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Abstract
This paper examines the construction and use of
visual representations for reasoning. Visual
representations have often been categorized by a
resemblance criterion: representations of objects are
considered iconic, because they resemble a perceived
object, while representations of abstractions, which
cannot resemble an object, are considered
unconstrained and therefore arbitrary. In contrast, I
argue that visual representations used in reasoning
exhibit a logic that supersedes resemblance. Humans
using visual representations in reasoning map
concepts onto spatial structures metaphorically
according to a simple but structurally and
directionally sensitive rule: features map to features
and relations map to relations. This rule can be
observed in reasoning tasks with children and adults,
and is offered as an explicit heuristic to guide the
construction and use of visuospatial representations in
reasoning.

Arbitrariness, Iconicity, and Metaphor

Visual representations, such as pictures, drawings,
diagrams, and graphs, may be classified by content, the
thing they depict, and format, the way in which they depict
something. Concrete visual representations depict
perceivable aspects of the environment: objects, people,
and scenes. Abstract visual representations, in contrast,
depict aspects of the environment which are not directly
perceivable -- for instance, ideas, concepts, and feelings. A
related, but separate, distinction can be made between
visual representations which are highly constrained, and
those which are unconstrained, or arbitrary. This second
distinction is based not on content, but on the rules for
construction. These two distinctions have often been
confused: iconicity, or the degree to which a
representation resembles the thing it depicts, is often
contrasted with the arbitrariness of a representation, based
on the assumption that visual representations which do not
resemble the thing they depict are unconstrained (Fenk,
1994). This amounts to using a resemblance criterion to

judge arbitrariness: if a representation does not resemble
the thing it depicts, it is arbitrary.

Resemblance, however, is not a good indicator of
arbitrariness. Representations of objects are to some extent
arbitrary, and representations of abstractions are not
unconstrained. Objects, for instance, tend to be
represented in certain canonical views: pictographs of a
face or animal usually depict the object or person in profile
(Driver, 1976). Correspondingly, abstract, non-pictorial
representation is not completely arbitrary: many
abstractions reflect the structure of the external physical
world by representing abstract relations metaphorically
(Fenk, 1994). Just as Lakoff and Johnson argued that "the
logic of a language is based on the coherences between the
spatialized form of the language and the conceptual system
(1980, p. 138), " abstract visual representations are based
on a metaphorical correspondence between spatial
structures and conceptual structures.

Mapping Features and Relations in Visual
Representation

Most visuospatial representations contain aspects of both
resemblance and metaphorical correspondence. Imagine a
line graph of the growth of a child, with time along the
horizontal axis and height along the vertical axis. The
vertical representation of height resembles the verticality of
height in the physical world. Growth, however, is
represented metaphorically. The slope of the data line
depicting the child’s increasing height across time is
analogous to the child’s growth rate: steeper lines represent
faster rates of change. What determines when a
representation is based on literal resemblance and when it
is based on a metaphorical mapping of concepts to spatial
structures? The goal of this paper is to demonstrate that
when visual representations are used for reasoning, a
metaphorical correspondence between conceptual and
spatial structures is particularly important. Several
experiments demonstrate that adults and young children
reasoning with visual representations use metaphoric
correspondence rather than resemblance to make
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inferences. This use of spatial metaphors in reasoning is
based on a simple but structurally sensitive rule: features
map to features and relations map to relations.

Evidence from Visual Reasoning

When humans reason with visual representations, they rely
on mappings between spatial and conceptual information
to generate new information (Lindsay, 1988). Graphs,
diagrams, and similar schematic pictures allow inferences
about non-spatial, conceptual information to be drawn by
non-deductive means because they involve mapping
concepts to space, and allow an inference to be "read"
directly from the resulting representation. This utilization
of spatial structures in non-spatial, conceptual tasks is
called visual reasoning (Gattis & Holyoak, 1996). Visual
reasoning is, in a sense, a special form of problem solving
by analogy: solutions are discovered by mapping an
unfamiliar, and usually more abstract, target onto a well-
learned source domain, namely space. The mapping is
spontaneous and goal-directed: the selection of
appropriate features or relations from the spatial
representation to serve as cues appears to be guided by the
reasoning task. In addition, the mapping between a
concept and space is often partial: visual reasoning can be
guided by a single mapping of a feature or a relation. The
resulting flexibility should not, however, be interpreted as
unpredictability. Several experiments indicate that visual
reasoning is structurally and directionally sensitive. When
children and adults are asked to reason with visual
representations, they exhibit structural sensitivity by
mapping conceptual relations to spatial relations, and
conceptual features to spatial featm’es, and directional
sensitivity by making increases correspond, so that steeper
=faster and up = more.

Gattis & Holyoak (1996) used graph-like diagrams 
investigate the structure of mappings underlying visual
reasoning (see Figure 1). In several experiments, adults
judged the relative rate of two continuous linear variables
using simple line graphs. Graph-like diagrams were
constructed which varied the assignments of variables to
axes, the perceived cause-effect relation between the
variables, and the causal status of the variable being
queried. The results were remarkably consistent: subjects
were more accurate at rate judgments when the variable
being queried was assigned to the vertical axis, so that a
metaphoric mapping existed between the slope of the
function line and the rate of change. In other words,
reasoning about relations was facilitated by a spatial
metaphor (the slope of a line representing the rate of
change in two variables), even when it violated other
natural mappings (a vertical line representing the
verticality of altitude). This pattern of results indicates that

the creation of mappings for visual reasoning
systematic, analogical process.
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Figure 1. Graphs that violate (Panel A) or preserve
(Panel B) a slope-rate metaphor, faster = higher.

