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Preface
Preface

This book of proceedings collects papers referring to three key events celebrated at the University of Trieste on 27th 
and 28th November, 2014: 

(1) the sixtieth anniversary of the Kanizsa triangle; 
(2) the twenty-second Kanizsa Lecture;
(3) the Trieste Symposium on Perception and Cognition, TSPC2014. 

The volume opens with the English translation of Kanizsa’s report included in the proceedings of the tenth meeting of 
Italian psychologists in Chianciano Terme (10-14 October 1954), which features the first published version of the illusory 
triangle that would have become an icon of vision science. The key aspects of this short but dense report are outlined by 
Walter Gerbino, the translator, in his foreword. 

As a second contribution, the volume includes the speaker notes of the twenty-second Kanizsa Lecture, held by the 
2014 invited speaker Barbara Gillam, University of New South Wales, Sydney, Australia, on Thursday 27 November. The 
notes drive the reader through the lecture and provide a rich set of demonstrations on how perceptual grouping affects 
different levels of vision: from low (e.g., disparity coding) to mid level (e.g., subjective contour formation). Importantly, the
talk delivered by Barbara Gillam fits into a long tradition of Kanizsa Lectures specifically focused on perception, opened in 
1993 by Irvin Rock, because of three major reasons: (1) it shares Kanizsa's approach to science, being grounded on visual 
phenomenology and oriented towards the refinement of fundamental concepts like “perceptual grouping"; (2) it provides new 
insights on factors that support the formation of illusory occluding surfaces, an effect whose theoretical relevance was first 
recognized by Kanizsa in 1954; (3) it makes explicit the link between visual perception and visual art. 

The third part of the volume collects talks and posters presented at TSPC2014, organized by the Psychology Unit of 
the Department of Life Sciences, University of Trieste. The symposium included two oral sessions (on 27th and 28th 
November) and a poster session (November 28th). Each paper published in the proceedings has been evaluated by an 
anonymous expert reviewer and by the organizers. 

More than 50 active participants gathered at TSPC2014, coming from Italy and other European countries (Hungary 4, 
Serbia 3, Croatia 2, Malta 1, The Netherlands 1, Spain 1, United Kingdom 1). It featured 17 talks and 32 posters. The book of 
proceedings includes written reports of 16 out of 17 talks, and 27 out of 32 posters. Several areas of cognitive science were 
covered, including: perception (talks 1, 3, 4, 5, 6, 8, 9, 10, 13, 14, 15, 16; posters 1, 5, 19, 20, 25); action and perception
(talks 11, 12, 16); attention (posters 3, 16, 19, 20); memory (poster 7), learning (posters 14, 21, 25, 27); development (talks
12, 13; posters 11, 15, 23); language (posters 9, 11, 12, 14); problem solving and reasoning (posters 2, 22, 27); personality 
(posters 6, 8); decision-making (posters 13, 22); concepts and categorization (posters 2, 9, 14, 23, 26, 27); social cognition 
(talks 7, 15; posters 16, 17); animal cognition (talks 6, 7); embodied cognition (talk 16; poster 1); mental imagery (posters 10,
21); neurorehabilitation (talk 11); emotion and cognition (talks 14, 16; poster 6); human computer interaction (posters 19, 24);
ergonomics (poster 18); art (posters 4, 5) and sport (talk 2) psychology. In terms of disciplines, contributions included 
modeling, behavioral experiments with adults and children, cognitive neuroscience, linguistics, philosophy, and 
ophthalmology. 

We are grateful to Barbara Gillam who accepted the invitation to deliver the twenty-second Kanizsa Lecture and to 
enrich this book of proceedings with her notes, to all authors who –for the first time in the long history of TSPC –submitted 
an extended contribution to be included in the proceedings, and to the anonymous reviewers who supported the editorial 
process with their fast and constructive reactions, and to Silvia Kanizsa who kindly agreed to the use of images from 
paintings of her father. 

Finally, we thank our sponsors: the Department of Life Sciences of the University of Trieste, the Trieste Province and 
the Experimental Division of the Italian Association of Psychology (AIP).  

Paolo Bernardis 
Carlo Fantoni 
Walter Gerbino 
organizers and editors 
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Foreword 
for a sixty-year-old triangle

Walter GerbinoForeword for a sixty-year-old triangle 

Walter Gerbino 

The 1954 is a quite productive year of Kanizsa’s scientific life, at the start of his career as Director of the Institute of 
Psychology of the University of Trieste, spanning more than two decades. Besides being the year of publication of two 
influential papers, on the influence of contour gradient on color appearance (Kanizsa 1954a) and on contrast and assimilation 
(Kanizsa 1954b), it marks the time of his participation in the tenth meeting of Italian psychologists in Chianciano Terme. 

Together with other members of a selected group of new full professors of psychology attending the meeting, Kanizsa 
was welcome as an active and enthusiastic scientist in the address delivered by Mario Ponzo, president of the Italian Society 
of Psychology and universally known for the visual illusion that brings his name, first demonstrated in 1911, a couple of 
years before Kanizsa’s birth. In the same address Ponzo presented psychology as the “salt of science”, because of its 
ubiquitous presence in all expressions of human creativity and its capability of preserving the meaning of scientific problems.  

We might be skeptic about the validity of such a metaphor for psychology as a whole. But we must recognize that it is 
appropriate for most of Kanizsa’s discoveries in the Fifties; in particular, for the ingenious invention of the illusory triangle, 
first published in a compact but tasty paper included in the proceedings of the Chianciano meeting (Kanizsa 1954c). Here, the 
1954 paper on “phenomenal margins in the absence of stimulation discontinuities” appears for the first time in English, to 
celebrate the sixtieth anniversary of a demonstration that has attracted increasing attention in all disciplines shaded by the 
umbrella of vision science, having played the role – among other things – of cover image for Marr’s Vision (1982). 

The 1954 paper anticipates most arguments fully developed in the extensive article published in the following year 
(Kanizsa 1955) and available in English as Chapter 4 of Petry and Meyer’s book on illusory contours (Petry & Meyer 1987) 
together with the theoretical revision about the role of regularity in completion phenomena (Kanizsa 1987). Notably, the 1954 
title (featuring “phenomenal margins in the absence of…”) is better than the 1955 title, which included the expression “quasi-
perceptual margins”, later rejected as inappropriate (Kanizsa 1979).  

However, the “quasi-perceptual” label appears also in the 1954 text and finds its justification in the process that led to 
the discovery of the illusory triangle: Kanizsa used as a basic construct the continuum from arbitrary top-down imagination 
and thinking to constrained bottom-up perception. Many lines between points can be imagined, but this does not make them 
phenomenally present; whereas stimulus conditions (shape truncation) and organizational forces (the tendency to completion) 
can produce a kind of phenomenal presence that was called quasi-perceptual not to weaken its degree of evidence but to 
emphasize the absence of the normal counterpart of a perceptual margin; i.e., a local discontinuity in stimulation. 

Furthermore, the 1954 paper contains a well-formed demonstration that form improvement is the basic process leading 
to the emergence of shapes bounded by illusory contours. The theoretical argument is developed through the comparison of 
Figures 4 and 5. According to Kanizsa, amodal completion of stimulus elements (made phenomenally incomplete by careful 
truncations) provides the driving force for scission of a homogeneous stimulus field into an occluding shape and an occluded 
background. As remarked by van Lier and Gerbino (2014), the “amodal datum” had been introduced as a phenomenological 
notion only a few years earlier by Michotte and Burke (1951) and the idea that amodal complements may be the result of a 
completion process – though present within the Michotte’s school (Glynn 1954) – was still at an embryonic stage. 

As a translator, I hope that scholars interested in the development of scientific ideas will appreciate this little paper 
and the determination of its author to discover at least one of the missing links between perception and cognition; a 
determination propagated over our annual Trieste Symposia. 
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Translator’s note 

What follows is an English translation of Kanizsa, G. (1954). Linee virtuali e margini fenomenici in 
assenza di discontinuità di stimolazione. Atti del X convegno degli psicologi italiani. pp. 127–131. 
Firenze: Editrice Universitaria. While translating the report, I strived to preserve the format and style of 
the original. (Walter Gerbino)
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Kanizsa’s Chianciano Paper 1954

	

GAETANO KANIZSA * 

VIRTUAL LINES AND PHENOMENAL MARGINS IN THE ABSENCE 

OF STIMULATION DISCONTINUITIES 

LINES AND MARGINS: «REAL» AND «VIRTUAL». 

A line can be exactly defined as the geometric entity constituted by spatial positions occupied in succession by a moving 

point.

However, such a definition does not capture the rich qualitative variety that from a phenomenological viewpoint is 

displayed by lines that are experienced as immediate perceptual data of our visual field and among which we normally draw a 

spontaneous distinction without difficulty. 

For instance there is an important perceptual difference between simple lines and margins.

As regards its perceptual appearance, a margin is the border of a chromatically homogeneous surface or the separation 

line between two qualitatively different surfaces. 

The unidimensional structures of the visual field that cross or segment surfaces are experienced instead as simple lines. 

It can be shown that the main condition of the phenomenal existence of such elements in the visual field is constituted – 

as a rule – by a certain type of qualitative or quantitative discontinuity of stimulation. 

In other terms, within visual experience a line or a margin normally correspond to an abrupt step in the intensity or 

wavelength of radiations impinging on a given retinal area. 

However, such a correspondence does not always occur and, therefore, is not sufficient to explain the problem of the 

formation of visual lines completely. 

As a matter of fact some lines – so-called virtual lines – form themselves within fields stimulated in a wholly 

homogeneous way. 

	

Fig. 1 

																																																								
*	Director of the Institute of Psychology of the University of Trieste.	
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This happens, for instance, anytime a given set of dots spontaneously organizes itself as a figural pattern with a well 

defined structure. In such a case the linear connections that perceptually emerge between points cannot be referred to some 

inhomogeneity of stimulation, but are nevertheless characterized, differently from lines only thought or imagined, by the 

possession of a particular phenomenal «presence». 

In fact, among the seven points arranged as the stars of the Big Dipper innumerable linear connections are “thinkable”. 

However, they are devoid of the coerciveness with which linking lines familiar to any watcher of the starry skies impose 

themselves. 

The actual tracing of lines connecting such points merely makes more evident the linear links that, as a matter of fact, 

already possess a real perceptual existence unshared by other geometrically possible and, as such, only imagined lines. 

Also the “invisible presence” of lines of a figure that completes itself “behind” another, like the circle in fig. 1, belongs to

the very same category of phenomena. 

Margins too, as well as simple lines, can exist only “virtually”, being experienced – in other terms – as limits or borders 

of a surface objectively identical in all respects to neighbouring zones, with which it actually constitutes a field correspondent 

to a perfectly homogeneous stimulation, without qualitative or intensity steps. 

The phenomenal scission occurring in such circumstances (see fig. 2) is strongly enhanced if the movement factor is 

introduced, like in stratification phenomena studied by Metelli or in the screen effect and tunnel effect by Michotte.

QUASI-PERCEPTUAL MARGINS.

The degree of perceptual evidence of virtual lines can be enhanced so to obtain – between the two extremes constituted 

by merely imagined lines on one side and those truly perceived, produced by a stimulation step on the other – a further 

intermediate stage of phenomenal lines in fields with homogeneous stimulation. 

Fig. 2 
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The phenomenon, already signaled by Schumann, Matthaei, Ehrenstein, is particularly evident in the situation illustrated 

in fig. 3. 

Fig. 3 

Objectively, this is constituted by three black circular sectors and three broken lines arranged in a certain order on a 

completely uniform white background. Instead, the impression one obtains from it is normally that of a white triangle 

partially covering another triangle with a black outline only and three black disks. This is much brighter than the background,

is situated “in front” of other parts of the field, and possesses its own margins that some observers can mistake as the true 

borders of a surface really detached from the background. 

The analysis of situations that give rise to stratification phenomena, as the one occurring in fig. 3, and to the consequent 

appearance of quasi-perceptual margins, allows us to ascertain a condition that is common to all. This is represented by the 

presence of figural elements that can easily reach a higher stability and Prägnanz through a process of completion.

In fact, the three angles of fig. 3 have a strong tendency to unify themselves in one equilateral triangle that constitutes a 

form, non only unitary, ma also much “better” as to simplicity and balance, whereas the three circular sectors acquire 

regularity and Prägnanz if they complete themselves into three disks. 

But the condition for the occurrence of such formal improvement is the experiencing of the white central zone as a 

triangle, “behind” which the other elements complete themselves into disks and into triangle. As a consequence the triangle, 

localized on a different plane, does not anymore “belong” to the white background, from which it appears divided by a sharp 

edge that constitutes its border. 

However, the completion can have an amodal character only, happen “behind” a non transparent surface, therefore at the 

expense of the unitarity of the white surface that – as a consequence – must split itself, along defined lines of separation 

imposed by given figural conditions, into layers localized on different planes.  

Therefore, the tendency to completion should be considered the primary and necessary factor determining the formation 

of margins with quasi-perceptual character in the absence of stimulation discontinuities. 

If this statement is correct, it should be possible to demonstrate that, other things being equal, the phenomenon does not 

occur when completion is missing. 

To this goal it seems to me that a rather convincing proof can be represented by the following example. 
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Fig. 4 

Let us observe the different perceptual outcomes of figs. 4 and 5. As a rule a stratified organization imposes itself in the 

first: a white non transparent rectangle partially covering four black regular octagons; simply four crosses in a white field are 

obtained in the second. In this case the background is unitary and does not present “scissions”. Actually, virtual lines can 

make their appearance, delimiting a white central rectangle, but they never assume the quasi-perceptual character of margins 

of the corresponding rectangle of fig. 4. 

The reason of the difference is evident and must consist in the different figural character of the black elements in the two 

patterns. The crosses are by themselves good, balanced, closed forms and do not need to complete themselves to improve: 

hence, the internal angular margins belong to them and not to the background that continues, without its own contours, under 

the figures. Instead, the black forms of the parallel configuration are “open”, “incomplete”; only if they are experienced as 

regular octagons they acquire, through such a “closure”, a higher degree of stability and compactness. In this case the internal

angular margins do not belong to black figures, but to a white figure that, being situated “in front” of octagons, must detach 

itself from the background, from which it appears divided by its own margins. 

	

Fig. 5 
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To conclude, it seems to me one can claim that, in the situations that have formed the object of the present investigation, 

some incomplete figures “improve themselves” through completion: such completion is amodal and therefore realizes itself 

behind a non transparent surface that in such a way happens to be localized on a plane different from the background to 

which it should belong and is perfectly identical as far as stimulation conditions are concerned. 

But a surface cannot exist without margins: from here the necessity of the scission of the homogeneously stimulated zone 

and the appearing of quasi-perceptual margins. 

Kanizsa’s Chianciano Paper 1954
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Author’s note 
The following contribution includes main concepts discussed in the Kanizsa Lecture 2014, as well 

as some (but not all) visual material shown during the lecture. The video recording and text of the full 
Kanizsa Lecture 2014 can be accessed at the address: 
https://itunes.apple.com/it/itunes-u/the-kanizsa-lecture/id505423413?mt=10 
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Abstract 

In the first part of the lecture several meanings of the term “perceptual grouping” as it applies to contour and texture will be distinguished, 
especially grouping as segregation and grouping as cohesion. This will be expanded to a discussion of the segregation of surfaces in depth 
and the occlusion cues on which this is based, which also underlie the perception of “subjective contours”. Special attention will be given 
to the way pictorial cues interact with binocular stereopsis to influence perceived surface occlusion. Finally, the depiction of occlusion will 
be discussed as a major feature of art, with support for Kanizsa’s view that this is a perceptual not a conceptual achievement. As such I 
show that surface segregation can fail perceptually even when the conceptual intention is clear. 
 
1. Grouping 

1.1. Major grouping concepts from Gestalt until now 
• Definition. "Grouping: the fact that observers perceive some elements of the visual field as going together more strongly 

than others" (Wagemans, Elder, Kubovy, Palmer, Peterson, Singh & von der Heydt, 2012, p. 1180). 

• Grouping results in “emergent features”. These are properties of the group that are different from the sum of the parts. 

• Prägnanz. The visual system sees the “best” figure possible given the current conditions. “Best” is usually interpreted as 
the most regular. (Regularity has been quantified in various ways). 

The following distinctions are largely absent from traditional and current treatments: 

• Grouping as SEGMENTATION of elements versus grouping as COHESION. 

• Grouping as UNIT FORMATION (producing emergent features) versus grouping as AGGREGATION (without 
emergent features). 

I'll show that these processes can be operationally distinguished with different roles.  

 

1.2. Laws of grouping (illustrated in Figure 1) 

 

Figure 1. (from Rock and Palmer, 1990) illustrates a number of the well-known Wertheimer principles of 
grouping plus two new ones. 



24

	  

1.3. Grouping as cohesion 
• The laws shown in Figure 1 are all in accordance with the Wagemans et al. (2012) definition (which is based on 

Wertheimer's). That is, they all reflect relative belongingness. There is nothing within a segregated pair (e.g., any pair in 
the proximity or similarity rows of Figure 1) that indicates whether it is or is not a group in an absolute rather than a 
relative sense. That would require some evidence for cohesion among the parts. 

• Koffka (1935) and Beck (1982) both recognised that "the forces of segmentation and the forces of cohesion" (Koffka's 
terms) are confounded in demonstrations of grouping and in grouping measures based on visual search. 

• Can cohesion be isolated and measured? 

• One criterion of cohesion is to show that elements behave alike with respect to an ambiguous property. See the Attneave 
triangles (Figure 2). 

 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. The Attneave triangles (Attneave, 1968). Each triangle appears 
to point in a certain direction. If you keep looking, it changes its direction 
of pointing towards another of its three axes. The critical point is that 
when one triangle changes direction, so do all the others. 
 
 

• The triangles are grouped in the sense that the same pointing direction is applied to all. This is cohesive grouping.  It is 
not based on segmenting elements from a context. The elements are also not just an unrelated clump. They do not 
however possess an emergent feature. The whole is not different from the sum of the parts in that taking any part away 
would not influence the appearance of the rest. This form of grouping has been called aggregation to distinguish it from 
unit formation. (For detailed discussions see Gillam, 2001, 2005). 

 

1.4. The rotational linkage criterion 
Motion can provide another kind of ambiguity from which joint resolutions of parts allow cohesive grouping to be inferred. 
This method also allows grouping strength to be measured. In the rotational linkage paradigm – whose name was coined by 
Eby et al. (1989) – lines or shapes are rotated in depth around a central vertical (or horizontal) axis. They exhibit a powerful 
kinetic depth effect but because of the use of parallel projection, their direction of rotation (clockwise or counterclockwise) is 
ambiguous with reversals common. Degree of cohesive grouping is assessed by the proportion of the time (over say 10 
rotations) that the lines/shapes appear to be rotating in the same direction; reversing together. Some of the stimulus 
determinants of rotational linkage are described below. 

i. Similarity and proximity. Two parallel lines exhibit strong rotational linkage, which decreases with their separation 
relative to length (support ratio). This dependency is not consistent with Prägnanz. Degree of rotational linkage also 
decreases monotonically with a difference in the orientation of the two lines (as in the internal lines of Figure 3). 

ii. Common region. Rotational linkage increases strongly when lines are within a common (planar) region (Figure 3 left) 
much more when the boundary of the region shares a vanishing point with the enclosed lines as in Figure 3 right (Gillam 
& Broughton, 1990). 
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Figure 3. Lines enclosed in a region sharing their vanishing point (left figure) group strongly while those with 
an incompatible vanishing point (right figure) do not. 

 
Figure 4. Lines with redundant symmetry (B and C) show significantly more rotational linkage than lines with 
simple symmetry (A). 

 
iii. Symmetry. Simple symmetry, as in the Figure 4A, results in poor rotational linkage. However when symmetry is more 

redundant, as in B and C, rotational linkage significantly increases. 

iv. Good continuation. Two separate and unaligned Ames windows with opposite perspective orientation (Figure 5a) 
appear during rotation to oscillate in opposite directions with the longer side always nearer. However when the figures 
are aligned (Figure 5b), good continuation of the vertical edges groups the two windows into a single object (a 
parallelogram) that no longer oscillates but rotates as a unit, reversing more randomly than its component parts, now 
that perspective control is removed. This is purely cohesive grouping. However unlike grouping of the Attneave 
triangles, in this case a new unit is formed by the cohesion that behaves differently from either of the parts. As the 
aligned Ames windows are separated more, their cohesion declines. They begin to oscillate in opposite directions. 
Separation effects are difficult to explain with Prägnanz.  

  

 

 

Figure 5. Ames windows with opposite linear perspective. 
When misaligned (A) they oscillate in opposite directions. 
When aligned (B) and not far apart they are grouped 
vertically by good continuation. A new unit is formed that 
has a different pattern of rotary motion from the 
component parts. 

 

v. Good continuation and the cohesion of collinear lines. The rotational linkage behaviour of a pair of collinear oblique 
lines shows that aggregation and unit formation can depend on different stimulus parameters.  At small separations, 
collinear lines are rigidly connected and always rotate and reverse as a unit (a single line with a gap). However at larger 
separations, although they remain aggregated for direction of motion, they no longer maintain a rigid relationship. The 
lines appear to rotate around different axes. In this case it is very clear that parts are aggregated but not a perceptual 
unit. (Gillam & Grant, 1984). 
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1.5.  Summary of general conclusions concerning grouping 
• Grouping research has often confounded cohesive and segregative processes. 

• When cohesive grouping is isolated, it is found that grouping may not be different from the sum of the parts. Elements 
may "aggregate" for depth and motion resolutions but not form a unit with emergent features. 

• In other cases (such as closure) cohesive grouping may form a unit with emergent features. 

• What is the function of aggregation, since no new unit is formed? It seems to be a response to redundancy, allowing 
depth and/or motion to be resolved in common for the group. 

