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Abstract

We analyze the information discrepancy between diagram-
matic representations and logical reasoning, which we call vi-
sual biases in diagrammatic reasoning. Diagrammatic repre-
sentations contain semantic information, which is based on the
topological configurations of objects, and visual information,
such as geometric location. In principle, visual information
is unnecessary to the validity of logical reasoning. However,
people are so sensitive to visual information such as size and
shape in diagrams that they occasionally do not ignore irrele-
vant information. This phenomenon leads to mistakes in log-
ical reasoning. We addressed this issue in the present study.
In Experiment 1, we assessed whether and how a visual bias
of external diagrams affects reasoning performance. We asked
participants to directly manipulate size-fixed (Euler) diagrams
while solving syllogistic tasks. In Experiment 2, we tested
whether size-scalable diagrams were able to reduce a visual
bias of diagrams in logical reasoning.

Keywords: diagrammatic reasoning; external representation;
visual bias; diagram particularity; diagram layout; logical rea-
soning

Introduction

There is a strong belief that diagrammatic representations al-
ways facilitate logical reasoning such as syllogisms. How-
ever, diagrammatic representations sometimes impede logical
reasoning, even when they correctly express the information
contained in premisses. This is partly due to the information
discrepancy between diagrammatic representations and log-
ical reasoning. We call this visual biases in diagrammatic
reasoning. Diagrammatic representations contain semantic
information that is based on the topological configurations
of objects, and visual information, such as geometric loca-
tion. For example, consider a diagram like the symbol of the
Olympic Games. There is a common part between the blue
circle and yellow circle, and the blue circle is located to the
left of the yellow circle. On the other hand, the validity of a
logical inference can be determined only by semantic infor-
mation of logical connectives (and, or) and quantifiers (all,
some), and not by words with particular contents (dog, frog).
It is possible to express the logical semantic relationships as
topological configurations of diagrammatic objects (cf. All-
wein & Barwise, 1996). Consequently, in principle, the visual
information contained in a diagram, such as geometrical fea-
tures, is not necessary to check the validity of a logical argu-
ment. However, people are so sensitive to visual information
such as size and shape in diagrams (cf. Treisman, 1988) that
they occasionally do not ignore irrelevant information. This
is a source of errors in logical reasoning.

In a notable study within the cognitive science literature,
Stenning and Oberlander (1995) proposed the concept of
specificity to analyze (in)effectiveness of diagrammatic rep-
resentations in logical reasoning. In their theory, diagrams

can specify certain classes of information in that one diagram
corresponds to one model. In contrast, sentential representa-
tions do not have this property of specificity since one sen-
tence can represent multiple models. This distinctive prop-
erty of semantics in diagrammatic representations can affect
various processes of diagrammatic reasoning. For example,
it enables us to directly extract (interpret) semantic informa-
tion from diagrams (Stenning & Lemon, 2001). On the other
hand, diagrams with the property of specificity can be ineffec-
tive in handling multiple possibilities by combining diagrams
(Shimojima & Katagiri, 2013). In such cases, more attention
must be paid to the semantic information than the visual in-
formation.

Our view regarding the visual biases of diagrams is consis-
tent with that discussed in a recent Human-Computer Inter-
action study of diagram layout (cf. Purchase, 2012). In this
study, the researchers used semantically equivalent but visu-
ally different diagrams. Using such diagrams, the researchers
were able to study the way in which the visual layout of a di-
agram could impede the extraction (interpretation) of seman-
tic information. Indeed, in an early study, Purchase (1997)
found that the number of edge crossings in a graph (node-
link diagram) had a negative effect on human graph reading.
More recently, Benoy and Rodgers (2007) found that jagged
shapes were detrimental to Euler diagram (set diagram) com-
prehension. Additionally, Blake, Stapleton, Rodgers, Cheek,
and Howse (2012) explored the role of diagram orientation by
comparing participant comprehension of the Euler diagrams
at several angles. The findings in the above studies were lim-
ited to the process of information extraction from diagrams.
In the present study, we aim to explore visual biases of dia-
grams in reasoning or inference, using semantically equiva-
lent but visually different diagrams. We focus on visual lay-
out, which can impede the process of information transfor-
mation (inference) process from given diagrams.

