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Goals of this video

Problem-solving is central to becoming an engineer or becoming a
scientist. When we look at what activities we ask students to do in
university, it turns out that in scientific degrees, about two-thirds of the
activity students do, are solving pen-and-paper problems. And that's
probably no surprise because problem solving is also central to these
disciplines in professional practice. What it is that engineers do is solve
problems. In this video we'll be looking at how it is that we can help
students learn to solve problems. So we know that people can learn to
solve problems but actually can they be taught to solve problems? Do
people learn to solve problems simply by solving lots of problems? Or
are there particular teaching strategies that can work that can be
demonstrated to be effective? In order to help people solve problems it's
useful to understand the different types of problems which are involved
and so one of the things we look for you to do in this video is be able to
distinguish between different types of problems. One of the ways in
which different types of problems impact upon problem-solving is
because it impacts upon the beliefs students have about how to solve
problems.

You should be able to:

®* Describe research evidence
about the impact of teaching
problem solving

* Categorize problems in terms of
how routine they are and how
well-defined they are

¢ Identify how student beliefs
about problems impacts on
problem solving success

Notes

Summary

2. The Big Goals of Scientific and Engineering Education
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Goals of this video

You should be able to:

®* Describe research evidence
about the impact of teaching
problem solving

* Categorize problems in terms of
how routine they are and how
well-defined they are

* Identify how student beliefs
about problems impacts on
problem solving success

* Define what is meant transfer in
problem solving and distinguish
between near and far transfer

Notes
And so we'll also look at the beliefs which students hold about

problems. And then finally, solving problems is about taking strategies
which you've learned in one context and using them in another. This is
what's called 'transfer' and in this video we'll also look at this question
of transfer and in particular how we can transfer from one situation to a
different situation which on the surface of it looks quite different.

Summary
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Teaching problem solving

Meta analysis of average effect sizes (Hattie, 2009)
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So our first question is whether or not problem-solving can be taught?
Do people learn to solve problems just by solving lots of them or are
there particular teaching strategies that work? Can these teaching
strategies be shown to be effective? Now this is a slide you've seen
before from other videos. It is a slide which compares different teaching
strategies in terms of their effectiveness and what you can see here is
that actually teaching people problem solving turns out to have a strong
positive impact on learning. It certainly has an impact on learning which
is stronger than average. In particular, teaching problem-solving turns
out to be more associated with learning than simply giving people
practice problems. Secondly, it's notable that the impact of teaching
problem-solving tends to be stronger in older students, that is, high
school students and university age students as compared to for younger
students. So, therefore, the research evidence supports the idea that
rather than just giving students problems to solve we should actively try
to teach them strategies for solving these problems. Okay.

Spaced
practice

Feedback to

students and
teachers

Notes

Summary
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A typology of problems

Defined Ill-defined
Problems Problems

Routine Student has learned a

problems Ip:roc_edure for calculating a
ourier series.
The problem is “Find the Fourier
series for the periodic function
f(x) defined by f(x) = e* for
-1<x<1 on the fundamental
interval [-1,1]"

. Based on:
Non-routine Richard
problems Mayer &

Merlin
Wittrock
(1986)
Problem
Solving
Transfer

Notes
I've used the word “a problem” numerous times in this video so far but

what exactly is a problem? Well, problem is defined by Alan
Schoenfeld, one of the writers who's done a lot of work in this area as:
“trying to achieve some outcome where there was no known method for
the individual trying to achieve that outcome, to achieve it.” In other
words, we need to distinguish between situations in which we know
how to solve the problem in which case it's not really a problem, it's
more of an exercise and situations in which we actually don't know how
to solve it. And this begins to suggest the typology for looking at
different types of problems. The reason this typology will be useful is
that it turns out that many of the problem students have is that they use
strategies which are appropriate for one type of problem when trying to
solve a different type of problem. So let's look at this typology in a little
bit more detail. Ok. Let's start with routine problems or exercises which
are clearly defined. So in this type of problem, all of the required
information that the student needs is actually present in the problem and
usually there is no additional information.