• Aggregation is not all or nothing. It can apply to some percepts and not others; e.g., to direction of rotation but not to 
axis of rotation. 

• Grouping traditionally and currently tends to be presented as a single process in which the main issue concerns the 
relative strengths of grouping "laws" or "principles". However cohesive grouping lends itself to parametric investigation 
rather than establishing laws. 

• Grouping has multiple roles in perception. Occlusion perception, to which I now turn, richly depends on various kinds 
of groupings both monocular and binocular. 

 

2. Grouping and Occlusion  

2.1. Two-dimensional occlusion cues 

 
 

Figure 6. Closure of lines increases perceived occlusion at T-junctions (and 
thus amodal completion). 

 
2.1.1. Closure. Lines forming T-junctions with a potential occluder are much more likely to be seen as occluded if closed 
(Figure 6). Figure 7a confirms this observation showing measures of perceived occlusion by gaps in closed and unclosed 
lines. Figure 7b goes further, showing even that when a potential occluder is not delineated, closure enhances seeing a 
subjective contour in the gap (Gillam et al., 2010). Closure allows figural properties to be influential. 

	  
 

 
 
 
 
 
 
 
 
 
 

 
 (a) (b) 
 
Figure 7. (a) Probabilities from a paired comparison experiment of seeing each of four figures as having a gap that 
appears as an occluder (rather than a part of the background). (b) A gap between sets of horizontal lines has a much 
stronger subjective contour when the lines are closed at their outer edges. 
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 (a) (b) 

 
Figure 8. (a) Perceived occlusion and strong subjective contour for asymmetric but not symmetric figures. (b) 
Regular figures when aligned (top two rows) do not give rise to perceived occlusion or a subjective contour. The 
three incomplete circles do. Occlusion allows them to perceptually complete.  

 
2.1.2. Prägnanz or extrinsic edges? Figure 8 illustrates perceived occlusion that allows irregular figures to become regular if 
completed behind the occluder. Is this a tendency to impose Prägnanz? I prefer to think of this effect as due to the alignment 
of potentially "extrinsic" edges - shape edges that are poorly grouped with the rest of their shape. In the first and third rows of 
Figure 8a, the bottom edges are not parallel to nor orthogonal to the major axes of their shapes. In the lower three rows of 8b 
the bottom edges are straight while the shape is otherwise curved. When a set of such potentially extrinsic edges is aligned, 
their extrinsic status is reinforced and occlusion is seen. When a physical line is absent a subjective contour signals perceived 
occlusion. 

2.1.3. Extrinsic gaps. Figure 9 shows sets of highly regular horizontal lines forming strong groups. The gaps either create 
two sets of lines with the same orderly structure (c & d) or violate orderly group structure by non-orthogonality with the lines 
(a & b), non-parallelism with the group edges (e & f) and unequal line widths. The latter four gaps are extrinsic to their group 
and are seen as occluders indicated by subjective contours along their edges.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
Figure 9. Extrinsic gaps are much more likely to appear as occluding strips than gaps consistent with properties of the 
group (see text). Probabilities are from a paired comparison experiment (Gillam et al., 2014). Density also had an 
effect but extrinsic gap produced stronger subjective contours at both densities. 
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2.1.4. Poor grouping (disorder) of line or shape inducers can increase the strength of occlusion perception and 
subjective contours. An occluding surface cuts off anything behind it. Occlusion is the only condition in which very 
different objects or contours are terminated in an orderly alignment. Conversely, we have shown that alignment of disordered 
and poorly grouped elements is a very strong occlusion cue.  Figure 10 shows a much stronger subjective contour for regular 
gaps in disordered or poorly grouped lines (10A) than in orderly lines (10B). The tendency of an alignment of disordered 
elements to appear occluded is also shown in 10C The disordered elements appear through (and cut off by) an aperture to 
which they are not attached, while similarly aligned orderly lines (10D), with the same average orientation, appear as a single 
unit with the outline, which does not appear to occlude them. 

	  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10. Showing the strong effects of disorder (poor grouping) on perceived occlusion at an alignment (compare 
A & C with B & D). Experiments in Gillam & Grove (2011) and Gillam et al. (2014). 

 
Poorly grouped (disordered) shapes are also much more likely to appear occluded at a smooth alignment than orderly shapes 
(Figure 11). Gillam & Chan (2002) carried out two paired comparison experiments, one asking subjects to compare 8 sets of 
5 shapes (including the three shown in Figure 11) for apparent occlusion at a bottom line and another, using different subjects 
and omitting the line (Figure 11 right) with the shapes compared for strength of subjective contour along the bottom. The 
probabilities of choice for equivalent stimuli (shown for three examples in Figure 11) were remarkably similar across 
experiments. Note that both the second and third sets of shapes in Figure 11 have disordered inducers. However the third set 
also has another occlusion cue. Each shape has one edge neither parallel to nor orthogonal to its other edges. These are 
potentially extrinsic edges and when aligned, combine with the disorder across the set to produce a very strong sense of 
occlusion even though there is only a single edge. Amodal completion across an occluding surface is thus not necessary to 
give a strong sense of occlusion. This is just as well, since frequently only one edge of an occluding surface is visible in the 
natural environment. 

	  
Figure 11. Probabilities are shown beside each figure of its being chosen as producing a stronger impression of 
occlusion (left column) or having a stronger subjective contour (right column). There were 8 figures in all (Gillam & 
Chan, 2002). Occlusion and subjective contour strength both increase strongly with disorder. 
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2.2. Stereoscopic occlusion cues 
2.2.1. Poorly grouped inducers provide the richest disparity information for seeing occlusion in depth. Figure 12 shows 
three stereograms (for crossed fusion) increasing in disorder from top to bottom. Depth was introduced by attenuation of the 
left image of each pair along its bottom diagonal alignment. This is consistent stereoscopically with the presence of a 
diagonal occluder in depth (with both horizontal and vertical image disparities increasing with the degree of uniocular 
attenuation). Thresholds for detecting depth were measured for each stereogram type using a two alternative forced choice 
task. Thresholds were lowest for C, then B, then A, for all 6 subjects (Gillam & Anderson, 2014). The relative magnitude of 
vertical and horizontal disparities for oblique occlusion varies with inducer orientation. The lower depth threshold for C 
therefore indicates that the more varied and complex the pattern of disparities supporting a given depth arrangement the 
stronger the depth will be.	  
	  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12 
 

 

2.2.2. Binocular vertical occlusion determined by depth grouping not image abutment. Figure 13 consists of a number of 
stereograms. The left and middle images of the top row is a stereogram of a planar surface at the bottom which is nearer than 
and abutting a "forest" of sticks (varying depths) at the top. There is a strong subjective contour where the two surfaces abut, 
with the near plane appearing to occlude the far forest. The middle and right images of the top row when fused have the 
reverse depth arrangement. The forest is now stereoscopically nearer than the plane. The subjective contour disappears. Why? 
Well a forest is not a surface so cannot be an occluder.  The middle and bottom rows show the same stereo arrangements as 
the top row but now the forest and plane are slightly separated and slightly overlapping respectively. The subjective contour 
persists for the left pair in both lower rows and it is always seen at the edge of the forest. The separation allows us to see that 
the subjective contour appears along the occluded not the occluding elements. The edge of the plane appears to continue 
beyond its defining lines up to meet the forest. In the overlapping case, the lines of the plane continue beyond its apparent 
edge, which again is determined by the forest. It is clear that perceived occlusion depends on the scene implications of the 
depth arrangements and is not determined at the image level. I shall argue that the perceptual consequences of manipulating 
the forest and the plane in depth cannot be explained by any theories trying to apply a principle. 

A	  
	  
	  
	  
	  
	  
	  
	  
B	  
	  
	  
	  
	  
	  
	  
	  
	  
C	  
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abutting

separated

interleaved

 

Figure 13. Stereograms showing how the existence and the locus of perceived occlusion (as shown by a subjective contour) 
depends on the depth grouping and arrangement of the inducers and not on image abutment (Gillam & Nakayama, 2002). 

 

3. Occlusion and Art 
I shall end my talk by showing how 2-D cues are used to depict occlusion in painting; especially Australian aboriginal 
painting, which often uses perceptual occlusion cues in a rather pure form. In other examples I'll support Kanizsa and 
Massironi's (1989) contention that cognitive indicators of occlusion do not work in art without perceptual support. 
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Abstract 

In the clinical practice, the evaluation of binocular vision is 
carried out with the traditional Worth-4-dot test, which is 
based on his classic theory, suggesting three hierarchical 
stages of stereovision (Worth, 1906). However, according to 
research nowadays, binocular vision rather involves parallel 
pathways. We do not know how the hierarchical 
organizational principles set forward in the Worth model can 
be related to the parallel processing pathway theory. We 
aimed to use reaction time (RT) measurement, a traditional 
psychophysical method, in a series of experiments, to 
examine the processing time of mechanisms in stereovision 
by using different types of cyclopean stimuli that are only 
visible binocularly by individuals who have intact stereopsis. 
We tested the effect of correlation, disparity and contrast on 
RT. Overall, the results suggest that the processing of 
cyclopean stimuli is more time consuming than non-
cyclopean ones and that the speed further depends on the 
disparity and contrast of the stimuli. We have failed to prove 
that the processing of the different types of cyclopean stimuli 
takes a hierarchical order, rather, the results support the idea 
of parallel systems. 

Keywords: cyclopean reaction time; disparity; dynamic 
random dot correlograms; dynamic random dot stereogram 

Introduction 
The two images, seen by the two eyes are somewhat 

different, resulting in the so-called disparity, which the brain 
uses for judging depth in space. Stereovision enables to see 
the world as one uniform 3D percept, instead of two 
separate images coming from the two eyes.  

The first, thoroughly elaborated model of binocular vision 
was worked out by Worth (Worth, 1906). The model is 
widely used in clinical practice and suggests a hierarchical 
organization in stereopsis. According to the model, there are 
three grades of binocular vision: (1) simultaneous macular 
perception, where the person sees both images in the 
stereoscope, but is unable to maintain fusion; (2) true 
binocular fusion, where the person can keep the fused 
image, but only if they are the same, therefore in case of 
two, slightly different images, one will eventually be 
suppressed, and; (3) stereopsis, in which case slightly 
different images promote the effectuation of stereo-
perception and the judgment of depth, and fusion is 
maintained (Worth, 1906). The existence of these grades are 
evaluated clinically by the Worth 4-dot test (Worth, 1906), 
which is able to confirm binocular vision only up until the 
level of the second grade, true binocular fusion. Even 

though it is used for the clinical evaluation of binocular 
vision, it is still unknown exactly what neurophysiological 
processes operate at each stage and what is the temporal 
relationship between the neural mechanisms of the different 
grades. The Worth theory presumes a hierarchical 
relationship between the grades, but latest research finds 
that there are at least two separate, lower level parallel 
mechanisms of stereoscopic visual processing that provide 
inputs into higher level vision (Julesz & Tyler, 1976; 
Mishkin, Ungerleider, & Macko, 1983; Parker, 2007; 
Wolfe, 1986). 

A pioneer in the examination of stereovision was Béla 
Julesz, who constructed random dot stereograms and 
correlograms (Julesz, 1980). These stimuli are special 
patterns that consist of random dots that do not show any 
obvious pattern when viewed monocularly, but evoke a 
sensation of depth or a percept of shape separated from the 
surface (i.e., located behind or in front of) of the monitor, 
when viewed binocularly by a person who has intact 
stereovision. Julesz and our laboratory have both published 
Visual Evoked Potential (VEP) studies using these stimuli, 
to explore different aspects of stereo processing (Markó, 
Kiss, Mikó-Baráth, Bártfai, Török, et al., 2009, Julesz et al. 
1980). These studies examined the existence and the 
robustness of the visually evoked response by these so-
called cyclopean stimuli. These studies, however are not 
designed to measure the exact time of processing of DRDC 
and DRDS stimuli, since it is well known that it is highly 
debatable to conclude processing time from them, because it 
is not always clear which VEP component represents which 
processing stage, so we cannot identify the point in time 
when perception takes place and when is it completed. The 
relative changes in the wave latencies of VEP correlate with 
cortical processing, but the absolute and accurate processing 
time cannot be determined. For this reason, we have chosen 
RT measurement, a psychophysical approach that is 
traditionally used when processing time needs to be 
explored. 

There is a relationship between the speed of response and 
the complexity of the stimulus. As a general rule, simple 
mechanisms take a short time, whereas more complex and 
higher order mechanisms take longer time to complete 
(Thorpe, Fize, & Marlot, 1996). In general, neural 
mechanisms that operate at different processing speeds 
could be separated based on RT measurements (Julesz & 
Tyler, 1976). Therefore, we decided to initially approach 
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these problems by measuring RTs, because it is a 
traditionally used method for measuring neural processing 
speed in psychophysics. By definition, RT is the time 
elapsed between the presentation of a stimulus and the 
subsequent behavioral response. RTs have two components; 
the detection and processing of stimuli and the motor 
response, i.e., the press of a button. Since the duration of the 
motor response, in well cooperating subjects, can be 
regarded as more or less invariable for a given individual; 
any intra-observer variability in RT provides information 
about the stimulus processing in question.  

We were interested to explore the speed of processing for 
cyclopean stimuli in healthy observers, and how RTs 
depend on certain stimulus parameters when it comes to 
binocular vision. 

Methods 
Our laboratory uses DRDC and DRDS stimuli that were 

originally developed by Julesz (Julesz et al. 1980). We 
modified these stimuli to suit our purposes, to enable 
psychophysical RT measurements. Julesz originally 
developed an anaglyph technique, where cyclopean stimulus 
presentation was done on CRTs, exploiting the red and 
green phosphors of the monitor and the observers were 
wearing red-green goggles (Julesz, Kropfl, & Petrig, 1980; 
Julesz & Tyler, 1976). In our initial RT experiments we 
used the same technique, but a significant disadvantage of 
the anaglyphic technique is the low luminance, shifting the 
visual perception in the mesopic range. Therefore, we have 
recently started using LCD monitors with polarizing glasses, 
which allow to measure RTs for the different types of 
stimuli at much higher average luminance levels in the 
photopic range. The main data presented here was collected 
with the new technique we developed for 3D LCD monitors 
using polarizing glasses. When measuring reaction times, 
the stimuli have to be easily noticeable by the observer, and 
there has to be an objective change in the stimulus, or a 
different one has to appear which subjects can easily to 
indicate with a button press. In case of DRDC and DRDS, 
this issue can be addressed by presenting a cyclopean 
pattern that emerges on a neutral background. Only observes 
with intact stereovision can see the pattern, since only 
random dot noise is seen with one eye. In this study we 
measured RTs for DRDC and DRDS patterns that appeared 
from a dynamic random dot noise background, the type 
Julesz also used (Julesz et al. 1980). In the main experiment, 
we examined the effect of certain stimulus parameters, such 
as contrast and disparity on RTs. The stimuli in all cases 
were devoid of monocular artifacts.  

Results 
Here we present results of currently ongoing experiments 

together with some previous data that have been presented 
as a conference poster before (Gyenge, Mikó-Baráth, Török, 
Jandó, 2011), and is currently submitted and is under review 
at a scientific journal. This set of data serves as the basis for 
the currently ongoing experiments and helps to put new 

results into context. In both VEP and psychophysics, 
latencies and RTs for DRDC and DRDS stimuli are 
substantially longer compared to non-cyclopean patterns, 
respectively. In case of the second, main experiment we 
present here, we found that reaction time depends on 
disparity, showing longer RTs for small and large disparities 
with a definite minimum at disparities around the transition 
between fine and coarse stereopsis and contrast shifted this 
pattern. In general, higher contrast levels at a given disparity 
resulted in shorter RTs.

Discussion 
Our findings imply that the visual processing of non-

cyclopean information is faster than cyclopean information 
and the data confirms that our RT measurement method is 
reliable, showing consistent results. Furthermore, the speed 
of binocular information processing is disparity and contrast 
dependent and it seems that the visual system has a 
preference for a certain disparity range, as confirmed by 
shorter RTs.  

To our knowledge, there is so far no experimental 
evidence that would relate the Worth model to other theories 
of binocular vision. It is also possible that in order to detect 
dynamic correlograms and dynamic stereograms, we need 
the same level of stereopsis. The reason why these random 
dot stereograms cannot be accurately positioned within the 
Worth model, is that we do not know how they relate to 
each other. Can the grades defined by Worth be used in a 
wider context as well? Are they served by different 
pathways, or by the same ones but with different weighed 
inputs? Are there more processing stages? A further 
confounding factor to note is that DRDS and DRDC are 
dynamically moving stimuli and it is still not known 
whether dynamic stimuli can be fit into the Worth model at 
all, which use static images. 

We were also interested to test if there is a hierarchical 
organization between our different dynamic cyclopean 
stimuli. Our preliminary data showed that some amblyopic 
patients who clinically have the second Worth grade 
binocular vision, true binocular fusion, are unable to 
perceive dynamic random dot correlograms. Therefore, 
most probably, the perception of correlograms require the 
highest level of stereopsis according to Worth, but surely at 
least the 2nd grade for DRDC and the 3rd grade for DRDS. 
However, we can assume that there exists a theoretical 
neuronal network which is sensitive to binocular correlation 
(DRDC) but not necessarily sensitive to disparity (DRDS). 
According to our data, DRDC RTs are consistently longer, 
therefore the processing of DRDC cannot be considered as a 
hierarchically lower stage in binocular information 
processing implying that binocular correlation mechanisms 
and stereopsis might not be organized in a sequential order. 
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Abstract 

Visual models, i.e. live demonstrations or film clips, are 
widely used in sport as training instruments. Nevertheless, in 
recent years some research demonstrated that the well known 
property of sounds to effectively represent the temporal 
structure of a given task and to promote its accurate 
reproduction, is not valid only for simple motor gestures, but 
also for the complex movements that characterize sport 
performances. As a consequence, there is a growing interest 
towards the study and the implementation of auditory models 
as an alternative to the visual ones traditionally used. The 
present work begin by theoretically frameworking the use of 
auditory modeling in sport according to the Theory of Event 
Coding. Then, some of the practical applications of the two 
auditory modeling techniques, i.e. Movement Sonification 
and Second Order Biofeedback, are synthetically reviewed. 

Keywords: sound; sport; auditory modeling; Theory of Event 
Coding; Movement Sonification; Second Order Biofeedback. 

Auditory modeling: The theoretical framework 
Performance models are commonly used in sport as 

training instruments. In the common practice, these models 
are mainly based on vision: the correct execution of a given 
gesture/movement is shown either by the trainer himself or 
through a film clip. This “pragmatic” tradition lays its 
scientific foundation in Bandura’s (1977) research on 
learning through imitation, as well as in many other studies 
that investigated the learning of simple motor sequences 
through the exposition to visual models (e.g. Blandin, 
Proteau, & Alain, 1994; Scully & Newell, 1985; Shea, 
Wright, Wulf, & Whitacre, 2000). The rationale underlying 
this method is that an accurate observation of a correct 
movement can promote the emulation of that motor pattern, 
thus generating learning. From a physiological perspective, 
this would happen thanks to mirror neurons clusters, which 
would fire in motor areas also when the movement is only 
observed (Rizzolatti, Fadiga, Gallese, & Fogassi, 1996). 

However, while visual models are useful in the 
acquisition of new motor gestures (Ste-Marie et al., 2012), 
there is no clear evidence of their effectiveness in 
optimizing the execution of movements whose motor 
schemata are already developed, which is the case of 
athletes. Beside this fact, some researchers demonstrated 
that auditory models, i.e. sequences of sounds reproducing 
the timing of a given movement, are more effective than 
visual ones in promoting the identification, the 
discrimination, the memorization and the reproduction of 
precisely timed movements (e.g. Doody, Bird, & Ross, 
1985; Glenberg & Jona, 1991; Grondin & McAuley, 2009; 

Lai, Shea, & Little, 2000), which is the case of athletic and 
technical gestures in sport. 

A first explanation to this superiority of the sound was 
provided by Keele, Pokorny, Corcos and Ivry (1985), who 
demonstrated that there is a significant correlation between 
the auditory perceptual timing and the motor production 
one, thus claiming that their respective mechanisms are 
tightly interconnected. To address the same issue, in more 
recent years the Theory of Event Coding (TEC; Hommel, 
Müsseler, Aschersleben, & Prinz, 2001; Zmigrod & 
Hommel 2009) was proposed. The TEC claims that auditory 
perception and motor action share a common 
representational system, in which perceptual processes 
would activate some codes associated with the features of 
the perceived events. These codes would be pre-activated 
when people have to make a movement and, because of this 
activation, these codes would have a higher probability to be 
used in the motor planning. Auditory models would 
promote the activation of the codes associated to the 
temporal features of the sound. Thus, these codes would be 
pre-activated during motor planning, promoting the 
production of movements with the same temporal features 
of the perceived sound. 

From a neurophysiological perspective, the TEC received 
support from fMRI studies. Indeed, Chen, Penhune and 
Zatorre (2008) registered activation in participants motor 
regions (supplementary motor area, mid-premotor cortex, 
and cerebellum) while they were listening to rhythms to be 
later reproduced by tapping. Moreover, Woods, Hernandez, 
Wagner and Beilock (2014) obtained similar results with 
athletes, registering activation in areas involved in action 
planning (supplementary motor area, pre- and postcentral 
gyri, inferior frontal gyrus, and parietal operculum) when 
they were passively listening to familiar sport sounds. 

In sport, movements have to be precisely timed to be 
successful. According to the TEC, listening to an auditory 
model deriving from a correct and high-level performance 
should promote its accurate reproduction: this is the 
rationale underlying the use of auditory modeling in sport. 