This approach enables us to go beyond visual biases of
diagrams. One traditional technique is described in a sem-
inal study by Barwise and Etchemend (1994). Their “Hy-
perproof” system is a computer-assisted learning program of
logic that uses a hybrid interface of logical formulas and di-
agrams. In hyperproof, blocks are placed on a chess board.
The relationships between the blocks are expressed by propo-
sitions (formulas). By observing the block diagrams, the truth
of a proposition can be checked and logical relationships be-
tween propositions can be validated. In this set up, some
blocks (e.g., cylinders) do not have specific properties (shape,
size), and thus work as variables. As a result, at least their
system can be free from visual biases of diagrams technically.
However, it is important to note that diagrams do not indicate
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whether a visible property (e.g., size) of an object has a mean-
ing in the hyperproof system. In contrast, we propose a way
to create diagrams such that they contain objects that work
as variables. Specifically, we introduce a method for creat-
ing size-scalable diagrams, in which object-sizes are scalable
from default, to avoid visual bias of diagrams in logical rea-
soning.

In Experiment 1, we used size-fixed diagrams, to address
the question of whether and how a visual bias of diagrams af-
fects reasoning performance. In Experiment 2, we examined
whether size-scalable diagrams would be able to reduce vi-
sual bias in diagrams representing logical arguments. Before
we describe the methods of the two experiments, we will dis-
cuss size-fixed and size-scalable forms of Euler diagrams in
more detail.

Task analysis

The normal view of Euler diagrammatic representation is that
the spatial configuration, such as inclusion and exclusion be-
tween circles, represent the set relationships, such as sub-
set and disjoint, which can be translated to categorical sen-
tences, such as All A are B and No A are B (cf. Sato, Mi-
neshima, & Takemura, 2010a; Mineshima, Sato, Takemura,
& Okada, 2014). Here, it is assumed that users deal with the
topological configurations of the size-scalable circles rather
than their geometric locations. In an empirical study by Sato
et al (2010a,b) that investigated the effectiveness of exter-
nally provided Euler diagrams in syllogistic reasoning, par-
ticipants were instructed not to write anything on paper, and
were expected to internally (not directly) manipulate exter-
nal diagrams. This was an attempt to focus reasoner attention
onto the semantic (topological) information contained in the
diagrams. In contrast, we wanted to block the mental con-
version of external diagrams and focus reasoner attention not
only onto the topological features, but also onto the visual
(geometrical) features of Euler diagrams. Thus, we asked the
participants to directly manipulate the diagrams (having spe-
cific sizes) when solving reasoning tasks. We used the three
kinds of Euler diagrams: (1) size-fixed diagrams (type I), (2)
size-fixed diagrams (type II), and (3) size-scalable diagrams.

Reasoning with size-fixed diagrams: type I

We start with Euler diagrams that have specific circle-sizes.
For example, consider the EA3 syllogism, which has no valid
conclusion (NVC). The first premise No B are A is repre-
sented by D; in Fig. 1, and the second premise All B are C is
represented by D;. In these two diagrams, circle-sizes are not
scalable from the default size of the premise diagrams, such
as Dy and D;y; only circle C is movable. Here the unification
of the premise diagrams does not uniquely determine the spa-
tial relationship between circles C and A, i.e., there are three
possible configurations of circles C and A (C excludes A; C
includes A; C and A partially overlap). A possible strategy
for judging NVC is to start to enumerate multiple configura-
tions of conclusion diagrams D3, D4, and D5 until it becomes
apparent that there is no relationship between C and A that
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D, D, D; D. Ds
Fig. 1: An example of reasoning with NVC using size-fixed

diagrams: type I
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Do D7 Ds Do
Fig. 2: An example of syllogistic reasoning with NVC using
size-fixed diagrams: type Il

holds in all the conclusion diagrams. An alternative strategy
is to place the circles C and A such that they partially over-
lap; i.e., D4. When such a configuration of circles holds, both
No C are A and All C are A are invalid conclusions. Addi-
tionally, when (1) syllogisms consist of universally quantified
sentences or (2) the Euler diagrams do not hold the existential
assumption for minimal regions, one can determine whether
a syllogism is NVC using the partial-overlapping strategy.

