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Talk1 Relevance of cognitive cost in students’
decisions about learning strategies to use
Emmanuel Manalo (Waseda University)

Yuri Uesaka (The University of Tokyo)

In this presentation | want to talk about the
relevance of cognitive cost in students’ decisions
about learning strategies to use. More specifically,
| will describe some of our recent research
findings to illustrate how cognitive cost affects the
spontaneity with which students use effective
learning strategies.

Let me start by explaining the concept of
cognitive load, which is the number of information
elements and their interactions that need to be
mentally processed at the same time. Cognitive
load affects performance and learning. When
there is excessively high load, for example,
performance suffers. The reason is that there is
only a limited amount of resources available in
working memory to process information when
learning or performing other cognitive tasks.
When the available resources are used up, the
remaining parts of the task cannot be
satisfactorily carried out.

Previous research, especially in cognitive
load theory — that was developed by Sweller and
others — has focused mainly on instructional
design, or how instructional materials can be
developed so that they promote more efficient
learning. Very little research has been carried out
on how cognitive load — or the level of demand
on cognitive resources that tasks make — affects
students’ choice and use of strategies when

learning. This is an important area to understand,



however, as the strategies that students use to
learn influence the outcomes of their learning
efforts.

| want to introduce and use the term
“cognitive cost” which includes both the actual
cost or load — meaning how much cognitive
resources a task actually demands in working
memory — as well as perceived cost — or how
demanding of cognitive resources a task might
appear to a learner.

In previous research on strategy selection,
McCombs (1988) observed that the perceived
cost efficiency of strategies affect students’
decision on their use. This observation was
supported by Murayama’s (2003) and Sato’s
(1998) findings that perceived high cost of
strategies is a deterrent to their use. In other
words, students are less likely to use strategies
that appear to be more cognitively demanding.

Some of our own recent research findings
also provide insights into how cognitive cost
affects students’ spontaneous strategy use.
These include the use of diagrams — both in math
word problem solving and in providing written
explanations of what has been learned, and in
selection of strategies to use in second language
vocabulary learning. For the remainder of this
presentation, | will briefly describe these studies,
their findings, and what we can learn from them
about how we might be able to more effectively
promote the spontaneous use of effective
learning strategies among students.

The use of diagrams is generally considered
as very helpful in problem solving. However,
previous research has shown that students lack
spontaneity in using diagrams when attempting to
solve math word problems. That means that,
unless they are told to do so by their teachers,

students often do not use diagrams of their own

volition when attempting to solve math word
problems.

In a study we published last year in the
journal “Applied Cognitive Psychology”, we

examined which task-related factors affect
students’ spontaneous use of diagrams when
solving math word problems. More specifically,
we wanted to find out if surface features like
whether the problem is about length would
determine the likelihood of diagram use, or
whether the structure of the solution to the
problem — which involves high or low cognitive
cost — would be the more important determinant
of students’ diagram use. Previously, researchers
like Reed (1999) have observed that students
appear to use diagrams more when problems are
about length or distance compared to less spatial
problems.

This table (Figure 1) shows the kinds of
problems that we used in the study. You can see
here that there were two length-related and two
non-length related problems. If it was true that
students would more likely use diagrams in
length-related problems, then more diagrams
would have been observed when they were
solving these length-related problems on the left
side of the table.

However, the problems also differed in the
structure of their solutions and the cognitive cost
associated with constructing diagrams to help in
solving them. In the “amount of work” problems,
for example, construction of a diagrams for the
length related problem involved relatively low
cognitive cost because all that was needed was
to depict the children’s houses, the road, and the
distances that the children traveled. Hence,
drawing things already described in the problem
was all that was required and cognitive

translational costs from problem to required



diagram would not have been high.

