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Highlights

e English as a foreign language students were taught diagram use in explanation writing
e The quantity and types of diagrams they included in their explanations increased

e Diagram use resulted in more concise and simpler explanations

e Despite the conciseness and simplicity, important points were conveyed effectively

e Diagram use provides more creative and efficacious options in communicating

ABSTRACT



This study investigated how an intervention that promoted the use of diagrams might affect
quality features of written explanations produced by EFL (English as a foreign language) students
in an undergraduate education studies course taught entirely in English. At the beginning (Pre-
instruction) and end (Post-instruction) of the semester, the 19 student participants were
administered a task that required reading a passage and writing an explanation of it. During the
semester they had a weekly homework task of writing an explanation of what they had learned in
the course. They were additionally provided workshop instruction and practice in using diagrams.
Analyses of the students’ homework and Pre- and Post-instruction explanations revealed increases
in quantity and types of diagrams the students included in explanations they produced. Analysis of
Post-instruction explanations also showed that number of diagrams included in the explanations
negatively correlated with both word- and verb-counts. However, despite the reduction in use of
words, the number of key points the students were able to include in their explanations did not
decrease. These findings suggest diagram inclusion may enable students to construct more
concise and simpler explanations without having to sacrifice inclusion of important points.
Especially for foreign language students who may not be as proficient in the use of the language,
the cultivation of competencies in appropriate use of diagrams may be beneficial as it could

provide a means to more creatively and efficaciously communicating what they know.

Keywords: Self-generated Diagrams; Written Communication; Creativity in Explaining; English as a

Foreign Language Students; Diagram Use Instruction



The Effect of Cultivating Diagram Use on the Quality of EFL Students’ Written Explanations

1 INTRODUCTION

1.1 Benefits of and Problems (and Possible Solutions) in Student Diagram Use

The research literature concerning diagram use in learning, problem solving, and communication
mostly indicates that such use is beneficial and efficacious (e.g., Ainsworth, Prain, & Tytler, 2011;
Cromley, Snyder-Hogan, & Luciw-Dubas, 2010; Hembree, 1992; Larkin & Simon, 1987; Mayer,
1989, 2005; Uesaka & Manalo, 2017). However, the majority of studies in this area have focused
on the effects of providing diagrams on learning performance and outcomes, rather than on
cultivating competencies in constructing diagrams or examining the mechanisms involved in such
construction. Thus, in typical experiments, participants would be provided with information to
learn or problems to solve, some of which would contain diagrams while others would not
(typically, only text information), and resulting student learning performance and outcomes would
be evaluated (e.g., Bui & McDaniel, 2015; Mayer, 1989; Chu, Rittle-Johnson, & Fyfe, 2017; Sithole,
Chandler, Abeysekera, & Paas, 2017). While such studies serve the important purpose of
extending knowledge and pertinent educational practices (e.g., effective incorporation of
diagrams in textbooks and other instructional materials), they do not address what is widely
considered a crucial objective of education in 21st Century learning environments, and that is the
cultivation of student competencies in creating and using multiple and varied representations of
information, concepts, and tasks. Such competencies are considered essential as they directly
contribute to enabling deeper understanding and transfer of knowledge and skills (e.g., National
Research Council, 2012).

The smaller proportion of research studies that have examined self-constructed diagrams
in students have mostly reported beneficial consequences of such construction and use in learning
contexts (e.g., Chen, Manalo, & She, 2019; Leopold, & Leutner, 2012; Uesaka, Manalo, & Ichikawa,
2007). However, problems have also been identified, and those include a general lack of
spontaneity among students in using diagrams to execute various learning tasks (e.g., Dufour-
Janvier, Bednarz, & Belanger, 1987; Manalo, Uesaka, Kriz, Kato, & Fukaya, 2013; Uesaka et al.,
2007) and, when they do use diagrams, students do not always benefit from such use (e.g., De
Bock, Verschaffel, Janssens, Van Dooren, & Claes, 2003; Hegarty, & Kozhevnikov, 1999).

