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Diagrams in Learning and
Communication
Emmanuel Manalo (Kyoto University)
(The University of Tokyo)

Chris Sheppard (W

Yuri Uesaka

aseda University)

My name is Emmanuel Manalo. 1 am from the
Graduate School of Education of Kyoto University. The
research that I will describe this morning is on ‘Diagrams in
Learning and Communication’.  This research I have
conducted with Yuri Uesaka and also Chris Sheppard at
Waseda University.

This is an outline of the presentation (Slide 2).

Outline

* Main question

— Can interactive communication be used for improving
students’ spontaneity in using diagrams when
explaining what they have learned?

* In this presentation

— Key findings from previous research (including ours),
and rationale for the present study
— Method we used in this study
— Results we obtained
— Discussion of our findings
* Possible explanations
+ Implications forinstruction

Slide 2
Firstly, the main question that I am going to address is:
Can interactive communication be used for improving
students’ spontaneity in using diagrams when they are
explaining what they have learned? In this presentation, 1
am going to provide some key findings from previous

research that includes our own research, and the rationale for

the present study. Then, I want to briefly describe the

- 18 -



method that we used in this study and describe the results
that we got.  Then, I would like to discuss our findings, the
possible explanations for our findings, and the implications

for instruction.

Previous Research
There is quite a lot of research that has been done on
combining diagrams with verbal information in multimedia

communication (Slide 3).

Previous Research

* Combining diagrams with verbal information (words) in
multimedia communication is efficacious (e.g., Ainsworth,
2006; Mayer, 2001)

* But students lack spontaneity in using diagrams when
explaining what they have learned (Manalo et al., 2013)

— Influence of individual {language proficiency) and task-related factors
{imageability) on cognitive resources available for diagram production
— Variations in audience-related perceptions about the relative

usefulness oftext and diagrams inthe explanation (Manalo & Uesaka,
2012, 2014)

Slide 3

When you have posters, pages of magazines,
information on T'V, videos, or any other things that combine
diagrams and text, the message becomes more efficaciously
delivered to the audience. However, one of the problems
is that students lack spontaneity in using diagrams when they
are explaining what they have learned.  We found this in our
own research: that even though they know about diagrams,
they do not spontancously use them. It seems that there
are some factors that can affect their spontaneity in using
diagrams. These include individual factors like language
proficiency. For example, if they have to explain something
in a second language, they are less likely to use diagram.
Likewise, for task-related factors, if the thing that they have
to describe is more difficult to imagine, then they are
probably not going to use diagrams. We also found that
there are variations in audience-related perceptions about the
relative usefulness of text and diagrams. We found that,

when students are taking notes or writing to explain

something to their own selves, they seem to think that

diagrams are more useful. However, when they are writing
to explain to other people, they do not seem to consider
diagrams particulatly useful.

In our previous research we found that, in math
problem solving, when students interactively communicate
with each other, it is effective in promoting spontaneity in

diagram use (Slide 4).

Previous Research

* In the area of math problem solving, interactive
communication has beenfound to be effectivein
promoting spontaneity in diagram use (Uesaka &
Manalo, 2007, 2011)

— When students have interact with peers to explain
how to solve a problem, they use more diagrams
* During interaction
* Afterward, in subsequent problem solving
— Through experience of trying to explain and receiving

feedback, students realize the limitations of using
words alone

+ Enhances theirappreciation of the value of using diagrams

Slide 4

With interaction they are more likely to use diagrams
when solving problems.  When students interact with peers
to explain how to solve a problem, they use more diagrams
while they are interacting with each other and also afterwards.
This is an important point. There is a transfer to problem
solving that occurs later on.  They seem to still continue
using more diagrams when they are problem solving on their
own. Through the expetience of trying to explain to
another person and receiving feedback, the students realize
that there are limitations to just using words when they are
explaining and that they actually have to use some
visualization in order for the other person to understand
more clearly.

Doing so enhances their appreciation of the

value of using diagrams.

Research Question & Methods
The question in our research is: Can interactive
communication likewise promote spontaneity in diagram use

when students explain what they have learned (Slide 5)?
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Question in this research

* Can interactive communication likewise
promote spontaneity in diagram use when
students explain what they have learned?