When using size-fixed diagrams (type I), all three possi-
ble configurations of circles C and A can be exhaustive, and
thereby both the enumeration and partial-overlapping strate-
gies are available. Such diagrams could work in a positive
way when solving reasoning tasks.

Reasoning with size-fixed diagrams: type II

Consider the other type of Euler diagrams, in which the cir-
cles have different sizes. In Fig. 2, the circle-size of C
in D7 (corresponding to the second premise A/l B are C) is
smaller than that of C in D, of Fig.1. The unification process
almost automatically determines the exclusion configuration
between circles C and A, as shown in Dg. In addition, the uni-
fication process gives rise only to the partial-overlapping con-
figuration as in Dy as far as the circle C is carefully placed on
the most right side. Here, the reasoner has the option to con-
struct the overlap configuration, but this is a difficult task be-
cause the circle-size of C is so small. Given this small circle-
size, the reasoner can not construct the circle configuration
of inclusion relation in conclusion diagram, corresponding to
Ds in Fig. 1.

In this case using size-fixed diagrams (type II), all three
possible configuration of circles C and A are not exhaustive.
This makes it difficult for reasoner to choose an enumeration
strategy. On the other hand, the circles C and A can be placed
in such a way that they partially overlap. Thus, one can deter-
mine whether a logical argument has NVC using the partial-
overlapping strategy with the premise diagrams. However, it
is relatively difficult to use this partial-overlapping strategy.
This is due to a visual bias in diagrammatic reasoning: i.e.,
the possible area of intersection between C and A is very small
because the circle C (or A) is the smallest size available when
constructing the overlap configuration in the conclusion dia-
gram. In such cases, these diagrams might work in a negative
way when solving reasoning tasks.
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Fig. 3: An example of syllogistic reasoning with NVC using
size-scalable diagrams

Table 1: Syllogisms (first and second premises) used in the
experiment

Syllogisms having NVC Syllogisms having VC

AE1 AllBare A, No C are B. AE2 All A are B, No C are B.
AE3 All B are A, No B are C. AE4 All A are B, No B are C.
EA3 No Bare A, All B are C. EA1 No Bare A, All C are B.
EA4 No A are B, All B are C. EA2 No A are B, All C are B.

AA1  All B are A, All C are B.

Reasoning with size-scalable diagrams

Consider the size-scalable Euler diagrams used for solving
the EA3 syllogism that has NVC, as shown in Fig. 3. Each
default circle-size in the premise diagrams Do and Dy is the
same as that in Dg and D7 from the size-fixed diagrams (type
Il) in Fig. 2. In the size-scalable diagrams, the reasoner can
scale the size of circle C up and down (denoted by thin lines).
For the convention, the unification of premise diagrams can
give rise to all three possible configurations of circles C and
A: an exclusion relationship in Dy,, a partial-overlapping re-
lationship in D13, and an inclusion relationship in D14.

In this case using size-scalable diagrams, all three possible
configurations of circles C and A can be exhaustive. As a re-
sult, both the enumeration and partial-overlapping strategies
are available. Thus, such diagrams would resist the visual
bias found in size-fixed diagrams (type II) as stated in Fig. 2.

Syllogisms having universally quantified sentences

For simplicity, the premises and conclusions of the syllogisms
used in this experiment were universally quantified sentences
of the form either All A are B or No A are B. All the syllo-
gisms used in this experiment are shown in Table 1. We gave
nine different types of syllogisms in total, out of which 4 syl-
logisms had no-valid conclusion (NVC) and 5 syllogisms had
a valid conclusion (as filler tasks). The NVC types that can-
not fix the circle-sizes uniquely (AA2, AA3, EE1, EE2, EES3,
EE4) were not used. The valid conclusion of AE2, AE4, EA1,
and EA2 syllogisms is No C are A (VC-no), and that of AA1
is All C are A (VC-all).

