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Abstract. Using appropriate diagrams is generally considered efficacious in
communication. However, although diagrams are extensively used in printed and
digital media, people in general rarely construct diagrams to use in common
everyday communication. Furthermore, instruction on diagram use for commu-
nicative purposes is uncommon in formal education and, when students are
required to communicate what they have learned, the usual expectation is they
will use words — not diagrams. Requiring diagram inclusion in essays, for
example, would be almost unheard of. Consequently, current understanding
about student capabilities in this area is very limited. The aim of this study
therefore was to contribute to addressing this gap: it comprised a qualitative
exploration of 12 undergraduate students’ diagram use in two essays (in which
they were asked to include at least one diagram). Analysis focused on identifying
the kinds of diagrams produced, and the effectiveness with which those diagrams
were used. Useful functions that the diagrams served included clarification,
summarization, integration of points, and provision of additional information
and/or perspectives in visual form. However, there were also redundancies, as
well as unclear, schematically erroneous, and overly complicated representations
in some of the diagrams that the students constructed. These findings are dis-
cussed in terms of needs, opportunities, and challenges in instructional provision.
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1 Introduction

Alongside problem solving and thinking, communication is one of the areas of human
activity where diagram use is considered to be beneficial. When appropriately used,
diagrams can clarify and/or complement verbal information presented in speech or text,
so that both verbal and visual channels of working memory are utilized, thus facili-
tating more efficient cognitive processing [1, 2].

Diagrams can contribute to both message encoding and decoding (i.e., the pro-
duction and the comprehension of communication), thus being of value to both the
communicator and the communication receiver. Especially in contexts where there are
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some constraints or limitations to conveying the message through verbal means, dia-
grams can be indispensable. They can supplement speech or text by providing com-
plementary or alternative means of conveying the intended message. Examples of such
contexts include communicating complicated procedures, like furniture assembly [3],
and communicating with people who speak a different language [4].

However, despite the apparent usefulness of diagrams in communication, its actual
use remains very limited. Pictures and various kinds of diagrams, including illustra-
tions, are regularly used in books, magazines, websites, and various forms of printed
and digital media, but most of those visual representations are commercially or pro-
fessionally created. They are not generated by regular people in everyday communi-
cation contexts. Regular people are often only receivers of such visual representations.
In most communication contexts, they do not generate their own diagrams: they rely
almost exclusively on written or spoken words. In formal education provided in
modern societies, diagram use for communicative purposes is rarely taught. Despite the
recognition in research and policy documents of the value of being able to use multiple
forms of representation [5, 6], students seldom receive explicit instruction about how to
create and use diagrams. In both school and higher education, when students are asked
to communicate what they have learned and what they think (e.g., in essays, which are
focused pieces of writing intended to inform or persuade), the general expectation is
that they will express that information in words — without the use of any diagrams [7].

Considering that much of the knowledge and ideas that students have to engage
with, learn, and then communicate are quite complex, and diagrams have the capacity
of representing complex ideas effectively [8], the general lack of attention in education
to cultivating skills in diagram use is troubling. Like words, diagrams can be used
effectively or ineffectively [9], so the question of the extent to which instruction or
guidance may be necessary would appear important to address. In tasks like problem
solving and information organization in subjects like mathematics and science, the
kinds of diagrams that students generate and use have previously been investigated
[10-12]. However, very few studies have examined diagram use in communicating
information in the social sciences [13], where traditionally a greater emphasis has been
placed on the quality of language that is used. In fact, the present authors are not aware
of any studies that have examined students’ diagram use in essays. Our current
understanding of student capabilities in using diagrams in such contexts is very limited,
including what we know of the potential benefits that such use might afford.