L Lt

Note Written
taking explanation
Explain5 min

o J

Explain5 min

—

. . | Exchange+

Slide 5

The participants in this study were 84 Japanese
undergraduate university students (Slide 6). These were
students studying science and engineering subjects. We
gave them booklets containing one of two passages. They
got either a passage about how a CD plays music or about
the human blood circulation system. These passages had
equivalent numbers of idea units in them and were the same
as those we used in previous research. The students were
randomly paired. They were then assigned to either an
interactive or a non-interactive condition. I will explain
these conditions afterwards. The members of each pair
differed in the passage that they received. If one received
the CD passage, the other received the human blood
circulation system passage. 'The participants were asked to
read the passage. They could take notes duting that time.
They wete told that they would later be asked to explain the

contents of their passages.

Slide 7
There were three parts to the procedure.  First, the
students read and took notes. Then they were asked to
verbally explain it to the person they were paired with.
Then they had to write a written explanation of what they
had learned. There were two conditions. Thetre was an
interactive condition and a non-interactive condition. In
the interactive condition, they read, and then afterwards they
took turns explaining what they had learned to the other
person for five minutes. During that time they could speak
and they could also use a piece of paper they were provided
to write or draw anything they want. Then they reversed
roles. In the non-interactive condition, what they had to do
was explain to a tape recorder. They could also provide
some notes. Afterwards they listened to the recording.
That is the main difference in that they did not directly

interact with each other.

This is what we did for the analysis (Slide 8).

Method

* Participants
— 84 Japanese undergraduate university students
+ Materials

— Booklets containing on of two passages (CDor human
blood circulation), with equivalent numbers of idea units
(Manalo & Uesaka, 2012)

* Procedure

— Every two students randomly paired, and randomly
assigned to interactive or non-interactive

— Member of each pair differed in passage they received

— Participants asked to read the passage; could take notes;
told they would later be asked to explain the content

Method

* Analysis
— Counted the number of idea units the students
represented in text and/or in diagrams
— Between-participant variables
* Condition (Interactive or Non-interactive)
* Passage (CDor Circulation)
— Within-participant variable

* Task(Note taking, Verbalexplanation, Writtenexplanation)

Slide 6
This is an illustration of what we did (Slide 7).

Slide 8

We counted the number of idea units that the students
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represented in text and/or in diagtams.  We looked at what
and how they were represented in text or diagrams. The
between-participant variables were the condition and the
passage: so they were either in the interactive or the non-
interactive condition, and they either received the CD or the
circulation passage.

There were three types of writing the students produced
that comprised the within-participant variable. ~ First, there
was the note taking at the beginning, Then, there was the
writing they produced during the verbal explanations —
during which time they could write notes. Then there was the
written explanation that they had to provide for an imaginary
person who did not know anything about the passage. We
looked at each of these written works to count the number
of idea units that were represented.

This is an illustration of the idea units (Slide 9). An
example is that music is stored in CD as numbers.  That is

one idea unit: that numbers ate stored in a binary form as

ones and zetroes.

nent 1| Information or detals about how music is stored ona C0 as numbers |
m1 Masic is stored on CDas numbers |
1 Numbers are stored In binary format ORas Os ard 1s |}
@1 Music is burned on 3 LD using 3 lacor beam )|
14 What “humps” or “pits” are: they are theburned parts; OR tey are '
indentations or etches on the surface of the CD; AND/OR thet they represent
the number
m1-5 What “lards” are: where there are no bumps; OR they are the unbarned parts
without i i ctching; AND/0R they represent the number 1
Component2 | 1 jom or detals about the it parts of a OO ¥ 1
- Laser beam
w2 hotocell I
ma- ectronic circuit
2 nary number decoder
25 praker
3 rdetals athp that enables
music to be produced from a (D
ma-1 Laser beam flashes on CD and light is refected back {or not] depending on pits
anl Lands on surface of CD
m3-2 Reflected light is detected by a photocel] [which sends current to electronic
circuit)
m33 Electronic circuit generates O and 15, (and sends this patiern (o binary I
rmumber decoder) |
=R Hinary number decoder converts the patlern to patters of ecctranic currents
(and semds this to speaker)
3-5 ___| Speaker the pattern of electronic currents to misic
CD passage idea units

Slide 9
For the human blood circulation system, you can see
examples here (Slide 10). The circulation system enables
the distribution of oxygen, hormones, and nutrients to cells.

It also enables the removal of carbon dioxide, waste, and so

on.

