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What constitutes good teaching? Many people have lots of ideas as to
what constitutes good teaching but how do we know? Well, the best way
would be to use evidence and in this video and the next we'll cover
some of the ideas which come from learning sciences, some of the
evidence about learning. We’re gonna cover six ideas. Three in this
video, three in the next. In doing so we'll look at various studies, which
are classic studies in the learning sciences. Although we look at specific
studies, in fact these represents really ideas which are well based upon a
multitude of studies across the field. So the goals of this short video are
to look at three key ideas. First of all, to look at this idea of active
processing of information. What does that mean? The second is to look
at the way in which people learn by making connections between ideas
and real-world scenarios. This turns out to be particularly important in
science education and a third area we will look at is feedback.

Notes

Summary

0m
 0

5s

1. Introduction: What Learning Sciences tell us about Teaching 2 of 17

1

https://mediaspace.epfl.ch/media/0_2ujhurmc?st=5


So the first of these three areas is this idea of active processing of
information. In order to look at this, I'm going to use a particular study
which was done just a few years ago. Which asked the question as to
how people should take notes in class.
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This was exactly the question that was addressed in this study which
was carried out in 2014 by Pam Mueller from Princeton and Daniel
Oppenheimer from UCLA. Their question was, is it best to take notes on
a laptop or by hand. In fact, we already know from a multitude of
studies that simply listening in the lecture is not the optimum strategy.