The second of these problems can probably be attributed to students’ lack of adequate
knowledge and skills in diagram construction and use. While teachers often use diagrams in

teaching problem solving and other subject content in classrooms, they rarely provide explicit



training to students on the construction and use of diagrams (Uesaka & Manalo, 2017). It is
therefore not surprising that in a study by Booth and Koedinger (2012), the results revealed that
only older and higher ability middle school students benefited from the inclusion of diagrams in
story problems — the younger and lower ability students did not. Such findings indicate that the
development of student competencies in diagram comprehension and use is not something that
can be taken for granted. In fact, when appropriate training in diagram construction and use is
provided, learning performance benefits do tend to follow (e.g., Stull & Hegarty, 2016; Pedalkar &
Hegarty, 2015). In the Padalkar and Hegarty study, for example, undergraduate students taking
organic chemistry were provided an intervention during which they received instruction on
diagram translation with the use of models. Even though the intervention did not take a lot of
time to implement (less than 20 minutes), their results revealed that in posttests that assessed the
students’ representational competence in organic chemistry, those who received the intervention
significantly outperformed those who did not.

Likewise, where the first-mentioned problem of lack of spontaneity in diagram use is
concerned, the provision of appropriate skills training to cultivate both declarative and procedural
knowledge in diagram use (i.e., to know what diagrams to use and how to create such diagrams)
has been indicated as one of the key components of a viable solution. Uesaka and Manalo (2017)
explained that at least two instructional components are required to effectively promote
spontaneity in diagram use, and one of those is the provision of such skills training. The other
requirement they proposed is raising student awareness and encouraging their perceptions about
the efficacy that diagram use brings to tasks being undertaken. In other words, students need to
appreciate the relevance and personal value of using diagrams when they are undertaking many
learning or learning-related tasks such as problem solving, communicating information to others,
comprehending complex concepts, integrating information from multiple sources, generating
ideas, and so on. When either or both of these components are missing, students are unlikely to
use diagrams of their own volition.

The findings from research specifically focusing on the promotion of diagram use
spontaneity among students support the idea of the two components that Uesaka and Manalo
(2017) proposed. In the area of math word problem solving, for example, implementation of
interventions that include those components has resulted in increased spontaneity in diagram
construction and use (e.g., Uesaka & Manalo, 2007; Uesaka, Manalo, & Ichikawa, 2010). More
recently, similar results have been reported in the area of written communication: Manalo and

Uesaka (2016) showed that providing an intervention that comprised a hint about the usefulness
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of diagrams, instruction about appropriate use of diagrams, and practice in constructing diagrams
improved student spontaneity in diagram use when writing explanations.

It appears therefore that, although research has identified various problems concerning
the cultivation of student competencies in creating and using diagrams, there are viable solutions
to those problems. Thus, although a lot more research needs to be undertaken on the cultivation
of such competencies, one of the objectives of 21st Century education mentioned earlier — that of
equipping students with the necessary knowledge and skills in the use of multiple representations
(National Research Council, 2012) — may be possible to achieve. However, as is typical in research,
answers and solutions generate more questions and/or problems, and here one important
question that arises is: What actually happens when students are able to use diagrams more? For
instance, how does that affect the work they produce? In the present research, this question was
explored in a natural setting (i.e., an actual classroom) where student-generated written

explanations were concerned.

1.2 Diagrams in Explanations, and the Aims of the Present Study
The main research question that the present study addressed was: How might the increases in
diagram use — resulting from interventions provided — affect the quality of explanations that
students produce? The rationale for asking this question was as follows: Previous research
indicates that students rely mainly on text or verbal representations to convey information in
explanations they produce (e.g., Manalo et al., 2013). However, some recent research findings
also indicate that it may be possible to promote more spontaneous use of diagrams in such
explanations by providing interventions that effectively convey to students the value of using
diagrams, and also cultivate their knowledge and skills in using diagrams (Manalo & Uesaka, 2016).
If such interventions succeed, and students end up including more self-constructed diagrams in
the explanations they produce, it would be important then to determine how the quality of the
explanations might be affected. For instance, would there be a corresponding reduction in text
representations? Would the communication of key points be improved or compromised?
According to Larkin and Simon (1987), diagrams can be superior representations compared
to sentential representations because diagrams “group together all information that is used
together” and this enables them to more efficiently facilitate search and drawing of inferences
from the information that is provided. Mayer (2003), on the other hand, explained that the
advantage of including diagrams in communication is that the dual representations (i.e., the

diagrammatic and text/verbal representations) enable the use of both visual and verbal channels



of human information processing, thus making the message that needs to be conveyed much
more likely to be understood. However, he also warned about some of the pitfalls of combining
visual and verbal representations, noting in particular the importance of coherence and the
exclusion of extraneous material from the communication that is created.

