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 WHAT IS EXPERTISE IN TEACHING? 
 
Some of you do not have high Force Concept Inventory (FCI) scores in your classes. I 
want to assure you that all that means is that you have something to learn about how to 
improve. There isn’t anything intrinsically wrong, and we have evidence for this in the 
published result on Malcolm Wells.  Back in 1985 we published the first data on the 
Mechanics Diagnostic Test, a precursor to the FCI. Malcolm Wells was the first person to 
apply this test to his high school class. His gains were low; his mean posttest score was 
about 45%, which we now know is typical for traditional physics instruction. But this was 
an epiphany for him, because he had put in tremendous effort at improving his 
instruction, and he was using most of the activities and general approach that you are 
using: photogates and computers -- yet he got these gains which weren’t good. (Malcolm 
Wells didn’t have “a natural gift” for teaching, by the way, but he worked very hard on 
refining his technique.)  However, by the time he finished his dissertation, 3 years later, 
he made a BIG gain,  among the highest FCI gains ever achieved! Today we have two 
people who have slightly higher FCI scores, but there are only a couple of people who 
have as good scores on BOTH the FCI and the Mechanics Baseline Test (MBT). This 
example shows that it is definitely possible to improve considerably. 
 
Now, in the paper that was written with Malcolm Wells, (American Journal of Physics, 
July 1995), I really think you should review the points about “What does it take to 
become an expert?”  There we refer to the work of  K. Anders Ericsson, who has studied 
the development of expertise in a wide variety of activities, from chess-playing and 
concert playing to performance in many fields of endeavor.  He doesn’t talk specifically 
about teaching. But he comes up with some general features of those people who become 
expert. They are universal across the different domains. Let me review the main points.   
 
The first point is that IT TAKES A LONG TIME TO BECOME EXPERT in any 
complex domain. In fact, the time period is about 10 years. Consider a person devoting 
all his time to playing chess.  He may be a young prodigy or start later; there is an 
advantage to starting young, but it still takes 10 years before you can perform at the level 
of the outstanding experts. This is documented in areas where we have explicit data on 
performance. There is every reason to believe that it applies to teaching as well.  
 



But 10 years isn’t enough by itself.  Another of Ericsson’s conclusions is that experience 
doesn’t necessarily produce improvement. So just because you have 10 years of teaching, 
it doesn’t mean that you are any better a teacher than you were when you started out.  In 
fact, with respect to concert playing with musical instruments, he has data that show that 
just performing in concerts doesn’t improve your skill.   
 
What DOES improve your skill?  It is what Ericsson calls DELIBERATE PRACTICE 
and that is EXAMINATION OF YOUR OWN PERFORMANCE AND ASKING HOW 
YOU CAN IMPROVE IT, AND THEN TAKING SPECIFIC STEPS TO IMPROVE. 
That’s what WE’RE trying to help you do in the Modeling Workshops!  DELIBERATE 
PRACTICE over 10 years is as necessary to become an expert in teaching as in any other 
field. 
 
There is a vast amount of data on what it takes to become an expert!  (I refer you to 
Ericsson’s review article.)  After you take into account the factors about the quality of 
practice and the age at which it starts, it may surprise some people to learn that  another 
factor -- namely TALENT -- isn’t needed to account for variations in performance.  
Ericsson has considerable discussion of child prodigies, and whether or not they are 
necessarily more talented than others who are not called child prodigies.  The conclusion 
is that it is not clear that there is any such thing as inherent natural talent, for physics, for 
example. 
 
 
 WHY ALL STUDENTS CAN UNDERSTAND PHYSICS  
 
To put this in broader cultural perspective: if you look back 300 years or so, something 
less than 1 percent of the people could read or write. Being able to read and write was 
then regarded as almost magical power!  Only a few people could do it. Now, almost 
everyone can read and write.  Likewise, I think that there are plenty of reasons to believe 
that the kind of performance in understanding of physics and math that we think is 
important for a general understanding of what’s going on in the physical world truly is 
ACCESSIBLE TO EVERYBODY.  Let me support this view with some striking 
evidence. 
 
The early data on the FCI precursor concerned traditional instruction only, and the gains 
were very small.  Many other educational researchers had noted problems that are 
assessed by the FCI -- not with such a systematic test, but they noticed numerous 
misconceptions and they tried to devise ways of teaching to overcome them. For 
example, understanding Newton’s third law was a target of a number of studies, and 
many activities were developed, to improve students’ understanding; but the results were 
consistently disappointing. Why was it so difficult to get good results?  Various 
rationalizations and alternative theories have been suggested; people talked about the 
“ingrained nature of basic student beliefs”. It was suggested by the people who did 
careful studies but were not able to get good gains, that “It will take many years to change 
such beliefs.”  But now we have many examples, even in this group, of VAST 
improvements!  I’m talking about improvements from an FCI score of about 30 percent 



up to 80 percent!  That is huge! There were no such comparable improvements in the 
early efforts to evaluate the success of instruction at overcoming student misconceptions. 
 