Summary
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A typology of problems

Defined Ill-defined
Problems Problems

Routine Student has learned a
procedure for calculating a
problems Fourier series.
The problem is “Find the Fourier
series for the periodic function
f(x) defined by f(x) = e* for
-1<x<1 on the fundamental
interval [-1,1]"

Non-routine “How many parking spaces and of
which dimensions should be included
in a 200 by 300 metre car park if the
goal is to maximise the number of
spaces and minimise damage to cars
arising from accidental collisions (e.g.

problems

a car door banging against an

adjacent car)”

To solve this problem the student will need to apply a limited number of
well-structured rules. The problem will probably have a limited number
of answers and one or a couple of those will be correct but it will be
pretty clear whether the answer is right or wrong. In this it doesn't really
matter how complex the problem is. This problem here which involves
the student in calculating a Fourier series actually is of a reasonable
level of complexity. They'll need to do some integration. They'll need to
decide whether or not the function is odd or even. So it will involve a
number of different complex tasks but the problem itself is still routine
and defined because they're applying a technique which they have
already learned in class. So let's compare that with a problem which is
ill-defined and non-routine. So in this problem the student is asked to
define how many spaces should be in a car park of given size. They
have a number of different criteria to use in this. Number one that
should have as many car parking spaces as possible and number two
they should minimize accidental collisions such as people banging a car
door against the car next to it.

Notes

Based on:
Richard
Mayer &
Merlin
Wittrock
(1986)
Problem
Solving
Transfer

Summary

2. The Big Goals of Scientific and Engineering Education
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A typology of problems

Defined Ill-defined
Problems Problems

Routine Student has learned a
procedure for calculating a
problems Fourier series.
The problem is “Find the Fourier
series for the periodic function
f(x) defined by f(x) = e* for
-1<x<1 on the fundamental
interval [-1,1]"

Non-routine  The student is asked to solve a “How many parking spaces and of

problem for which they do not  which dimensions should be included

already have a procedure. in @ 200 by 300 metre car park if the
goal is to maximise the number of
spaces and minimise damage to cars
arising from accidental collisions (e.g.

problems

a car door banging against an

adjacent car)”

So there's lots of information that the student needs which they don't
have. They don't know about the design or optimal layout of lanes in a
car park. They don't know how many family-friendly spaces they need.
How many spaces for drivers with a disability? They don't know how
many large cars, medium cars, small cars use this car park. There's lots
of unknown information. The student will have to identify unknown
information. They'll have to scope out the problem and there are
multiple different criteria against which the outcome can be judged. In
fact, there are multiple different solutions which are possible in this
case. So this type of problem is obviously quite different from the first
one. This is much more like a real-world problem that maybe an
engineer will have to solve. In this video we won't particularly look at
this kind of problem. We will have other videos which look at the design
process which can be used in terms of solving a problem like this. A
third category of problem is problems which are defined in the sense
that all of the information required where the student is present in the
problem statement but non-routine in the sense that the student will not
be able to solve the problem by just applying a strategy that they've

already seen and already learned.

Notes

Based on:
Richard
Mayer &
Merlin
Wittrock
(1986)
Problem
Solving
Transfer

Summary
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A typology of problems

Defined Ill-defined
Problems Problems

Routine Student has learned a
procedure for calculating a
prOblems Fourier series.
The problem is “Find the Fourier
series for the periodic function
f(x) defined by f(x) = e* for
-1<x<1 on the fundamental
interval [-1,1]"
; . “ . Based on:
Non-routine  The student is a_lsked to solve a How many parking spaces and of Richard
problems problem for which they do not yvh|ch dimensions should be mclpded Mayer &
already have a procedure. in @ 200 by 300 metre car park if the Merlin
goal is to maximise the number of Wittrock
spaces and minimise damage to cars (1986)
arising from accidental collisions (e.g. Problem
a car door banging against an Solving
adjacent car)” Iransior

Notes
So this type of problems, defined non-routine problems, make up many

and possibly most of the problems students will face in university. They
will make up many of the type of problems that students will face in
examinations. This is the type of problem that students need to be able
to solve. Unfortunately, these problems look a lot like defined routine
problems. They look very similar. They have similar surface features
with these more routine type problems and that means students can
misunderstand the nature of this problem. Students can try to solve this
problem, defined non-routine problems, using strategies which are more
appropriate for defined routine type problems. One such strategy is
pattern matching, where the student looks at the question and tries to use
a technique that they've seen work in another problem. That may very
well work well in defined routine problems but will probably not work
at all in defined non-routine problems. Alan Schoenfeld in his research
with student problem solving found that about 60% of the student
attempt to solve this type of problem, defined non-routine problems,
were essentially look at the problem, decide very quickly what strategy
to use and then keep using that strategy whatever happens.