However, in the non-length problem, simply
drawing the things described in the problem — like
the pond and the two taps with water coming out
of them — would not have been helpful. A more
abstract diagram — like a graph — would be
helpful in solving this kind of problem. Therefore,
the cognitive translational steps from the concrete
things described in the problem to the more
abstract diagrammatic representation would be
greater. It is the same with these two “amount of
change” problems: for both of them, more
abstract diagrams in the form of tables would be
required, and so the cognitive cost involved in
constructing those diagrams would be greater.

Our results confirmed our hypothesis that
cognitive cost would be the more important
determinant of diagram use. Thus, we found that
while students used more diagrams in attempting
to solve the length-related “amount of work”
problem — for which the required diagram entailed
relatively lower cognitive cost — that was not the
case with the “amount of change” problems as
the diagrams required for them both demanded

higher cognitive cost.

Problems used

Length

Tom’s house and Hannah's house are
connected by one road which is 600 m
long. Tom and Hannah talked on the
telephone and decided to play with
each other. They leave their own house
at the same time and start to walk
toward the other’s house. They meet on
the road 5 min later. The place where
they meet is 100 m closer to Hannah's
house than the half-way point. How fast
did Tom walk (per minute)? How fast
did Hannah walk (per minute)?

[LOW COST]

You light a candle and it starts to burn. It
burns at a constant rate, which means

Non-Length

There is a pond that can contain up to
600 L of water. Now the pond is empty;
s using two taps, A and B, you start to
fill the pond with water. Water comes
t of both taps at a constant rate. After
in, the pond is full. From tap A came
L more water than half of all the
ater in the pond. than half of all the
water in the pond. How fast did water
come out of tap A (per minute)? How
fast did water come out of tap B (per
minute)?
[HIGH COST]
A mouse starts to eat a piece of cheese.
The mouse eats at a constant rate, which

that it burns at the same speed l_—megns it eats at the same speed

throughout.

ughout. After § min, there are 10 g

After 5 min, the candle is 10 cm in ::] of the cheese. After 7 min, there are

length. After 7 min, it is 6 cm. How long
does it take for the candle to burn out?

[HIGH COST]

left. How long does it take for the
mouse to finish eating the piece of
cheese?

[HIGH COST]

Figure 1

In essence therefore, what we found was that

students are more likely to use a more concrete
diagram like this which requires lower cognitive
cost to construct (see Figure 2).

They are less likely to use more abstract
diagrams like these because they require higher

cognitive cost to construct.

Concrete versus abstract

A
f i : & More concrete diagrams
Lt R0 i syl 200V = lower cognitive cost

—_—y i
¥ 0O e [EREEY - more likely to be used

Figure 2

Our findings therefore suggest that task
features affect the cognitive cost of using a
learning strategy like the use of diagrams in
problem solving. This may explain why students
are often found to lack adequate spontaneity in
using effective learning strategies: if the cognitive
cost of using the strategy is high or perceived to
be high, they are less likely to use it.

The educational implication of this is that
students need more training and practice in using
effective learning strategies, like the use of
diagrams, so that the cognitive cost associated
with using them is reduced.

Attention also needs to be paid to
instructional strategies used: for example, in
promoting the use of diagrams, the use of
strategies like active comparison could be helpful,
as we found in a study we published in 2006.
Active comparison could help in developing
students’

understanding of the relationships



between problem features and more abstract
diagrammatic representations — thus making
some of the translational steps involved from
problem to representation less cognitively
demanding.

| now want to move on to another study we
published last year which also highlights the
relevance of cognitive cost in students’ use of
effective learning strategies.

Apart from their effectiveness in problem
solving, diagrams are also effective tools in
communication, as research from authors like
Richard Mayer has demonstrated. Text-based
communication is often enhanced, for example,
when it is supplemented with appropriate

diagrams. However, again, students lack
adequate spontaneity in using diagrams when
communicating what they have learned. For
example, in a study we recently published, we
found that students did not use as much
diagrams in explanations they wrote for other
people, compared to when they were making
notes for themselves.

So we wanted to find out why. More
specifically, we wanted to find out if resources are
shared in working memory for the production of
text and diagrams, and whether task-related
factors like imageability — or how easy it is to
imagine something — and individual factors like
language competence might affect the allocation
of those resources.

