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Abstract

Technological and scientific images, and other images with epistemic
uses, have varied appearances and functions. They seem to be 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. This arficle studies
the perception and understanding of scientific/epistemic images within
a conceptual framework grounded in the notion of reference. It
intfroduces the hypothesis stating that the performance of the
perceptual understanding of a particular scientific image depends on
the epistemic uses of aftention. The hypothesis suggests that
understanding 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.



1. Phil. & CS: The cognitive problems of image/depiction understanding

Technological and scientific practices rely routinely on the perception
of fechnical 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, diagrames,
mathematical graphs, schemas, IRMf scans, 3D models etc. One can
call this variety of non-linguistic but epistemic representations ‘scientific
images’ or ‘pictures for epistemic uses.” Scientific images are
representations available to researchers for a variety of epistemic
purposes such as summarizing data, or presenting, discussing and
veritying 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
semantic investigations in cognitive science:



2.1 Two sets of problems

(PB-ST1) A first set of problems bears on the structure or conventions 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 a pictorial system obtain its scientific use(s) and
its meaning within the scientific communitye

(PB-S2) A second set of problems encompasses the questions about
performance of image producing and understanding. How does an
agent understand 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 and motor apparatuses for
producing or understanding a scientific or a technical picture?



2.2

(On PB-S1) Studies about the first set 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.

(On PB-S2) 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 set of question requires a theory of epistemic attention within @
referentialist framework for the semantics of image perception. | will first
sketch the referentialist framework and then propose a role for
epistemic attention within this framework.



3. A referentialist framework for the semantics of scientific images

This article will suggest a hypothesis which is dependent on a
‘referentialist’ framework for the cognitive semantics of image uses.

Referentialist framework: | intend to convey the idea that image
understanding is based on the knowledge of the referents that parts of
images’ surface inform about or denotfe. In the most straightforward
case, areferent 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, spaftial structures, abstract types or variations
among magnitudes.



4.1 Hypothesis
General formulation:;

H, Image Understanding through Epistemic Attention: Performance of
the perceptual understanding of a scienfific 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:

(H1) in order to evaluate perceptual predicates (or observational
propositions) about the elements presented by the image’s surface and
to diagnose the presence of recognizable or analyzable contents; and
(H2) in order, ultimately, to access information about the referents of the
image via the singular knowledge of elements displayed by the image’s
surface.



4.2 ‘Attention’ in H

Traditionally studied in psychology in which it has been frequently
conceived as the limited faculty/capacity of selecting information for
further processing, €.g. in the visual field.

Here: a system of control of sensory-motor routines or skills.

Procedural theory of attention: account that view attentional capacities
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).



4.3

One can give an account of this strategic structure 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 fo
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 demonstrative
identification.



5.2 Specific argument from combinatorial arrangement of elements

About the ‘navigation’ in the compositional structure of the image: only
the attentional system allows perceivers to retrieve the compositional
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 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.



5.3 Specific argument from singular reference

Singular reference: reference to a token entity, e.g. a single physical
object. 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.

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.



6.1 Example; photographs

The epistemic uses of photographs: each photograph carries
information about the photographic referents (the objects that have
been photographed). Cf. Figure 1.

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 opfical
projection of the referent. As a result, 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.

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.



6.1.1

Entertaining demonstrative thoughts about elements ei 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 el is an image of a shadow’ etc.

Such demonstrative identifications of the elements allow the perceiver
to form beliefs about relevant elements ei and their relations. For
instance, on the basis of the perceptual identification of el, the
perceiver can evaluate perceptual predicates about el such as
White(el) or Touching(el, e2) or Connected(el, e4). In addition, the
perceiver can form singular beliefs about el and its relations with other
elements such as e2 or e3.

(Generalization (considering e as a type) is dependent on
demonsirative thoughts.)



6.1.2
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Fig. 1 Schema of a reference-based account of the epistemic uses of a photograph



6.2 Data from video

Experimental paradigms in psychology that use video recording and recorded images as data: For
instance, Land, Mennie, & Rusted [19] recorded simultaneously (i) the activities of subject while
performing the task of preparing tea and (i) 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 contfinuous 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
fraome 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 definitely 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) guiding the approach of one object to another (e.g., kettle and lid), 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: segmenting, demonstrative
identifications of the basic elements, and acquisition of singular knowledge about the referents of
these basic element. Ultimately, the classification 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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Fig. 1 Schema of a reference-based account of the epistemic uses of a graph




8. Questions for further research

Applied research in professional depiction systems of the CS of
attention:. How can CS of attention help in producing improved
depictions for scientfific researche

History and cognition of scientific images: How can we account for the
relationships between the history of depiction systems and the
perceptual facultiese

Tokens and types: What are the respective functions of the reference to
types and the reference to tokens in scientific depictions?

Virtual reality: How does demonstrative reference work in the depictions
used in virtual reality?
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