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Talk2 Students’ Use of Diagrams as a Learning
Strategy: Some of the Mental Processes that
Influence Such Use

Emmanuel Manalo (Waseda University)

Yuri Uesaka (Waseda University)

Yuichiro Wajima (Aoyama Gakuin University)

In this presentation, we will report on our most
recent findings about mental processes relating
to students’ use of diagrams. | have beenworking
on these research studies with Drs. Uesaka and
Wajima.

As most of you here are in the field of
education, most if not all of you would be aware
of the usefulness of diagrams in teaching and
learning situations. Larkin and Simon explained
this usefulness in terms of diagrams being able
to group related information together. Because
information is grouped together in diagrams, and
relationships are more explicitly shown, it is a
lot easier to think about and to understand the
information contained in them - compared, for
example, to sentences.

Diagrams can also help in getting students
better engaged in their learning tasks; diagrams
encourage the use of more effective strategies
like association  of

organization and

10

information; and the use of diagrams help in the

development of other important skills |ike
creative reasoning and communication.
In brief, diagrams are helpful in thinking,

learning, and understanding of information. They
promote more successful problemsolving. And they
facilitate more effective communication.

These qualities make diagrams very useful in
educational situations.

As a quick illustration of how useful diagrams
are, please have look at this text about the human
blood circulation system. There is a lot of
inter-related information here, and if we are
learning this information, or if we are teaching
someone this information, the use of a diagram

(like this) would be very helpful.

Example: The human blood
circulation system
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Figure 1

We have been very interested in finding out what
mental processes are involved in thinking about
and using diagrams. In other words, we consider
it important to find out the answers to questions
| ike: How do people think about diagrams? When we
make and use diagrams, what happens in our mind?

We believe that understanding these kinds of
mental if we

processes are helpful because,

understand these processes, we can develop more



effective strategies for teaching, and also
develop ways to overcome problems that students
may have in using diagrams.

In our previous research, we have already found
the following:

- That in math word problem solving, lack of or
low use of diagrams is associated with the way
that students think. Students tend not to use
diagrams when they lack confidence in using
diagrams, when they think they will experience
problems if they use diagrams, and when they think
of diagrams as teachers’ tools - rather than
their own tools for problem solving.

- We have found that students are more |ikely
to use diagrams when they know the value of using
diagrams in the task they are doing, and when they
have the skills necessary to make the diagrams
that are needed.

- We have also found that the cognitive (or
mental) effort necessary to make a diagram can
affect the likelihood of students using that
diagram.
|ikely that the diagram will be used. Students,

for example, are less |ikely to use more abstract

|f more effort is necessary, it is less

diagrams (like tables and graphs) that involve
more mental steps to make, compared to more
concrete diagrams |ike simple illustrations or
drawings of what things look |ike.

the

investigations we have carried out were on mental

During past year, two research

processes involved in diagram use. In one study,
our main question was: How do people mentally
conceptualize or think about diagrams? Few
studies have considered this questionbefore, but
we believe it is important to find out the answer
because how people think about diagrams would
likely affect their use of diagrams - as our

previous research findings suggest.
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In another study, we tried to understand the
mental mechanisms involved when students use text
(or words) and diagrams in explaining what they
have learned. Previous studies in this area have
only looked at learning or understanding text and
diagrams - not the processes involved in
producing text and diagrams. But if we can find
out the processes involved in production, it
would help us understand why students use
diagrams when explaining in some situations but
not in others.

In the mental conceptual ization study, we asked
undergraduate university students to free write
about diagrams. This means that for 3 minutes they
could write anything and everything that came to
mind as they thought about diagrams.

Some of you may be familiar with the method of

“free writing” . It is often used in helping
writers overcome blocks they may experience in
writing. It is also a method that is used in

psychological studies to get insights into
people’ s mental structures about target objects:
in other words, what people write can help us
understand what and how they think about the topic
they write about.

We analyzed the words that the students
produced using morphological and correspondence
analysis. Dr Wajima can briefly explain the ways
we analyzed the data.