The points made by Larkin and Simon (1987) and by Mayer (2003), noted above, suggest
that if students are to use more diagrams in explanations they produce —and they do so in an
appropriate and effective manner — the diagrams they incorporate would likely represent many of
the important points that need to be conveyed to the intended audience of the explanation. Such
important points could include not only objects or concrete items and their features, but also
processes and mechanisms, actions and sequences, conditions, and so on — depending on what
might need to be explained. The diagrams could primarily serve the purpose of supporting what is
conveyed in text, or the other way around — text could support what is intended to be conveyed
through the diagrams. Either way, if coherence between text and diagrammatic representations is
to be achieved — and the inclusion of extraneous material is minimized as Mayer (2003) suggested
—then presumably some of the information already represented in diagrams would not be
duplicated in text. Hence, there could be a reduction in word count.

If, as Larkin and Simon (1987) suggested, the diagrams group together information that is
used together, then they could convey not only physical proximity, but also relationships and
processes that exist between the units of information they contain. Thus, there could be a
reduction in corresponding sentential or text representations, and this could mean in turn a
reduction in the complexity of information conveyed in text — if at least some of those
relationships are already represented in diagrams.

A possible outcome then for the explanation that is produced is that it would have more
diagrammatic representations and fewer text/sentential representations. However, important
points would not be neglected, and many of those points would be represented in diagrams
instead of text. To convey various messages in those important points, the types of diagrams used
would also evidence increased diversity (i.e., different types would be used to match the
requirements of the information to be explained).

Based on these ideas, the following hypotheses were formulated for the present study: (1)
That provision of instruction and practice in diagram use would result in increases not only in
number but also types of diagrams students use in explanation writing; (2) That inclusion of
diagrams would be associated with greater conciseness (lower word count) and simplicity (lower

verb count, which is one measure of complexity in writing; cf. Manalo & Sheppard, 2016); and (3)



That, despite the conciseness, the inclusion of diagrams would enable the effective
communication of key points (i.e., when diagrams are used, fewer words would not correspond to
the inclusion of fewer key points).

The present study focused on students for whom English was a foreign language (EFL). This
decision was based on the authors’ observation that, at various times, most EFL students manifest
some difficulties in effectively communicating information in the English language (of course, the
frequency and extent of such difficulties depend on their proficiency level and the demands of the
task). The reality of 21st Century learning environments, however, is that all students need to
attain adequate competence in English communication especially as this language increasingly
becomes universally accepted as the global language (e.g., Crystal, 2003; Seidlhofer, 2005). In such
environments, students frequently have to explain what they have learned, often in written form
and in a limited amount of time (e.g., under test conditions). For EFL students, this can be
daunting if they are not so confident in writing in English. Usually, verbal expressions or
representations (i.e., written words, phrases, sentences, and paragraphs) are viewed as the only
way a student might convey what he or she has learned (cf. Manalo et al., 2013). However, if
students are competent in using diagrams or visual representations, there is no compelling reason
why they could not incorporate diagrams with text in explanations they produce — as long as their
teacher/instructor or examiner allows it. And unless the course is focused on learning the English
language, rather than only the subject content, it would seem reasonable to allow the inclusion of
diagrams in explanations that students produce. The important point would be to gauge whether
the student is able to demonstrate knowledge and/or understanding of the key points in question
—and whether they use only words, or words and diagrams in combination, should not matter.
Considered from this perspective, diagrams could provide an alternative, more creative way for
students to effectively communicate what they know to others. Examining that potential utility is

therefore crucial, especially where EFL students are concerned — as the present study set out to do.