Practical applications in sport 
There are two auditory modeling techniques, which share 

the described rationale but practically implement it in 
different ways. Movement Sonification (MS; Effenberg, 
1996) consists of the conversion of some physical 
parameters (e.g. velocity, force) of the movement under 
investigation into an artificial/synthetic sound. Second 
Order Biofeedback (SOBF; Agostini, Righi, Galmonte, & 
Bruno, 2004), instead, is based on the natural sounds 
produced by athletes during their action (e.g. the physical 
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impact of limbs/equipment with air/ground/water/ball). In 
the next two sections, some of the practical applications of 
the two techniques are reviewed. 

Movement Sonification 
The first application of MS to sport did not concern a 

specific technical gesture, but a basic movement for 
different sports, i.e. the countermovement jump. Effenberg 
(2005) sonified such jumps by mapping the vertical 
component of the ground reaction force, measured by a 
force plate, to the amplitude and frequency of sound as an 
electronically sampled vocal a. Then, sports students were 
asked to reproduce as accurately as possible the height of 
jumps in two conditions: after watching a mute film clip or 
after watching a sonified film clip. Participants were 
significantly more accurate in the latter condition. This 
outcome demonstrates that MS has a positive impact on the 
performance, but the absence of a MS-only condition does 
not allow disentangling its relative “weight” in comparison 
with the visual model. 

Schaffert, Mattes and Effenberg (2011) conducted a study 
that demonstrates the effectiveness of MS in optimizing a 
sport movement. These authors developed a system that 
sonify on-line the acceleration (and the deceleration) of 
rowing boats, giving rowers the possibility to monitor the 
effectiveness of their rowing cycle. Results revealed that, at 
the same stroke rate, boat velocity was significantly higher 
when the sonifier system was switched on than when it was 
switched off. Moreover, the distance travelled, a factor 
dependent on the boat velocity, was obviously also greater 
when the sonifier system was switched on than when it was 
switched off. These outcomes highlight two important 
aspects: the first one is that also MS alone can improve 
performances; the second one is that also complex sport 
movements, like rowing cycle is, can benefit from this 
technique. 

Murgia and colleagues (2012) conducted another study 
that demonstrates the effectiveness of MS in sport. These 
authors created auditory stimuli to guide lifters during the 
one-repetition bench press exercise; the stimuli consisted of 
an initial countdown, followed by a low-intensity sound (60 
db), which corresponds to the down phase of the exercise, 
and by a high-intensity sound (95 db), which corresponds to 
the pressing phase. Results revealed that the average power 
exerted in the auditory stimulation condition was 
significantly greater than that exerted in the control 
condition. 

Second Order Biofeedback 
The first application of SOBF to sport was implemented 

by Agostini, Righi, Galmonte and Bruno (2004), and 
concerns hammer throw. The natural sound these authors 
used was that produced by the hammer’s friction with the 
air while rotating, recorded by placing a microphone near 
the head of the hammer itself. By proposing to athletes the 
auditory model associated with their longest baseline throw, 
two kinds of performance improvement were obtained: 

compared to the baseline, the experimental throws showed 
both a significant increase in the average length and a 
significant decrease in length variability. These outcomes 
highlight that SOBF promoted an upward standardization of 
the throwing performance. 

Another study that demonstrates the effectiveness of 
SOBF in optimizing a sport performance is a “case-study” 
on swimming conducted by Galmonte, Righi and Agostini 
(2004). These authors recorded the sound produced by a 
young agonist swimming at a standard stroke rate; then, 
together with the athlete, they chose the best stroke and 
looped it, thus creating an ideal auditory model. This model 
was provided to the athlete before a new swimming session, 
in which he obtained performance improvements similar to 
those described for the previous study, i.e. slower and less 
variable times to complete the standard distances compared 
to the baseline. 

Another important study concerning SOBF is that 
conducted by Galmonte, Agostini and Righi (2009). It is 
really important because it compared the effectiveness of an 
auditory model to that of a visual one and that of an audio-
visual one. The sport under investigation was the tennis, and  
in particular the serve. On a first day, young tennis players 
were asked to perform 100 serves; for each participant, 
together with the trainer, the best serve was chosen in order 
to create one of the three above mentioned models, 
according to the experimental group. Then, on a second day, 
athletes were provided with this model before performing 
other 100 serves. Results revealed a non-significant 
decrease of serve efficacy (i.e. the number of valid serves 
out of the total trials) for the visual model group, and a 
significant increase of serve efficacy for both the audio-
visual and the auditory model groups, with the latter one 
showing a greater performance improvement. Moreover, the 
auditory model group showed less variability compared to 
both the audio-visual and the visual model groups. 

Conclusions 
According to the TEC, listening to an auditory model 

deriving from a correct performance should promote its 
accurate reproduction. This would be due to the fact that 
auditory perception and motor action would share a 
common representational system, so that the pre-activation 
of the codes associated to the temporal features of the 
perceived sound would promote the reproduction of a 
movement with the same temporal features. 

Beyond the research synthetically described here, there 
are other studies that demonstrate the effectiveness of 
auditory modeling in optimizing sport performances, both in 
the form of MS (for a review, see Sigrist, Rauter, Riener, & 
Wolf, 2013) and SOBF (e.g. Murgia et al., 2011; Prpic et al. 
2010). Besides continuing to test the effectiveness of the 
two techniques in new sports, an interesting future direction 
in this field could be that of comparing them on the same 
sports, in order to discover which disciplines can benefit 
more from MS and which ones can benefit more from 
SOBF.
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Abstract 

We measured reaction times and hit rates in a 2AFC 
orientation discrimination task. Gabor patches at different 
spatial frequencies and two levels of contrast (0.15 and 0.6) 
were presented surrounded by red, blue, or grey isoluminant 
backgrounds.. Results revealed lower accuracy and slower 
reaction times when the gabors were surrounded by red in 
comparison to blue or grey backgrounds. We interpret these 
results as evidence that i) exposure to long-wavelength light 
interferes with both magnocellular and parvocellular 
processing; but ii)  long-wavelength light causes greater 
relative inhibition of magnocellular processing. These 
findings are relevant to the interpretation of studies that use 
red backgrounds to selectively isolate magnocellular 
contributions, and may have implications for the 
interpretation of studies of the effect of red contexts on 
diverse perceptual and cognitive tasks. 

Keywords: reaction time; red backgrounds; magnocellular; 
parvocellular; Gabor patches 

Introduction and Rationale 
Several psychophysical studies have reported that red 

backgrounds affect perceptual and cognitive tasks in 
comparison to other colors or grey backgrounds. For 
instance, red backgrounds slow simple reaction times to 
large dots in comparison to small dots (Breitmeyer & 
Breier, 1994). Red backgrounds attenuate the effects of 
backward masking by structure (Bedwell, Brown, & Orem, 
2008). Red backgrounds reduce the lower field advantage in 
detecting spot stimuli (Maehara, Okubo & Michimata, 
2004). Red background reduce the global precedence effect 
in processing hierarchically organized stimuli (Michimata, 
Okubo, & Mugishima, 1999). Red backgrounds reduce 
vection effects from expanding flowfields (Seno, Sunaga, & 
Ito, 2010). These results are generally interpreted as 
suppressive effects of long-wavelength light on neurons in 
the magnocellular retino-geniculate-cortical pathway, which 
is most sensitive to low spatial frequencies and motion, and 
responds best to low contrasts (see Livingston & Hubel, 
1984; 1988).  

However, computational analysis of the effects of colored 
filters on cone activations and on color-opponent 
mechanisms (Skottun, 2004) indicates that long 
wavelengths may have a suppressive effect also on the 
parvocellular pathway, which is most sensitive to color and 
higher spatial frequencies and responds best to higher 
contrasts. Because the stimuli used in previous studies did 
not allow for precise control of spatial frequency, whether 
red backgrounds selectively interfere with magnocellular 
processing or generally suppress activity in both visal 
channels remains unclear. In two experiments, we measured 

reaction times in a 2AFC orientation discrimination task. To 
precisely control spatial frequency, we used Gabor patches. 
Patches could be either horizontal or vertical, could be 
surrounded by red, blue, or grey isoluminant surrounds, and 
were set at either low (0.15) or high (0.6) contrast levels. 

General Methods 

Participants 
Nine members of the Parma community volunteered for 

each of the two experiments. All had normal or corrected-
to-normal eyesight. Most were unaware of the aim of the 
study although three of them (the authors) were not. The 
authors and two other participants were run in both 
experiments. 

Stimuli, Apparatus, and Procedure 
In both experiments, we used six Gabor patches (mean 

luminance = 136 cd/m2) with spatial frequencies equal to 
0.25, 0.5, 1, 2, 4, and 8 cycles/deg, horizontal or vertical 
orientation, and 01.5 or 0.6 contrast. Stimuli were presented 
for 100ms on a carefully calibrated Elo-Entuitive LCD 
monitor (maximum luminance = 213 cd/m2) driven by a 
MacMini G4 computer running Psykinematix v1.4.2 
(KyberVision Consulting 2006-2012). Theoretical 
isoluminance was checked, and appropriate modifications 
were performed, before running each participant using a 
Minolta luminance meter. For this reason, RGB values for 
the red, blue, and grey surrounds could vary slightly from 
participant to participant due to monitor variability over 
time. However, typical values were: 0, 0, 255 (blue), 75, 0, 
0 (red), and 10, 11, 10 (grey). These resulted in background 
luminances at 11 cd/m2 ± 0.5 cd/m2. Participants saw one 
Gabor patch at a time and performed a two-alternative 
forced-choice (2AFC) classification of the Gabor orientation 
by pressing one button for horizontal and one for vertical on 
the computer keyboard. Surround color was blocked and the 
order of blocks was counterbalanced across participants. 
Each spatial frequency was presented 15 times at a given 
orientation within each block. 

Analysis and Results 
Before analysis, we excluded anticipatory reaction times 

(<200ms) and misses. This reduced the dataset by 
approximately 5%. Inspection of individual distributions 
showed positive skew. Therefore we applied a Box-Cox 
transformation ( = -1) to normalize the data. This 
transformation is equivalent to converting times to speeds 
such that the averages of the transformed data are harmonic 
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means. Results from all participants were inspected 
individually before group analysis.  

Both reaction times (RTs) and hit rates were analyzed by 
a 2 (low and high contrast)  3 (surround color)  6 (spatial 
frequency) repeated-measures ANOVA, with contrast as a 
between-participant variable and spatial frequency and 
surround color as within-participants variables. 
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Figure 1: Average RT (upper graphs) and hit rate (lower 
graphs) in experiments 1 (on the left: low contrast, 15%) 
and experiment 2 (on the right: high contrast, 60%). Each 

data point represents the mean ( standard error) of all 
participants (n = 9) in each experiment. Colors correspond 

to surrounds.  

Reaction Times (RTs): Surround color modulated reaction 
times, F2, 31 =3.9, p < 0.05, with overall slower RTs for red, 
compared to blue or grey surrounds. RTs were also 
modulated by spatial frequency, with higher times for 
gabors at low, compared to medium and high, spatial 
frequencies F5,80 = 156, p<.0001. This effect however was 
further modulated by contrast F5,80 = 111, p < 0.0001, and 
red surround color F10,160 = 3.2, p < 0.05. A significant 3 
way interaction, F10,160 =4, p < 0.005 suggested that the 
effect of red color on response times was most evident when 
gabors were presented at a low contrast (15%) and low 
spatial frequencis. 

Hit rates: A main effect of surround color, F2,32 = 30, p <
0.0001, revealed lower accuracy for red, compared to grey 
(p < 0.0001), and blue (p < 0.05). In addition, the blue 
surround was associated with lower peformance compared 
to grey (p < 0.0001). As expected, both spatial frequency 
and contrast modulated response accuracy, F5,80 = 177, p <
0.0001 and F1,16 = 18, p < 0.005, respectively. However, 
both factors significantly interacted with color surround 
spatial frequency, F10,160 = 16.5, p < 0.0001; contrast, F2,32 =
10, p < 0.005. Finally, a 3 way interaction, F10,160 = 7, p <

0.0001 indicated a pattern of response accuracy similar to 
what observed in reaction time findings. 

Discussion and Conclusion 
We observed an effect of  red backgrounds on both 

reaction times and hit rates for a 2AFC orientation 
discrimination task. Participants were generally slower and 
less accurate with red in comparison to blue and grey 
backgrounds. However, this effect was most prominent with 
low-contrast Gabor patches and at lower spatial frequencies 
as supported by the pattern of two- and three-way 
interactions. This pattern of results can be interpeted as 
evidence that there is some intereference by long-
wavelength light even in conditions that favor parvocellular 
over magnocellular processing (high contrast stimuli or 
higher spatial frequencies, or both). However, the most 
evident effect of  red appears to take place in the conditions 
that favor magnocellular processing (lower contrast stimuli 
or lower spatial frequencies, or both).  

These findings are relevant to the interpretation of studies 
that use red backgrounds to selectively isolate 
magnocellular contributions, for instance, in schizofrenia 
(Bedwell, Brown, & Miller, 2003) or dyslexia (Edwards, 
Hogben, Clark, & Pratt, 1996).  

In addition, our findings may have implications for the 
interpretation of studies of the effect of red contexts on 
diverse perceptual and cognitive tasks. For instance, recent 
studies have reported that red contextual colors elicit less 
positive retail outcomes in simulated purchasing 
experiments (Bellizzi & Hite, 1992); that red backgrounds 
elicit higher bids in online auctions and negotiations 
(Bagchi & Cheema, 2012); and that red reduces the 
consumption of food (Bruno, Martani, Corsini, & Oleari, 
2013; Genshow, Reutner, & Wänke, 2012) or moisturizing 
cream (Bruno, Martani, Corsini, & Oleari, 2013) when these 
are presented on red plates. Although these findings are 
often interpreted as due to symbolic associations of red with 
danger and arousal, we speculate that they might in part 
depend on selective suppression of the processing of visual 
sensory information by long-wavelength light, possibly 
reducing the allocation of attention or other cognitive 
resources to stimuli surrounded by red. 
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Abstract 

The present study investigated the relative contribution of 
four characteristics to attractiveness of the female body: 
waist-to-hip ratio (WHR), breasts, buttocks and thighs. Using 
a program for computer animation (DAZ 3D) 81 female 
figures were generated. Figures were created as combinations 
of 4 characteristics  3 equidistant sizes (small, medium and 
large). Participants (N=260) of both genders rated the figures 
on 5-step attractiveness scale. Multiple regression analyses 
have shown that WHR and breast size are significant partial 
predictors of attractiveness for both male and female 
participants: the smaller the WHR and the larger the breasts, 
the higher the attractiveness ratings.  

Keywords: female body; attractiveness; gender; WHR; 
breasts; buttocks; thighs 

Introduction 
Evolutionary psychologists suggest that specific body fat 

accumulations on the gluteofemoral region (hips, buttocks 
and thighs) and breasts are honest signals of female’s 
genetic quality, health, fertility and availability of resources 
to sustain pregnancy and lactation (Barber, 1994; Buss, 
2003; Gangestad & Scheyd, 2005; Grammer, Fink, Møller, 
& Thornhill, 2003; Lassek & Gaulin, 2006, 2008; Singh, 
2002; Weeden & Sabini, 2005). According to the mate 
selection theory these signals are relevant for both genders 
(Buss, 1992). Male's preference for specific female body 
shape is based on judgment of sexual attractiveness, and 
female's preference for female body is based on 
identification with possible competitors in mate process (i.e. 
women are able to judge their own attractiveness and 
position relative to other female competitors in mate 
process). Some studies showed no gender differences in 
ratings of female body attractiveness, which is consistent 
with the mate selection theory (Tovee & Corenlissen, 2001), 
while some studies indicated that men and women are not so 
successful in judgments of what other males and females 
find attractive (Cohn & Adler, 1992; Fallon & Rozin, 1985). 

In the present paper we focus on four bodily 
characteristics which were mentioned in literature as 
particularly important for judgment of women’s physical 
attractiveness: waist-to-hip ratio (relationship between 
circumferences of waist and hip), breast size, buttocks size 
and thigh size.  

Many studies suggested that WHR is a crucial objective 
feature of female physical attractiveness: men find the low 
WHR (i.e. hourglass-like body figure) most attractive 
(Furnham, Tan & McManus, 1997; Henss, 1995, 2000; 
Marlowe & Wetsman, 2001; Singh, 1993; Singh & Luis, 

1995; Singh & Randall 2007; Singh & Young, 1995; 
Wetsman & Marlowe, 1999). Studies of preference for other 
female bodily characteristics revealed great individual, 
cultural and ethnic differences, such as the preference for 
protruding gluteofemoral region (buttocks and thighs) in 
women (Cunningham et al., 1995; Marlowe, Apicella & 
Reed, 2005; Thompson, Sargent & Kemper, 1996). 
Similarly, studies of female breasts’ attractiveness revealed 
contradictory results. Some studies found the preference for 
larger breasts (Singh & Young, 1995; Zelazniewicz & 
Pawlowski, 2011), other studies found the preference for 
smaller breasts (Furnham, Swami & Shah, 2006), whereas 
some studies have shown that medium sized breasts are 
preferred (Wiggins, Wiggins & Conger, 1968).  

Experiment 
The purpose of the present study was to specify relative 

contribution of four mentioned bodily characteristics to 
judgment of women’s physical attractiveness. According to 
the consistent findings of previous studies, we expected the 
greatest effect of WHR (e.g. Furnham, Tan & McManus, 
1997; Henss, 1995; Marlowe & Wetsman, 2001; Singh, 
1993). In addition, according to the mate selection theory 
we expected similar structure of effects in both groups of 
participants, males and females (Buss, 1992; Tovee & 
Corenlissen, 2001). This theory supposes that both genders 
are aesthetically sensitive for same female physical 
characteristics, but this sensitivity is differently motivated: 
men prefer more feminine female bodies (smaller WFR, 
larger breasts, buttocks, etc.) because they are judged as 
more sexually attractive, whereas women prefer same 
bodies because they are judged as desirable identification 
model.  

Method 
Participants: 260 students (118 males and 142 females) 
from the University of Belgrade (age M = 22.66, SD = 4.8). 
Stimuli: Using a program for computer animation (DAZ 
3D) 81 female figures were generated. Figures were created 
as combinations of 4 characteristics x 3 equidistant sizes 
(small, medium and large). Small and large sizes were 
specified in a preliminary study. 
Procedure: Experiment was conducted using online 
software Qualtrics. Figures were presented in pseudo-
random order. Participants worked individually. They rated 
the figures on 5-step attractiveness scale. 
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Results 
Multiple regression analyses were performed for male and 

female participants. These analyses tested the relative 
contribution of four bodily characteristics (predictors) to 
attractiveness ratings (dependent variable). Multiple 
regression coefficients were significant for both males R2 =
.448, F4,80 = 15,42, p<.001 and females R2 = .299, F4,80 = 
8,12, p<.001. Significant partial contributions of WHR and 
breasts size were obtained in both groups of participants 
(breasts size was marginally significant in female group): 
the smaller the WHR and the larger the breasts, the higher 
the attractiveness ratings (Table1).  

Male participants Beta t p 
WHR .537 6.31 .000 
Breasts .397 4.54 .000 
Buttocks .019 .22 n. s. 
Thighs .096 1.13 n. s. 
    
Female participants Beta t p 
WHR .515 5.37 .000 
Breasts .180 4.54 .065 
Buttocks -.014 -.14 n. s. 
Thighs .039 .41 n. s. 

Table 1: Results of multiple regression analyses for male 
and female participants 

Further regression analysis with three additional 
predictors – gender, WHR x gender and breast size x gender 
– revealed no significant interactions between gender and 
WHR nor gender and breast size. In addition, direct 
correlation between male and female ratings was high and 
significant, R=.956 (p < 0.001), which suggested that both 
genders have very similar criteria in preference for female 
body. However, simple linear regressions revealed gender 
difference in the case of breast size. Breast size significantly 
predicted men’s ratings, R2 = .149, F4,80 = 13,88, p < 0.001, 
but not women’s ratings, WHR was significant predictor for 
both men’ ratings, R2 = .289, F4,80 = 32,09, p < 0.001 and 
women’s ratings, R2 = .265, F4,80 = 28,54, p < 0.001. Other 
bodily characteristics were not significant predictors of both 
gender ratings. 

Conclusion  
Results of the present study have shown that WHR is the 

best predictor of female physical attractiveness: the smaller 
the WHR, the greater the attractiveness. This finding is 
consistent with results of previous studies and theoretical 
explanations: small WHR is preferred because it is signal of 
female genetic quality (e.g. Furnham, Tan & McManus, 
1997; Henss, 1995; Marlowe & Wetsman, 2001; Singh, 
1993; Singh & Young, 1995).  

Our results indicated that the second good predictor is 
breast size: the larger the breasts, the greater the 
attractiveness. Preference for larger breasts is consistent 
with previous findings (Singh & Young, 1995). Finally, 

buttocks and thigh size were not significant predictors of 
female physical attractiveness. This finding is not in line 
with previous study which revealed that men prefer larger 
buttocks to larger breasts (Dagnino, Navajas & Sigman, 
2012). However, other studies suggest that breast vs. 
buttocks ‘competition’ depends on various individual and 
socio-cultural factors (e.g. Cunningham et al., 1995).   

Generally similar pattern of contributions of four bodily 
characteristics to female attractiveness was obtained in both 
groups of participants. This similarity, particularly the 
greatest importance of WHR for both males and females is 
consistent with the mate selection theory which held that 
both gender should be sensitive to the same bodily 
characteristics (cf. Buss, 1992; Tovee & Corenlissen, 2001).  

However, our findings are not completely in line with the 
mate selection theory because some gender differences were 
obtained. First, general prediction of four bodily 
characteristics (multiple R2) in male group is about 15% 
better than in female group. This suggests that, compared to 
women, men are more focused on physical bodily 
characteristics when they judge female attractiveness. 
Similar tendency of men to judge physical attractiveness as 
very important and women’s tendency to judge it as 
desirable but not crucial was obtained in previous study 
Buss et al., 2001).  