Notes

Summary

1m
 2

7s

1. Introduction: What Learning Sciences tell us about Teaching 4 of 17

3

https://mediaspace.epfl.ch/media/0_2ujhurmc?st=87


Mueller and Oppenheimer conducted multiple studies but we're gonna
look at just one here as an example. In this particular experiment they
had 67 participants. They were undergraduates in Princeton. They
watched lectures, in this case five different TED Talks that they had not
previously seen. They were given either a laptop or a notebook and they
were asked to use their normal note-taking strategy. At the end of
watching the videos, there was a 30-minute break, when they were
asked to do other things and then they had an exam. The exam had both
factual questions and also some conceptual questions, which asked them
to apply the ideas that they had seen in the videos to different scenarios.
Here's the results of that study in relation to the conceptual questions, so
the second of these type questions. The way in which the results are
presented here, is that first of all they took an average of the whole
population and that average score is zero here and then they compared
each of the groups in terms of how the average of that group compared
to the average for the whole population and so that's represented here in
terms of a proportion of the standard deviation and what you can see is
that the laptop group performed significantly worse on the conceptual
questions as compared to the handwritten notes group.
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Now this is just one of the examples, one of the experiments which
Mueller and Oppenheimer carried out. This finding was found to be
repeated across multiple experiments. Mueller and Oppenheimer were
interested as to what was the cause of this difference and so they looked
at the notes which people took. In fact people taking notes with laptops
took more detailed notes. They had more verbatim transcriptions of
what the lectures actually said when compared to those who took notes
by hand. People who took notes by hand tended to have more synthesis
and more summaries of what was said but despite the fact that the laptop
notes contained more information, the results were worse.
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Mueller and Oppenheimer concluded that the process of synthesizing
and summarizing, which people had to do when they were taking
handwritten notes because they can't handwrite as quick as they can type
was what was actually causing the increased learning. When people
were handwriting, they were being forced to process the information as
they went and it was this information processing which is leading to the
increased learning. In fact this is found in Mueller and Oppenheimer's
study but it's actually a much more generally recognized finding from
the learning sciences literature. In fact when the American
Psychological Association did a review of the learning sciences
literature back in the 1990s, they concluded pretty much exactly the
same thing. They noted that the acquisition of complex knowledge and
skills demands the investment of considerable learner energy and
strategic effort.
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So one of the first questions we should ask ourselves is who's doing the
work, in any given situation. Is it the student who's actively processing
information or is it the teacher. If it's not the student then that's
something we might need to address. Our first key finding is that
students need to actively process information. Our second relates to the
nature of scientific knowledge. Scientific knowledge can be thought of
as being about how we model real world physical situations in abstract
ways in order to explain and predict what's going on. In the example on
the slide, here we see on one side a bottle perched on a slope and that's
represented in an abstract way on the other side of the slide in terms of a
free body diagram but also in terms of a mathematical model. Using
more abstract representations like the free body diagram or the
mathematical model, we can explain and predict the world. But students
don't just come to university with no abstract models in place.
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In fact they've already got a long experience of the physical world and
therefore they've already developed informal non-scientific and what we
might call naïve models of the world and so one of the issues which is
faced in science education at university level is how we interact with
students naïve, implicit or informal non-scientific models of the world.
This issue was addressed in a study which is carried out in 1982 by
Andrea DiSessa from MIT which she called Unlearning Aristotelian
Physics.
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In this study DiSessa asks students to direct a moving turtle on a
computer screen in order that it would hit a target with the idea that it
would have a minimum speed at impact. They could move the turtle by
giving a kick to the turtle so the turtle was moving and they could give it
a kick which would change where the turtle was going. One common
strategy people had was to assume that when they gave the turtle a kick
it would move in the direction in which it was kicked so, for example, if
the turtle was moving in this direction, they would give it a kick here
with the idea that it would then move this direction towards the target.
In fact the turtle missed the target because it already had a velocity in
this direction and the kick gave it a change in velocity not a direct
change in position. So this is why she called her study Unlearning
Aristotelian Physics. This is the physics model which people had before
Isaac Newton and Isaac Newton identified that force is associated with
acceleration that is with change in velocity not simply change a
position. Okay. So what would a better strategy look like? A better
strategy would look like, for example, recognizing that the force is
going to change the velocity and so is going to change the direction.
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So you give a kick here and that will cause it to hit the target. A second
option would be to allow it to continue to here and then stop it with a
kick this way and then give it a kick this way to move it this way. These
second approaches, these better strategies would take into account a
Newtonian approach to physics. Now what Di Sessa found was that
actually students typically used the first strategy. In other words they
had an implicit Aristotelian model of the world. This was true not just
for primary school students but actually she found the same thing with
undergraduate students and so this was interesting because the fact that
people had learned physics in a classroom didn't impact upon the way in
which they behaved when asked to apply that physics to a real-world
problem.
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In the last few years the National Research Council in the US has
carried out a review of evidence about science and engineering learning
in university. What they've identified is that these misconceptions can
persist throughout the undergraduate years, even though people are
studying physics and studying chemistry, even though they're actually
studying the formally correct scientific models. One implication of this
is that it's not enough to give people the formerly correct scientific
models. If we give them that, they may keep that disconnected from
their real-world, implicit or naïve models. In fact we've got to make
people make connections between these formal models and real-world
scenarios. We've got to get them to question the implicit or naïve models
that they bring to their higher education experience.
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So far we've looked at two key ideas. First that students need to actively
process information and second in actively processing information
students need to make connections between formally correct scientific
models and the implicit or naïve models they bring with them into
University. A third key idea we want to look at is that of feedback. So
let's imagine a situation. A student is sitting in a lecture and the teacher
is explaining to them the basics of Newtonian mechanics and the teacher
has an example much like the one on the screen here. So there is a book,
it's on the table and the teacher explains that there is a force being
exerted on that book which is weight and the teacher explains that
because there is a reaction in the opposite direction, for every action
there is an opposite reaction, there is also a normal force exerted by the
table on the book and the normal force, the teacher explains, is called a
normal force because it's exerted in a direction which is normal to the
plane of the table.
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So the student is listening to this and students writing their notes and
this student is trying to synthesize and trying to summarize and trying to
get it right and when the teacher say something like "it's exerted in a
direction normal to the plane of the table" The student wonders what
does that mean, they know that weight is operating downwards and they
can see from the image that the normal force is operating upwards and
so they write down "weight down, normal force up". Okay, the student
then moves into the exercise session. What happens at this point? They
have an exercise which is slightly different. This time the plane is not
flat but rather it's an inclined plane and the student is trying to figure out
how to model this. So weight goes down, what happens with a normal
force? They look at their notes and they see in their notes that weight
goes down and the normal force goes up. Okay, the student has made a
mistake. It's a perfectly reasonable mistake. Many students will make it.
What happens next?
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In an ideal world the student will get some feedback on their error and
this will help them to get it right in future. But how important is
feedback? Here we have data from a study which was carried out by
John Hattie in 2009. Hattie collected a series of meta-analysis of studies
of learning? In fact he collected over 800 meta-analyses. And with this,
he was able to compare different approaches to learning, different
approaches to teaching, to see what impact they had on students'
learning. So you'll see this slide a number of times in the course of this
series. We have here a series of different approaches to teaching as you
can see, and they are ranked in terms of the learning gains expressed as
a proportion of the standard deviation of attainment scores. So the
average effect of educational interventions that Hattie found was 0.4.
That is, on average, teaching increased the learning of a class by about
four tenths of a standard deviation. And we can see that some things are
less impactful than others. So getting students to compete with each
other, it does have an impact on learning but less than the average of all
educational interventions.

Notes

Summary

12
m

 1
7s

1.1 Research evidence: What Learning Sciences tell us about teaching 15 of 17

14

https://mediaspace.epfl.ch/media/0_2ujhurmc?st=737


Frequent testing also has an impact on learning but it's only around the
average. And then over at this end we have some other things. Spaced
practice which we'll talk about later on, problem-solving teaching which
we'll also talk about in this video series, but let me draw your attention
to this one here because it turns out that feedback to students and to
teachers is one of the education interventions which has the strongest
positive impact on students' learning.
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So here we have three key ideas which come from the research on
learning sciences. First of all in order to learn students have to actively
process information. Secondly in order to do so part of that will involve
making links between the formal scientific models they learn and their
real-world experience and their naïve or implicit scientific models
which they bring with them, and thirdly in order to do that, feedback
will be crucially important. In the next video we look at three other key
ideas which emerge from the learning sciences.
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