2 METHOD

2.1 Participants

The participants were 19 undergraduate students for whom English was a foreign language (EFL),
taking an introductory course in education that was taught entirely in English. The students were
aged approximately 19-20 years (females = 10; Japanese = 12, other nationalities = 7). Faculty
ethics committee approval was obtained prior to the implementation of this study. The students

were provided written and verbal explanations at the beginning of the course that some of the
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work they produce would be analyzed for research and course development purposes. They were
provided an option of having their work excluded from such analyses and given reassurance that
such a decision would in no way affect their assessments and grade in the course. However, all

students provided written consent for use of their work.

2.2 Materials and Procedure

2.2.1 Pre- and Post-Instruction Assessments

The education studies course the students were taking comprised a total of 14 weekly 90-minute
class sessions. At the end of the first and the thirteenth class sessions, the students were
administered an assessment task that required reading and note taking from one of two short
passages in English. The passages were both just under 600 words in length: one was about the
jigsaw classroom, and the other was about theory of mind. These topics were selected because
they were similar to the kinds of topics dealt with in the course, but were not included as part of
the course. Care was taken in preparing these passages to make them as equivalent as possible. In
the first class session, approximately half of the students were randomly given one passage, while
the other half received the other passage. The students then received the other passage they had
not read in the post-instruction assessment (given during the thirteenth class session).

The procedure used in administering the pre- and post-instruction assessments were the
same. The students were allowed 10 minutes to read and take notes from the passage they were
given. They received an A4-size sheet of paper on which to take notes, and they were informed
that they could use their notes in an explanation task that would follow, but that they would not
be able to refer back to the passage they were reading. The students were then given 10 minutes
to produce an explanation of the passage they had read, imagining that their audience was

another student who knew nothing about that topic.

2.2.2 Weekly Explanation Homework and Interventions Used

During the semester, the students had a weekly homework task of writing an explanation of what
they had learned from the class session that week. Again, they were asked to write the
explanation for an imaginary student naive about the topic. They were also informed that the
explanation should be sufficient on its own (i.e., the reader should understand it without having to
be provided additional verbal explanation). The students were provided an A4-size sheet of paper
on which to write their explanation, which was collected the following week for instructor

comment, and returned the week after that.



Note that no marks or grades were given for each homework task sheet that the students
completed, only written comments about the quality and adequacy of the explanation they
produced. The students were required, however, to include those sheets in their portfolio, which
they needed to submit at the end of the semester and was worth 40% of the total course grade. In
the grading rubrics for that portfolio, marks were allocated for satisfactory completion and quality
features of the homework tasks, but no mention was made of diagrams or of expectations for
students to include diagrams. Thus, diagram use in the explanation homework tasks was neither
an explicit requirement, nor a feature directly linked to marks or grades.

The interventions used in this study were (1) a hint about the usefulness of diagrams in
writing explanations, (2) instruction in the effective use of diagrams for such explanations, and (3)
practice in the construction of diagrams to use in explaining various kinds of information. This set
of interventions had previously been shown in the Manalo and Uesaka (2016) study to be effective
in promoting an increase in students’ spontaneous use of diagrams in explanations they produced.
However, that study did not examine the effects on quality features of the students’ work.

In the first few weeks of the semester (Baseline phase), no intervention was implemented.
After that Baseline phase, all the students received a hint about the usefulness of diagrams in
writing explanations, given as comment on their homework (thus bringing about the After-Hint-
phase). The hint was provided as a comment that “including diagrams could make your
explanations easier to understand” (the same wording was used for all students). This was written,
together with any other comments, on the bottom of students’ homework task sheets. The sheets
with feedback were returned to students individually during class, and students were encouraged
and given a brief amount of time to read over the feedback they had received.

In week 10 of the semester, they were given a 20-minute workshop on diagram use. The
workshop covered reasons for using diagrams (i.e., to help clarify own understanding of the
information to be explained, and because research has shown that people learn better from words
and pictures than from words alone — e.g., Mayer, 2005), and ways to use diagrams in
explanations, including the different purposes they can serve: to illustrate (e.g., layout drawings,
sketches), provide overview or structure (e.g., schema/layout diagrams, branching-tree-diagrams),
clarify process or causality (e.g., flow-charts), and compare/contrast (e.g., tables, graphs) (After-
Instruction-phase).