Experiment 1

In Experiment 1, we examined whether and how human dia-
grammatic reasoning is affected by visual bias of diagrams.
We asked participants to directly manipulate size-fixed di-
agrams (type I for Experiment la; type II for Experiment
1b) when solving syllogistic tasks with universally quantified
sentences.

No B are A. All Bare C.

O

Fig. 4: A syllogistic task with size-fixed diagrams (type I) for
Experiment 1a; the correct answer is None of them.

AllCare A.
NoCare A.

OO

None of them.

No B are A. All B are C.

All Care A.

No Care A.

oo | O

None of them.

Fig. 5: A syllogistic task with size-fixed diagrams (type II)
for Experiment 1b; the correct answer is None of them.

Method

Participants Forty-five undergraduate and graduate stu-
dents from the University of Tokyo (mean age 20.11 £ 1.32
SD) were recruited by means of a poster placed on the cam-
pus. All participants gave informed consent and were paid for
their participation. All procedures in this experiment were ap-
proved by the Ethics Committee of the University of Tokyo.
The participants were Japanese-speaking students, and the
sentences and instructions were provided in Japanese. The
participants were divided into two groups: Experiment 1a (24
participants) and Experiment 1b (21 participants). In Exper-
iment la groups, two participants were excluded—one for a
computer malfunction, and one for response times more than
two SD from the mean. In Experiment 1b groups, we ex-
cluded data from one participant who did not use (move) dia-
grams.

Materials The participants in the both groups were given
syllogisms with (size-fixed) Euler diagrams in a PC monitor.
The participants were presented with two premises and were
asked to choose a sentence corresponding to the correct con-
clusion, from a list of three possibilities. The list consisted of
All C are A, No C are A, and None of them. When solving
such problems, the participants were also asked to use the di-
agrams appeared at the center of the monitor (the lower side
of the premise sentences), and to move circle C to the left
side diagram by drag operation using a mouse (the left side
diagram cannot be moved). In Experiment 1a, the size-fixed
diagrams (type I), shown in Fig. 4, were provided. In Exper-
iment 1b, the size-fixed diagrams (type II), shown in Fig. 5,
were provided. Each syllogistic task of VC-all and VC-no in
Experiment 1a was also used in Experiment 1b.
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Table 2: The appearance frequencies of circle configurations
in syllogisms having NVC

Table 3: The accuracy rates for NVC tasks with diagrams in
Experiments 1a, 1b, and 2

Exp-la Exp-1b Exp-2
1. inclusion 4.5 0.0 0.0
2. exclusion 6.8 32.5 13.6
3. overlap 35.2 28.8 28.4
4. inclusion & exclusion 159 0.0 34
5. inclusion & overlap 114 0.0 2.3
6. exclusion & overlap 15.9 38.8 44.3
7. inclusion & exclusion & overlap 10.2 0.0 8.0
The sum of 3,4, 5, 6, and 7 88.6 67.5 86.4
The sum of 4 and 7 26.1 0.0 114
The sum of 5 and 6 27.3 38.8 46.6

In Experiment 1la, especially, we recorded how the partic-
ipants move the Euler diagrams in syllogistic reasoning. For
analysis, we defined a configuration that remained for more
than 0.3 seconds as a unit of circle-configuration in the con-
clusion diagram. The following cases were not considered to
be units of circle configuration: (1) the default configuration,
and (2) unintentional configurations produced by the mouse
operation which was too fast to correctly drag the pictures.

The task was firstly displayed such that the premise sen-
tences and diagrams were surrounded by frames, as shown in
Figs. 4 and 5. These frames were removed after five seconds,
and at the same time the participants were instructed to start
changing the position of circle C and solve the syllogistic rea-
soning tasks. There was no time limit to solve the reasoning
tasks.