The slope-rate metaphor in graphs may reflect an
arbitrary but well-learned representational convention, or
consistent cognitive rules for mapping concepts to
visuospatial representations. A further study (Gattis, 1996)
investigated these alternative explanations for the slope-
rate metaphor by asking children with no prior graphing
experience to use graph-like diagrams to reason about
differences in a feature (a value on a single dimension) or 
relation (a value on two dimensions). Six and seven year
olds without any prior graphing experience were taught to
reason with graph-like representations in three stages. In
the first phase children learned to map discrete values of a
dimension across horizontal and vertical lines (see Figure
2). Children were taught either to map time to the
horizontal line and quantity to the vertical line, or quantity
to the horizontal line and time to the vertical line. In
addition, for the vertical line, half were taught to map
increases in an upward direction, starting with the earliest
time or smallest quantity at the bottom, and half were
taught to map increases in a downward direction, starting
with the earliest time or smallest quantity at the top.

Figure 2. Children learned to map one variable
(time or quantity) to the horizontal line and the other
variable to the vertical line.

The second phase involved a two-stage procedure in
which the children learned to coordinate values from the
horizontal and vertical lines and to place a sticker at those
points representing an integrated time-quantity value. The
experimenter emphasized that the intersection points "tell a
story." In the first stage, the experimenter demonstrated
how to find the intersection points by moving toy animals
along paths. In the second stage, the children repeated this
process without the toy animals, guided instead by an
already drawn data line (see Figure 3). The children 
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effect learned to map a function, but were taught to think
of that function as a story represented by a line connecting
events.

Figure 3. Horizontal and vertical lines with a "story
line" (really a function line).

In the final phase of the experiment, the children were
shown a diagram with two story lines, and were asked to
use a particular line to judge either the rate of an event or
the quantity resulting from an event (see Figure 4). In one
experiment, subjects were asked to make a feature
judgment: the experimenter told subjects "Here we have
two story lines. That means that a similar story happened
twice. One time it happened faster, and another time it
happened slower. That means that one time there was
more and one time there was less. Look at this line here.
Is this the time there was more, or the time there was less?"
In another experiment, subjects were asked to make a
relational judgment by changing the final question. The
experimenter said, "One time it happened faster, and
another time it happened slower. Look at this line here. Is
this the time it happened faster, or the time it happened
slower?"

Figure 4. Diagram used for both judgment tasks
(rate and quantity). The experimenter pointed at the
upper line.

Children in all learning conditions learned to map
values to horizontal and vertical lines quickly and with
almost no errors. In contrast to previous studies indicating
that children have a bias to represent increases in an
upward direction, so that up = more (Tversky, Kugelmass,
& Winter, 1991), those children taught to map increases in
a downward direction did not make more mapping errors
(This corresponded with a pilot study, in which children
were asked to map increases in time or quantity along a
vertical line. In this context, mapping increases in an
downward direction was just as common as mapping
increases in an upward direction).

Children’s rate judgments were consistent with
previous studies with adults: judgments were most accurate
when given a diagram in which rate corresponded to slope,
so that steeper =faster. When the queried line was steeper
than the comparison line, children tended to report that the
line represented a faster rate, and when the queried line
was shallower, children were more likely to describe that
line as representing a slower rate. In contrast to the slope-
rate metaphor, violating other conventions of graphing had
little effect on children’s performance. It is important to
note that rate judgments were not influenced by featural
cues, such as the relative height of the line: children were
no more likely to identify a rate as faster when the line
representing it was higher than a comparison line, thus
showing remarkable sensitivity to a relational cue (slope)
over a featural cue (height) at an age when it is frequently
claimed that children reason with features rather than
relations. Thus children’s responses indicate that when
asked to make a relational judgment, comparing two rates,
they create a spontaneous mapping between rate of change
and the slope of a line, and use that mapping to infer new
relational information.

In contrast, children’s quantity judgments reveal a
strikingly different pattern from rate judgments. Whereas
rate judgments corresponded to slope, quantity judgments
corresponded to height. When the queried line was higher
than the comparison line ("Is this the time there was more
or less?"), children in all conditions reported that the line
represented a greater quantity. Even those children who
learned to map increases in a downward direction on the
vertical line, so that less height corresponded to greater
value on a variable tended to judge greater height as
representing greater value, or in other words, to use a up =
more metaphor as the basis of their judgments.

Thus it appears that even young children with no prior
graph experience have a coherent and spontaneous rules
for visual reasoning: conceptual relations are mapped to
spatial relations, and conceptual features are mapped to
spatial features, and this mapping is directionally sensitive.
When children are asked to use a visuospatial
representation to make a judgment, they spontaneously
select a relational cue (slope) to make a relational judgment
(rate), and a featural cue (height) to make a judgment about
a single dimension (quantity). Inferences appear to 
guided by two spatial metaphors, steeper =faster and up =
more.

Conclusions

Visual reasoning shows us that the interpretation of
representations in reasoning is not arbitrary. Inferences are
generated according to mental rules for mapping concepts
to space. These results indicate that spatial metaphors such
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as steeper = faster and up = more play a central role not
only in language and concepts, but also visual
representation. Interestingly, however, these constraints
seem to emerge in reasoning contexts, and not, for
instance, to constrain the construction of all visual
representations. Children showed no difficulty in
learning an up = less mapping, but reverted to an up =
more mapping when asked to reason. Thus assignment of
meaning appears to be flexible rather than f’Lxed: mappings
are spontaneous, and determined by inferencing goals.
The mapping, and therefore the meaning, of
representations change as goals change. The logic of
visual representation, in other words, is guided not only by
metaphorical correspondences between spatial and
conceptual relations, but also by goals and actions.
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