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Abstract. Technological and scientific images, and other images with epis-
temic uses, have varied appearances and functions. They seem to be analog or
symbolic representations available to researchers for a variety of epistemic pur-
poses such as summarizing data, or presenting, discussing and verifying hypo-
thetic propositions about the world. This article studies the perception and un-
derstanding of scientific/epistemic images within a conceptual framework
grounded in the notion of reference. It introduces the hypothesis stating that the
performance of the perceptual understanding of a particular scientific image de-
pends on the epistemic uses of attention. The hypothesis suggests that under-
standing a scientific picture requires making an epistemic use of the attentional
control of visual routines in order to obtain knowledge on the spatial structure
and the referents of a particular image or graphic representation.

Technological and scientific practices rely routinely on the perception of technical
tools such as optical systems and measure instruments. By means of these tools, and
sometimes without them, theoreticians record data which are usually presented and
communicated via a variety of images and graphics such as drawings, photographs,
diagrams, mathematical graphs, schemas, IRMf scans, 3D models etc. One can call
this variety of non-linguistic but epistemic representations ‘scientific images’ or ‘pic-
tures for epistemic uses.” Scientific images are analog or symbolic representations
available to researchers for a variety of epistemic purposes such as summarizing data,
or presenting, discussing and verifying hypothetic propositions about the world. An
important question for the epistemology of scientific images is the following:

How are we to describe and explain the semantic and psychological conditions of
the epistemic uses of images — as opposed to their socio-political or aesthetic uses?

This problem can lead to different types of investigations. A first set of problems
bears on the structure or architecture of the system which endow the image with its
meaning (e.g., a ‘pictorial system’ in Lopes’ sense), and determine the competence
required for its grasping: How does an image obtain its scientific use(s) and its mean-
ing within the scientific community? What are the cues (i.e. the information-bearers
features that can be analyzed by visual attention) of the image which are selected by
such and such type of image? A second set of problems encompasses the questions
about performance of image producing and understanding. How does an agent under-
stand the meaning of a scientific picture (when he/she is producing it or examining it)
in the real time examination or production of the image? How do we use our sensory
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and motor apparatuses for producing or understanding a scientific or a technical
picture? Studies about the first group of questions have been introduced namely by
Nelson Goodman [1], Dominic Lopes [2] and Keith Stenning [3]. It has lead to the
formulation of conceptual debates about the structure of a pictorial system. Although
fundamental for the semantic of pictures, these analyses do not answer directly to the
second group of questions which bears on the actual cognitive performance of image
understanding (instead of the semantic system which is required for understanding
pictorial systems). The analysis below intends to show that resolving the second kind
of question requires a theory of epistemic attention within a referentialist framework
for the semantics of image perception. I will first sketch the referentialist framework
and then propose a role for epistemic attention within this framework.

This article will suggest a hypothesis which is dependent on a referentialist frame-
work for the cognitive semantics of image uses. Such framework is at least partly
consistent with referentialist theories of thought and language [4-6] ; its conceptual
foundations have been already considered at least by D. Lopes [2]. When I call this
framework referentialist, 1 intend to convey the idea that image understanding is
based on the knowledge of the referents that parts of images’ surface inform about or
denote. In the most straightforward case, a referent of a particular image part e is any
object — or part of an object — that is represented or denoted by e. Scientific images
refer to (or represent, depict) many kinds of referents such as individual objects, spa-
tial structures, abstract types or variations among magnitudes. The article will not try
to expound and classify this extreme diversity. Instead, the argument will hint at the
common cognitive ability required to obtain knowledge about image referents and
focus on the example of photographic images.

According to my main suggestion, the cognitive foundations of scientific image
understanding rest on the thinker’s use of visual attention. The basic reason in support
of this account is that understanding the referential and epistemic statuses of elements
of an image depends on the performance of attentional procedures. Such a hypothesis
focuses on the analysis of the selective procedures by which an intentional agent ac-
tively obtains knowledge about the element(s) of an image’s surface and their refer-
ent(s). A general formulation for it is as follows:

H, Image Understanding through Epistemic Attention: Performance of the
perceptual understanding of a scientific image depends on the epistemic uses
of perceptual attention, conceived of as the system which controls perceptual
and motor routines to resolve pragmatic and epistemic queries:

(H)) in order to evaluate perceptual predicates' (or observational proposi-
tions) about the elements presented by the image’s surface and to diagnose
the presence of recognizable or analyzable contents; and

(H,) in order, ultimately, to access information about the referents of the im-
age via the singular knowledge of elements displayed by the image’s surface.