Second gender difference refers to the importance of 
breast size: men found breast size more important for 
attractiveness rating than women. This finding is very 
interesting and intriguing, but existing theories don’t 
provide satisfying explanation for it. Further studies should 
investigate the effects of wider spectrum of constraints 
(including socio-cultural factors) which could play a role in 
gender differences of breast attractiveness ratings. 
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Abstract 

Research has suggested that observers, when looking at 
scenes with multiple illumination levels, tend to avoid 
shadowed regions in the images. This result was obtained in 
experiments using psychophysics and when using eye-
tracking methodology. However, in such demonstrations 
participants were asked to estimate color properties. In the 
present study, we introduced cognitive tasks applied to 
images partially covered with a shadow. Participants, while 
looking at the photographed faces, judged age, beauty and 
profession of the depicted people. The eye movement 
measures (first fixation location, number of fixations, and 
dwell time) showed that even under such high-level cognitive 
tasks, the visual system has a preference for non-shadow 
regions. 

Keywords: lightness; eye-movements; judgments. 

Introduction 
The human visual system shows the remarkable ability to 

accurately extract information of a visual scene while 
discarding influences of the light source that illuminates it. 
One demonstration of this ability is color constancy, 
reflecting the visual systems' ability to recognize colors 
despite ever-changing viewing conditions. (Arend & 
Reeves, 1986; Kraft & Brainard, 1999). The relevant 
conditions in the case of color recognition are orientation 
and distance to the light source, the illuminant’s spectral 
qualities, the illumination level, and the gradients as well as 
cast illumination (i.e. shadows and spotlights). In most 
cases, color constancy can be achieved effortlessly and with 
negligible errors. However, color constancy seems to 
dramatically fail in laboratory settings when tested in a 
classical “constancy experiment”. In such lab situations, a 
target matched in a spotlight produces significantly lighter 
matches than the same target shown in a shadow. Hence, in 
laboratory settings perception is determined by the 
momentary viewing conditions, while in everyday situations 
familiarity seems to be more important. This discrepancy 
suggests that in everyday conditions, perception strongly 
relies on cognitive factors.  

Psychophysical studies showed that the lightness matches 
appear to be more strongly influenced by the illuminated 
region of a scene or an object (Zdravković, Economou, & 
Gilchrist, 2006). Recent studies have shown that the overall 
shade of an object is dictated by the portion presented in the 
higher illumination (Golz, 2010; Toscani, Valsecchi, & 
Gegenfurtner, 2013a, 2013b). These studies also show that 

observers tend to spend more time gazing the part in the 
higher illumination. 

Finally, it has been shown that even when gazing at 
natural scenes observers tend to avoid shadows (Tatler, 
Baddeley, & Gilchrist, 2005). Latter eye tracking studies, 
however, did not control for other aspects of the shaded 
areas and tended to low-level features while ignoring the 
interpretation of scenes in terms of light sources and cast 
shadows. 

In contrast, the present study introduces shadows into 
meaningful images and employs tasks that are unrelated to 
lightness or color perception. We used human faces partially 
covered with a cast shadow and we probed into high-level 
cognitive aspects of the stimuli, distracting participants 
away from low-level features of the images. In particular, 
we asked participants to judge the age, beauty and 
profession of the photographed people.  

Faces were used as stimuli for our study, because it is 
known that observers looking at faces produce a fixed 
fixation pattern (Althoff & Cohen, 1999). For example, 
studies have suggested that observers tend to direct their 
first eye movement to just below the eyes (Hsiao & Cottrell, 
2008), although individual differences can be found 
(Peterson & Eckstein, 2013).  

Participants saw three versions of each image: one image 
with a shadow on the left side of the face, one image with a 
shadow on the right and one image without a shadow. The 
main manipulation (shadow on one side of the image) 
should demonstrate whether participants tend to avoid 
looking at shadowed regions. The image without the 
shadow will serve as a baseline. 

Methods 

Participants  
Twenty-one female students from the University of 

Aberdeen (aged between 16 and 25 years) participated in 
return for course credit or without receiving reimbursement. 
Participants reported normal or corrected to normal vision. 
All participants signed an informed consent. 

Apparatus  
Stimuli were presented on a Dell 19 inch flat screen, 

placed at a distance of 77 cm from the observers, set to a 
spatial resolution of 1024 by 768 pixels and a 60 Hz refresh 
rate. Stimulus presentation was controlled by a Dell 
Optiplex PC. The camera of an Eyelink 1000 desk-mount 
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system was placed below the screen at a distance of 66cm 
from the chin and forehead rest. 

Eye movement data collection was controlled by a second 
PC (LanBox Lite). Participants held their forehead against 
the forehead rest, and sat with their head slightly above the 
chin rest, so that verbal responses were possible.  

Stimuli  
Each trial started with a drift correction target, presented 

on the vertical midline, 6.50 deg above or below the center 
of the display (randomly chosen). A face stimulus was 
presented in the middle of the screen after the experimenter 
confirmed fixation of the drift correction target.  

Face stimuli consisted of 22 male and 22 female black 
and white photographs (Color Ebner database; Ebner, 2008). 
The photographs were all scaled back to 8.02 deg by 13.0 
deg of visual angle. A darker region covering one half of the 
photograph was added using Photoshop, creating an 
appearance of a cast shadow, covering half of the scene (and 
half of the face on the photograph). Each photograph was 
presented in three different versions: without a shadow, with 
a shadow on the left half of the image, or with a shadow on 
the right half. Non-shadow regions had an average 
luminance of 31.6 cd/m2, while shadow regions were an 
average of 7.56 cd/m2. The stimuli were presented on a gray 
background (color code: 204/204/204; 81.1 cd/ m2). 

Design  
Each participant went through 3 blocks of trials (4 

practice and 44 experimental), one for each task (age, 
beauty and profession judgment). Within a block, each 
photograph was presented only once; half of the presented 
photographs contained female faces (the other half male 
faces); finally, one third of the presented photographs had a 
left shadow, another third had a right shadow and the last 
third had no shadow. The order of blocks was counter-
balanced, and the order of the trials within each block was 
randomized for each participant. 

Data Analysis  
The Eyelink’s parser, applying the standard 30 deg/sec 

and 8,000 deg2/sec velocity and acceleration thresholds for 
cognitive research, was used to convert the horizontal and 
vertical recorded eye position into fixations and saccades. 
The fixations were then analyzed for the presentation 
duration of the face stimulus until the end of the last fixation 
before the participant pressed the spacebar to end the trial. 
For statistical comparisons, we used univariate analyses of 
variance (ANOVAs), applying a Greenhouse-Geisser 
correction where appropriate, and pairwise t-tests. 

Results 

Task 
Participants performed three tasks and the differences 

between the tasks were tested with a repeated-measures 

ANOVA. The total viewing time differed significantly 
across tasks (F= 18.60, p < 0.001), with profession 
judgment talking the longest time and beauty judgment the 
shortest. Bonferroni corrected pairwise t-tests showed that 
this was due to significant differences between all three 
tasks (all p-values smaller than or equal to 0.001). The 
number of fixations was significantly different across tasks 
(F = 39.82, p < 0.001): most fixations were found for the 
profession judgments, and fewest for the beauty judgments. 
Pairwise t-tests showed that there were significant 
differences between each of the tasks (all p-values smaller 
than 0.001). 

Shadow 
To examine the influence of the shadows, three measures 

were compared across conditions with the shadow on the 
left, the shadow on the right, and images without shadows. 
If participants sample more often from the illuminated 
section of the image, it would be expected that this area of 
the image would be sampled earlier and more frequently 
than the shadow section.  
First fixation: The first measure, indicating the proportion 
of first fixations towards the left section of the image, is 
plotted in Figures 1a across all three tasks. The first fixation 
is less often on the left section of the image when the 
shadow is on the left side and more often towards the left 
when the shadow is on the right (all data: F 2,40 = 55.03, p < 
0.001), suggesting that participants avoid starting their 
inspection of the part of the image in the shadow. There was 
no interaction between the task and the shadow position (F 
= 0.68, p = 0.50) and there was no main effect of the task (F 
= 0.49, p = 0.55) in a three by three ANOVA testing the 
effects of task and shadow location. This result suggests that 
participants would avoid shadow irrespective of the shadow 
region task. 
Dwell time: The second measure considered is the overall 
dwell-time on the left and right side of the image across the 
different shadow conditions. Figure 1b shows that across the 
entire trial, participants’ gaze direction is biased towards the 
side of the image not containing a shadow and a highly 
significant effect of shadow location on dwell time is found 
(F2,40 = 86.25, p <0.001). The interaction between task and 
shadow location on dwell time does not reach significance 
in a three by three ANOVA (F = 2.34, p = 0.094).  
Number of fixations: While dwell time suggested that the 
first fixation towards the section outside the shadow is not 
compensated by longer fixations towards the other side, this 
does not exclude the possibility of a compensation in terms 
of the number of fixations. Figure 1c shows a very similar 
pattern as for the other two measures considered. The 
number of fixations shows an almost identical pattern of 
results, with a significant effect of task (F2,40 = 4.44, p < 
0.018) and a highly significant effect of shadow location (F 
= 116.52, p < 0.001). 
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Figure 1: a) First fixation location for left shadow, right 

shadow and no-shadow conditions. b) Dwell-time on the left 
side of the image as a percentage of the overall dwell time 

on the image for the three shadow conditions. c) Number of 
fixations on the left of the image as a percentage of the 

overall number of fixations on the image. In all three plots, 
the error bars represent the standard error of the mean across 

participants and the horizontal red lines, the 50% point. 

Discussion 
Our results show that, by placing cast shadows in our 

images, we could influence participants’ eye movements 
away from the shadowed region. This effect was apparent 
for all three measures (the first fixation, the overall dwell 
time, and the number of fixations) and it was independent of 
the task.  

Our results are in line with previous observations that 
focused on tasks involving lightness perception (Toscani et 
al., 2013a, 2013b), studies of eye movements in natural 
scenes (Tatler et al., 2005) and assumptions made by 
saliency models (Itti & Koch, 2000). 

Our results also make sense intuitively: regions that fall 
inside a shadow have a lower contrast, and therefore it may 
be beneficial to instead focus on sections of the image that 
do not contain a shadow, presumably because more 
information may be extracted from these regions. However, 
while participants’ eye movement were significantly 
influenced by the presence of cast shadows, the influence of 
the shadows was small in magnitude, clearly showing that 
observers do not avoid darker regions all together.  

In the present study, we focused on black and white 
images and on lightness. Future studies could examine the 
role of lightness in colored images, and determine whether 
similar direct influences of other color dimensions can be 
found. 
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Abstract 

Most non primate mammals are known to possess 
dichromatic color vision based on short-wavelength-sensitive 
(S) and medium/long-wavelength-sensitive (ML) cone 
photoreceptors. However, the neural pathways carrying 
signals underlying the primitive “blue–yellow” axis of color 
vision are largely unexplored in these animals. We have 
recently characterized a population of color opponent blue-
ON cells in electrophysiological single-cell recordings from 
the dorsal lateral geniculate nucleus (LGN) of anaesthetized 
cats. We found remarkable similarities to previous 
descriptions of primate blue-ON cells in terms of receptive 
field size and structure and the relative weight of functional 
inputs from the opponent cone classes. Moreover, cat blue-
ON cells were found in the same layers as W-cells, which are 
thought to be homologous to the primate koniocellular 
system. The temporal frequency optimum of cat blue-ON 
cells was around 3 Hz, about one-third of that found in 
achromatic cells. Based on these data, we suggest that cat 
blue-ON cells are part of a "blue-yellow" color opponent 
system that is the evolutionary homologue of the blue-ON 
division of the koniocellular pathway in primates. 

Keywords: color vision, neurophysiology, lateral geniculate 
nucleus. 

Introduction 
Trichromatic color vision found in most humans and 

many other primate species is based on the activity of three 
cone photoreceptor types with maximum sensitivity in the 
short (S or “blue”), medium (M or “green”) and long (L or 
“red”) wavelength bands of the visible spectrum. 
Trichromacy is, however, rather the exception than the rule 
among mammalian species (Jacobs, 1993; Nathans, 1999) 
because most mammals express S-cones and a single cone 
type in the medium-long (ML) wavelength band (Ahnelt & 
Kolb, 2000; Szél, Lukáts, Fekete, Szepessy, & Röhlich, 
2000), and can make only dichromatic spectral 
discriminations (Jacobs, Fenwick, & Williams, 2001; Loop 
& Bruce, 1978; van Arsdel & Loop, 2004). The purpose of 
this paper is to review the results of our investigations on 
color-opponent blue-ON cells in cats and to compare their 
properties to achromatic neurons of the same species as well 
as to “blue-yellow” and “red-green” opponent neurons of 
trichromatic primates. Some of this research has been 
published before (Buzás et al., 2013). 

Materials and Methods 
Spike responses of achromatic and color opponent cells 

were recorded from the lateral geniculate nucleus of seven 
anaesthetized, paralyzed and artificially ventilated cats. 

Stimuli were calibrated so as to modulate either both cone 
types together (achromatic stimuli) or S-cones or ML-cones 
alone (cone isolating stimuli). Cone-contrast of the stimuli 
was usually modulated sinusoidally and the first harmonic 
Fourier component of the instantaneous action potential rate 
was used as response measure. 

On each recorded cell, a battery of tests was performed in 
order to measure contrast sensitivity, the relative weights of 
S- and ML-cone inputs, spatial and temporal frequency 
tuning and receptive field size. 

Results 
Over 200 recording sites were tested for the presence of 

S-cone driven responses. Blue-ON cells (n = 14) were 
identified on the basis of their contrast gain being higher to 
S-cone isolating than to achromatic stimuli. The rest of the 
neurons were more sensitive to achromatic stimulation and 
they were assigned to the group of achromatic cells (n= 31). 
Blue-ON cells were localized in the deep layers (C, C1, C2) 
of the LGN whereas achromatic cells were found 
throughout all layers. 

Figure 1: Peristimulus time histograms of spike responses 
of representative achromatic and blue-ON cells from the cat 

LGN. Stimuli were increments (ON) followed by 
decrements (OFF) of achromatic, ML- and S-cone isolating 
contrast as shown by the labels. Percent values indicate cone 

contrast. 

In subsequent tests, blue-ON cells showed a number of 
functional properties distinguishing them as a separate 
population. Figure 1 illustrates responses of a typical 
achromatic cell and a blue-ON cell. In the achromatic cell, 
changes of achromatic contrast elicited transient ON and 
OFF responses. Modulating ML-cones in isolation evoked 
similar responses whereas the S-cone-isolating stimulus had 
no detectable effect on the spike rate. This suggests that the 
achromatic response was in fact due to stimulation of ML-
cones alone. In the blue-ON cell, the achromatic stimulus 
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evoked only a feeble response. However, the same cell 
showed tonic OFF response to the ML-cone isolating 
stimulus and tonic ON response to the S-cone isolating 
stimulus. These are signatures of cone-opponent 
interactions. 

We measured the relative weights of S- and ML-cone 
inputs for the recorded neurons using the “color circle” 
method described by Sun, Smithson, Zaidi, and Lee (2006). 
Achromatic cells showed only weak S-cone input (S-cone 
weight around 10%). Blue-ON cells however, received 
inputs from the two cone classes that were of equal 
magnitude but of opposite sign (S-cone weight around 
50%). This balanced opponent interaction explains their low 
sensitivity to achromatic stimuli. 

Spatial frequency tuning curves were obtained using cone 
isolating sine-wave gratings. A Gaussian receptive field 
model was fitted to the data in order to assess the size of 
each receptive field center. We found a significant 
correlation (r=0.75) between the radii of S- and ML-cone 
driven receptive field regions suggesting that the opponent 
receptive field regions are co-extensive. When compared to 
achromatic cells, the receptive field centers of blue-ON cells 
were about 2.7 times greater at any eccentricity. 

The temporal properties of blue-ON cell responses gave 
further support to their specialization for signaling color. 
Firstly, the temporal frequency tuning curves of S- and ML-
cone inputs were very similar to each other in all blue-ON 
cells suggesting that the chromatic signal is preserved at all 
stimulus frequencies to which the cells can respond. They 
were, nevertheless tuned to fairly low frequencies around 3 
Hz for both S- and ML-cones, when compared to 
achromatic cells (around 10 Hz). Secondly, response 
latencies of blue-ON cells to visual stimulation were found 
to be similar for both cone types. Achromatic cells, 
however, had significantly lower latencies. These findings 
also support the idea that the S-cone system in cats is more 
sluggish than the luminance system. 

Discussion 
The properties of cat blue-ON cells highlight them as a 

functionally coherent population specialized for color 
vision. Our data also reveal remarkable similarities between 
blue-ON cells of cats and primates. These can be 
summarized as follows: 
1. Prevalence of ON-type response to S-cone contrast (de 

Monasterio, 1979; Szmajda, Buzás, Fitzgibbon, & 
Martin, 2006; Tailby, Solomon, & Lennie, 2008) Blue-
OFF cells may still exist in the cat LGN but they must 
be rare or very difficult to record from; 

2. Nearly linear contrast dependence (Tailby, Solomon, et 
al., 2008; Tailby, Szmajda, Buzás, Lee, & Martin, 2008); 

3. Spatially coextensive S- and ML-cone inputs (Crook et 
al., 2009; Wiesel & Hubel, 1966); 

4. Relatively large receptive field size compared to cells 
carrying luminance signals (Solomon, Lee, White, 
Rüttiger, & Martin, 2005; Tailby, Szmajda, et al., 2008); 

5. Anatomical localization in the "third visual channel" that 
is represented by W-cells in non-primates (Cleland, 
Levick, Morstyn, & Wagner, 1976) and by the 
koniocellular system in primates (White, Wilder, 
Goodchild, Sefton, & Martin, 1998). 

The preference of the chromatic channel in cats for low 
temporal frequencies is also paralleled by the well-known 
temporal low-pass characteristic of human color vision (De 
Lange, 1958). 

Taken together, our data support the idea that the two 
opponent channels of trichromatic color vision have 
different phylogenetic origins. A primordial color system 
(Mollon, 1989) representing the "blue-yellow" chromatic 
axis that is linked to the W- or koniocellular system  appears 
to be present in all modern mammals suggesting their 
common ancestry. This system is dedicated to color vision. 
The "red-green" axis on the other hand, is linked to the 
parvocellular system in trichromatic primates, which also 
transmits signals of luminance based high acuity spatial 
vision. Indeed, parvocellular neurons in the retina and LGN 
include an entire spectrum ranging from purely "red-green" 
opponent neurons through mixed luminance and color 
sensitive cells to purely luminance sensitive ones (Buzás, 
Blessing, Szmajda, & Martin, 2006). This is consistent with 
the idea that "red-green" opponency emerged on the basis of 
a pre-existing achromatic circuit after the splitting of the 
ML-cone population into distinct M- and L-cone classes in 
the course of primate evolution (Jacobs, 2009). 
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Abstract 

Human infants as young as 8 months old are surprised when 
animated objects have no insides. This observation has 
suggested that infants might attribute biological properties 
such as “having an inside” to animated objects. Do chicks 
(Gallus gallus) exhibit similar biological expectations for 
social partners? In a series of experiments we take advantage 
of social motivation of newly hatched chicks to investigate 
whether: (a) naïve chicks exhibit an unlearned preference for 
hollow vs. filled social objects; (b) visual experience and 
imprinting affects the preference for hollow vs. filled objects; 
(c) how imprinting on hollow, filled or occluded objects 
influences filial responses. We show that naïve chicks exhibit 
an unlearned preference to approach hollow objects, 
irrespectively of their visual experience, that this preference is 
maintained in imprinted chicks and partially modulated by 
imprinting. Our data show that “being filled” is not a 
requirement of social stimuli and that a short experience can 
influence the preferences for social partners in these precocial 
birds.

Keywords: animacy; unlearned preferences; imprinting; 
insides; Gallus gallus.

Introduction 
Mounting evidence shows that animals are not blank 

slates passively shaped by environment and experience 
(reviewed in Vallortigara, 2012). On the contrary, living 
beings come to this world endowed with knowledge that 
prepares them to cope with the environment that their 
ancestors encountered during their evolutionary history. 
Naïf individuals of social species – such as human infants or 
chicks of precocial species like the domestic fowl – have 
been shown to possess unlearned knowledge that orients 
them towards conspecifics that can help them in surviving. 
This knowledge includes mechanisms to orient towards 
face-like stimuli (Di Giorgio, Leo, Pascalis, & Simion, 
2012; Rosa-Salva, Regolin, & Vallortigara, 2010), 
biological motion (Simion, Regolin, & Bulf, 2008; 
Vallortigara, Regolin, & Marconato, 2005), self-propelled 
objects (Mascalzoni, Regolin, & Vallortigara, 2010). 
Overall, evidence points at the presence of a mechanism 
sensitive to cues of animated objects that correlate with the 
presence of caregivers. 

Recently Setoh, Wu, Baillargeon and Gelman (2013) have 
suggested the existence, in infants 8 month-olds, of 
expectations about some biological properties of animated 
objects. In their study infants detected a violation of 
expectations when a self-propelled and agentive object (but 
not an object that lacked at least one of these properties) was 
revealed to be hollow instead of filled. The authors 

suggested that young infants’ expectations about animals 
having filled insides may serve as a foundation for the 
development of more advanced biological knowledge. It is 
not clear though whether these results can be explained as 
the effect of 8 months long experience with animated and 
filled caregivers. Moreover, if the suggested unlearned 
expectations had been shaped by selection, we would expect 
to observe them in other social species.  

Here we use chicks of the domestic fowl to investigate the 
generality of the expectations for animated objects to be 
filled, and its independence from experience. As a model of 
animated objects we use orange cylinders that have been 
showed to work well as imprinting objects (social partners). 
We test whether: (a) naïve chicks exhibit an unlearned 
preference for hollow vs. filled social objects; (b) imprinting 
affects the preference for hollow vs. filled objects; (c) how 
imprinting on hollow, filled or occluded objects influences 
filial responses. 