Then, in week 11, the students received a 30-minute practice session in constructing
appropriate diagrams for different kinds of information to explain (After-Practice-phase). During

this session, the instructor quickly reviewed the key points from the instruction about diagram use
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provided in week 10. Then students were given a photocopy of a weekly explanation homework
they had earlier submitted in which they did not use any diagram. The students were provided a
new sheet with instructions to consider and draw diagrams they might be able to include to make
their explanation easier to understand. During the session, the instructor was available to provide
comment and/or feedback, and students could briefly discuss their newly constructed diagrams
with other students. In addition to their usual explanation homework, the students were also
assigned an extra homework task in week 11, which was to construct one diagram for each of the
ways diagrams could be used in explanations using any of the topics/materials that had been
covered in the course up to that time. This was assigned to give the students additional practice in

constructing diagrams, and it would have likely required about 30 minutes to complete.

2.3 Analysis

The numbers and types of diagrams students produced in their homework and Pre- and Post-
instruction explanations were counted. For the purposes of this study, a diagram was defined as
any representations produced by the students, other than representations in the form of words,
sentences, or numbers on their own. For the types, the same categories relating to the functions
they serve, referred to during the instructions provided, were used (i.e., four category types: to
illustrate, provide an overview, convey process, and compare).

The number of words and verbs (in text and in diagrams) were also counted. As noted in
the earlier introductory section, word count was used as a measure of conciseness of the
explanations the students produced, and verb count as a measure of simplicity/complexity. The
number of verbs used can be considered a good estimate of the complexity of sentence structures,
as simple sentences usually contain only one verb and inclusion of more verbs within one
sentence usually requires the use of a more complex structure, such as the addition of sub-clauses
(Manalo & Sheppard, 2016). Furthermore, the numbers of specific key points from the two
passages that students included in their Pre- and Post-instruction explanations were scored by the
second author who was initially blinded to the purpose and details of this study. The two passages
used contained the same number of specific key points, and these were determined at the time of
constructing the passages to ensure equivalence (see Table 1). Independently, the first author
undertook the same scoring, and the interclass correlation coefficient (ICC) between the second
and first authors’ scores was found to be .982, which can be considered as excellent agreement

(Cicchetti, 1994).
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[INSERT TABLE 1 ABOUT HERE]

The authors deemed it not useful to conduct a similar comparison of key points that the
students included in their weekly homework tasks. The reason is that the topics and contents of
the lectures that the students had to explain in those homework tasks varied considerably. Thus,
unlike the equivalent passages used for their Pre- and Post-instruction explanations, there was
considerable variation in the amount and kinds (e.g., theoretical perspectives, details of studies,
practical applications, etc.) of information that could be considered as “key points” students
should include in those homework explanations — making meaningful comparisons of amount
included unrealistic. Such comparisons would have been meaningful only if the students had been
given more explicit instruction about the specific aspects (i.e., the kinds of information from the

lectures) they needed to include.

3 RESULTS

3.1 Did the number and types of diagrams that students included in their written explanations
increase?

Repeated measures ANOVA (analysis of variance) was used to examine whether there were
significant differences on the outcome measures from Pre-instruction to Post-instruction. No
significant difference was found between the two types of passages with regard to diagram use in
the explanations produced, F(1, 17) = .294, p = .595, n,* = .02. This means that whether the
students received the jigsaw classroom passage or the theory of mind passage at Pre-instruction
and at Post-instruction did not significantly affect their use of diagrams.