The present study was motivated by this knowledge gap, and it comprised a
qualitative exploration of student diagram use in two essays they produced for an
undergraduate-level introductory course in educational psychology. In the two essays,
the students were asked to include at least one diagram to portray processes or
mechanisms of moderately complex ideas. Both essays were expository-type essays,
hence requiring the students to demonstrate not only knowledge of the topic, but also
the ability to communicate information clearly — which the appropriate use of diagrams
is supposed to facilitate. The following were the main questions we addressed:

(i) What kinds of diagrams would students use to portray processes/mechanisms?
(i) In what ways do students use diagrams effectively in their essays?
(iii) In what ways do they not use diagrams effectively?
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2 Method

This investigation comprised analysis of the contents of two essays that students
produced as part of their coursework. No experimental manipulation was involved. The
analysis was conducted following completion of the course, so it had no bearing on the
students’ grading. Permission was obtained from all the students for use of their essays.

There were 12 students in the course (females = 4), 7 of whom were in their first year
of study, while the remaining 5 were in their second year or higher. Nine of the students
were Japanese, and 3 were international students from other East Asian countries. All had
English as a foreign language, but were adequately proficient in that language (a
requirement for acceptance to the university). The course was conducted entirely in
English, and all assignments (including the essays) had to be written in English.

The essays were each worth 20% of the students’ final grade, and they dealt with
topics covered in the course. However, both essays required students to seek additional
information (beyond what was covered in class), and to provide explanations that could
not simply be obtained from the instructions provided in the course. The first essay
required the students to research and then explain one theory about how young children
develop their understanding of the world around them. The second required them to
undertake research on formative assessment and explain how it can promote more suc-
cessful learning. In both essays, the students were asked to include at least one diagram,
which was allotted 3 points (out of 20) in the grading rubrics (in this case, for “demon-
strating a clear understanding of the mechanisms or processes that it illustrates”). Dia-
grams can assist in clarifying ideas [8] and so, from a pedagogical perspective, one
purpose of asking the students to include the diagram was for them to better understand
key processes covered in the course. The diagram had to be self-constructed (i.e., not
copied-and-pasted from some other source). In the first essay, the instruction given to the
students indicated that the diagram was to “help in explaining the progress in under-
standing that children develop”, while in the second essay the diagram was to “help in
clarifying how formative assessment facilitates learning”. No other instruction was
provided on what form the diagram should take or how they should construct it, and no
diagrams relating to those or other similar mechanisms/processes were shown during
instructions provided in class. During grading of the essays, apart from the score out of 3
on the grading rubrics (see above), no explicit comment or feedback was provided on the
type, content, or quality of construction of the diagrams the students included.

In the analysis, firstly the number and kinds of diagrams included in the essays were
determined with the use of a coding schema comprising categories from previous
research [10, 11, 13]. Apart from the first author’s coding, the second author, who
initially was not involved in this research, also independently coded the diagrams. Initial
inter-coder agreement was 75%. Differences were then discussed and subsequently
agreed upon. Second, the diagrams were evaluated in terms of how effectively they were
used. For this, key questions asked were: Does the diagram contribute to clarifying the
process it refers to — and, if so, how? Apart from clarification, does it serve other useful
functions? When diagrams did not appear to work well, the reasons were also carefully
considered. Again, both authors independently coded the diagrams (initial inter-coder
agreement was 92%), and then discussed differences to reach agreement.
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Stage and Age Main Features
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Fig. 1 The image that the amount of water does not change.
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Figure 1: Zone of Proximal Development
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Fig. 1. Examples of diagrams belonging to each of the categories that were identified

3 Results and Discussion

3.1 Kinds of Diagrams Used to Portray Processes/Mechanisms

Table 1 shows the kinds/categories and corresponding frequencies of diagrams the
students included in their first and second essays, and in total, while Fig. 1 shows
examples of the diagrams belonging to each of those categories. In the first essay four
of the 12 students included more than one diagram (two student with 3 diagrams, and
two with 2 diagrams), and in the second essay two students included more than one
diagram (both with 2 diagrams). The frequencies shown in Table 1 include all the
diagrams the students generated.