Materials and methods 

Subjects/conditions 
One day old chicks (Gallus gallus) kept with no 

interactions with conspecifics, either with aspecific 
experience (dark-reared or exposed to light only) or 
imprinted for 24 hours: 
- DARK-reared 
- exposed to light only (LIGHT) 
- imprinted on OCCLUDED stimulus (chicks could not see 
whether the object was hollow or filled during the 
imprinting phase. The object was displayed horizontally and 
its far ends were occluded with an opaque white screen) 
- imprinted on HOLLOW stimulus 
- imprinted on FILLED stimulus 

Imprinting/test objects 
Imprinting and test objects were orange plastic cylinders 

(12 cm, ø 4 cm). Hollow stimuli had a white inside, filled 
stimuli were identical with a white stopper on both sides. 
During the imprinting phase stimuli were presented behind a 
transparent window, thus tactile interactions were 
prevented. 

Test apparatus and procedure 
We tested chicks in a rectangular apparatus (85  30 cm) 

with three sectors: centre (15 cm), right (35 cm), left (35 
cm), as shown in Figure 1. At test chicks could make 
contact with the objects located at the sides of the apparatus. 
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During the test one hollow and one filled stimulus were 
presented in the side sectors, alternating the side of 
presentation between subjects. Each chick was tested only 
once. We located a single chick in the central sector and 
then recorded its behavior for 360 seconds. 

Figure 1: test apparatus, virtually divided in Left sector, 
Centre (where the chicks is located at the beginning of the 
trial) and Right sector. Chicks which trespassed a central 
line with both legs in a 6 minutes period were scored for 

their first choice (hollow or filled). 

Data analysis 
For each chick that trespassed the central sector with both 

legs we recorded (a) the first choice (for the hollow or filled 
object) and (b) the proportion of time spent close to the 
hollow stimulus, hollow index: 
  Hollow time/(Hollow time+Filled time) 

For the proportion of time spent at the hollow stimulus we 
used ANOVA on the values of the hollow index x 
experimental condition, and one-sample t-tests against the 
chance level (0.5). 

Results 
Either chicks with aspecific experience (dark-reared 

chicks and chicks exposed to light only) and imprinted 
chicks (occluded, hollow, filled) exhibited preference to 
approach the hollow stimuli: aspecific experience =  pbinomial 
< 0.001; imprinting exposure pbinomial <0.001.  

In the aspecific experience experiment, the ANOVA on 
the proportion of time spent by the hollow stimulus shows 
no effect of experimental condition (p = 0.124, Figure 2A). 
The overall population exhibits a preference for approaching 
the hollow stimulus: p < 0.001. In the imprinting experiment 
we have identified a trend for differences between 
imprinting conditions (Figure 2B). The overall imprinted 
population exhibits a preference for approaching the hollow 
stimulus: p = 0.008.  

Discussion 
Setoh et al. (2013) suggested that the presence of innards 

can be a feature that inexperienced infants expect in 
animated objects. We show that one-day old visually 

inexperienced chicks and chicks exposed to light and 
imprinting stimuli display a preference to approach hollow 
vs. filled objects. Overall, our data show that “being filled” 
is not a necessary requirement of social stimuli – at least this 
is not a general feature shared across different taxa and 
species such as the animacy cues like biological motion, 
face-like patterns or self-propelledness.  

(a)

(b)

Figure 2: Proportion of time spent by the Hollow stimulus 
(Mean ± SE) for different treatments in (a) the aspecific 

experience experiment – dark reared chicks (DARK) and 
exposure to light only (LIGHT) – and in (b) the imprinting 

experiment: imprinting on occluded stimulus 
(OCCLUDED), filled stimulus (FILLED), hollow stimulus 

(HOLLOW).
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On the contrary, chicks are more attracted by social 
partners with hollow insides. Differently from other 
unlearned preferences that have been reported to emerge 
after some some aspecific experience (e.g. Vallortigara et al. 
(2005) tested chicks for biological motion preferences after 
an experience on the tapis roulant), the preferential 
orientation towards hollow stimuli did not require previous 
experience in our setting. Exposure to different imprinting 
stimuli seems to modulate filial responses, although a larger 
sample size is needed to investigate this effect.  

The reasons for the overall preference for hollow objects 
have not been clarified yet, although it is possible that 
chicks of the domestic fowl have evolved a preference to 
approach as social partners objects that, similarly to the 
mother hen, can hide them. Previous evidence has in fact 
showed that chicks are aware of the properties of occluding 
objects (Chiandetti & Vallortigara, 2011). 

We have planned further studies to understand the 
preference for hollow stimuli exhibited by young chicks. 
The possibility that chicks are attracted by cavities that 
allow them to hide is suggested by the fact that while 
exploring the hollow object they occasionally enter it with 
the head. To test this hypothesis we will evaluate the 
preference between hollow stimuli large enough to hide a 
chick and hollow stimuli too narrow to fit a chick, and for 
more naturalistic objects (i.e. imprinting objects with legs). 
Chicks might also be attracted by “more complex” stimuli, 
such as the shadows produced by the hollow stimulus, 
another variable that can be experimentally manipulated in 
subsequent studies. 

Although in our limited sample we did not find significant 
differences between exposure/imprinting conditions (likely 
due to high variability between subjects), the fact that chicks 
imprinted on filled stimuli displayed the lower preference 
for hollow stimuli, and that chicks imprinted on occluded 
objects show a much higher preference for hollow objects 
suggest that visual experience with social partners can 
modulate the unlearned preference for hollow stimuli. 

Further studies should be conducted to understand the role 
of filial experience in influencing preferences and 
expectation about the insides of social partners. Our study 
also suggests that further research is needed to clarify the 
role of experience in humans’ early expectations for filled 
objects. 
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Abstract 

This paper describes peculiar qualitative effects occurring in 
texture appearance, resulting from the manipulation of the 
amount of textural microelements. Keeping fixed the textural 
local properties, the increase of microelements’ number 
produces a texture aspect more homogeneous and denser. 
Conversely, patterns filled by a small number of elements 
exhibit a more salient subparts’ articulation, and the textural 
microstructures increase in perceived local contrast, size and 
detailedness. Those effects are discussed in terms of 
economic principles governing the visual processing.  

Keywords: texture appearance; filled-area illusion; 
microelements’ numerosity; density; contrast; detailedness. 

Introduction 
A texture is a region of the visual field composed by basic 

microstructures or features (Julesz, 1981), whose 
combination determines the peculiar aspect of a visual 
surface (Landy & Graham, 2004). Texture appearance 
assumes a key role in the ecology of vision, because it 
provides information about the material properties of an 
object and it leads to gauge its size and its distance from an 
observer (Gibson, 1950). 

Textural characteristics affect the perceived size of visual 
objects also when depth indices, like texture gradient or 
figure-ground stratification, are absent. Giora & Gori (2010) 
investigated the perceptual overestimation of textures 
articulated in subparts, as those depicted in figure 1. The 
illusory area enlargement increased with spatial-frequency 
and decreased with the filling microelements’ numerosity, 
independently of the stimulus size. The effect diminished 
when the subparts’ articulation weakened, as applying a 
low-pass filter to the images. While the spatial-frequency 
effect was explainable in terms of visual spatial channels 
(Campbell & Robson, 1968), the inhibitory role played by 
numerosity was supposed to be based on the fact that a 
greater microelements’ number decreased the luminance 
variance and consequently textures appeared more 
homogeneous (Giora & Gori, 2010; Giora, 2011).  

The filled-area effect can be interestingly compared with 
a classical phenomenon of size estimation reported by Botti 
(1906). Botti showed that rectangular areas filled by lines 
perceptually enlarged, until a critical point, with the increase 
of the lines’ numerosity. The illusory effect in fact 
diminished when the lines became to be densely arranged. 
Qualitative changes in texture appearance help to 
understand this effect. Few lines filling a rectangle are 
perceived as discrete elements, whereas a large amount of 
lines – although effortlessly distinguishable in terms of 

optical resolution – perceptually results in a homogeneous 
texture and then the effect of partition disappeared. 

Based on these seminal observations, I aim at 
investigating the effects of microelements’ numerosity on 
texture appearance. 

Figure 1: stimuli firstly used by Giora & Gori (2010). 
Numerous textures appear more homogeneous and denser, 

whereas textures composed by few elements increase in 
perceived local contrast, size and detailedness. The effect is 

shown for two sets of stimuli with different luminance 
contrasts. An optimal appreciation of the effect requires the 
textures’ side subtending respectively 9.6, 4.8, 2.4 and 1.2 

deg of visual angle. 

Investigation of the phenomenon 
In the Botti’s figures the spatial arrangement of lines and 

their numerosity covaried. In our patterns the local textural 
properties are instead kept constant and solely the 
microelements’ number is manipulated. Surprisingly, a 
quantitative variation of texture numerosity produces the 
emergence of qualitative changes in texture appearance.  

In the stimuli represented in figure 1 the microelements’ 
spatial-frequency remains constant at 3.2 cycles/deg – i.e. 
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the value that produced the higher filled-area perceptual 
increment according to Giora & Gori (2010) – while the 
numerosity varies with a ratio of 1:4. Keeping fixed the 
local properties of microelements, the stimulus area 
increases in function of the microelements’ amount. As 
already pointed out, the manipulation of areas did not affect 
the filled-area illusory enlargement (Giora & Gori, 2010). 

In a new study we have asked twenty subjects to focus on 
the phenomenal appearance of textures. Observers report 
that textures composed by a large amount of elements 
appear more homogeneous and characterized by a weaker 
subparts’ articulation. Interestingly, this effect is more 
appreciable in the inner texture region than at the texture 
borders. Differently, less numerous textures show higher 
subparts’ saliency. In this case, microelements exhibit 
higher local contrast, they look larger and textures appear 
more detailed and less densely arranged.  

Noteworthy, textural numerosity affects the perception of 
both holistic texture appearance (degree of homogeneity) 
and local subparts’ characteristics (contrast, detailedness, 
density). Because in our stimuli the local properties remain 
constant whereas the whole amount of microstructures 
varies, a global stimulus processing seems to precede the 
analysis of textures at a local level. In agreement with the 
Navon effect (Navon, 1977), in perceiving textures the 
visual system would see the forest before the trees.  

Discussion 
A phenomenon that exhibits interesting analogies with the 

effects on texture appearance above described is the so-
called “effect of rarefaction” (Vicario, 1971; 1972). Vicario 
investigated the appearance of square figures varying in size 
but constantly filled by equally spaced diagonal lines. In 
comparison with larger figures, the small squares appeared 
more spaced, filled by thicker lines and characterized by a 
higher contrast between lines and background. Masin (1980) 
further investigated the Vicario’s phenomenon and found 
that it occurred to the greatest extent adopting a short 
interlinear spacing and square sides shorter than 6-9 deg. 

Vicario claimed that the rarefaction phenomenon was 
essentially based on the stimulus area, disregarding the 
concurrent role of elements’ numerosity. Giora & Gori 
(2010) found instead that the illusory expansion of filled-
areas occurred independently of stimulus size. However, in 
our study the effect of size overestimation experienced in 
filled textures was clearly linked to the changes in texture 
appearance, and both the effects crucially depended on 
microelements’ numerosity. In particular, the increase of 
microelements’ numerosity reduced the illusory size 
overestimation, while textures appeared more homogeneous 
and denser. On the contrary, when figures were filled by a 
small number of subparts, the illusory enlargement became 
higher, as well as the textural microstructures appeared 
clearer, more spaced and less dense.  

It is therefore reasonable to think that, in spite of the 
Vicario’s conjecture, texture numerosity could play a crucial 
role also in the rarefaction’s phenomenon. Textures depicted 

in figure 1 allow to test the role of the microelements’ 
numerosity, which cannot be easily controlled when filling 
square areas by diagonal lines, like in the Vicario’s study.  

More recent researches can further shed some light on the 
perceptual rules involved in texture appearance. Other 
phenomena that seem related to the illusory effects here 
described are the lower perceived contrast exhibited by a 
textured spot when it is superimposed on a similar, high-
contrast, textured background (Chubb, Sperling, & 
Solomon, 1989), and the increased brightness- and spatial-
contrast experienced when a textured surface is instead 
viewed through a tube (Spillmann, Hardy, Delahunt, Pinna, 
& Werner, 2010).  

Moreover, the result of lower perceptual density occurring 
in small textures filled by few high spatial-frequency 
microelements agrees with the correlation between apparent 
density and numerosity found by Dakin, Tibber, 
Greenwood, Kingdom, & Morgan (2011). Interestingly, 
Heinrich & Bach (2010) demonstrated that image 
detailedness increases scaling down the image size, but this 
effect cannot be disentangled from that of varying spatial-
frequency and texture density.  

All those qualitative effects occurring in texture 
appearance when microelements’ articulation quantitatively 
changes could be understandable in terms of perceptual 
processes’ economy (Attneave, 1954). One can speculate 
that subparts’ articulation is emphasized in small patterns 
filled by few microelements, where local properties are 
strongly informative. On the contrary, when the analysis of 
highly repeated modularity results significantly expansive, 
the local characteristics are perceptually weakened and the 
microstructures appear as interconnected elements 
belonging to unified textures.  

From an evolutionary perspective it is reasonable that the 
visual system learned to strengthen the detailedness of small 
objects – like fruits or insects, which can hold particular 
ecological relevance – and to inhibit the redundant 
information occurring in numerous patterns, to make more 
easily available the representation of the overall image 
properties. 
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Abstract 

Luminance contrast orientation illusions are illusions of tilt 
whose presence or absence depends on the luminance values 
of some elements of their configurations. A simple model is 
presented which can account for a number of illusions of this 
type. Its basic feature is that the neural distributions 
corresponding to illusory tilt are similar to neural 
distributions induced by actually tilted stimuli. 

Keywords: orientation illusions; luminance contrast; neural 
models

Orientation illusions 
Illusions of orientation or tilt arise when perceptual 

judgments of angles of elongated stimuli differ from the 
geometrically correct angles. There are several classes of 
such illusions. One class, often labeled as ‘tilt illusion’, 
involves circular or ring-shaped target extents filled with 
oriented patterns, such as sinusoidal gratings, surrounded by 
inductor patterns with different orientation, subtending an 
oblique angle with respect to the target. In such 
circumstances the judged orientation of targets is rotated in 
the opposite direction from the orientation of inductors, an 
effect usually ascribed to inhibition between oriented 
channels in the visual system. Another class of orientation 
illusions arises in Zöllner configurations, in which the 
targets are long lines and the inductors are sets of short lines 
crossing the targets at various oblique angles. The effect on 
the judged orientation of the targets is similar as in the tilt 
illusion. Here I will discuss a third class, which will be 
called luminance contrast orientation illusions. Such 
illusions arise in configurations that usually do not involve 
oblique angles and in which the presence and direction of 
illusory effects depends on the luminances of their 
constituent elements. 

The oldest illusion in this class was discovered by 
Münsterberg (1897). It was studied by a number of 
researchers in the following years (Benussi & Liel, 1904; 
Fraser, 1908; Heymans, 1897; Hyde, 1929; Lehmann, 
1904), but then it seems to have been forgotten, only to be 
rediscovered in an improved version by Gregory & Heard 
(1979), under the name ‘Café wall’ illusion. The illusory 
configuration consists of a shifted chessboard pattern with 
gray parallel lines between rows of checks, which do not 
look horizontal but tilted. However, if the lines are darker or 
lighter than the checks, there is no tilt illusion and the lines 
are seen veridically as horizontal and parallel. This effect 
shows that the presence of the illusion does not depend only 
on the geometry of the illusion-inducing configuration but 
also on the luminance contrast between its elements. In 

recent years a number of other researchers have presented 
various configurations involving geometrically parallel 
orientations that don’t look parallel (Kitaoka, Pinna, & 
Brelstaff, 2004; Kitaoka, 1998, 2007; Parlangeli & Roncato, 
2008, 2010; Roncato & Casco, 2009). There is also a related 
class of configurations involving elements arranged on 
concentric circles that don’t look circular but are perceived 
as having other shapes, such as spiral-like (Fraser, 1908; 
Pinna & Gregory, 2002). 

Model of orientation illusions 
A neural model of the Münsterberg - Café wall illusion 

was presented by Morgan & Moulden (1986; see also Earle 
& Maskell, 1993; Kitaoka et al., 2004; Fermüller & Malm, 
2004; Takeuchi, 2005). In the model the illusion-inducing 
configuration is filtered by a sheet of units modeled after 
cells with retinal concentric-antagonistic receptive fields 
and cortical line-detectors. They have shown that in the 
output of such convolutions ‘both peaks and troughs along 
the mortar are oriented along lines that are slightly tilted 
with respect to the horizontal. The result is a Fraser twisted 
cord, which underlies the Münsterberg effect.’ (Morgan & 
Moulden, 1986, p. 1793). Here I will present a related 
model which can account for a number of luminance 
contrast illusions in addition to the Münsterberg - Café wall 
illusion. It is shown that patterns of simulated neural 
distributions corresponding to stimulus configurations 
inducing illusory tilt are similar to patterns induced by 
actually tilted stimuli. 

The model has two levels, both constituted by grids or 
sheets of 3232=1024 units. Level 1 is the input level, 
composed of pixels with various luminances. The role of 
this level is to specify stimulus patterns which are then 
processed by Level 2 units. This level is the output level, 
composed by simple simulated neurons, whose reactions to 
the stimuli form various patterns of distributions of 
stimulated neural activity. Several types of receptive fields 
of level 2 units were implemented. One set used were the 
so-called edge detectors, whose receptive fields have odd 
symmetry and horizontal orientation. Two types with 
opposite polarity were used, depicted in Figure 1a and 1b. 
Orange dots mark the excitatory portion, blue dots mark the 
inhibitory portion, and their size corresponds to the 
sensitivity of the neuron at that position of the receptive 
field; the red dot marks the receptive field center. The 
receptive field profiles were modeled by Gaussians, and the 
simulations were done in Mathematica. Units with these 
receptive fields were used in the simulations of the model 
presented here in Figure 1c-f. 
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Figure 1. (a-b) Receptive fields of horizontal edge detectors. (a) Top-excitatory bottom-inhibitory. (b) Top-inhibitory 
bottom-excitatory. (c-f) Input configurations with superimposed reaction patterns. (c) Standard chessboard, parallel rows 
pattern. (d) Tilted chessboard, shifted rows pattern. The graphical expression of the tilt is limited by the resolution of the 

model. (e) Illusion inducing chessboard with small squares, shifted rows pattern.  (f) Non-illusion inducing chessboard with 
small squares, parallel rows pattern. 

Simulations of orientation illusions 
This model was used to simulate a number of luminance 

contrast orientation illusions and their variations, but here 
the simulations of only one set of related configurations will 
be presented.  Figure 1c depicts an input configuration in the 
form of a standard chessboard,  superimposed upon which is 

the pattern of the output distribution of Level 2 units. The 
reaction of Figure 1a units is coded in green, and the 
reaction of Figure 1b units is coded in red; the sizes of the 
red and green dots code the intensity of the output. Note the 
parallel rows of signals of alternate polarity along the 
horizontal edges of the input pattern. For comparison, 
Figure 1d presents a tilted chessboard as the input 
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configuration, also with the superimposed output of Level 2 
units. Note that in this case the output pattern consists of 
spatially shifted rows of signals of alternating polarity. 

Figure 1e is a portion of the Enhanced checkered illusion 
(Kitaoka, 2007). The chessboard pattern has horizontal 
edges, but they look tilted; this is due to the presence of 
small inductor squares located near the corners of the fields 
of the chessboard; black squares are present inside the light 
fields of the chessboard and white squares are present inside 
the dark fields. Note that the output pattern of the simulated 
distribution of neural activity along the horizontal edges 
involves shifted rows of signals, similar to the output in 
Figure 1d. The difference from the parallel rows pattern of 
the distribution for the regular chessboard (Figure 1c) is due 
to the presence of the inductor squares, which cause ‘gaps’ 
in the distributions along the horizontal edges, generating 
the shifted rows pattern. The crucial point to note is that 
impressions of tilt in different figures are associated with 
similar underlying patterns of neural distributions (shifted 
rows of signals), presumably explaining why they look 
similar. 

For comparison, Figure 1f contains a version of the 
Enhanced checkered configuration in which the luminances 
of the inductor squares are switched and thus their 
luminance polarities with respect to the background are 
reversed, compared with Figure 1e. In this configuration the 
white inductor squares are located inside the light fields and 
the black inductor squares are located inside the dark fields, 
inducing reversed and much weaker luminance contrast, 
compared to Figure 1e. In such patterns there is no 
perception of illusory shift. Note that the output pattern 
consists of parallel rows of signals, very similar to the 
pattern in Figure 1c.  

Discussion 
The main point to note in these simulations is that the 

output pattern in the case of illusory tilt (Figure 1e) is 
similar to the output pattern in the case of real tilt (Figure 
1d). This result suggests that the neural correlate of 
perception of tilt, whether veridical or illusory, is a certain 
signature pattern involving shifted rows of signals. On the 
other hand, a non-illusory configuration such as in Figure 
1f, which is geometrically equivalent to the illusion-
inducing configuration in Figure 1e, but with 
photometrically inverted inductor squares, induces an output 
pattern similar to the non-illusory chessboard configuration 
such as in Figure 1c. 