The analysis results also revealed a higher rate (use or not use) of diagram use in
explanations at Post-instruction (M = .63, SD = .50) compared to Pre-instruction (M = .05, SD = .23),
F(1, 18) = 24.75, p < .001, n,? = .58. This means that, compared to Pre-instruction, more students
evidenced use of at least one diagram at Post-instruction (see typical examples shown in Fig. 1).
The results also revealed that more diagrams (including types) were included in each explanation
at Post-instruction (M = 1.84, SD = .16) than at Pre-instruction (M = .16, SD = .69), F(1,18) = 20.17,
p <.001, ny? = .53. This means that that the students used more diagrams in their explanations at
Post-instruction (i.e., an average of 1.84 diagrams per explanation, which means just under two
diagrams in each explanation) compared to their use at Pre-instruction (i.e., an average of .16

diagram per explanation, which equates to less than one diagram in six explanations).
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[INSERT FIGURE 1 ABOUT HERE]

Additionally, the repeated measures ANOVA conducted for each diagram type indicted
significant phase effects for inclusion of diagrams in the homework explanations (i.e., illustrate:
F(3, 60) = 7.19, p = .0003, n,? = .27; overview: F(3, 60) = 10.19, p = .001, n,> = .34; compare: F(3,
60) = 4.89, p =.004, n,y? = .20; process: F(3, 60) = 26.96, p < .0001, n,% = .57). This means that the
mean inclusion values for each type of diagram (i.e., illustrate-, overview-, process-, and compare-
type diagrams) varied across the four phases of Baseline, After-Hint, After-Instruction, and After-
Practice. Sidak post hoc comparisons (Abdi, 2007) indicated that in all diagram types, the mean
inclusion value at the After-Practice phase was significantly higher than at the Baseline phase. For
both the overview- and process-types of diagrams, the inclusion value at the After-Practice phase
was higher compared to all of the other three phases. Furthermore, as Fig. 2 shows, the types of
diagrams that the students used in their explanations increased across the phases. At the Baseline
phase, for example, none of the students used illustrate-type diagrams, and very few of them used
the other three types of diagrams. By the After-Practice phase, however, almost all students were
including process-type diagrams, and more than half of them were including the other types of
diagrams.

Taken together these results suggest that, following all phases of the intervention (i.e., hint,
instruction and practice), students not only included more diagrams in their explanations, but also

used more types of diagrams, confirming Hypothesis 1.

[INSERT FIGURE 2 ABOUT HERE]

3.2 Was the inclusion of diagrams associated with greater conciseness and simplicity in the
explanations that the students produced?

Correlational analyses revealed that the number of diagrams students included in each
explanation negatively correlated with both word count (r =-.38, p =.056) and verb count (r=—
.43, p = .035). Both these correlations indicate at least medium size effects, and they confirm
Hypothesis 2. In essence, they suggest that the more diagrams the students included in their
explanations, the more concise and simple their explanations became (at least in terms of the

measures used here).
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3.2 Were equivalent numbers of key points contained in explanations in which diagrams were
used?
The finding that the more diagrams the students included in their explanations, the more concise
and simple their explanations became raised the question of whether, as a consequence of using
diagrams, inclusion of key points in the students’ explanations might have been negatively
affected (i.e., If they were producing more concise and simpler explanations, were they also
including fewer key points?). However, analysis of the data showed that this was not the case: the
number of key points included in explanations with diagrams (M = 3.83, SD = 1.19) were in fact
slightly higher than for those in explanations without diagrams (M = 3.71, SD = 1.11), although this
difference was not significant, F(1, 17) = 1.14, p = .301. A positive but likewise not significant
correlation (r=.11, n.s.) was also found between the number of diagrams (in cases where
diagrams were used) and the number of key points included in the students’ explanations. These
findings indicate that, at the very least, diagram use did not negatively impact inclusion of key
points in the explanations. In fact, diagram use could have facilitated — to some extent — the
inclusion of more points, although the number of participants in the present study was too low,

making the statistical detection of that effect difficult.

4 DISCUSSION
This study addressed the mostly neglected question of how diagram inclusion affects the quality
features of students’ written work. Its findings suggest that diagram inclusion, at least in timed
conditions with EFL students, results in more concise and simpler explanations, but without
sacrificing the inclusion of key content. As the cultivation of student competencies in use of
multiple representations is considered essential in 21st Century educational contexts (e.g.,
National Research Council, 2012), the findings of the present study can be considered as
reassuring. They indicate that enabling student use of multiple representations — in this case,
diagrams and text combinations — can easily be facilitated in the context of regular classroom
instruction, and the outcomes are promising in terms of communicative effectiveness.