I want to impress upon you that addressing student misconceptions is difficult, but if it’s 
done the right way we can make big changes! I don’t want to give you the impression that 
there’s only one right way to do this.  There may be many effective ways, but we’d like to 
have at least one (and we have one!)  :) 
 
With regard to those of you whose students still have low FCI gains [group 3: those who 
had used few or no aspects of the modeling method consistently in the year after the first 
workshop].  Notice the encouraging thing: overall, group 3 got the greatest gains over last 
year. 
 
There was not much change this year [compared to last year’s huge gains] in group 1 
teachers [those who have been using all components of modeling consistently], but that’s 
to be expected. They also had the highest FCI post-test scores before they started this 
program. For example, Rex Rice was just mentioning to me that he had been at ASU in 
the 80’s and had got some of the ideas and had been thinking about them long before the 
workshops. So the modeling program can’t take all the credit for those gains.  They were 
all doing things that are compatible with the modeling method; in other words, they had a 
“running start” on what we’re trying to do in the classroom. I think that explains most of 
their original high gains; not necessarily any inherently better talent for teaching physics. 
 
 
 THE SIGNIFICANCE OF THE FORCE CONCEPT INVENTORY (FCI) 
 
I want to spend some time talking about “Exactly what is it that enables some teachers to 
get better FCI scores in their students?” We want to solicit ideas on “What does it take to 
improve the FCI scores?”   
 
But first, WHO CARES IF THE FCI SCORE GETS CHANGED?  Does a high FCI 
score necessarily show that you have understanding? It  is possible for a student to make 
the correct choices on the FCI for the wrong reasons. We have data that give us an 
indication of how LIKELY it is that they will give a correct answer for the wrong reason: 
Jim Minstrell’s DIAGNOSER in mechanics (Jim is working in the CPU program; some 
of you may want to use his test) implies that 30% of correct answers to conceptual 
questions are given for the wrong reasons. So the FCI scores, if anything, are high. We 
assert that a high FCI score is difficult to achieve if a student doesn’t have a coherent 
understanding of the Newtonian force concept. 
  
What does the FCI score really tell us? Why do we use it? Why don’t we use some other 
test? The main reason is that the FCI is focused on the fundamental concepts of 
Newtonian mechanics.  Fundamentally, the six dimensions of the force concept.  This 
includes kinematics.  You cannot understand the force concept without understanding the 
concept of acceleration. There are many aspects of the force concept, and as you know, 



the FCI analyzes force into its six dimensions. The force concept, which is the 
CENTRAL CONCEPT IN NEWTONIAN PHYSICS, is a complex concept. 
 
Our view in the modeling approach is that a coordinated understanding of the six 
dimensions of the Newtonian concept of force is what we are aiming for, and shooting for 
that is the most effective way to raise the student performance on the FCI. So far, all the 
data indicate that it IS the most effective way. 
 
The FCI is a MINIMAL test of understanding. We claim that if you do NOT have an 
understanding of the force concept, then you can’t have much understanding of anything 
else in Newtonian physics. The minimal test is: Can you distinguish a NEWTONIAN 
concept from naive alternative concepts that people develop naturally from their everyday 
experience, alternatives which aren’t fully compatible with the Newtonian concept? 
 
 
 WHAT DO THE FCI SCORES MEAN? 
------------------------------------------------------------------------- 
[David showed a transparency like this.]  
 
 THREE STAGES OF CONCEPTUAL EVOLUTION 
 IN NEWTONIAN MECHANICS 
 
1. Develop universal force concept. 
    - Recognize AGENTS of force (active - passive) 
    - Differentiated concept of motion (velocity vs acceleration - VECTORIAL) 
        ~FCI scores up to 60%, the NEWTONIAN THRESHOLD. 
2. Develop precise dynamical concepts. (Discriminate 1st & 2nd laws) 
 ~FCI scores up to 80%, the MASTERY THRESHOLD. 
3. Develop complete interaction concept. (3rd law)] 
---------------------------------------------------------------------------- 
 
Now let me review what the FCI scores mean.  60 percent is what we call the 
NEWTONIAN THRESHOLD. (That’s a somewhat arbitrary number; it could be set at 50 
percent.) Below that 60 percent threshold, what is characteristic of student responses?  
Now, this is a generalization; there are variations among individual students, but by and 
large, students below 60 percent are NOT ABLE TO RELIABLY RECOGNIZE THE 
AGENTS OF FORCES. So that is a crucial understanding that you want to develop in 
your students; namely, to know a force when they see it; that is, to recognize the different 
kinds of forces and the agents that produce them. 
 
A second characteristic is that they DON’T HAVE A WELL-DIFFERENTIATED 
CONCEPT OF MOTION. When the students start the course, their concept of motion is, 
“things move or they don’t.”  And “things move faster or they move slower.” But that 
doesn’t discriminate between the concept of velocity and the concept of acceleration. So 
developing a reliable differentiation between the concepts of velocity and acceleration 
should be a primary objective of instruction. This isn’t in the commonsense everyday 



framework of their understanding, because it requires a QUANTITATIVE means of 
discrimination; in particular, the VECTORIAL aspect of velocity and acceleration. 
 