This pattern of results was essentially reproduced using 
other types of receptive fields, such as concentric-
antagonistic and line detectors (odd symmetrical receptive 
fields). Similar results were obtained with a number of other 
luminance contrast orientation illusions from papers 
mentioned above, including several variants of the 
Münsterberg-Café wall illusion, such as by McCourt (1982) 
and Kitaoka et al. (2004), as well as various illusions 
created by Akiyoshi Kitaoka, such as the striped cords 
illusion (Kitaoka, 1998), the illusion of Y-junctions 

(Kitaoka et al., 2001) and the shifted lines illusion (Kitaoka, 
2007). The simulations share the feature that illusory 
percepts of tilt are associated with shifted rows patterns of 
signals, whereas geometrically equivalent but luminance 
reversed configurations, which do not evoke illusory tilt 
impressions, are not associated with such patterns.  
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Abstract 

The participants in our experiment were asked to judge 
whether simulated horizontal collisions appeared to be 
“natural” or “unnatural”. We manipulated the simulated 
materials and the velocity ratio of two colliding objects. The 
results revealed a fair degree of consistency between 
predictions of Newtonian mechanics and the participants’ 
responses. 

 Keywords: Intuitive physics; Collisions; Visual perception 
of causality. 

Introduction 
Collisions are mechanical events with which everyone 

should be quite familiar. As was pointed out by McCloskey 
(1983), one may expect that as a result of everyday 
experience people should have an intuitive grasp of the 
physical principles that govern mechanical events. 
However, researchers in intuitive physics have shown that 
this is not always the case1.  

Starting with the ground-breaking work of Albert 
Michotte (1963), collision events have been extensively 
explored by researchers in the field of the visual perception 
of causality. Michotte and his followers typically focused on 
the genuine visual impressions elicited by collision events, 
employing experimental methods aimed at limiting the 
influence of cognitive factors on the participants’ responses 
(see Choi & Scholl, 2006). Taking a different approach, 
researchers in the field of intuitive physics typically 
explored collision events using experimental methods that 
subtend both perceptual and cognitive processing of the 
stimulus information. This is consistent with the view that 
“Intuitive physics is a blend of perception, cognition and 
action” (Anderson, 1983, p. 231). 

Some scholars (e.g., Anderson, 1983) argue that the 
cognitive system can integrate multiple sources of stimulus 
information and thus, in principle, it can deal with 
multidimensional mechanical events such as collisions. In 
contrast, other scholars (e.g., Proffitt & Gilden, 1989) 
maintain that the cognitive system is inherently limited, and 
thus “people make judgments about natural object motions 
on the basis of only one parameter of information that is 
salient in the event” (p. 384); accordingly, people should 
have poor intuitive understanding of multidimensional 
mechanical events. 

                                                           
1 It is worth mentioning here Bozzi’s pioneristic work on the 

intuitive physics of pendulum motion (1958).  

 
Figure 1: Three frames of a 3-D version of Michotte’s 
stimuli. Letters A and B and arrows are added in this 

representation for references in the text and for indicating 
which object is moving in the two stages of the collision 

event. From Vicovaro and Burigana (2014) 

Overview of our contribution 
In our study, we investigated the intuitive physics of 

collisions by determining the ranges of kinematic 
parameters that produced subjectively “natural” collisions in 
most trials. We used experimental stimuli with kinematic 
features similar to those of the stimuli employed by 
Michotte in his seminal work (which we call “simulated  
horizontal collisions”, see Figure 1), and manipulated both 
the kinematic parameters and the implied masses of the 
colliding objects. Our aim was to explore participants’ 
intuitive understanding of the relation between velocities 
and masses in horizontal collisions. In the experiment 
reported here we varied the implied masses of the colliding 
objects by manipulating their simulated materials2. 

Physics of horizontal collisions 
According to Newtonian mechanics, the relation between 

masses and velocities in horizontal collisions (see Figure 1) 
is defined by the following equation: 

 

vA/vB = (1 + mB/mA)/(1 + e)   (1) 
 

where vA is the precollision velocity of object A, vB is the 
postcollision velocity of object B, mA and mB are the masses of 
objects A and B respectively, and e is the coefficient of restitution.  
 
Figure 2 shows a graphic representation of Equation 1 when 
e = 0.5, 1 ≤ mA ≤ 5, and 1 ≤ mB ≤ 5. Two important 
properties of the resulting surface are worthy of note. One is 
that vA/vB increases with mB and decreases with mA, 
implying that, overall, vA/vB increases as mB/mA increases. 
We shall refer to this property as the “opposite 
monotonicity” of Equation 1. The other important property 
is that, for any fixed mA, when mB diverges to infinity, vA/vB 
also diverges to infinity, whereas when mB converges to 
zero then vA/vB converges to 1/(1 + e). In other words, when 
the mass of B becomes infinitely large compared with the 

                                                           
2 This experiment is part of a broader study which is described 

in Vicovaro and Burigana (2014).  
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mass of A, the postcollision velocity of B becomes infinitely 
small compared with the precollision velocity of A. 
Conversely, when the mass of B becomes infinitely small 
compared with the mass of A, the postcollision velocity of B
tends to be 1 + e times as large as the precollision velocity 
of A. All this implies that gradients of variation of vA/vB as a 
function of mA and mB are greater when mA < mB (the upper-
left half of the surface) than when mA > mB (the lower-right 
half of the surface). We shall refer to this property as the 
“gradient asymmetry” of Equation 1. 

 

 
Figure 2: Graphical representation of the surface defined by 

Equation 1 for e = 0.5, 1 ≤ mA ≤ 5, and 1 ≤ mB ≤ 5. From 
Vicovaro and Burigana (2014). 

Experiment
The results of an experiment conducted by Natsoulas 

(1961) suggest that when participants are presented with 
simulated horizontal collisions such as those depicted in 
Figure 1, different impressions may occur depending on the 
velocity ratio vA/vB. When this ratio is close to 1, 
participants tend to have the impression of a “natural” 
physically plausible collision. In other words, the “reaction” 
of B (i.e., its postcollision velocity) is judged to be adequate 
with respect to the “action” of A (i.e., the precollision 
velocity of A). When vA/vB is greater than 2, the prevalent 
impression is that of an “unnatural” collision, in which the 
postcollision motion of B is braked by some resistance, 
rather than exclusively generated by the impulse from A. 
When vA/vB is smaller than 0.5, the prevalent impression is 
that of an “unnatural” collision, but in this case the 
“reaction” of B is judged to be exceeding the “action” of 
A—that is, the participants have the impression that the 
postcollision motion of B is accelerated by an additional 
force rather than exclusively generated by the impulse from 
A. 

Based on these insights, in the present study we define the 
upper naturalness bound as the value of the ratio vA/vB 

above which more than 50% of the time participants judge 
the motion of B to be “unnatural” (presumably because it 
seems “braked” by some external force). We define the 
lower naturalness bound as the value of the ratio vA/vB 
below which more than 50% of the time participants judge 
the motion of B to be “unnatural” (presumably because it 
seems “accelerated” by some external force). Finally, we 
define the naturalness interval as the interval of vA/vB values 
that lie between the two bounds and that give rise to the 
impression of a “natural” collision more than 50% of the 
time. 

We varied the implied masses of A and B through 
manipulations of their simulated materials. We first 
estimated, for each combination of implied masses of 
Objects A and B and for each participant, the individual 
upper and lower naturalness bounds by using the 
psychophysical method of “randomly interleaved staircases” 
(Levitt, 1971). Then, we determined each individual 
naturalness interval, which included the velocity ratios lying 
between the two bounds. Finally, we performed a statistical 
analysis on the midpoint of each individual naturalness 
interval, which was given by the arithmetic mean of each 
individual upper and lower bound. Midpoints provided 
relatively simple and reliable measures of how the 
experimental manipulations influenced the individual 
naturalness intervals. 

In order to evaluate whether participants had good 
intuitive understanding of the relation between velocities 
and masses in collision events, we determined how the 
locations of the naturalness intervals varied along the vA/vB 
continuum as a function of the implied masses of A and B, 
and tested whether this reflected the two most salient 
features of Equation 1, i.e., “opposite monotonicity” and 
“gradient asymmetry” as represented graphically in Figure 
2. Specifically, if the participants’ responses are consistent 
with physics, then the naturalness intervals should shift 
downwards along the vA/vB continuum as the implied mass 
of A increases, and should shift upwards along the same 
continuum as the implied mass of B increases (opposite 
monotonicity). Moreover, the location of the naturalness 
intervals on the vA/vB continuum should vary more with the 
implied masses of A and B when the former is smaller than 
when the latter is smaller (gradient asymmetry). This would 
support the idea that the cognitive system can integrate 
multiple sources of stimulus information (Anderson, 1981, 
1983), thus showing that it can deal (in principle) with 
multidimensional mechanical events.  

Method 
Participants: Fifteen psychology students at the University 
of Padua (aged 19–27, four males) participated in the 
experiment. They all had normal or corrected-to-normal 
visual abilities, and were paid for their participation. 

 
Stimuli and apparatus: The stimuli were presented on a 
personal computer equipped with a 37.5 cm × 30 cm CRT 
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screen and a keyboard. Participants sat at a distance of about 
50 cm from the screen, the background of which was black. 
Two simulated spheres of equal size were presented on the 
screen, at its middle height, with their centers aligned 
horizontally. Their apparent size, computed from the 
diameters of their corresponding images on the screen (2.55 
cm), was 8.7 cm3, subtending a visual angle of about 2.92°. 
At the beginning of each animation, one sphere (A) 
appeared close to the left edge of the screen and the other 
sphere (B) appeared in the center. Then, 170 ms after the 
appearance of the spheres, A began to move horizontally 
from left to right towards B, uniformly and without rotation, 
until it made contact with it. At this point, A came to a stop 
and B started moving in the same direction as A had been 
moving, uniformly and without rotation, until it stopped 
close to the right edge of the screen (see Figure 1). We 
manipulated the simulated materials of A and B according to 
a 3 Material A (polystyrene, wood, iron) × 3 Material B 
(polystyrene, wood, iron) factorial design. The spheres were 
created with 3D Studio Max™; photographic textures 
depicting the simulated materials were attached to their 
surfaces, and their reflectances were regulated in order to 
increase the realism of their appearance. The velocity of A 
was kept the same (15.5 cm s−1) across the experiment. In 
each of the nine experimental conditions, we varied the 
velocity of B in order to determine the individual upper and 
lower naturalness bounds.  
 
Procedure: Prior to the experiment, participants read and 
signed informed consent forms that had been approved by 
the local ethics committee (Department of General 
Psychology, University of Padua). Instructions that were 
readable on the screen informed the participants that they 
would be presented with two simulated colliding spheres, 
which could be made of any one of three different materials: 
polystyrene, wood, or iron. The participants were asked to 
pay attention to the postcollision velocity of the initially 
stationary sphere (B), and were informed that the initially 
moving sphere (A) would always be stationary after the 
collision. They were asked to judge whether the 
postcollision motion of sphere B was “natural” or 
“unnatural” compared with the force apparently exerted by 
the initially moving sphere (A). The instructions specified 
that “unnatural” could have two alternative meanings: first, 
that the motion of B was too slow compared with the force 
apparently exerted by A, as if the motion of B had been 
braked by some resistance; or, second, that the motion of B 
was too fast compared with the force apparently exerted by 
A, as if the motion of B had been accelerated by an 
additional force. In each trial the participants were allowed 
to view the stimulus as many times as they wanted by 
pressing the spacebar on the keyboard; when they felt ready 
to respond, they had to press “N” for the “natural” response, 
or “Z” for the “unnatural” one. After reading the 
instructions, the participants were presented with five 
randomly chosen stimuli to familiarize them with the task. 
 

Experimental design In order to estimate the individual 
upper and lower naturalness bounds, we used the method of 
“randomly interleaved staircases”. In each of the nine 
experimental conditions, we varied the velocity of B (the 
velocity of A was fixed at 15.5 cm s−1) such that the vA/vB 
ratio could take on 21 possible values that ranged from 1/3 
to 3. A full description of the experimental design can be 
found in Vicovaro and Burigana (2014).   

 
Figure 3: Mean naturalness intervals for each combination 
of simulated material of spheres A and B. Dark and light 
grey halves of the surface correspond to the experimental 
conditions in which the implied mass of A is greater and, 

respectively, smaller than the implied mass of B. The dashed 
line is the horizontal diagonal line through the midpoint of 
the central naturalness interval (A = wood and B = wood). 

From Vicovaro and Burigana (2014). 

Results and discussion 
Figure 3 shows the naturalness intervals (averaged across 

participants) that were obtained in each of the nine 
conditions of the experiment. For each interval we mark 
three points: the mean upper naturalness bound (top of the 
interval), the mean lower naturalness bound (bottom of the 
interval), and the midpoint of the interval. Along the vA/vB 
continuum, the naturalness intervals shift steadily 
downwards as the implied mass of sphere A increases, shift 
steadily upwards as the implied mass of sphere B increases, 
and vary more in the light grey half of the surface than they 
do in the dark grey half (the former corresponds to the 
experimental conditions in which the implied mass of B 
exceeded the implied mass of A). In other words, the 
locations of the naturalness intervals along the vA/vB 
continuum appear consistent with the opposite monotonicity 
and gradient asymmetry properties of Equation 1 (see 
Figure 2 for a comparison). 

In order to test this evidence statistically, we performed a 
two-way within-participants ANOVA (with factors material 
sphere A and material sphere B) on the midpoints of the 
naturalness intervals. For the properties of ANOVA, 
opposite monotonicity should result in significant main 
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effects of the two factors, whereas gradient asymmetry 
should result in significant interaction effects. Indeed, the 
main effects of the two factors were significant, as F2, 28 = 
47.6, MSE = 6.25, p < 0.001, and ηp

2 = .77, and F2, 28 = 
44.94, MSE = 8.46, p < 0.001, and ηp

2 = .76, respectively. 
Their interaction effects were also significant, as F4, 56 = 
18.67, MSE = 1.39, p < 0.001, and ηp

2 = .57.  
Significant interaction effects between the two 

experimental factors are  necessary but not sufficient for 
confirming gradient asymmetry statistically. We reasoned 
that a reliable (although local) test of this condition may be 
obtained by comparing the following two measures: the 
difference between the midpoint corresponding to the back 
left corner of the surface in Figure 3 (A = polystyrene, B = 
iron) and the midpoint in the center of the surface (A = 
wood, B = wood), and the difference between the latter and 
the midpoint corresponding to the front right corner of the 
surface (A = iron, B = polystyrene). If the former difference 
is greater than the latter difference, then this would indicate 
that the surface is steeper in the light grey half than it is in 
the dark grey half. Both differences between midpoints were 
computed for each participant and were compared 
statistically by means of a paired-sample t-test, which 
showed that the former measure (M = 1.16, SD = 0.56) was 
higher than the latter measure (M = 0.28, SD = 0.21), t(14) = 
6.82, p < 0.001, and Hedge’s gav = 2.22. This result 
confirms that the locations of the naturalness intervals along 
the vA/vB continuum were (approximately) consistent with 
gradient asymmetry. 

Overall, a comparison between Figure 3 and Figure 2 
reveals important similarities between the locations of the 
naturalness intervals along the vA/vB continuum and the 
expectations from Equation 1; both are characterized by 
opposite monotonicity and gradient asymmetry. Regarding 
these two properties, the former means that participants 
intuitively understand that vA/vB increases with mA and 
decreases with mB, whereas the latter means that they 
intuitively understand that vA/vB varies more with mA and mB 
when mA<mB. This suggests that, when participants are 
required to judge the “naturalness” of the postcollision 
motion of B, they integrate the velocities and the implied 
masses of the colliding objects in a manner consistent with 
Equation 1. 

Notably, the similarities between participants’ responses 
and Equation 1 are not perfect in at least two respects. First, 
Figure 3 shows that the mean lower naturalness bounds in 
the dark grey half of the surface tend to be smaller than 0.5, 
whereas, according to Equation 1, vA/vB cannot be smaller 
than this value (it is close to 0.5 when mA is very large, mB is 
very small, and e = 1). Second, the mean naturalness 
intervals include a wide range of vA/vB values that have been 
judged “natural”. We may speculate that this is due to the 
fact that the coefficient of restitution (e) was unknown, and, 
consequently, participants may implicitly have assumed that 
there were many vA/vB values that were compatible with 
“natural” collisions. Or else this may simply reflect 
uncertainty in participants’ response processes. 

Conclusions 
In sum, the results of our study are consistent with the 

idea that people’s intuitive judgments about collision events 
can be at least partially reconciled with Newtonian 
mechanics, as has been recently suggested by Sanborn, 
Mansinghka, and Griffiths (2013). This does not mean that 
people are aware of the Newtonian conceptualization of 
collision events; rather, it means that their intuitive 
judgments are qualitatively consistent with certain 
predictions from Newtonian equations.  

Overall, our results suggest that people’s “naturalness” 
judgments of the postcollision motion of Object B are based 
on the implied masses of both involved Objects A and B (in 
addition to the precollision velocity of A). This does not 
seem to support the claim that “people make judgments 
about natural object motions on the basis of only one 
parameter of information that is salient in the event” 
(Proffitt & Gilden, 1989, p. 384). On the contrary, our 
findings lend support to the idea that the cognitive system 
can integrate multiple sources of stimulus information 
(Anderson, 1983). In principle, this should enable people to 
understand multidimensional mechanical events, though 
misconceptions reported in the intuitive physics literature 
suggest that this skill is sometimes insufficient. 
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Abstract 

Parkinson's Disease (PD) is characterized by motor and 
cognitive decay, coupled to an alteration of brain oscillatory 
patterns. In this study a novel neuro-rehabilitation tool, based 
on the application of motor imagery into a Brain Computer 
Interface system, is presented with some preliminary data. 
Three patients were evaluated (with motor, 
neuropsychological and EEG testing) before and after a 
neuro-rehabilitation protocol made by 15 experimental 
sessions. Patients showed a decrease of freezing of gait 
severity, an improvement in alpha and beta EEG bands 
power, and a better performance on some attention and 
executive tasks.  

Keywords: Parkinson’s Disease; BCI; Neuro-rehabilitation; 
Motor Imagery; ERD/ERS. 

Introduction 
Most disturbing motor symptoms in Parkinson’s Disease 

(PD) are tremors, rigidity and gait disorders, such as 
freezing of gait (FOG) and festination. Furthermore, PD is 
often characterized by cognitive decline, especially evident 
in the domain of executive functions (Amboni, Cozzolino, 
Longo, Picillo, & Barone, 2008). Interestingly, a general 
slowing down of brain oscillatory patterns can also be 
observed (Soikkeli, Partanen, Soininen, Pääkkönen, 
Riekkinen, 1991), characterized by an increased band power 
of theta and delta waves of the electroencephalogram 
(EEG), coupled with a decreased power of alpha and beta 
waves. 

EEG changes are of interest because they can be used to 
drive systems based on a Brain Computer Interface (BCI). 
In fact, BCI systems may use motor imagery (MI), where 
the related mental process activates the same 
neurophysiologic pathways as the real movements (Hallett, 
Fieldman, Cohen, Sadato, & Pascual-Leone, 1994) without 
physically executing it. In particular, when a subject 
imagines to move, a typical desynchronization of upper 
alpha and beta rhythms is observed in the sensorimotor 
cortex (Pfurtscheller, Brunner, Schlo, & Lopes da Silva, 
2006), followed by a re-synchronization. This pattern of 
activation can be easily detected by EEG and can be used to 
feed a BCI system for different purposes. 

On these bases, we propose a novel neuro-rehabilitation 
tool for PD, based on the coupled application of BCI 
technology and motor imagery (MI). It has been shown, in 
fact, that the presentation of a visual feedback in response to 
the voluntary modulation of EEG rhythms has a strong 

impact on visual, motor and premotor cortex activity 
(Rizzolatti, Fogassi, & Gallese, 2001). Moreover, this 
feedback could reinforce frontal and prefrontal circuits, 
having a positive effect also on attentional and executive 
functions, as tested on other neuropsychological disorders 
(Lubar, 1997). Finally, the continuous MI training is 
believed to enhance alpha and beta activity, thus opposing 
the EEG slowness typically associated to PD. 

The system aims to obtain a marked decrease of the time 
spent by qualified personnel for motor rehabilitation, 
without reducing its effectiveness. A cognitive improvement 
or, at least, a decrease in cognitive decay, might also be 
achieved, as a corollary advantage, as well as a 
normalization of EEG indices. 

Materials and methods 
Three PD patients (between stages 1.5 and 2.5 of the 

disease, according to the modified Hoehn and Yahr Scale, 
see Goetz et al., 2004) with FOG (2 males, 1 female, age 
range 71-77 years), with stable pharmacological treatment, 
no clinically evident dementia (Mini-Mental State 
Examination – MMSE > 24), and no other significant 
comorbidity were recruited. All subjects gave signed 
informed consent. The protocol was conducted in 
accordance to the Helsinki Declaration and was approved by 
the Local Ethical Committee. 

Subjects underwent a preliminary assessment of motor 
functions, a battery of neuropsychological tests for cognitive 
evaluation and a recording of spontaneous EEG activity. 
Then they underwent the BCI protocol, which consisted in 
15 neuro-feedback (NF) sessions (1.5-2 hours, 2-3 times per 
week). A post-treatment evaluation was then executed, at 
the end of the cycle of experimental sessions, in the same 
way as the preliminary one in order to find contingent 
differences caused by NF training.  

The NF software was a home-made modification of the 
Cursor task module of BCI2000 (a free software for BCI 
research, see Schalk et al., 2004). Subjects faced a pc 
monitor where the legs of an actor were shown from the top, 
as if they were seen by themselves. They were requested to 
imagine to walk and the software translated the intensity of 
the desynchronization of their sensorimotor rhythms into the 
speed of the actor’s walk. In this way, the better was the 
desynchronization, due to MI, the more continuous and 
natural was the walking of the actor. For details about the 
application, see www.paoloscoppola.com. 
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Preliminary and post-treatment spontaneous EEG 
recordings were realized using 21 electrodes of a standard 
EEG cap that covered the whole head and was placed in 
standard positions. EEG data during NF were acquired from 
11 electrodes of the same cap, which covered the 
sensorimotor areas. Management of artifacts, impedance of 
electrodes, amplification, digitalization and sampling rate 
were the same as those used in routine EEG recordings. 