All except one student included self-
constructed diagrams (as the assignments
required). We were fairly confident about

Table 1. Kinds of diagrams and the frequen-
cies with which they were used

this because the language use in and Kinds of diagram | Essay 1 | Essay 2 | Total
appearance of the diagrams included sug- Flow 3 7 10
gested non-native and/or non-professional ~ Ilustration 5 2 7
creators. The one student who included Table 1 2 3
diagrams that obviously came from some Schema/Structure | 2 0 2
Internet source (they were both water-  List 1 0 1
marked) did so in both the first and second  Combinations 6 3 9

essays. Both diagrams were in the category
of illustrations.

Although a “list” on its own does not — technically speaking — count as a diagram, it
has been included in the categories because one student erroneously included a list as
one of his 3 diagrams for the first essay, and three other students included lists as part
of their “combination” diagram.
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The kind of diagram most frequently used was a flow diagram: apart from the total
of 10 flow diagrams shown in Table 1, 7 of the 9 combination diagrams comprised a
flow diagram with another kind of diagram. This is probably understandable given that
flow diagrams (also known as “flow charts”) are meant to depict processes, procedures
or sequence of steps, and cause-and-effect relationships. An interesting point to note is
how the number of flow diagrams increased from the first to the second essay. No
instruction or hint was given to the students about what diagram to use, so this increase
could have been due to a number of other possible reasons, including differences
between the two essays in the procedures/mechanisms that needed to be represented,
the students seeing other diagrams their peers have generated (although there were no
indications of copying), and development in the students’ understanding of what works
well (or not) in using diagrams to communicate particular kinds of information.

It is also worth noting that although we often consider flow diagrams as being most
appropriate for representing processes and mechanisms, other forms of diagrams can
work as effectively when designed well to match their intended purposes. For example,
Panels C and F in Fig. 1 show two examples depicting the progression through the
stages of Piaget’s theory of cognitive development, using a table in C, and a combi-
nation of illustration (of steps) and line diagram in F. Although they differ in
appearance, the diagrams can be considered as working equally well not only in
showing the proposed stages of the theory, but also in conveying the incremental
progression through key cognitive abilities with increasing age (corresponding to those
stages).

3.2 Ways that Diagrams Were Used Effectively

The majority of the students did not refer to their diagrams in the text of their essays:
only two students did in both essays. Thus, this is perhaps an academic writing method
that undergraduate students (like these students) could usefully be instructed to do.
However, in general, the students placed their diagrams appropriately, following the
text where they deal with the information that is portrayed in the diagram — thereby
making the connection between text information and the diagram more apparent.

Concerning the question of whether the diagrams that the students constructed
contributed to clarifying any of the processes or mechanisms they were explaining: in
the first essay, 7 of the students were considered to have satisfactorily achieved this with
at least one of their diagrams, while 8 of them were considered to have done so in the
second essay. In each of these cases, the diagrams served a useful function in the essay,
to the extent that if they were not included, something sufficiently important in the essay
would have been lost, not achieved, or not conveyed as adequately. In most of the cases,
the diagrams clarified how the stages or processes referred to in the essay text connect or
relate to each other and progress through particular sequences: Panels A and D in Fig. 1
are good examples of this. However, in a few cases, the diagrams also made clearer
concepts that — to those unfamiliar with them — could be difficult to understand, such as
what is involved in developing the ability of conservation (Panel B of Fig. 1).

In some cases, the diagrams also showed or clarified the connections to other
components, such as children’s abilities in connection to the progression of develop-
mental stages in the previously referred to Panels C and F in Fig. 1. In a way, some of
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the diagrams that worked well served a summarizing function: they visually repre-
sented key components and showed more saliently how they were related to each other
— which were not as easy to apprehend in sentences because of temporal/sequential
separation. This is one of the reasons diagrams are considered effective: they integrate
all information that is used together, reducing the need and effort for searching [14].