Hypothesis H bears on the mental faculties required to understand the objective
and referential characteristics of an image and interpret it as a function of a relevant
pictorial or conceptual system.

' On the notion of ‘perceptual predicate,” cf. e.g., Miller & Johnson-Laird [7], Ullman [8],
Pylyshyn [9].
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To clarify the meaning of H requires specification of the notion of attention which
is relevant here. The faculty of attention is traditionally studied in psychology in
which it has been frequently conceived as the faculty of selecting information for
further processing. For instance, visual attention [10, 11] is basically considered as the
faculty which allows selecting and processing the information available within the
visual field. There are however arguments to avoid conceiving of the attentional sys-
tem simply as a spatial or temporal filtering system [12, 13]. Instead of apprehending
‘selective attention’ as a mere filter, my use of the phrase ‘attention’ or ‘attentional
system’ refer to a system of control of sensory-motor routines or skills. This analysis
belongs to the framework of what one can call a procedural theory * of attention. The
notion of a ‘procedural theory’ refers here to the accounts that view attentional ca-
pacities as being coincident with the exercise of epistemic and pragmatic procedures
that are dependent on a context of use and of strategies for reaching particular goals.
According to this type of analysis, attention uses strategic and exploratory operations
that enable the agent to obtain information (typically) on a particular target element or
cues related to one object or spatio-temporal element (and often also to constitute a
singular representation of this target). One can give an account of this strategic struc-
ture by analyzing selective attention as being dependant on two main components: (i)
a set of instructions for the control of bodily or mental events, which can be termed
either epistemic queries or pragmatic queries — and (ii) a set of elementary operations
called routines that allow, according to varied and context-dependent combinations,
to give an answer to or to satisfy the epistemic and pragmatic queries. The concept of
routine refers to the perceptual or motor elementary procedures that can be used to
satisfy or solve the queries (epistemic or pragmatic) on the basis of the evaluation of
perceptual predicates. Attention, as a mediating faculty, seems to be the capacity that
organizes the relations between conceptual and non-conceptual routines for demon-
strative identification.

A general argument that supports H is that attention — as a faculty of controlling
perceptual routines — is constitutive of any kind of epistemic perception, since
the control of perceptual routines is a necessary condition of an epistemic access to
the target properties. Although this claim is I think correct, it is not informative about
the specific procedures required to understand a scientific image. It is possible to
formulate more specific arguments — based on the type of cues which are likely to be
relevant for understanding the image in its particular context of use. I will sketch two
of them: the argument from compositionality and the argument from singular
reference.

A first argument is about the ‘navigation’ in the compositional structure of the
image. It states that only the attentional system allows perceivers to retrieve the com-
positional structure of the image, that is, the spatial relations among the elements
displayed by the image’s surface. The support for this idea can be derived from the
need to appeal to visual routines to explain the visual understanding of basic spatial
relations, such as in Ullman’s [8] analysis. Let us assume a distinction between the
‘automatic’ (or ‘stimulus-driven’) formation of ‘early visual representation’ and sub-
sequent application of visual routines. The argument is that a number of operations

2 Among the class of procedural theories, I shall include namely works on perceptual predi-
cates [7], visual routines [8, 14], deictic strategies [15], epistemic uses of eye movements [16,
17], and visual reference [5, 9, 18].



An Account of Image Perceptual Understanding 227

performed during the examination of an image require performing visual operations
which, arguably, cannot be accounted for neither by so-called ‘automatic’ or °
stimulus-driven’ processing nor by ‘purely conceptual’ abilities based on type/kind
identification. One can argue that the control of visual routines is required namely for
operations such as retrieving basic elements or shapes in a display and specifying the
spatial relations among these basic elements/shapes (top/bottom, right/left, in-
side/outside etc). Ullman gives, for instance, the example of determining whether a
point lies inside or outside a closed curve, and shows that a base representation of the
point and the curve is not sufficient to resolve this query about spatial organization.