In the following subsections, the possible reasons for the results obtained and the
implications of those results for practice will briefly be discussed, before limitations of the study

are acknowledged and future directions for research are considered.

4.1 Concise and Simple = More Efficacious?
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Larkin and Simon’s (1987) observations and Mayer’s (2003) prescriptions concerning effective
diagrams provide basic vehicles for understanding why diagram inclusion in written explanations
render those explanations simpler and more concise, without compromising the communication
of important content. Diagrams group together information that needs to be used together, and
by visually portraying the connections between those items of information, text and sentential
representations can be reduced. Verbs can be replaced by arrows and other illustrative
mechanisms that convey action and chronological/event sequences. And because they are
grouped together, the inferences that need to be drawn from the information represented can
become much more salient.

It is of course possible for text and diagrams to end up duplicating each other. This is not
necessarily a bad thing if they reinforce or support each other (e.g., what is explained in text can
also be illustrated for the sake of clarity) and cohesion in the various strands of information
represented is maintained (i.e., the purposes of and relationships between the text and
diagrammatic representations are comprehensible to their intended audience). As a general rule,
however, extraneous material should be excluded, as they can instead become clutter that
detrimentally affects the cohesiveness of the communication content (Mayer, 2003). By
eliminating extraneous material, word and verb counts can be reduced — particularly when
diagrammatic representations are also employed, because diagrams have the capacity to more
efficiently represent information.

Manalo et al. (2013) suggested that one possible explanation why students generally lack
spontaneity in using diagrams when explaining what they have learned is educational socialization.
Educational environments may convey to students that the use of words and sentences — verbal
representations — is the only acceptable means of communicating information in formal and
important contexts such as in tests and exams, and assignments and reports. Educational
environments may convey those as expectations, not only in instructions that are provided but
also in model answers or other works that are shown to students. Yet, if diagrams were included
in such communicative efforts, the diagrams could contribute to enhancing their efficacy and
accessibility.

Fig. 3 shows two examples of students’ written explanations from the weekly homework
task administered in the present study. These examples show that with the use of diagrams, more
economical use of words can be achieved without the sacrifice of important content. Of course,
one could express the view that explanations such as these examples do not look as formally

presentable as properly written sentences and paragraphs. But that would be focusing only on



15

appearances. Perhaps it would be more important to consider the purposes of the communication,
and it can be argued then that these forms of more creative representation of the intended
message are far more accessible — let alone more concise and simple — compared to screeds of
written text. As noted earlier, they could also be easier to construct for EFL students who may not
be as proficient in English, and they may more effectively communicate the points they want to

convey compared to the use of words on their own.

[INSERT FIGURE 3 ABOUT HERE]

4.2 Implications for Practice

The results reported in the present study are a consequence of the intervention provided. As
reported in the Results section, prior to the interventions, the students’ rate of diagram use was
very low. In fact, at Baseline, none of them used any illustration-type diagrams at all, and the
other types of diagrams were likewise rarely used.

Based on the results of this study, it can be argued that developing student competencies
in diagram construction and use can be beneficial to their communicative competence. Thus one
vital implication of the present research is that appropriate encouragement, instruction, and
practice for the construction and use of diagrams should be provided to students. At the present
time, such provisions are rare — in fact almost non-existent — in school or at university. Students
are generally expected to develop such competencies by themselves via observing their teachers,
and through trial and error. And yet, as demonstrated in the present study, such training can be
provided relatively easily. Perhaps a first step to take would be to develop training materials for
teacher professional development so that they would be able to develop the knowledge, skills,
and confidence for training their own students.