TV =TT 4 VT DT —ZIIRERINT % T
T, HEEICHTILictk, A, BRI, s hhi
LELEL, HREZLICHEEEE v R LT, M
FEDS 3 LU EDOBIGEA KRG & LT bt & BHEEA 5 DL
DHEEZXIG L LT a T 0 E L,

EATRHEENRIREAEH ST D 00 & B 58T
T L0, b NERERE, HAZHEREL Lz
KT & 7 T A2 =TV E LT,



We found five main clusters in the words that
students wrote during free writing. These
clusters were:

- Words that refer to the appearance, features,
or parts of diagrams.

- Words that say something about where diagrams
appear or where they can be found.

Words referring to specific kinds of

diagrams.

- Words that say something about the uses,
functions, or purposes of diagrams.

- And also, words that may say something about

their feelings or personal responses to diagrams

Mental conceptualization

What kinds
are there?

Where are
they used?

P \ /
I
!
/
!

What do they
look like?

What are they?

What purposes

----- >
do they serve?

What are they
used for?

\

DIAGRAMS

What do | think
about them?

/

Figure 2

This study is not yet finished, but at this
stage we can already get some indications fromour
findings about how people might mentally
conceptual ize diagrams. Our results suggest that
people think of diagrams in terms of their entity,
or what they are: this includes concepts about
what they look |ike, and what kinds of diagrams
there are. One possibility is that as people know
more about diagram, their concept of the diagram

“entity” moves from focusing only on what they
look |ike to focusing more on the different kinds

of diagrams that exist - but we need to examine
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this possibility more carefully in future
research.

Our findings also suggest that people think of
diagrams in terms of their purpose or what they
are used for. This includes ideas about where
diagrams are used, and more specific ideas about
the purposes they serve. Again, it is possible
that as people know more about diagrams their
thinking moves from focusing on where diagrams
are used to focusing on what purposes diagrams
serve in different situations.

Finally, there are some indications in our
results to suggest that people also think about
diagrams in terms of their feelings about them.
This includes feel ings they may have about using
diagrams - such as how easy or difficult it might
be to use diagrams.

| will now move onto the other research study
we have conducted about the use of diagrams in
written explanations. In this study, we asked
undergraduate university students to read one of
two passages - one about how music is played from
a CD

circulation system. After reading the passage, we

and another about the human blood
asked them to write an explanation of what they
had learned - in Japanese (their native language)
or in English (their second language). Then we
coded the explanations that the students produced
for whether they used a diagram or not.

The two passages we used differed in their
imageability. The CD passage was lower in
imageability, meaning that it is more difficult
to imagine what is described in the passage. The
circulation passage was higher in imageability:
it is easier to imagine the parts of the human
blood circulation system and how they work.

We bel ieved that imageabil ity as a task-related

factor would affect students diagramuse in their



explanations. In other words, because the CD
passage ismore difficult to imagine, more mental
resources would be needed to think of and produce
the appropriate diagram. As a consequence, fewer
students would produce diagrams when explaining
the CD passage.

We also predicted that students who were poor
in English would need greater mental resources to
explain inwords what they had learned in English.
As a consequence, they would have inadequate
resources left for diagram construction - so
fewer diagrams would be used, especially when
explaining the information from the hard to
imagine CD passage.

Our hypothesis was that the mental resources
used in producing text and diagrams in
explanation are shared - as shown in this diagram.
So when asked to explain what they have learned,
students need to access information from long
resources (like
This

information is processed through the verbal and

term memory and/or external

notes) that may be available to them.

visual channels of working memory: the verbal
channel to produce the words to explain, and the
to produce any diagrams or

visual channel

i llustrations to support the explanation.

Processing
Requirement

Cognitive Processing Processing

Working Memory Output

verbal Textual
Organizing | representation representation
words /\\f

Visual Diagrammatic
representation representation

Explain
information
learne:

Verbal
knowledge

Convey
demand

e LW

'
! | Visual
'
I
'
'

knowledge
'
'
H Long-Term Memory
External rior or acquirs
nowledge

Organizing
images

Figure 3
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However, because mental resources are shared,
sometimes there may not be enough mental
resources left to produce the required words or
diagrams. For example, when the information is
hard to imagine |ike the CD passage, there may not
be enough mental resources left for the visual
channel to produce a diagram after some of the
resources have already been used by the verbal
channel to produce the words for explanation.