1 purpose of the
system

i1 The circulatory system enables the distributkon of oxygen, hormones, and
mtrients to cells, andthe removal of carson dinvde and wastes

TRE] There are two primary subsystems of clculation (pulmonary drculation and

i systemic circulation)

BC1-3 Pulmopary circulatice involves the movemsent of blood from heart to lungs, |
ard back to the heart

BC1-4 Systemic circulation invelves the movewent of blood to all parts of the body

, and back 1o the heart

through these struclures

21 The four sections ol the heart: left and right sides [divided By the septum], and
upper {atrium} and lower [ventricle) chambers of eachside
=] The direction of blood law through thess chambers (blood enters right atriam;

pumped o right ventricle: goes ta lungs:cames back toleft atrium; pumped to
left ventricle; goes to sther parts of the bady)

B2-3 Ore-way valves separate the chambers of the heart so bload will not flow the
wiong way
BTz The bcart sends bioud w the lungs fur e |
=3 The heart sends axygenated blood to cels in other parts of the Body
(=23 Blood from other paris of the body (carrying carbor dioxide and wastes)
relumns Lo the heart
= detals d I thy
I3 1 inod vessels that carry blood away from the heart
= g ard elastic, OF o tores il andre igh geeare ||
33 it when the arteries through them |
i34 Veins carry blood badk to the heart |
I35 __ | Veins carry blood under | 5 =——-=1]
1 ==
Circulation passage iceaunits.
Slide 10
Results

These are the results (Slide 11).

Results: Representation Type

* More idea units (IUs) represented in text
compared to diagrams

Figure 1. Mean numbers of Id‘;; ;mlt; as a function of representation types [diagrams: left, text: right]

Slide 11

The first graph shows that the students represented
more idea units in text as compared to diagrams.  These are
ideas that the students represented on average in diagrams
(left bar), and then the ideas they represented in text (right
bar). This is significantly different. They represented
more in text. However, that was to be expected.
This was also an expected result: that more diagrams

were used in the circulation passage (Slide 12).
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Results: Representation Type x Passage

* More diagrams were used in the Circulation passage
than in the CD passage, and more text was used in
the CD passage compared to the Circulation passage

Figure 2, Mean number of idea units as a function of representation types [diagrams: left, text: right]
for the CD [red] and the Circulation [green] passages

Slide 12
This graph compares the circulation passage and the
CD passage. You can see (left pair of bars) that more
diagrams were used in the circulation passage (datk bars) as
compared to the CD passage (light bars). However, in
terms of text (right pair of bars), there was more text used
in the CD passage as compared to the circulation passage.
The reason for this is because the circulation passage is
casier to imagine. Therefore, the students were able to
more easily make diagrams for it as compared to the CD
passage, which is harder for them.
This is the total number of idea units that the students

represented (Slide 13).

Results: Tasks

+ Fewer IUs were represented during Verbal
explanation compared to Note taking and Written
explanation

Figure 3, Mean numbers of idea units as a function of tasks [note taking: left, verbal explanation:
middle, written explanation: right]

Slide 13
On average, there was no difference between the
number of idea units represented during note taking (left bat)
and the written explanation later on (tight bar). However,
there was much less tepresentation of the idea units in the
verbal explanation phase (middle bar). This is to be

expected. The reason is that, at the same time they were

writing, the students were also verbally explaining
Therefore, a lot of information was already represented
verbally apart from in written form.

This is a more interesting result (Slide 14).

Result: Tasks x Representation Type

* During Verbal explanation, more IUs were
represented in diagrams than text

Figure 4, Mean numbers of idea units as a function of tasks [note taking: left, verbal explanation:
middle, written explanation: right] for diagram [red] and text [green] representations

Slide 14
The light bars represent diagrams and the dark bars
represent text during note taking (left pair), verbal
explanation (middle pair), and written explanation (right pair).
We can see that in the note taking part and in the written
explanation part, the representation of idea units in texts was
higher. However, during the verbal explanation part, the
number of information units that were represented in

diagrams was higher than in text.

In the interactive groups, they represented more idea

units in diagrams (Slide 15).

Results: Representation Type x Condition

* The Interactive groups represented more IUs in diagrams;
Interactive and Non-interactive did not differ in how many IUs
they represented in text

Figure 5. Mean numbers of idea units as a function of representation type [diagram: left, text: right]
for the i ive [red] and il ive [green] itii

Slide 15
You can see here that the interactive groups (light bars)
represented morte idea units in diagrams (left pair of bars)
compared to the non-interactive groups (dark bars). They

did not significantly differ in the amounts that they
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represented in text (right pair of bars).

Finally, this graph shows task versus condition (Slide 16).