Results 
Data from motor evaluation (see Table 1) indicated a 

reduction of the severity of FOG (FOG Q) and an 
improvement in mobility, as assessed by a dual task 
condition (MPAS). Postural stability was enhanced in two 
patients out of three (Berg Balance). 

Neuropsychological evaluation showed more variable 
results: subjects had a general cognitive improvement 
(MMSE) and performed better on some attention and 
executive tasks (interference task of the Stroop’s Test; part 
B of the Trail Making test; phonemic fluency task), but they 
were worst on a series of other tests such as attention 
matrices. They also showed variable performance on a 
series of different tests, such as those evaluating mnemonic 
capacities. 

 
Patient 1 Patient 2 Patient 3   

Clinical T0 T1 T0 T1 T0 T1 

BERG 51 53 54 52 51 54 

MPAS 60 64 62 64 60 64 

FOGQ 10 8 11 8 8 6 

TUG (sec) 9.91 7.94 8.45 7.53 11.18 10.08 

Neuropsychol.             

MMSE 24.86 25.86 24.85 26.85 30 30 

Stroop 15.4 20.4 14.3 19.3 20.8 22.8 

Phonemic 
Fluency 38 42 13 18 44 56 

Table 1: Significant results obtained by the three patients in 
the clinical and neuropsychological evaluation: baseline 
values (T0) are compared to post treatment (T1) ones. In 
particular, results of the Timed Up and Go test (TUG) are 

given in seconds, and those of the phonemic fluency test are 
given as amount of given words. 

 
Analysis of the spontaneous EEG mainly showed a higher 

power in beta and alpha bands, especially in frontal 
positions (see Table 2), as well as a higher power of slower 
brain rhythms (e.g. theta rhythms). 

Qualitatively, all patients reported that they were able to 
better face FOG episodes thanks to the mental task they 
were trained to, which they used as an internal cue to 
overcome gait blocks. 

 
 

 
 

Patient 1 Patient 2 Patient 3 
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cl 

FP1 1.1 0.6 1.3 1.8 1.4 2.1 2.9 5.4 6.2 1.8 22.3 3.6 

FP2 1.7 0.7 2.2 1.3 1.8 1.6 3.5 1.9 3.7 2.4 15.5 2.6 

F7 0.8 0.9 1.0 1.7 0.5 1.5 1.0 4.0 3.0 0.9 4.6 1.1 

F3 1.4 1.5 1.5 1.7 1.3 0.5 6.4 1.1 2.3 1.2 3.1 1.5 

Fz 0.9 1.3 0.9 1.5 1.7 0.6 2.0 0.6 1.2 1.8 1.2 2.2 

F4 1.2 0.6 1.6 1.1 0.8 1.0 0.9 0.6 42.8 1.5 54.2 1.3 

F8 0.9 1.2 0.6 3.0 0.5 1.6 1.3 1.5 3.8 2.6 4.6 1.5 

Table 2: most significant EEG results for the three patients; 
data are given as ratio between bands power (respectively α 

and β), recorded at baseline and post treatment, in two 
conditions (op = open eyes and cl = closed eyes), in resting 

state. 

Discussion and conclusion 
EEG findings, which point to a possible normalization of 

alpha and beta activity, suggest a biological evidence of the 
efficacy of the BCI-based neurofeedback to restore a more 
normal brain activity. The possibility exists, however, that 
EEG changed during the evolution of the disease, as a 
degenerative and/or compensatory mechanisms (Helmich et 
al., 2007). Positive results might also have been due to a 
synergic or aspecific effect of the different treatments 
(Mulder, 2007). 

 The protocol will be tested on a larger population, and 
coupled with appropriate control groups (e.g., MI without 
NF) to disentangle these ambiguities and obtain an adequate 
statistical support. Thanks to the encouraging results, 
however, we are confident that the MI, used to drive a 
neurofeedback procedure through a BCI system, can 
reliably become a rehabilitation strategy in PD, 
complementary to the more traditional ones that require 
active motor behavior. Its main limitation lies in the need of 
some assistance for the placement of the EEG cap, 
nevertheless it remains that single patient can use it with 
relatively little help, while a single care giver can follow 
several patients in the same session. 
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Abstract 

Immediately after birth, newborns are introduced within a 
highly stimulating environment, where many objects move 
close to them. It would therefore be adaptive for infants to pay 
more attention to objects that move towards them - on a 
colliding pathway - and could therefore come into contact and 
interact with them. The present study aimed at understanding 
if newborns are able to discriminate between colliding vs. non-
colliding trajectories. To address this issue, we measured the 
looking behaviour of newborns who were presented with 
videos of different pairings of three events: approaching 
objects along a colliding course, approaching objects along a 
non-colliding trajectory, and receding objects. Results outlined 
that newborns preferred looking at the approaching and 
colliding movement than at both the receding and the 
approaching but non-colliding movements. Data also suggest 
the possible occurrence of a configural effect when two 
colliding events are displayed simultaneously. Furthermore 
newborns appeared to look longer at movements directed 
towards the Peripersonal Space than at those directed away 
from it. 

Keywords: newborns; peripersonal space; collision; looming; 
depth perception. 

Theoretical Background 
The space immediately around the body is invested of 

great importance, as it mediates every physical interaction 
between the body and the surrounding environment. It is in 
fact within this delimited space that we can reach and act 
upon objects and appropriately react to potentially dangerous 
stimuli (Canzoneri, Magosso, & Serino, 2012). 

This confined portion of space is called Peripersonal 
Space (PPS) and is conceived as a multisensory-motor 
interface mediated by a fronto-parietal network integrating 
tactile, visual and auditory stimulation occurring near the 
body (Teneggi, Canzoneri, di Pellegrino, & Serino, 2013). 

The essential multisensory feature of PPS has been 
extensively investigated with studies on animals (Graziano, 
Yap, & Gross, 1994) as well as human beings (Làdavas, di 
Pellegrino, Farnè, & Zeloni, 1998; Canzoneri et al., 2012). 
Interestingly, by using a dynamic audio tactile interaction 
task, recent research on healthy human subjects detected the 
boundaries of adults’ PPS (Canzoneri et al., 2012) and their 
sensibility to social modulation (Teneggi et al., 2013). 

Despite the vast amount of research with adults, there is a 
lack of research on the perception of the PPS and the role of 
multisensory integration within it in very young infants 
(Savelsbergh, van der Kamp, & van Wermeskerken, 2013). 
However, in order to explore the development of the PPS, it is 

imperative to first address some important questions. First of 
all, how and when do infants start to respond to different 
movements happening within the space immediately 
surrounding their body? This ability, in fact, appears to be 
highly relevant for adaptation since indicators of depth like 
kinetic information produced by object displacement are 
critically important determinants of the space to be perceived 
for survival (Schmuckler, Collimore, & Dannemiller, 2007). 
Regarding this specific question, relevant previous research 
(Yonas, 1981) investigated the perception of impending 
collision in infancy through the analysis of defensive 
behaviour. In particular, this line of research investigated the 
appearance of defensive blinking, identified as the best 
indicator of awareness to stimuli on a colliding course in early 
infancy (Yonas, 1981). Results outlined that infants do not 
show any consistent defensive reaction to impending collision 
at birth and start blinking appropriately to visual stimuli only 
later. In particular, Yonas (1981) claimed that infants 
generally do not blink from birth to 8 weeks of age and that 
consistent blinking is observed at 7 weeks only in a small 
percentage of infants. Later on Nañez (1988) showed that - 
given a high-contrast display - already at the age of 3 to 4 
weeks infants would blink at 44% of looming trials, indicating 
that sensitivity to collision appears at an earlier stage than 
formerly believed. These studies led to the conclusion that 
newborns are not aware of colliding movements, if only the 
absence of defensive reactions is considered. 

In our research, using a preferential looking paradigm, we 
measured newborns’ looking behaviour in order to evaluate 
their ability to discriminate between stimuli moving in 
different directions (including a colliding trajectory) and 
their preference for the approaching and colliding 
movement. We presented newborns with two different 
pairings of three events showing different movements. The 
three events were shown within two different sessions of the 
same experiment. A first event was an approaching and 
colliding movement (AC): a ball started from distant space 
and moved towards the newborn on a colliding pathway. The 
second event was a receding movement (R), consisting in the 
time-reversed AC movement: a ball started from near the 
newborn’s face and moved backwards. The last event 
showed an approaching but non-colliding movement (ANC): 
the ball started from distant space and moved towards the 
newborn, following a non-colliding course. In each session 
we compared colliding vs. non-colliding events. Importantly, 
the non-colliding event was receding in one session while 
approaching (but non-colliding) in the other. 
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We hypothesized that if newborns were able to perceive 
the space surrounding their body, they would then be able to 
discriminate between the three different trajectories. 
Moreover, we expected newborns to show a preference for 
movements that - if continued - would culminate with the 
collision between the ball and their face. We hypothesize 
that these movements could be adaptively more relevant as 
they would lead to an interaction - either positive or negative 
(danger) - between the moving object and the newborn. 
Finally, we expected newborns to look longer at those 
movements that were directed towards the PPS (i.e. 
approaching movements, either on a colliding pathway or 
not) compared with the movement directed outside the PPS 
(i.e., the receding movement). 

Method 

Participants 
The study was conducted at the Paediatric Unit of the 

Hospital of Monfalcone (GO – Italy), where all newborns 
were born. One experiment made of two sessions was 
conducted. Twenty newborns took part in the study, all 
completing both sessions; ten additional newborns 
participated but were later excluded due to fussiness (four), 
sleepiness (two) and to the presence of a strong side bias 
(four). Testing took place when babies were awake and alert, 
usually during the hour preceding feeding time. Parents were 
informed about the procedure and gave their consent to their 
child’s participation. The local ethics committee approved 
the study protocol. 

Apparatus and Stimuli 
Newborns sat in front of a monitor on the experimenter’s 

lap. The distance between the monitor (size 27”) and the 
newborn’s head was approximately 30 cm, the distance at 
which acuity at birth is shown to be better (Fantz, Orly & 
Udelf, 1962; Slater, Earle, Morison, & Rose, 1985). Black 
cardboard and black curtains covered the area around the 
monitor to prevent light and other stimuli to engage 
newborn’s attention. 

Newborn’s eye level was aligned to the centre of the 
screen. A video camera on top of the screen recorded the 
newborn’s eyes allowing subsequent coding of his/her eye 
movements. An additional small screen, placed outside the 
newborn’s view, allowed the experimenter to monitor his/her 
head position throughout the experiment. 

In both sessions newborns were presented with two events, 
on the left and right sides of the screen, respectively. Stimuli 
were located in the peripheral area of the screen to assure 
newborns’ attention was engaged and to avoid sticky 
fixation. 

Procedure 
The experiment began as soon as the newborn was seated 

and was attending to the centre of the screen. Each baby took 
part in both sessions of the experiment, both including two 

trials. The two sessions and the two trials within each session 
were presented in counterbalanced order across subjects. 
During Session 1, the baby was presented with two different 
events on the two sides of the screen: on one side s/he could 
see the approaching and colliding movement and on the 
other side the receding movement; the side of presentation of 
each event was counterbalanced between the two trials (AC-
R and R-AC conditions). During Session 2, the baby was 
presented with the same event on both sides of the screen: on 
one trial s/he could see two approaching and colliding 
movements paired together (AC-AC condition), whereas on 
the other trial s/he could see two paired approaching but 
non-colliding movements (ANC-ANC condition). 

Video recordings of the newborns’ eye movements were 
subsequently analysed. The observer coded how long each 
newborn looked at each side of the screen during both the 
sessions. In this way, we obtained relative measures of the 
time newborns spent looking at the Colliding vs. Non-
Colliding events in both Session 1 (AC vs. R) and 2 (AC vs. 
ANC). 

Results
Data from the two sessions were independently analysed 

with two paired planned comparisons based on proportions 
of looking time directed towards each movement on the total 
time the newborn could see that movement. 

Results of both sessions showed a significant difference 
between the looking times for Colliding and Non-Colliding 
(either R or ANC) events. In both sessions newborns looked 
longer to the approaching and colliding movement (AC). No 
effect of order of presentation neither of the two sessions, 
nor of the trials within each session was found. 

We also compared the whole time newborns spent looking 
at the whole screen. This analysis highlights that the whole 
looking time in the AC-AC condition of Session 2, when two 
simultaneous approaching and colliding events were shown, 
was longer than the average looking time in Session 1, when 
the approaching and colliding event was paired with a 
simultaneous receding event. Moreover, taking the no-
collision condition (ANC-ANC) as a baseline, the increment 
of the whole time spent looking at the screen displaying two 
colliding events (AC-AC condition) was considerably higher 
than the increment of the whole time spent looking at the 
screen displaying only one colliding event (AC-R or R-AC 
condition). 

Furthermore, we compared the proportion of looking time 
directed at movements towards the PPS (AC event in the two 
trials of Session 1 plus both AC and ANC events of Session 
2) and the proportion of looking time at movements directed 
away from the PPS (R event in the two trials of Session 1). 
The average total looking time was larger for movements 
towards the PPS than for movements directed away from the 
PPS. We compared the distributions of individual 
proportions running another paired planned comparison, 
under the hypothesis that newborns would have looked 
longer at those movements that approached them (i.e., were 
directed towards their PPS), independently from the 
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trajectory (colliding or not). As expected, newborns looked 
significantly longer at movements towards the PPS. 

Discussion 
Our results show that newborns seem to be able to 

discriminate between different movements that take place in 
the space surrounding their body. In particular, they show a 
visual preference to the approaching and colliding movement 
when compared to both the receding and the approaching but 
non-colliding movements. Hence, even though newborns do 
not show a defensive reaction towards a potentially 
dangerous movement directed towards their face (Yonas, 
1981; Nañez, 1988), they discriminate it from a movement 
directed somewhere else. We speculate that the preference 
for the approaching and colliding movement could be 
attributed to the major adaptive salience of a stimulus that, 
approaching the newborn on a collision course, could come 
into direct contact with him/her. The stimulus could either 
have a positive value, or be negative and dangerous, but in 
both instances it appears to be worth to be looked at. 

Moreover, newborns looked at the approaching and 
colliding movement for a longer proportion of time in 
Session 2, when it was shown as a component of a pair of 
movements converging towards the viewpoint, than in 
Session 1, where it was paired together with a receding 
movement. In addition, relative to the “no-collision 
condition” (ANC-ANC), the increment of total looking time 
to the screen was much higher for the “two collisions 
condition (AC-AC)” than for the “one collision condition” 
(AC-R; R-AC). Taken together, these additional findings 
could be attributed to the existence of a configural effect: we 
speculate that two paired, simultaneous colliding events 
(showing two converging trajectories both signalling an 
impending collision) are more relevant and salient than 
predicted by the additive combination of two single collision 
movements. 

Despite our study did not directly investigate newborns’ 
PPS, we provide here the first pioneering evidence of 
newborns’ preference for movements directed towards their 
PPS (either on a colliding course or not) if compared with 
movements directed away from their PPS. This finding could 
be linked to the enhanced attention that adults direct to 
objects that enter their PPS over objects that exit from it, as 
showed by Canzoneri et al. (2012). 

Despite the exploratory character of our study, we claim 
the possibility that at birth human infants could be equipped 
with an initial ability to differentiate the space surrounding 
them. More specifically, newborns seem to be able to 
recognize movements directed towards their PPS and, in 
particular, towards their physical self. 

Further research is needed in order to assess how this basic 
perception develops during infancy and whether 
multisensory stimulation could either facilitate or impair the 
processing of infants’ PPS. 
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Abstract 

Infants’ sensitivity to selectively attend human speech and to 
process it in a unique way has been widely reported in the 
past. However, in order to successfully acquire language, one 
should also understand that speech is a referential symbol 
system, and that words can stand for other entities in the 
world. While there has been some evidence showing that 
young infants can make inferences about the communicative 
intentions of a speaker, whether they would also appreciate 
the direct relation between a specific word and its referent, is 
still unknown. In the present study we tested four-month-old 
infants to see whether they would expect to find a referent 
when they hear human speech. Our results showed that 
compared to other auditory stimulus or to silence, when 
infants were listening to speech they were more prepared to 
find some visual referents of the words, but only if the 
speaker also provided additional referential cues. Thus, our 
study is the first to report evidence that infants at a very 
young age already appreciate the symbolic nature of language 
and that they understand the referential relation between 
auditory words and physical objects, even if they do not have 
yet any knowledge about the meanings of words. 

Keywords: language; referential expectation; symbol 
understanding; development. 

Introduction 
Human language is a special auditory stimulus for which 

infants show a unique sensitivity, compared to any other 
types of auditory stimuli. Various studies found that 
newborns are not only able to distinguish languages they 
never heard before based on their rhythmical characteristics 
(Mehler, Jusczyk, Lambertz, Halsted, Bertoncini, et al., 
1988; Nazzi, Bertoncini, & Mehler, 1998; Ramus, Hauser, 
Miller, Morris, & Mehler, 2000), but they can also detect 
acoustic cues that signal word boundaries (Christophe, 
Dupoux, Bertoncini, & Mehler, 1994), discriminate words 
based on their patterns of lexical stress (Sansavini, 
Bertoncini, & Giovanelli, 1997) and distinguish content 
words from function words by detecting their different 
acoustic characteristics (Shi, Werker, & Morgan, 1999). 
Moreover, they can also recognize words with the same 
vowels after a 2 min delay (Benavides-Varela, Hochmann, 
Macagno, Nespor, & Mehler, 2012). In fact, infants are 
more sensitive to the statistical and prosodic pattern of 
language than adults, which provides an explanation why 
acquiring a second language is more difficult in adulthood 
than during infancy (Kuhl, 2004). In addition to this unique 
sensitivity to the characteristics of language, infants also 
show a particular preference for language, compared to 
other auditory stimuli. For example, infants at the age of 2-
months, and even newborns prefer to listen to speech 

compared to non-speech stimuli, even if the non-speech 
stimuli retain many of the spectral and the temporal 
properties of the speech signal (Vouloumanos & Werker, 
2004, 2007) 

However, in order to successfully acquire a language, one 
should also understand the direct referential relation 
between words and the entities they stand for. Thus, in the 
present study we address this question: do infants from a 
very young age perceive speech as a referential symbol 
system and do they expect to find the referents of the words 
they hear? 

Experiment 1. 
Thirty, 4-month-old infants were tested using a looking 

time latency paradigm, and were shown videos of a female 
face, who was either talking in a normal way (Normal 
Speech Condition), or in a backward way (Backward 
Speech Condition), or she was silently moving her lips (No 
Speech Condition), while she was looking at the infant. We 
selected the backward speech as a control condition for the 
Normal Speech because even though its auditory 
characteristics are very similar to those of normal speech, 
there is evidence that neither infants, nor adults process 
backward speech similarly to natural languages (Dehaene-
Lambertz, Dehaene, & Hertz-Pannier, 2002; Peña, Maki, 
Kovacic, Dehaene-Lambertz, Koizumi, et. al, 2000) The 
latency of infants’ orienting to the objects was measured as 
the dependent variable. 

Results
We predicted that in the case infants have a referential 

expectation about language, they would expect to find the 
referent and therefore orient faster to the object in the 
Normal Speech than in the Backward Speech or the No 
Speech condition. This prediction was confirmed by our 
data. Our results confirm that when infants are presented 
with a combination of language and eye-gaze, they are 
faster in finding the referent of speech compared to when 
they hear non-linguistic stimuli or when they only see the 
eye-gaze along with the silent movements of the lips. Thus, 
the combination of speech and eye-gaze already facilitates 
infants’ search for the referent of speech at the age of 4 
months. However, since in the stimuli we used an object-
directed gaze of the speaker always preceded the appearance 
of the object, it remains unclear whether without the object-
directed eye-gaze we would get the same effect, or the 
combination of speech and an object-directed gaze is 
needed. To answer this question, we designed a second 
experiment, where in addition to the object-directed gaze 
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trials, we also included trials where the speaker was gazing 
at the infant during the entire movies. We predicted that in 
case an object-directed gaze is needed to elicit referential 
expectation, we would find a significant difference in 
infants’ looking time latency between the object-directed 
gaze conditions, and the new infant-directed gaze 
conditions. Additionally, in case we find that a consecutive 
eye-gaze is necessary to evoke the searching behaviour for 
the referent, it would be interesting to estimate the power of 
this factor.  To this end, we decided to use incongruent
object-directed gaze trials as well, i.e. conditions where the 
direction of the eye-gaze was incongruent with the 
appearance of the object. The extent to which these trials 
slow down the searching behaviour of infants indicates the 
strength of the effect of eye-gaze in eliciting referential 
expectation.  

Experiment 2 
In order to clarify these questions, we collected N= 30 

participants’ data in a second experiment with 3x3 factors, 
referring to Language (Normal Speech, Backward Speech 
and No Speech), and Gazing (Congruent Object-Directed, 
Incongruent Object-Directed and Infant-Directed). The task 
was the same as in Experiment 1. While infants watched the 
stimuli, their looking time latency was measured in each 
trial towards the objects. 

Results 
The analysis of the different Gaze conditions revealed a 

strong significant difference between the three levels of 
Language conditions in the Congruent Object-Directed 
Gaze condition. In the Incongruent Object-Directed and in 
the Infant Directed Gaze conditions, however, we found no 
significant differences. 

Post-hoc pairwise tests revealed that infants looked 
significantly faster at the object in the Congruent Object-
Directed Gaze / Normal Speech condition than in the 
Congruent Object-Directed Gaze /Backward Speech 
condition.  

Our results replicated the results of the first experiment, 
by showing that infants’ orientation towards the visual 
object is the fastest when they hear normal speech and 
follow the object-directed gaze of the speaker. Furthermore, 
the results of the second experiment also gave evidence that 
the object-directed gaze of the speaker is helpful to find the 
referent of the speech only if it is preceded by speech.  