So, in this study we asked students to read a
passage and then to write an explanation of it in
Japanese, their first language, or in English, their
They

passages that differed in imageability. One was

second language. read one of two
about how music is played from a CD — which
was low in imageability as it is hard to imagine

the different technical components it describes.

The other was about how the human blood
circulation system works — which was high in
imageability as the different parts of the body
described like the heart and lungs are easier to
imagine.

The explanations that the students wrote
were coded for diagram use — in other words,
whether they included a diagram in their
explanation or not.

Our results showed that students did not differ
in the amount of diagrams they produced when
they were explaining in Japanese or in English.
So generally language did not matter.

However, they used fewer diagrams when
explaining the CD passage, which was lower in
imageability.

We also found that the students’ TOEIC
scores, which is a measure of their English
language competence, significantly correlated
with their diagram use when explaining the CD
passage in English. We did not find the same
effect when they were explaining in Japanese.
This means that students who were poorer in
English used fewer diagrams when explaining the
CD passage in English.

The results of this study support our
hypothesis that cognitive resources for the
production of text and  diagrammatic
representations are shared in working memory.
Furthermore, the cognitive costs associated with
task-related factors and individual factors appear
to influence the allocation of those resources.

We found that lower imageability of what
needs to be explained entails higher cognitive
cost for the production of an appropriate diagram.
As some of the limited resources in working
memory need to be used for text representation
of the information, inadequate resources may

remain for such diagram production. Hence, the



lower use of diagrams in such cases.

We also found that when students are not
so competent in the language they need to use to
explain, they are likely to need to use more
cognitive resources in working memory for the
production of the text explanation. As a
consequence, inadequate resources are likely to
remain for diagram construction. Hence, the
lower use of diagrams among students who were
poor in English — but only when they had to use

English in their explanation.

Relevance of cognitive cost

Resources for text and diagram
production are shared in working
memory
- Effect of task-related factor
- Lower imageability = higher cognitive cost 2
inadequate resources =¥ lower use of diagrams
« Effect of individual factor
« Lower L2 competence < higher cognitive cost to
explain in L2 & inadequate resources = lower
diagram use

Figure 3

These findings suggest the importance of
developing students’ knowledge about different
kinds of diagrams, as well as the different
purposes that diagrams can serve in
explanations. In other words, apart from serving
the purpose of illustrating different parts of what
is being explained, diagrams can also for
example be used to clarify relationships,
processes, and so on.

More practice and training in the
construction of more abstract diagrams would
also likely be helpful, as the difference between
the amount of diagrams students produced for
the high

passages would suggest.

imageability and low imageability

Finally, the findings suggest that teachers
need to be aware of individual factors, like
second language competence, that could limit
some students’ ability to use effective learning
strategies in some situations. If teachers are
aware and can identify such situations, they may
then be able to provide the necessary remedial
instruction and practice to help alleviate such
limitations.

Now | want to move onto a study we did
looking into strategies that students use to learn
second language vocabulary words.

Research in second language vocabulary
learning indicates that effective strategies are
those that use deeper processing through form
and meaning associations, and more active
learning strategies that enable the learner to
clarify the meanings of words, use the words,
associate and elaborate on the words, and
practice recalling the words.

In contrast, repetition and other shallow
processing strategies — like simply reading
through words and their meanings — are
considered ineffective.

There is not a lot of research that has been
done on the L2 vocabulary learning strategies
that students employ, but the few studies that
have been carried out indicate that there is
variation in the strategies that students use.

What is concerning, however, is that some
of these studies report a prevalence in the use of
repetition and shallow processing strategies. For
Kudo (1999)

Japanese senior high school students studying

example, reported that many
English mainly use shallow processing strategies.
Lawson and Hogben (1996) reported similar
findings with Australian university students
studying ltalian.

