, I also 
have acquired the tools to measure the effectiveness of my classroom. Physics Modeling 
Instruction has been successful in improving my student’s understanding in physics. 

A large part of my motivation to shift my teaching practices came about after administering 
the Force Concept Inventory to my students, and trying to console the extreme gap between 
what I thought my students knew, and the grim reality of what they actually understood. To 
any skeptical physics teacher who might say “not my students!” I implore you to download a 
copy of the FCI, and undertake some physics education research yourself! Your own results 
will change the way you look at your physics classroom forever! 



 

The author is very thankful to the Woolf Fisher Fellowship fund for providing the funds 
necessary to travel to study in a Physics Modeling Workshop in 2017.  

Thank you to Jane Jackson, for helpful comments on this article.  
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