In the majority of cases where the diagrams worked well, they visually represented
content that was already represented in words in the text — albeit with some
enhancements like integration, as noted above. However, in a few exceptional cases,
the diagrams also introduced content that was not present in the text of the essays.
Figure 2 provides two examples of this. In Panel A, the diagram includes details in the
lower part about unsuccessful (arrows with x) and successful (arrows with 0) outcomes
which require different responses. These details were not explicitly provided in the text
but they enable readers to better understand how formative feedback is used in the
example of solving story problems. Likewise, in Panel B, the diagram shows details not
duplicated in the text about how different categories of complexes are formed, leading
eventually to the formation of concepts [15]. The illustrations of different object
combinations make the categories of complexes easier to grasp and distinguish from
each other.

Formative assessment
Learning how to solve story problems Nuclear object

I . Students Work out a story problem by themselves ‘ O i Il]]]
—im-=llll-e®
‘ i Chain

II. A teacher assesses their works

Point1 Point2 Point3 * Pointd i’ - \. @ @ : 4‘?@.‘&
Y e Collction

Diffuse

Advice: how to define x | | Advic

Advice: Check the miscalculation

equation
Point3 Check together Point4 ' C

[A] [B]

Fig. 2. Examples of diagrams that introduced content or elaborations not present in the text

3.3 Ways that Diagrams Were Not Used Effectively

There were also numerous instances when the diagrams the students included did not
appear to serve any useful function in the essay. In a couple of those cases, the
diagrams were redundant: they showed images that portrayed information from the text
that was simple enough not to require visual clarification. The illustration in Panel A in
Fig. 3 is an example of this. Another ineffective use manifested was when the sche-
matic structure of the diagram was unclear or erroneous. Examples of this are shown in
Panels B and C of Fig. 3. In Panel B, both the intended message and the connections
between the components shown are unclear. In Panel C, the meaning of the arrows, and
therefore what process might be depicted by the diagram, is unclear. In addition, there
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were a few diagrams, like the one shown in Panel D of Fig. 3, which were quite
complicated and therefore hard to understand. The contents of Panel D were also
referred to in the text of the student’s essay, but the relationships shown in the diagram
are new configurations that are not obvious and not explained explicitly in the text. It is
therefore difficult to grasp its possible contribution to explaining, in this case, chil-
dren’s development of understanding of the world around them.
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Fig. 3. Examples of diagrams that did not effectively serve their intended purpose in the essay

3.4 Implications for Theory, Research, and Practice

The many purposes that diagrams can serve in enhancing communication have been
established in previous research [2, 5, 8], and the findings of the present study provide
additional evidence for those in the area of student essay writing at the tertiary level.
The findings also provide support for the idea that the same communicative purpose
can be served by different kinds of diagrams [14]. Thus, for example, conveying the
progression of a particular process can effectively be achieved using a flow diagram —
or a table ... or an illustration. This means that, in the same way that different words
can convey the same meaning, different diagrams — if used/constructed appropriately —
can communicate the same meaning. However, in future research, it would be useful to
examine the range of communicative purposes that different kinds of diagrams can
serve as there are probably important limitations to it. For example, if the commu-
nicative purpose is to describe what something looks like, other kinds of diagrams may
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not be quite as effective as an illustration (e.g., a table or a flow chart would be quite
limited in conveying qualities pertaining to appearance).

The findings of the present research also suggest that many students, even at the
tertiary level, would likely benefit from receiving some instruction or guidance on the
use of diagrams not only in essays but also other forms of communication. While some
students were able to generate diagrams that served useful functions in their essays,
there were also quite a few who did not manage to do this. However, the findings of
this exploratory study were based on a small sample of students taking the same course,
so future investigations about spontaneous use and the effects of instruction provision
ought to be conducted with larger and more diverse student groups.
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