Another argument does not refer to combinatorial arrangement of the elements in
the image display but bears on singular reference. If the perceiver has some mastery
of the compositional characteristics of an image, this means that she has been able to
pick up elements and examine their spatial relations. Given that a set of elements has
been segmented, a singular knowledge of the properties of each element becomes
possible, and this singular knowledge can serve as a background for the knowledge
referential disposition of the image’s parts. Building incrementally knowledge about
the referent of an element e of an image (whatever this element might be) is prior to
reasoning about the properties of the referent of e. In the framework of the procedural
theory described above, this building incremental knowledge about e is dependent on
epistemic visual attention because such a framework assumes that that the singular
knowledge of a particular element e is acquired incrementally by using sensory-motor
routines — or visual object files — to evaluate perceptual predicates.

The hypothesis H can be applied to the example of the epistemic uses of photo-
graphs. In the case of photographic images, the referentialist account can point to the
fact that each photograph carries information about the photographic referents (the
objects that have been photographed). Such characteristic depends on a mechanical
system for image production — cf. the bottom triangle of Figure 1. Consider the case
in which a part e of a reliable photographic image has the function to indicate a refer-
ent » which has been photographed (r can be an individual or a group of individual
objects). The referential disposition of the photographic image is determined by a
reliable causal process of image production. The camera has recorded, via a system
using chemical or digital transduction, an optical projection of the referent. As a re-
sult, a number of properties of element e within the image (spatial, chromatic, textural
properties) are counterfactually dependent on the properties of the referent r in a way
that can be observed in a final photographic image. But how is this information ex-
ploited or extracted by a perceiver in an epistemic and objective manner? Here fol-
lows a plausible scenario based on hypothesis H.

The understanding of an epistemic use of a photograph (for example within a
scientific discourse or practice) requires perceptual and conceptual abilities tied by
epistemic attention — this is illustrated in the top triangle in Figure 1. Entertaining
demonstrative thoughts about elements e; of the photograph’s surface — such as
‘These dots are F” or ‘This mark is an F’ — presupposes the perceptual segmentation
of these relevant elements. For it is only once a primal segmentation of the elements
is secured that the perceiver can formulate demonstrative identifications such as ‘That
element e; is an image of a shadow’ etc. Such demonstrative identifications of the
elements allow the perceiver to form beliefs about relevant elements e; and their rela-
tions. For instance, on the basis of the perceptual identification of e;, the perceiver can
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evaluate perceptual predicates about e; such as White(e;) or Touching(e;, e;) or
Connected(e;, e4). In addition, the perceiver can form singular beliefs about e; and its
relations with other elements such as e; or e;. It can only be on the basis of the evalua-
tion of perceptual predicates about the identified elements of the image’s surface that
the perceiver may find a way to conclude that the epistemic status of the element
indicate that its referent satisfies to the same perceptual predicate.

Propositional content (about i, € or r)
Predication and reasoning

Demonstrative
identification of e

Perceptual segmentation of i

e

Part e Referent r of e
of image i (individual,
object)

indicates

Causal links + projection rules

Fig. 1. Schema of a reference-based account of the epistemic uses of a photograph

Consider the example given by experimental paradigms in psychology that use
video recording and recorded images as data for further analysis. For instance, Land,
Mennie, & Rusted [19] recorded simultaneously (i) the activities of subject while
performing the task of preparing tea and (ii) their eye movements. The aim of this
study was to determine the pattern of fixations during the performance of a well-
learned task in a natural setting (making tea), and to classify the types of monitoring
action that the eyes perform. The authors used a head-mounted eye-movement video
camera, which provided a continuous view of the scene ahead, with a dot indicating
foveal direction with an accuracy of about 1 deg. A second video camera recorded the
subject’s activities from across the room. The videos have been linked and analyzed
frame by frame. At least in this task, foveal direction was always close to the object
being manipulated, and very few fixations were irrelevant to the task. According to
the authors’ classification, roughly a third of all fixations on objects could be defi-
nitely identified with one of four monitoring functions: (1) locating objects used later
in the process, (2) directing the hand or object in the hand to a new location, (3) guid-
ing the approach of one object to another (e.g., kettle and 1id), and (4) checking the
state of some variable (e.g., water level). If one question how scientists were able to
reach such kind of interpretation for the collected data (large number of single video
frames), it seems clear that they have had to perform the tasks described by H: seg-
menting, demonstrative identifications of the basic elements, and acquisition of singu-
lar knowledge about the referents of these basic element. Ultimately, the classification
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of the four kind of monitoring functions of eye movements is based on assumptions
about the referents of the elements of the image and their relations: i.e., the eyes of
the agent and the objects which are the targets of her or his actions.
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