For students below 60 percent, this is where they typically have big troubles.  So the 
instruction must be able to handle these difficulties. If they can’t reliably identify the 
forces, then how can they understand mechanics problems?  If they can’t reliably 
distinguish between velocity and acceleration, then how can they understand what forces 
do? 
 
The next stage is being able to discriminate reliably between the first and second of 
Newton’s laws, and understanding those two laws. I won’t belabor that, but what’s 
typical of the students in the next stage, between 60 percent and 80 percent on the FCI, is 
that they tend to be IMPETUS thinkers; you recall that impetus is supposed to be a kind 
of force that keeps you moving.But that’s wrong!  According to Newton’s first law, 
objects move uniformly in an inertial reference frame without any force. But students 
tend to think that force can be an intrinsic property that can make things move. The need 
for an agent of force is not recognized. That’s the essence of the impetus thinking. And if 
you think like that, then you can’t understand Newton’s second law.  
 
By the time the students get to 80 or 85 percent, the MASTERY THRESHOLD, they 
have pretty well mastered the Newtonian concepts I have just mentioned. 
 
What is the last  Newtonian insight that students develop? It’s a mature balanced concept 
of INTERACTION, as opposed to just ACTION; Newton’s third law is the key part of it.  
So Newton’s third law is typically the last thing that students truly understand.  As I 
mentioned before, we have a large amount of data, including data on two groups of 
graduate students; something like 20 percent of graduate students in physics still don’t 
have a full understanding of Newton’s third law. This is despite the fact that all graduate 
students can state Newton’s three laws. But understanding requires much more than being 
able to state them.  Understanding, of course, means KNOWING HOW THEY APPLY, 
and that has to do partially with this issue of “Is physics relevant to YOU?” 
 
WELL, PHYSICS ISN’T RELEVANT TO STUDENTS, I THINK, UNTIL THEY GET 
TO THE POINT WHERE THEY CAN RECOGNIZE THAT THERE ARE FORCES 
ALL AROUND THEM; EVERYWHERE THERE ARE FORCES ACTING. That’s the 
universality of force. Before they get to this universal concept, they have the idea that 
there are other influences on motion besides forces, and they think of forces as 
consequences of human action. Well, we’ve been through all this. And I think you realize 
that if they can’t overcome these naive concepts, then there’s little hope for them to 
understand the more sophisticated things that go into the course. 
 
[A teacher asked if the instructors can really expect to see this sequence of understanding.  
Dave’s reply was yes, in general, that this is what they found in looking at item analyses 
of the FCI. The teacher asked for more discussion of the process of learning Newton’s 
third law. Dave elaborated as follows.]  They’ll recognize Newton’s third law in some 
contexts and not in others.  The hardest one is the third law in MOTION.  You all know 



the FCI question about the little car pushing the big truck, which is one that graduate 
students often miss. Why do they miss that?  Because there’s something else operating: 
they have a metaphor of forces as like war or conflict, and they know from their 
experience that if there is a conflict, there is a WINNER; and the winner is usually the big 
guy: the big truck.  But sometimes the winner is a little guy with a lot of energy.  
Otherwise, how could the little car be moving the big truck unless it exerts a greater 
force. So the intuition hasn’t been fully educated, and that applies even to physics 
graduate students.  We don’t have data on physics professors. 
  
We do have data on physics professors on the MBT, however. Even professors make 
mistakes on the MBT, but they can usually correct them when the mistakes are called to 
their attention. Of course everyone makes mistakes frequently;  mistakes are unavoidable.  
Our objective should be to develop the capacity of students to EVALUATE what they do, 
so that they can RECOGNIZE mistakes and then know what they should do about 
CORRECTING them.  It’s not being RIGHT that really matters, but being 
CONSTRUCTIVELY CRITICAL. 
 
(When the FCI was given to graduate students in the one study that we did, it was a better 
predictor of performance in graduate school than the Graduate Record Exam. The MBT 
was an even better predictor; this is because the FCI has a ceiling effect, but the MBT 
spread them out. With the MBT we got an almost perfect correlation betweeen the rank 
ordering in graduate mechanics and the MBT score. Why is it such a good predictor of 
performance in graduate mechanics? Graduate mechanics is Lagrangian mechanics, 
which doesn’t really use the basic Newtonian concepts, so why should there be a 
correlation?  My hunch is: What the MBT is evaluating for graduate students is not so 
much their understanding of basic mechanics as their ability to recognize flaws in their 
own reasoning, and to correct them. They’ve had four years to discover that they didn’t 
get these things straight in freshman physics, and a lot of them never found this out -- 
never found the flaws in their own understanding. This is what the MBT measures at the 
higher levels, I think.) 
 
We can identify three stages of conceptual evolution of understanding Newton’s laws. 
(See transparency.)   This classification comes from analyzing the content of the 
questions and the kinds of mistakes that students make. The mastery of the questions is 
not NECESSARILY in that order;  the order may be influenced by the instruction that the 
students have. But from a logical point of view, you can see that there’s a certain 
necessity for this sequence: you can’t understand Newton’s second law until you can 
reliably distinguish between velocity and acceleration. 