Procedure The experiment was conducted individually.
Firstly, the participants were provided with a one-page in-
struction on the meaning of Euler diagrams, elaborating on
diagrams’ syntax—semantics correspondence rather than di-
agrammatic picture—semantics correspondence. A pretest
whether they understood the instruction correctly was con-
ducted; it consisted of the problems on the correspondence
between universally quantified (affirmative and negative) sen-
tences and Euler diagrams. Before the reasoning tasks, the
participants were given oral instruction on the reasoning task
and familiarlized with the mouse operations required for cir-
cle manipulation. Note that the experimenter did not pro-
vide any specific instruction about how to manipulate circle
C. One task example (All A are B, All B are C; therefore All A
are C) was displayed on a PC monitor. A total of nine differ-
ent types of reasoning tasks were presented in random order
(one of three patterns).

Result and discussion

In the pretest of Euler diagrams, all of the participants chose
the correct answers for each item. The appearance frequen-
cies of (combinations of) configurations of circles C and A in
diagram manipulation for solving NVC tasks are showed in
Table 2. The bold numbers refer to the circle-configurations
which are consistent with our description in task analysis.
Regarding the NVC tasks in Experiment 1a, 88.6% of the par-
ticipants chose the expected strategies: 35.2% of the partici-

Experiments Accuracy rates
la: size-fixed diagrams (type I) 92.0%
1b: size-fixed diagrams (type II) 76.3%
2: size-scalable diagrams (starting from 1b) 92.0%

pants chose the partial-overlapping strategy, 26.1% of the par-
ticipants chose the enumeration strategy (4 & 7), and 27.3%
of the participants chose a confounding strategy of the two
strategies (5 & 6). Furthermore, in VC-all tasks, 100.0%
of the participants constructed the circle configuration that
C is included in A. In VC-no tasks, 96.6% of the partici-
pants constructed the circle configuration that C is excluded
from A. As we described in the subsection of task analy-
sis, the participants chose (i) the enumeration strategy with
multiple configurations of conclusion diagrams and (ii) the
partial-overlapping strategy of placing two circles (see also
Sato, Wajima, & Ueda, 2014). This suggests that all three
possible configuration of circles C and A are exhaustive by
the size-fixed diagrams used in Experiment 1a.

As shown in Table 3, the accuracy rate of NVC tasks
for Experiment 1b (76.3%) was significantly lower than that
for Experiment la (92.0%) (Mann-Whitney U = 143, P =
0.023). The accuracy rates of the other two types (VC-all
and VC-no) were also substantially high. Experiment la
showed 100% for VC-all, and 96.6% for VC-no; Experiment
1b showed 100% for VC-all, and 100% for VC-no. The sig-
nificant difference between accuracy rates for NVC tasks in
Experiment 1a and those in Experiment 1b provides evidence
for the claim that size-fixed diagrams (type II) suffer from the
visual bias of diagrams in logical reasoning.

All of the incorrect answers of NVC tasks in Experiment
Ib were No C are A. Accordingly, in Experiment 1b, the
circle-configuration of exclusion was constructed in 89.5%
of the items (incorrectly) selecting No C are A in NVC tasks.
As shown in Table 2, additionally, the rate of the participants
who constructed the exclusion configuration was 6.8% in the
Experiment 1a, but the rate became as high as 32.5% in Ex-
periment 1b (U = 116, P = 0.004).

Experiment 2

If visual bias is actually present in diagrammatic representa-
tions, then we expected that performance on the task in Ex-
periment 1b would be improved when participants used size-
scalable diagrams instead of size-fixed diagrams (type II). We
designed Experiment 2 to confirm this.

Method

Participants Twenty-five undergraduate and graduate stu-
dents (mean age 19.32 £ 1.35 SD) were recruited. Three
participants were excluded—two for a computer malfunction,
and one for response times more than two SD from the mean.

Materials The participants were given syllogisms with
(size-scalable) Euler diagrams, shown in Fig. 6. The par-
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No B are A. All Bare C.