Results: Task x Condition

* The Interactive groups represented more IUs
during Verbal explanation

Figure 6. Mean numbers of idea units as a function of tasks [note taking: left, verbal explanation:
middle, written explanation: right] for the interactive [red] and non-interactive [green) conditions

Slide 16

The interactive groups (light bars) represented more
idea units during verbal explanation. We can see here the
three phases of note taking (left pair of bars), verbal
explanation (middle pair of bars), and written explanation
(right pair of bars). Interactive is shown in the light bars
and non-interactive by the datk bars.  You can see that there
was no difference in note taking and there was no difference
in written explanation. However, there was a difference in

verbal explanation where the interactive group represented

more idea units in total.

What the Findings Indicate

The first important thing that the findings indicate is
that interactive communication seems to be able to promote
spontaneity in the use of diagrams to represent information
learned (Slide 17). We have evidence to show that, when
the students are interacting, they use more diagrams to
explain.  However, the problem is that the increase in
diagrammatic representation did not transfer to the later
phase of written explanation, which was non-interactive.
When they were writing the explanations they were not
interacting with anyone.  Therefore, diagram use went back
to non-interactive levels and there was no transfer to that

situation.

What the Findings Indicate

* Interactive communication can promote student
spontaneity in using diagramsto represent information
learned

* Butincrease in diagrammatic representation did not
transfer to the later Written explanation task—which was
non-interactive

— Evenifstudentsrealized the value of using diagrams during
Verbal explanation, they could have viewed the Written
explanation differently —still considered text representation as
more appropriate (cf. Manalo & Uesaka, 2014)

— Students might have lacked skills in deciding what diagrams to
use in supplementing text for writing an explanation for another
person (cf. Uesaka & Manalo, 2011)

— Lack of feedback from the intended audience during the Written
explanation task could have made it difficult to decide when
textalone might not have been enough

Slide 17

Even if students realized the value of using diagrams
during verbal explanation, they could have viewed written
explanation differently. They may have still considered that
text representation was more appropriate. We discussed
this in our previous paper: that students are probably afraid
that, if they just use diagrams, the person reading it may not
understand.  Therefore, they have to be more explicit in
what they write. Students may have also lacked skills in
deciding what diagrams they should use in supplementing
the written explanation. They lacked feedback from the
intended audience during written explanation because they
were not interacting. This could have made it difficult to

decide whether they needed to include diagrams to make the

written explanation clearer.

Implications for Instruction
Regarding the implications for instruction, interactive
communication can be used to promote spontaneity in

diagram use (Slide 18).
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Implications for Instruction

* Interactive communicationcan be used to
promote spontaneity in diagram use

* However, students may additionally need
instruction and trainingin
— What diagrams to use in representing different kinds
of information (e.g., processes, steps, comparisons,
change, etc.)
* Practice in drawing such kinds of diagrams
— Deciding when text explanation could benefit from
diagrammatic supplements — to help others
understand better
* Considering the intended-audience perspective

Slide 18

However, students may additionally need instruction
and training,  First of all, what diagrams should be used to
represent different kinds of information? What diagrams
should they use when representing processes, steps,
compatisons, change, and others? A lot of students may
not be sute what diagrams they should use in a particular
situation.  That hesitance could prevent them from utilizing
diagrams.  Therefore, they need practice in drawing
different kinds of diagrams. Related to that is deciding

when a text explanation may not be enough and they need to

include diagrammatic supplements to help others understand.

They then need to consider the intended audience. What
would the person that is looking at this need and what
knowledge do they have?

Another important consideration is cognitive cost (Slide

19).

Another Important Consideration

Cognitive cost

— Construction of more abstract diagrams entailgreater cognitive cost (Ueszka &
Manalo, 2012)

— MNeurological evidence that graphs require greater cognitive resources to
processthantext, pictures, andtables (van Leeuwen, Manalk, & vander Meij,
2015)

Students need to be provided more effective instruction and practicein
constructing more abstractdiagrammatic representations