In this study, therefore, we wanted to find



out if Japanese university students are miserly in

their cognitive efforts at learning second
language vocabulary words. In other words, do
they use strategies that require low cognitive
effort — like simple repetition? If so, we wanted
also to find out the possible reasons for this.

Our participants were 84 second-year
undergraduate Japanese university students who
were taking a compulsory English course in
which they are required to learn lists of academic

words. Approximately every two weeks they

received a test on selected words from those lists.

We examined their performance on two
consecutive tests. After each of those tests, we
asked them to complete a questionnaire that
asked about the strategy they used, the difficulty
level of that strategy, their confidence in their
ability to use the strategy, and their expectations
about its effectiveness.

Our results showed that, on average, the
students were using strategies that they
considered to be easier: on a scale of 1 to 5,
where 1 was “very easy to use” and 5 was “very
difficult to use”, their average was 2.49.

As you can see here, 50% of them were
also using repetition and shallower strategies.
42.9% looked up the word meanings, and only
7.1% reported using elaboration and association
strategies and/or active self-testing.

Furthermore, after the first test, 62% of the
students indicated that they could think of better
strategies to use that would require more effort.
However, after the second test, 71% of the
students reported using the exact same strategy
as in the first test. Also, only 22% of those who
said they could think of a better strategy, reported
trying that strategy out in the second test.

So these results indicate that the students

were using low cognitive effort in studying for

their L2 vocabulary tests, they were using
strategies that employed shallow processing, and
even when they could think of better strategies
the majority were not prepared to use those
better strategies — presumably because they
would entail more effort.

So we considered the possible reasons why.

One possible reason is that the difficulty
level of the strategies the students were using
was not related to their test outcomes. In other
words, using more difficult strategies did not
equate to better test outcomes.

We found that the reason for this lack of
connection was that the “better” strategies that
students could think of and that they perceived to
be “more difficult” were in fact also strategies that
employed shallow processing! In fact when we
examined the “better” strategies that students
55.1%

repetition and more use of shallow processing

came up with, involved just more
strategies like reading through the vocabulary
words lists over and over again!

These results indicate that generally the
students possessed poor knowledge about

effective learning strategies to use in L2
vocabulary learning.

So in summary, this was what was happening
(see Figure 4): Many of the students were making
poor effort and using poor strategies in their L2
vocabulary learning, so they get poor outcomes.

They start thinking: | must try harder!

So they increase their effort — they try
harder. But they continue to use poor strategies.
So they still get poor outcomes.

They then start thinking: There is no point in
trying so hard ...

So, they revert back to using low effort,
using poor strategies, and continue to get poor

outcomes!



Figure 4

The findings of this study indicate that the low
cognitive effort that students make in learning L2
vocabulary could be due to a disconnect between
the effort they put in and the outcomes they get in
tests — and the reason for this is that they tend to
use poor strategies even when they are trying to
make more effort.

One important educational implication is
that the connection between effort and outcomes
is really important for students to be able to see.
If a disconnect occurs between them — such as
what was likely to have been happening with the
students in this study — students lose motivation
and use only low levels of cognitive effort
associated with poor strategies.

Clearly, also, students need more
instruction about and practice in using more
effective and efficient strategies for L2 vocabulary
learning.

Finally, we need to formulate instructional
strategies that would enable students to better
see that the cognitive effort they put into learning
—including L2 vocabulary learning — is worth it.

So to conclude, | think it is clear from the
findings of the three studies | described that
cognitive cost affects students’ choice and use of

learning strategies

including the use of

diagrams in problem solving and in writing

10

explanations, and in learning L2 vocabulary
words.

This suggests the importance of developing
that

overcome the constraints and limitations that

strategies would enable students to
cognitive cost can impose on strategy use. Also,
it is important for teachers to be aware of the
effect that cognitive cost can have on students’
learning strategies use. Some of the observed
and reported lack of spontaneity in students’ use
of effective learning strategies could be
explainable in terms of the costs associated with
processing information about the learning task
and with employing strategies to accomplish that

task.
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