AllCare A.

NoCare A.

@

OO

None of them.

Fig. 6: A syllogistic task with size-scalable diagrams; the cor-
rect answer is None of them

ticipants were presented with two premises and were asked
to choose a sentence corresponding to the correct conclusion.
When solving syllogistic tasks, the participants were asked
to use the diagrams: move circle C to the left side diagram
by drag operation using a mouse. In addition, the partici-
pants were provided the instruction that the size of circle C
by scrolling the mouse wheel can be scaled up or down if it is
necessary. Each default size of C (illustrated by thin lines) is
the same as that of size-fixed diagrams (type II) in Experiment
1b. Each syllogistic task of VC-all and VC-no in Experiment
1 was also used in Experiment 2.

Procedure The experiment was conducted in the same
manner as in Experiment 1. The instructions of diagrams
were provided, pretests were conducted, and then the reason-
ing task with diagrams were imposed.

Result and discussion

In the pretest of Euler diagrams, all of the participants chose
the correct answers for each item. In the reasoning tasks,
nineteen participants scaled up and down the size of circle C
(three participants did not scale up and down the circle-size in
more than two items in NVC tasks). For example, the sixteen
participants scaled up the circle C in the task of Fig. 6.

The accuracy rate of NVC tasks for Experiment 2 was
92.0%, as shown in Table 3. The data were compared with
those of Experiment 1b. The accuracy rate of NVC tasks
for Experiment 2 (92.0%) was significantly higher than those
for Experiment 1b (76.3%) (Mann-Whitney U = 140.5, P =
0.019). The accuracy rates of the other two types (VC-all
and VC-no) were substantially high, showing 100% for VC-
all, and 98.9% for VC-no. The significant difference between
accuracy rate for NVC tasks in Experiment 2 and that in Ex-
periment 1b provides evidence for the claim that size-scalable
diagrams reduce the visual bias in logical reasoning with size-
fixed diagrams (type II).

The difference in accuracy rates reflected in the appearance
frequencies of circle configurations in Table 2. The number of
participants who constructed the exclusion configuration was
13.6% in the Experiment 2, which was lower than 32.5% in
Experiment 1b (U = 144, P = 0.039). Furthermore, in NVC
tasks, 86.4% of the participants chose the expected strategies:
28.4% of the participants chose the partial-overlapping strat-
egy, 11.4% of the participants chose the enumeration strategy

(4 & 7), and 46.6% of the participants chose the confounding
strategy (5 & 6). This suggests that all three possible config-
uration are exhaustive by the size-scalable diagrams used in
Experiment 2.

General discussion

In Experiment 1, we addressed the question of whether and
how a visual bias of diagrams affects human performance.
We asked participants to directly manipulate size-fixed dia-
grams when solving syllogistic tasks. In the size-fixed dia-
grams (type 1) used in Experiment 1a, the circle-sizes were
sufficient to allow participants to construct configurations of
overlap and inclusion in the conclusion diagram. In the size-
fixed diagrams (type II) used in Experiment 1b, the circle C
(or A) was set to be the smallest size possible, making it more
difficult for participants to construct the configuration of over-
lap in the conclusion diagram. The difference in accuracy
rate for NVC tasks between Experiment 1a and Experiment
1b provided evidence for the existence of a visual bias in di-
agrammatic reasoning. In Experiment 2, we addressed the
question of whether size-scalable diagrams were able to re-
sist visual bias of diagrams. The difference in the accuracy
rate for NVC tasks between Experiment 2 and Experiment 1b
provided evidence for a reduction of visual bias in diagram-
matic reasoning.