Summary

2. The Big Goals of Scientific and Engineering Education 8 0of 15
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A typology of problems

Defined Ill-defined
Problems Problems

Routine Student has learned a

problems Fourier series.

The problem is “Find the Fourier

procedure for calculating a

series for the periodic function
f(x) defined by f(x) = e* for
-1<x<1 on the fundamental

interval [-1,1]"

8m 05s

Non-routine  The student is asked to solve a  "How many parking spaces and of giieaig &
problems problem for which they do not ~ which dimensions should be included  payer &
already have a procedure. in @ 200 by 300 metre car park if the Merlin
goal is to maximise the number of Wittrock
spaces and minimise damage to cars (1986)
arising from accidental collisions (e.g. Problem
a car door banging against an Solving
adjacent car)” Tramstay
Notes
In other words, students were not analyzing the problem. They were just
matching a strategy to a similar looking problem as maybe they would
have done with a defined routine type problem.
Summary
2.1 Problem Solving 90f 15
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A Cognitive Study of Problem
Solving in Statics

= Thomas Litzinger and e e e ™
colleagues
= Pennsylvania State University

Thee quesions e addresed iy

pical texbook problen

» What difficulties do students
have in solving statics problems
and do they differ between
strong and weak students?

October 2010

8m 20s

Similar findings emerged from other studies of student problem solving
at university level. For example, this paper from the Journal of
Engineering Education looked at the difficulties which students have in
solving statics problems and looked at whether or not those difficulties
were different between strong and weak students. What they found is
that many of the difficulties that students have emerge from spending
insufficient time analyzing the problem. They also found that students
relied very heavily on memory to decide how to solve a problem rather
than actually trying to understand the nature of the problem and the
given reactions that were happening within it.

Summary

2. The Big Goals of Scientific and Engineering Education
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Learning to transfer

So the difference between routine and non-routine problems is that, in
routine problems you've seen something like this before, in non-routine
problems you need to take something you've learned from one context
and apply it in a different one. So this is what cognitive scientists call
the problem of 'transfer'. Transfer is the ability to use knowledge in
problem-solving skills learned in one context to address problems in a
different context. And transfer is going to be central to their ability to
solve non-routine problems. Learning scientists distinguish between two
different types of transfer. What they call “near transfer”, that is, transfer
when the contexts are very close to each other. This is what we find in
solving routine problems. And “far transfer”, where you need to take
something from one context and use it in what looks on the surface of it
like a very different context. This is maybe more likely to be the case in
non-routine problem-solving.

9m 04s

®* "Transfer”: the ability to use

knowledge and problem
solving skills learned in one
context to address problems
in a different context

®* Near: when contexts are very

similar
®* Far: when contexts are different

®* Low road transfer: happens
automatically

* High road transfer: involves an
active search for connections

Notes

Summary

2.1 Problem Solving
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Learning to transfer

®* “Transfer”: the ability to use

knowledge and problem
solving skills learned in one
context to address problems
in a different context

®* Near: when contexts are very

similar
®* Far: when contexts are different

®* Low road transfer: happens
automatically

* High road transfer: involves an
active search for connections

Notes

Learning scientists also make a distinction between two different
processes of transfer what they call “low load transfer”, which happens
more or less automatically - when you look at something you recognize
a similarity implicitly, you have an intuition that this strategy will work
- And what they call “high road transfer”, which involves an active
process of searching for similarities or searching for patterns which will
enable you to transfer the information from one context to another.
Obviously you can imagine that high road transfer is linked to far
transfer and it's high road transfer and far transfer which will be of use
to students in terms of solving non-routine problems.