Slide 19
In one of out recent research, in both behavioral results

and neurological evidence, we found that when students have

to deal with abstract diagrams like graphs, it actually has a
higher processing cost. In educational situations we need
to consider the processing cost of what we are expecting of
students.  For example, in this particular study, when
students had to process information represented in graphs,
we found higher cognitive processing resources in the brain
as compared to when the information was represented in
pictures or text.  This finding suggests that students need to
be provided more instruction and practice in constructing

abstract diagrammatic representations so we can reduce the

cost of using them.
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I am honored to have the opportunity to provide a
summary and the closing remarks. Today’s presentations
provided us with a lot of stimulation, a lot of new ideas, and
alot of interesting things to consider (Slide 2). I have listed
them here in English. Probably some of them may be
different from the actual program, but in the morning we
looked at collaboration and learning strategy. We looked at
things like learning strategy use in collaborative learning
situations, diagram use in learning and communication,
programs for enhancing learning strategies use, especially
elaboration, and “essential question” generation strategy in
classtoom settings.  In the afternoon, we looked at
educational uses and benefits of failure including using
difficulties that students encounter for classroom design,
using teacher failure for classroom design, parents’
involvement in dealing with failure to promote learning
strategy use and the achievement of students, and also the
assessment of beliefs about failure — about the development

of a questionnaire and the implementation of that

questionnaire to find out about those beliefs.

Outline

* Main question
— Can interactive communication be used for improving
students’ spontaneity in using diagrams when
explaining what they have learned?
* In this presentation
— Key findings from previous research (including ours),
and rationale for the present study
— Method we used in this study
— Results we obtained
— Discussion of our findings
* Possible explanations
* Implications for instruction

This has given us plenty of things to think about and
may cause a kind of ovetload where there is too much

information to deal with. There is a danger here of getting

ovetloaded, where instead of learning, we might end up with
another experience of failure! I think we should try to turn
this into a positive experience of success or benefit for
ourselves.

I think it is really important at this point to actually
consider the ‘take home’ messages. 1 or someone else
cannot tell you what those ‘take home” messages are.  They
should be the ‘take home’ messages specifically for you.
You leave here today after a full day of things that you
listened to.  So, what are the one, two, or three important
things that you take from this? Those things should last
beyond this evening and beyond the train ride home.

Very quickly, I would like you to you write those down:
think what your one, two, or three ‘take home” messages are
that you got from today’s session. I would like you to think
about the significance of those. For example: are they
things that I can use for my teaching, research, or in what I
do on a day-to-day basis?

Share with the people around you. It might give you
some further insights or ideas about your ‘take home’
messages. Of course, different people will have different
‘take home’ messages. However, it is useful and beneficial
to hear from other people about their ‘take home’ messages.

To finish, I want to mention that this is the end of the
project called “Elucidating the mechanisms of spontaneous
learning strategies use and the applications to educational
practices” (Slide 4). It is a JSPS-supported project from
2011-2014 that is finishing this month. I have been in the
position of leading that project. I come to this point in time
with mixed feelings. On the one hand I feel very happy
with our achievements, especially in terms of what we have
managed to do in research. At last count we have almost
60 full text research publications for that project. In
addition, one thing that I feel quite proud about is that we
received the best paper award in one recent conference for a
paper we produced in that project as well. That is the
However, there is also the sad side:

happier side of things.

to see a project that you have been involved with for four full
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years coming toan end.  Being on this project for four years,
I feel like it is not finished yet. You still want to continue
working with the colleagues who have been involved in this
project during those four years.

This is also the beginning of another project (Slide 5).
This project has sort of smoothly transitioned into another
project, which is “The development of school education and
the elucidation of mechanisms to promote effective learning:
taking advantage of the opportunities that ‘educational
failure’” presents”. It is actually another four-year project
that started in 2014 and will continue until 2017 with
Professor Ichikawa as the head. One really good thing
about it is that the membership is almost shared.  There are
a lot of members in the new project from the previous
project. Thete ate alot of other people who are also linked
to it even if they are not formally part of the project.

On that note, I want to finish by thanking all of the
presenters today.  We have had very good, very high-quality
presentations today. Even though the presentations are
only about 20 to 25 minutes each, and even though in many
cases we failed in keeping time, the amount of time that goes
into preparing for these presentations is quite significant.
Therefore, I would like to ask you to put your hands together
to thank the presenters today.

I would also like to thank the members of our team,
especially the ones who were involved in the first earlier
project that is finishing.  They have done a wonderful job in
this project. I am proud to have been a part of such a great
and productive team. Could we put our hands together to
express appreciation of those members?

Finally I would like to say thank you to all of you in the
audience today (Slide 6). The research that we are doing
would not be meaningful if it were not for you.  You are the
ones who are going to be using it, which is partly why it is
important to have those ‘take home’ messages.  You are the
ones who ate going to be working with the students or who

are going to continue researching these things. It is

extremely important to have your participation in this.

Every year we look forward to this opportunity to actually
interface with you and share what we have found. 1 do not
think it worthwhile to keep what we ate finding to ourselves.
That interface with people who ate really in education is

extremely important. Thank you very much.
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