In this paper, we focused on visual biases in Euler diagrams
representing syllogistic arguments. However, such visual bi-
ases would occur in various kind of diagrammatic reasoning,
specifically in diagrams that is a linear variant of Euler dia-
grams (cf. Sato & Mineshima, 2012). In deductive reason-
ing, the size of each individual object in a diagrams can be
regarded as a piece of visual information, but these do not
necessarily contribute to the validity judgement of deductive
reasoning. However, what features of diagrams make the dif-
ference between semantic and visual information depends on
the type of reasoning. For example, consider inductive rea-
soning. The validity of an inductive argument can be deter-
mined by the probability of an event occurrence concerning
the truth of the statements. It is possible to express uncer-
tainty relationships through the proportional relationships be-
tween diagrammatic objects. This technique is called “area
proportional Euler diagrams” (cf. for a survey of various
forms of Euler diagrams, see Rodgers, 2014). In this tech-
nique, (in contrast to that used in our study) the circle-sizes
play an important role in judging the validity of induction
(probability judgment). Thus, certain other features of dia-
grams (e.g., shape, orientation) can be regarded as irrelevant
(visual) information.

Concerning the distinction between visual and semanti-
cal information, a similar point has been made by the psy-
cholinguistic studies of geometrical richness contained in lan-
guages. Most notably, Landau and Jackendoff (1993) ana-
lyzed the spatial language such as The cat is on the mat, and
examined that certain nouns (e.g., cat, mat) contain much de-
tailed geometrical properties such as shape, comparing with
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certain prepositions (e.g., on). More relevant to our concern
is the study of spatial reasoning in Knauff and Johnson-Laird
(2002). In their experiments, the response time of inference
tasks with visual relations (that are easy to invoke visual rep-
resentations but hard to invoke spatial representations, e.g.,
cleaner-dirtier) was longer than that with visuospatial rela-
tions (that are easy to invoke visual and spatial representa-
tions, e.g., above-below). These results suggest that irrele-
vant visual detail can impede inferential processes. The above
studies dealt with mental images elicited from sentential ex-
pression about what we saw. By contrast, this study applies
the geometrical richness in language components to that in
external diagrams, and further to visual biases of diagrams
for solving reasoning tasks.

The issue on visual biases of diagram in logical reason-
ing is an instance of diagram particularity (generality) prob-
lem, which is well known in the philosophy of mathematics
(Kulpa, 2009; Mumma, 2010; Shin, 2012). Indeed, Gottfried
Leibniz (1677) wrote:

we must recognize that these figures [the figures of ge-
ometry] must also be regarded as characters, for the cir-
cle described on paper is not a true circle and need not
be; it is enough that we take it for a circle (p.281).

The diagram written on paper (i.e., external diagram) is just
a particular object. In principle, a claim constructed from
the particular diagram can hold only in the particular case.
Thus, there is no guarantee of the correctness on claim in
other cases. In other words, they lack generality. Therefore,
we can not obtain general claim from the particular diagram.
This problem influenced early formal studies of diagrammatic
reasoning, where the formal definition of a diagram is ab-
stract in that it is independent of any particular diagram (e.g.,
Shin, 1994). However, if formal studies can contribute the
mathematical underpinnings of actual diagrammatic reason-
ing, then it is important to associate particular diagrams and
general diagrams (Howse, Molina, Shin, & Taylor, 2002).
This view has especially manifested in the modern develop-
ment of logic diagrams, such as spider diagrams (e.g., Howse,
Stapleton, & Taylor, 2005) and the modern formulation of
Euclid’s geometry (e.g., Avigad, Dean, & Mumma, 2009). In
these systems, primitive objects constituting a diagram such
as circles and rectangles are abstractly defined as formal units
with variables, and the particular diagrams are regarded just
as instances of diagrammatic objects that comply with the
abstract definition. In our empirical study, we suggested size-
fixed diagrams as one form of particular diagrams. Our result
indicates that human suffer from the problem of visual bias
of diagrams (diagram particularity). This is the case not only
in special situations, such as mathematical generalization, but
also in the everyday use of diagrams. Furthermore, we intro-
duced size-scalable diagrams as objects that play the role of
variables; thereby enabling diagrams with specific-size to be
recognized as instances of diagrammatic objects. We believe
that there is potential for designing pedagogical tools that re-
duce visual biases in diagrammatic reasoning and learning.
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