10m 04s

Summary

2. The Big Goals of Scientific and Engineering Education 12 of 15
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Helping students learn to transfer

* Explicit abstraction - Make
In class student has derived the process or underlying

equations of motion under constant principle explicit:
acceleration: ®* “Where you have two unknowns
v=v,+a=*t and two equations, these can be
1 solved using simultaneous
x=x;+txv;+ e £ equations”

Exercise: A ball is vertically into the
air from a height of 1.5 m with an
initial vertical velocity of 10 m s.
What is the maximum height that the
ball will reach? (Take the magnitude
of acceleration to be 10 m s2).

David Perkins and Gavriel Salomon (1992) Transfer of Learning

Notes

So how do we help students learn to transfer. Let's look at this in terms
of an example. This is a relatively simple example compared to many of
the ones that students will face in their university studies. In this case
the teacher has, in class worked with the students to derive a number of
different equations which apply in circumstances where a body is
moving and acceleration is constant, such as a situation where
something is dropped on planet earth and the only acceleration force
involved is that of gravity. And so in this case the student is asked to
solve a problem in which something is thrown into the air and then it
falls down again. The difficulty for the student is that neither one of
these formula will by themselves solve the problem. What strategies can
you as a doctoral assistant use to help students solve this problem in a
way that they will be able to transfer their learning from this situation to
another problem when they face it? Well, one way of doing that is
what's referred to as “explicit abstraction”, that is helping them to make
the process or underlying principle explicit. In order to solve this
problem, the student will eventually use simultaneous equations.

Summary

2.1 Problem Solving

13 of 15


https://mediaspace.epfl.ch/media/0_4so71p6h?st=650

12m 09s

Helping students learn to transfer

* Explicit abstraction - Make

In class student has derived
equations of motion under constant

the process or underlying
principle explicit:

acceleration: ®* “Where you have two unknowns
v=v,+a*t and two equations, these can be

1 solved using simultaneous

x=x;+t*xv;+ Zax = equations”

® Active self-monitoring -
Checking if a strategy is

air from a height of 1.5 m with an working

Exercise: A ball is vertically into the

initial vertical velocity of 10 m s.
What is the maximum height that the
ball will reach? (Take the magnitude
of acceleration to be 10 m s2).

David Perkins and Gavriel Salomon (1992) Transfer of Learning

They have two different unknowns and they have two different
equations. Recognizing that as a principle which can be used to solve
problems in general, will be useful for the student and so either you
telling them or them telling you that where you have two unknowns and
two equations these can be solved using simultaneous equations
recognizing that general principle will be of value to the student in
helping them make the transfer. A second thing that will help the
students learn to make transfer is to actively self-monitor during the
process of solving the problem. That is, continually checking in with
themselves to see 'is this strategy working?' In fact, their Litzinger et al.,
study which we mentioned earlier identified that this is one of the key
differences between stronger problem solvers and weaker problem
solvers. When they went from an easy question to a more difficult
question, stronger problem solvers increasingly activated self-checking
strategies. They asked themselves more frequently whether or not their
strategy was working. That wasn't the case with weaker problem
solvers.

Notes

Summary

2. The Big Goals of Scientific and Engineering Education
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Conclusion

In this video we've looked at a couple of key ideas. First of all, problem-
solving can be taught. Students will often learn problem-solving better if
it is taught than if they are just given a bunch of problems to work
through. Secondly, students don't come to university as a blank slate.
They are already very well-versed in solving problems but maybe in a
particular type of problem, that is, routine problems. As a result of this
many students have already developed beliefs about problem solving
and one such belief is a belief that they should be able to a very quickly
identify a solution to a given problem. So students may need your help.
They may need your help to recognize when the problem they are faced
with is a non-routine type of problem. They may need your help to
change their belief system so that they are approaching the problem in a
way that is appropriate for non-routine types of problems. And they may
also need your help to think about problems in ways that will enable
them to transfer solutions from one problem to a problem which looks
very different.

13m 19s

® Problem solving can be
explicitly taught and learned

®* Students are well-versed in
routine problem solving
strategies

¢ Beliefs may be aligned with
routine problems

®* May need help to:
®* Recognize non-routine problems

®* Think in ways appropriate to
non-routine problems

® Think in ways that promote
transfer

Notes

Summary

2.1 Problem Solving
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