The participants in the present study were also EFL students, and so generally speaking it
would not have been as easy for them to write in English (compared to students who are native
speakers of that language). When EFL students have to produce written explanations in English,
Manalo and Uesaka (2012, 2014) have previously reported that they tend to persist in
representing information in text and rarely make use of diagrams. This may sound counterintuitive,
but based on analysis of data they obtained, Manalo and Uesaka explained that diagram
construction requires the use of cognitive resources in working memory, and when students have
to use a foreign language, that in itself makes a high demand on cognitive resources in working

memory — thus, leaving little or no cognitive resources for the construction of diagrams. However,
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perhaps if the EFL students possessed diagram construction skills, it would not demand as much
resources in working memory to produce diagrams for enhancing the quality of their written work.
One useful implication of the present study is that, while it is important to cultivate the target
language skills in foreign language learners, it is equally important to develop their communicative
competencies — and in that, the ability to use multiple representations (including diagrams) is
essential. The results of this study clearly suggest that diagram use can enhance the efficacy of
their communication. However, foreign language teachers generally do not concern themselves
with cultivating competencies in use of multiple representations — at least not the use of diagrams.
Thus, some change in this area of education also appears to be necessary.

It should be noted here that lack of spontaneity in use of diagrams in written
communication has been detected not just in EFL students but also native English speaking
students (Manalo et al., 2013). The importance therefore of cultivating competence and
spontaneity in diagram use would apply to students irrespective of their native language and the

language that is used in their learning environments.

4.3 Limitations and Future Directions

One important limitation of the present study is the small sample size used. Because of the low
participant numbers used here, some of the results need to be re-examined in future research,
especially those concerning the possibility that diagram use could enable the representation of
more key points. It would also be useful in future research to investigate the use of the
interventions employed here with other groups of students (e.g., primary, middle, and high school
level students), as well as students studying different subject contents.

A practical point that was already signaled earlier is that investment in some teaching and
research work on the development of resources for developing teacher competencies in
cultivating skills in diagram construction and use in their students would appear valuable to
pursue. As teachers teach a range of subject disciplines, this work would need to address both

generic and subject-specific principles for and skills in diagram construction and use.

4.4 Conclusion

The results of this study provide important confirmation for Larkin and Simon’s (1987) observation
that “a diagram is (sometimes) worth ten thousand words”. Thus, if effective diagrams are
constructed and used, it should be possible to cut down on the words and still remain effective in

communicating key messages.
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Larkin and Simon, however, also pointed out that to be useful, a diagram needs to be

constructed to take advantage of the very features that make them effective (i.e., grouping
together of information, providing support for perceptual inferences, etc.). For students to be able
to construct such diagrams, instructional interventions are necessary. The present study described
one such intervention that worked well. It should therefore be possible to develop and implement
such intervention in most classrooms — as long as there is willingness and effort on the part of
teachers and school administrators, and educational researchers are committed to providing the

support they require.
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Fig. 1. Examples of typical explanations the students produced: at Pre-Instruction on the left (with

usually minimal or no diagrams included) and at Post-Instruction on the right (usually with at least

one diagram included). Note that these two explanations were produced by different students.
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Fig. 2. For each type of diagrammatic representation, mean inclusion values across the Baseline,
After-Hint, After-Instruction, and After-Practice phases of the study (bars indicate differences that

are significant at p < .05).
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Fig. 3. Two examples of student explanations that incorporate diagrammatic representations and

evidence reductions in text/sentential representations.
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Key Points from the Two Passages that were Scored for (One Point for the Presence of Each) in the

Pre- and Post-Instruction Explanations Produced by the Students

From the Theory of Mind (ToM) Passage

From the Jigsaw Classroom Passage

1. Inclusion of definition or explanation of the 1. Inclusion of definition or explanation of the
meaning of ToM meaning of the Jigsaw classroom

2. Reference to or explanation of the 2. Reference to the background of the
evolutionary benefits of having ToM development of the jigsaw classroom

3. Reference to the development of ToM with 3. Reference to or explanation of why the
age (difference between very young and jigsaw strategy works (shift from
older children) competition to cooperation AND/OR each

contributor being essential in the process)

4. Outline or description of the false-belief 4. Outline or description of how the jigsaw
task classroom can be used

5. Reference to individual differences in ToM 5. Reference to the crucial mechanism: the

development (difference between typical

and atypical/disordered children)

complete picture can only be obtained by

putting all the pieces together