Likewise, if a student is not good in English,
producing the words in English to explain may use
up a lot more resources in the verbal channel. As
a consequence, there may not be enough resources
left for the visual channel to produce a suitable
diagram.

TOEIC

scores as a measure of their English competence

In this study, we used the students’

levels.

This slide shows examples of the kinds of
diagrams that the students included in their
written explanations of the CD and circulation

passages.

Examples of diagrams produced

Tight ofrian  hoset

Hf' d s E‘H Ventrjele

left atrim

Figure 4

This table shows the proportions of students
who used diagrams inexplaining the CD passage and

the circulation passage in Japanese and in



English. There was a significant difference
between the proportions of diagram use in
explaining the CD passage compared to the
circulation passage. Fewer diagrams were used in
explaining the CD passage. This supports our
first prediction - that fewer students would use
lower

diagrams in explaining the passage of

imageabi | ity.

Finding about imageability effect

Passage Japanese English Both languages
explanation explanation (combined)
CD 15 12 13

Circulation 57 48 52

* The students used significantly fewer diagrams in the
explanations they provided for the passage of lower
imageability (the CD passage)

 There was no difference between the two languages
(Japanese and English) in the amount of diagrams that
students produced

Figure 5

However, therewas nosignificant difference in
the proportions of diagrams used in the Japanese
and the English explanations. This means that the
|language of explanation required - the native
|anguage or a second |anguage - general ly did not
affect the students’ use of diagrams in their
explanations.

However, whenwe |looked at correlations between
TOEIC scores and diagram use - as this table shows
- we found a significant correlation between
TOEIC scores and the students’ diagram use when
they were explaining the CD passage in English.
This means that students with lower TOEIC scores
- and hence poorer in English - used fewer
diagrams when they were explaining the CD passage
in English. The same effect was not found in the

circulation passage or when the students
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explained in the Japanese |anguage.

Finding about L2 competence
effect

Passage

Japanese
explanation explanation
-.14 AT*

-21 28

English

CD
Circulation
*p< .05

* The students L2 competence (TOEIC scores) significantly
correlated with their diagram use when explaining the CD
passage only (not the circulation passage).

* No significant correlation was found when the explanation
required was in Japanese (the students’ L1).

Figure 6

This therefore supports our prediction about
the possible limiting effect of some individual
factors, |ike language competence, ondiagramuse
when explaining. Our results suggest that both
task related factors and individual factors can
affect the

explanations. Students needed to use more mental

use of diagrams in written
resources to produce a diagram for the hard to

imagine CD passage. After producing the

explanation in words, for many of them, the
remaining mental resources might not have been
enough for diagram construction. As a consequence,
therefore, fewer students used diagrams in
explaining the CD passage. Likewise using words
to explain in English would have used up greater
mental resources in those students who were poor
in English. As a consequence, for many of them,
there would not have been enough mental resources
they could use to make a diagram for the hard to
imagine explanation of the CD passage.

| want to stress here that we are not suggesting
that better language skills would result in more
diagram use: only that when language skills are

so poor, they can work as a |imiting factor on



students’ ability to use diagrams in explaining
what they have learned.

Our findings from this study have a number of
useful educational implications. First, we
believe that many students were not ful ly aware
or appreciative of the usefulness of including
diagrams when producing written explanations. We
that

emphasizes to students the use of words when they

believe educational socialization
are required to explain what they have l|earned.
But it is

appreciate the value of including diagrams to

important that students equally

more effectively communicate or explainwhat they
have learned.

Second, the low diagram use when students had
to explain the passage of low imageability
suggests that students need to improve on their
know|edge about the kinds of diagrams they can use
and for what purposes. We believe that students
need to develop their skills particularly in
constructing and using more abstract forms of
diagrams - |ike flow charts and other kinds of
graphs, and tables.

Finally, our findings about the influence of
second language skills on diagram use suggests
that teachers need to consider and be aware of the
like these on
like

diagrams. |f teachers are aware of the influence

impact of individual factors

students’ use of learning strategies
of individual factors like this, they would be
better able to detect and address student

problems and difficulties when they occur.
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