Conclusion 
Confirming our hypothesis, the results of Experiment 1 

and 2 showed that infants at the age of 4-months are ready 
to look for potential referents when they are presented with 
a combination of speech and a referential gaze of the 
speaker. In both experiments, looking time latency was the 
shortest when infants heard normal speech, along with an 
object-directed gaze of the speaker, which was congruent 
with the direction of the object. We propose that the shorter 

time taken to orient toward the object reflects infants’ 
readiness to find a potential referent of speech, which 
supports the idea that they already possess an understanding 
of the referentiality of language. 

Our results highlight the fact that speech can be 
interpreted in different ways, and additional cues are 
required to choose between these possible interpretations. 
When a speaker only provides ostensive cues along with the 
speech (i.e. a direct-eye gaze), the interpretation is restricted 
to the fact that s/he wants to elicit the attention of the infant. 
However, when additional referential cues are also provided 
(i.e. an averted gaze of the speaker), this will establish a 
referential interpretation of the speech, and infants will be 
ready to seek for potential referents. We found that infants 
at a very early age are already able to express signs of these 
different interpretations when they are exposed to speech 
and a consecutive eye-gaze of the speaker. 

Our findings shed a new light on the early learning 
mechanisms of infants. The fact that already at this early age 
infants understand that language is a possible tool to convey 
messages and transfer knowledge means that they are also 
ready to learn about the world via their conspecifics. By 
being predisposed to get information from their social 
partners, infants can selectively attend to certain stimuli in 
their environment. Thus, by talking to infants, even if they 
don’t understand the meanings of the words yet, one can 
effectively draw their attention towards distinct elements of 
their surroundings and, as a consequence, shape their 
learning processes, from a very early age on. 
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Abstract 

How visual experience modulates the ability to discriminate 
faces from one another is still poorly understood. The aim of 
this study is to investigate whether emotions may favor  face 
discrimination learning. To this purpose, we measured face 
discrimination thresholds before and after a training phase, 
where participants are exposed to (task-irrelevant) subtle 
variations in face images from trial to trial. A task-irrelevant 
perceptual learning paradigm was used because it closely 
mimics the learning processes that daily occur, without a 
conscious intention to learn and without a focused attention 
on specific facial features. During the four sessions of 
training, participants performed a contrast-discrimination task 
on face images. The task-irrelevant features were face images 
variations along the morphing continuum of facial identity 
(Identity group) or face images variations along the morphing 
continuum of emotional expressions (Emotion group). A 
group of participants (Control group) did not perform the 
contrast training, but their face discrimination thresholds were 
measured with the same temporal gap between them as the 
other two groups. Results indicate a face discrimination 
improvement only for the Emotion group. Participants in the 
Emotion Group showed a discrimination improvement when 
tested with variations along the dimension of identity and 
with variations along the dimension of expression, even if 
identity variations were not used during training. The present 
results suggest a role of emotions in face discrimination 
learning and show that faces, differently from the other 
classes of stimuli, may manifest a higher degree of learning 
transfer. 

Keywords: Face discrimination; Task-irrelevant perceptual 
learning; Emotions; Contrast discrimination. 

Introduction 
Several lines of evidence indicate that emotions influence 

face processing (Jackson, Linden, & Raymond, 2014), but 
little is known about the emotions effects on learning 
processes. It was found, for example, that perceptual 
learning can shape the timing of emotion perception (Pollak, 
Messner, Kistler, & Cohn,  2009) or that probabilistic 
reward learning is modulated by the presence of a task-
independent emotional face (Watanabe, Sakagami, & 
Haruno, 2013). However, no studies have specifically 
investigated the effect of emotions on face discrimination 
learning. 

In literature, the effect of visual experience on face 
recognition has been extensively investigated. Two of the 
classic effects in face processing (the “face-inversion 
effect”, Yin, 1969; the “other-race effect”, Malpass, & 
Kravitz, 1969) are due to differences in perceptual expertise 
with the stimuli: A better recognition for upright-faces is 

due to the greater experience with upright-faces compared 
to upside-down faces. The worse recognition performance 
for other-race compared to same-race faces depends on our 
limited experience with the other-race face morphology.  

In this study, we ask whether implicit learning can 
improve face discrimination and whether emotions, because 
of their arousal potential, may facilitate face discrimination 
learning. 

We tested these hypotheses by means of a task-irrelevant 
perceptual learning (TIPL, Watanabe, Náñez, & Sasaki, 
2001) paradigm. The design of the study comprised three 
phases: (1) Pre-training face discrimination thresholds were 
measured for face images variations produced by morphing 
between two faces with different identities and between two 
faces having the same identity, but different emotional 
expressions. (2) During four consecutive days, participants 
performed an image contrast discrimination task for 
successively-presented faces (task-irrelevant training). They 
were not informed that the faces also differed in terms of 
subtle variations along the dimension of identity or 
expression (task-irrelevant stimulus features). The task-
irrelevant stimulus features, used in the training phase, 
differed across participants: the Identity Group was exposed 
to variations along the dimension of facial identity, the 
Emotion Group was exposed to variations along the 
dimension of facial expression. A third group (Control) did 
not undergo contrast training. (3) After a week from the pre-
test, post-training face discrimination thresholds were 
measured again for stimulus variations along dimensions of 
identity and expression, for all three groups. 

Methods 

Participants 
Twenty-six subjects (15 females; age range 25-45 years) 

participated voluntarily in the experiment.  

Procedure 
Pre-training and post-training tests. In both pre-training 
and post-training tests, perceptual discrimination thresholds 
were measured with a 2AFC delayed-matching task. Face 
discrimination thresholds were measured along two facial 
identity continua and along two emotional expression 
continua. In the case of the facial identity continua, 
participants  were asked to indicate which of the two 
sequentially-presented faces was more similar to a 
comparison face (i.e. the image 100 of each facial identity 
continuum) which remained visible (on a separate computer 
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screen) throughout the experiment. In the case of the 
emotional expression continua, participants were asked to 
indicate which interval contained the happier face or the 
more angry face. 

Face discrimination thresholds at 82% and 55% correct 
were measured for each participant and morphing 
continuum using the QUEST estimation procedure over 80 
trials (Watson, & Pelli, 1983). Face discrimination 
thresholds were defined as the magnitude of the 
modification to a reference face (i.e. the frame 10 within the 
morphing continuum), expressed in terms of the morph-
distance, necessary to reach the criterion success rates (e.g. 
Oruç, & Barton, 2011). Two interleaved QUESTs were run 
separately for each morphing continuum: One measured the 
success rate of 55%, the other measured the success rate of 
82%.  
Task-irrelevant training. Task-irrelevant training 
consisted of four successive training sessions spread out 
during four days within a week. During the training 
sessions, participants were asked to decide which of two 
sequentially presented faces had a higher contrast. No 
feedback was given on incorrect responses. 

Contrast discrimination thresholds (ΔC), defined as the 
difference between the pedestal contrast and the modified 
contrast necessary to reach the criterion success rate, were 
estimated using a QUEST procedure.  The contrast of a face 
presented in one of the two intervals was kept fixed 
(reference contrast), whereas the contrast of the other face 
was varied across trials. Each training block comprised four 
interleaved QUEST staircases. For two of these staircases, 
the root mean-squared (r.m.s.) reference contrast (i.e., the 
standard deviation of the pixel intensities divided by mean 
pixel intensity) was set to 0.89; for the other two, the r.m.s. 
reference contrast was 1.32. Each QUEST procedure 
determined the contrast discrimination threshold providing 
82% of correct discrimination after 80 trials. In every day of 
training, participants completed two training blocks, for a 
total of 640 trials. 

Unknown to participants, each trial of the QUEST 
staircases also provided task-irrelevant image variations (at 
82% discrimination threshold, or at 55% discrimination 
threshold) along the facial identity continuum (Identity 
group) or along the emotional expression continuum 
(Emotion group). Participants were provided face image 
variations at threshold or sub-threshold level because 
perceptual learning has been shown to be more effective 
when the task-irrelevant feature is below or near to the 
discrimination threshold (Sasaki, Náñez, & Watanabe, 
2010).  

For the Identity group, of the four staircases within each 
training block used to measure contrast discrimination, one  
provided task-irrelevant variations along the two facial 
identity continua (the magnitude of the task-irrelevant 
stimulus variations was equal, for each participant, to the 
morph-distance identified by her/his 55% discrimination 
threshold); r.m.s. reference contrast was equal to 0.89. A 
second staircase provided task-irrelevant variations along 

the two facial identity continua identified by the 82% 
discrimination thresholds of the participants; r.m.s. 
reference contrast was 0.89. A third staircase provided task-
irrelevant variations along the facial identity continua 
corresponding to the 55% discrimination thresholds of the 
participants; r.m.s. reference contrast was 1.32. A fourth 
staircase provided task-irrelevant variations along the facial 
identity continua corresponding to the 82% discrimination 
thresholds of the participants; r.m.s. reference contrast was 
1.32.  

For the Emotion group, one staircase provided task-
irrelevant variations along both the happy and angry 
emotional expression continua corresponding to the 55% 
discrimination thresholds of the participants; r.m.s. 
reference contrast was 0.89. A second staircase provided 
task-irrelevant variations along the two emotional 
expression continua corresponding to the 82% 
discrimination thresholds of the participants; r.m.s. 
reference contrast was 0.89. A third staircase provided task-
irrelevant variations along the two emotional expression 
continua corresponding to the 55% discrimination 
thresholds of the participants; r.m.s. reference contrast was 
1.32. A fourth staircase provided task-irrelevant variations 
along the two emotional expression continua corresponding 
to the 82% discrimination thresholds of the participants; 
r.m.s. reference contrast was 1.32. In the Emotion training 
group, therefore, each participant was shown task-irrelevant 
variations along both the neutral-happy and the neutral-
angry morphing continua. 

Results  
Face-discrimination threshold ratios (post-training 

thresholds divided by pre-training thresholds) were 
computed for each participant in each condition. Lack of 
task-irrelevant learning gives a threshold ratio of 1; post-
training facilitation is indicated by threshold ratios between 
0 and 1; worse post-training than pre-training performance 
is indicated by threshold ratios larger than 1. The results are 
shown in Table 1. 

The effect of Group (Identity training, Emotion training, 
Control) was statistically significant, χ2

2 = 9.03, p = 0.0109. 
For task-irrelevant training along the emotional expression 
dimension, we found a facilitation, t35.69 = -2.73, p = 0.0097, 
lowering the threshold ratio by about 12.5% ± 4.6 (standard 
errors).  Conversely, we found no learning effects for task-
irrelevant training along the facial identity dimension (t35.69 
= 1.02, p = 0.3128) and for the Control group (t35.69 = 0.83, 
p = 0.4105). The variables Morphed face dimension (facial 
identity dimension or emotional expression dimension) and 
Performance level (i.e. thresholds measured with success 
rates of 55% or 82%), together with their interactions with 
each other and with Group, were not statistically significant, 
χ2

9 = 4.77, p = 0.8538.	 We also examined face 
discrimination performance when participants were tested 
along the neutral-angry continuum or along the neutral-
happy continuum, but we found no evidence of an effect of 
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the valence of the morphing continuum on the threshold 
ratio, χ2

2= 0.42, p = 0.8093. 
 

Morphing 
continuum 

Group Threshold 
Ratio 

S.E.

Identity Control 0.99 0.04 
Identity Emotion 0.87 0.06 
Identity Identity 1.13 0.07 

Expression Control 1.01 0.03 
Expression Emotion 0.90 0.03 
Expression Identity 1.04 0.07 

Table 1: Average threshold ratios as a function of Group 
and morphing continua. 

For what concerns the contrast discrimination, we 
found an effect of (log) Day on contrast thresholds, χ2

1 
= 7.10, p = 0.0077, indicating a performance 
improvement over the four days of practice. Neither the 
main effect of Reference contrast, χ2

1 = 0.18, p = 
0.6713, nor the Reference contrast × (log) Day 
interaction, χ2

1 = 1.22, p = 0.2689, were statistically 
significant. 

Discussion 
We asked whether passive stimulus exposure to task-

irrelevant features (i.e., small face image variations along 
the dimension of expression or identity) can produce a post-
training improvement in face discrimination. We found that 
face discrimination sensitivity improved for the group of 
contrast training plus passive exposure to face images 
variations along the expression dimension, but not in the 
group with incidental exposure to variations along the 
identity dimension, nor for participants in the Control group 
(no task-irrelevant training). Importantly, we found a 
generalization of learning. The Emotion group showed a 
post-training discrimination enhancement when it was tested 
on face images variations along the expression dimension 
and when it was tested on novel facial image variations 
along the identity dimension (not shown during training). 

The discrimination improvement for the untrained 
stimulus feature may depend on the use of images of the 
same person’s face for both the face discrimination task (in 
the pre-training and post-training tests) and the task-
irrelevant training. We speculate that participants, during 
training, were able to learn representations of faces that 
were more general than the “accidental views” shown 
during training. We suggest that visual perceptual learning 
for faces might show a greater degree of generalisability 
than other classes of stimuli. 

A possible explanation for the effect of emotions on face 
learning is described by the “emotional tagging” mechanism 
proposed by Richter and Levin (2003). According to the 
authors, the arousal caused by an emotional experience tags 
a salient event and promotes facilitation of its consolidation 
in memory. “Emotional tagging” is a mechanism by which 
the amygdala marks an emotional experience as important 

and strengthens neuroplasticity in different brain regions. 
Faces with emotional expressions can elicit an emotional 
experience. For example, Jackson, Linden and Raymond 
(2014) have found that the presence of emotional faces at 
encoding, but not at the retrieval phase, determines better 
face recognition. We suggest that a similar mechanism may 
underlie face discrimination learning under the stimulus 
conditions examined in the present experiment. 

Some researchers have shown that threat-relevant facial 
expressions enhance sensory and memory processes more 
than non-threatening facial expressions (Jackson et al., 
2014; Phelps, Ling, & Carrasco, 2006). Instead, learning 
studies have found that the arousal caused by positive 
emotions accentuates prototype learning systems mediated 
by perceptual representations and attenuates declarative-
memory-mediated learning, while negative arousal reverses 
this pattern (e.g. Gorlick, & Maddox, 2013).  Therefore, it 
may be expected that the effects of task-irrelevant learning 
on face discrimination are modulated by the emotional 
valence of the task-irrelevant features. The design of the 
present experiment, however, does not permit to test this 
hypothesis. In fact, during training, the Emotion group was 
exposed to stimulus variations along both the neutral-angry 
and the neutral-happy continua. In these circumstances, 
participants' post-training performance did not  differ when 
they were tested with the neutral-angry continuum or with 
the neutral-happy continuum. 

It is possible that task-irrelevant learning was facilitated 
by our specific training conditions. For example, it may be 
that learning does not occur if the faces shown during 
training differ for a change in viewpoint with the respect of 
faces used in the pre-training and post-training phases. This 
hypothesis requires further investigation. 

Finally, we found that contrast discrimination sensitivity 
improved in the course of our experiment. This result can be 
interpreted as indicating that the amount of training used in 
our study was sufficient to produce sensory changes and 
supports the idea that our experimental conditions were 
adequate for studying face discrimination learning. 

In summary, we found that face discrimination learning 
can also occur without explicit attention to the faces, but 
only when the task-irrelevant features provide emotion-
related information. 
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Abstract 

In the current study we presented Asian and Caucasian 
participants with brief displays containing 16 faces and asked 
them to judge whether there were more Asians or Caucasians 
present. We varied the physical proportion of each race in the 
display using the method of constant stimuli and obtained 
estimates of the point of subjective equality (PSE) by fitting 
cumulative normal functions to individual data. Consistent 
with recent findings on “ensemble” face processing, 
participants were able to make group estimates quite 
accurately. However, the estimates from the two groups of 
participants did not overlap, with Asian participants 
appearing to weight other-race faces more heavily than 
Caucasian participants. To our knowledge, this is the first 
demonstration of an other-race effect in the context of groups 
of faces.  

Keywords: Face perception; other-race effect, ensemble 
representations. 

Introduction 
It is well-established that the processing of individual

faces can be affected by the race of the observer. The other-
race effect (ORE) refers to situations where perception and 
memory is better for faces of one’s own race compared to 
other-race faces (Malpass & Kravitz, 1969). Conversely, an 
other-race search advantage (ORSA) has been reported, 
where faces from another race can be found more efficiently 
than own-race faces (Levin, 2000; Sun, Song, Bentin, Yang, 
& Zhao, 2013). A number of explanations have be proposed 
for these race-dependent effects, chief among them being 
variations of the “contact hypothesis” (Allport, 1954), 
suggesting that the quantity and quality of interactions with 
a racial group is the most important factor (Tanaka, 2013). 
The current work is, to our knowledge, the first attempt to 
explore other-race effects when making decisions about 
groups of faces. 

This research direction was inspired by recent studies of 
“ensemble” face processing. When presented with a brief 
display containing multiple faces, observers can rapidly 
extract the average emotion, gender or identity present in 
the group (de Fockert & Wolfenstein, 2009; Haberman & 
Whitney, 2007, 2009). In general, it is thought that 
ensemble representations provide an efficient means to 
reduce perceptual bandwidth by providing precise estimates 
of the mean of a set of items without the need to visually 
inspect every member (Alvarez, 2011).  

In the study reported here, we asked observers to 
explicitly indicate whether an array of 16 faces contained 
more Asian or more Caucasian faces. The array size was 
modelled on previous, ensemble studies (e.g., Haberman & 
Whitney, 2009) and was designed to be large enough to 
minimize explicit enumeration without overwhelming the 
face processing system. We ran the study both in the United 
Kingdom (UK) and in Hong Kong (HK) and in each centre 
we had equal numbers of Asian and Caucasian observers. 
Thus, we could independently assess the effects of race and 
exposure/expertise. Note that we did not directly test for the 
creation of ensemble representations of race, but were 
simply interested in the nature of decisions made on groups 
of faces. There were three main questions. First, can 
observers rapidly estimate the racial composition of a 
crowd? Second, will those estimates be affected by the race 
of the observer? Third, will those estimates be affected by 
recent exposure to the other-race (an ex-pat effect)? 

Methods 

Participants 
A total of 40 (20 female) participants took part in the 

study. Ten Asian (Chinese) and 10 Caucasian (White 
European/North American) individuals were run in the UK 
and an identical group were run in HK. All observers had 
normal or corrected to normal vision, gave written informed 
consent and were naïve as to the purpose of the study. 

Stimuli 
Stimuli consisted of full-colour images of faces taken 

from two publically available databases. Caucasian faces 
were taken from the Center for Vital Longevity Face 
Database (Minear & Park, 2004) and Asian faces were 
chosen from the Taiwanese Facial Expression Image 
Database (Chen & Yen, 2007). In this initial study, images 
were not cropped or normalised in any way. Each image 
subtended approximately 1.2° visual angle. As shown in 
Figure 1,  the experimental display consisted of an array of 
16 images that varied in the proportion of Asian and 
Caucasian faces. Faces were randomly selected from the 
database but always contained the same number of males 
and females. To reduce the tendency for participants to 
subsample a small area of the display, faces were animated 
in two ways. First, the 16 identities were shuffled every 250 
ms within the array. Second, the whole display contracted, 
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with the gaps between images reducing until faces were 
adjacent, at which time the screen was blanked. At it’s 
widest separation, the whole array subtended 9.5° and 
contacted to 4.2° in approximately 4 seconds. 

Task
On each trial, the participants had to indicate, using an 

assigned key, whether there were more Asian or more 
Caucasian faces present in the display. The actual 
proportion of faces varied in steps of 2 (1 male and 1 
female) from 0 Asian/16 Caucasian to 16 Asian/0 
Caucasian. Each of the nine display proportions was 
presented 30 time for a total of 270 trials. Trial order was 
randomized separately for each participant. 

Analysis 
Cumulative normal distributions were fitted to the data of 

individual participants and two parameters were extracted: 
the point of subjective equality (PSE) and the just noticeable 
difference (JND). These parameters were analysed in 
separate 2 (Location: HK, UK)  2 (Participant Race: Asian, 
Caucasian) ANOVAs. 

Figure 1: Example stimulus array with equal Asian and 
Caucasian faces. On each trial, 16 individuals were selected 
from a database and the faces shuffled position every 250 

ms to reduce the tendency to subsample the display. 

Results 
Figure 2 presents a summary of the response data for all 

participants, collapsed across Location. Data have be 
plotted, arbitrarily, as a function of the number of Asian 
faces. The two curves represent Asian and Caucasian 
participants, respectively. It is clear from this averaged data, 
that the two curves do not overlap. That is, Asian and 
Caucasian participants are systematically responding 
differently when presented with the same displays. For PSE 
there was a main effect of Participant Race, with the JND 
analysis yielding only a marginally significant result. There 

was no effect of Location and no Participant Race x 
Location interaction for either of the parameters. 

0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

1 

0 2 4 6 8 10 12 14 16 

Pr
op

or
on

 A
si
an

 R
es
po

ns
e 

Number of Asian Faces 

Asian Pts Caucasian Pts 

Figure 2: Proportion Asian Responses collapsed across 
Location. Error bars are standard error of the mean. 

Discussion 
This study set out to answer three basic questions about 

the ability to estimate race from groups of faces. Our results 
seem to provide clear answers to all three. First, the general 
pattern of results shown in Figure 2 indicates that people 
were able to accurately estimate the majority race presented 
in these brief displays. Performance is close to ceiling at the 
extreme ends of the distributions (i.e. when arrays contained 
100% Asian or Caucasian faces) and shifts systematically as 
the racial proportion changes. 

Second, there was a consistent effect of Participant Race 
on performance. For Caucasian participants, the average 
PSE was very close to veridical (M = 7.9, SEM = 0.21). 
Note that the veridical point of equality was a display 
containing 8 Asian and 8 Caucasian faces. For the Asian 
participants, this estimate is shifted significantly to the right 
(M = 9.0, SEM = 0.21). This means that Asian participants 
appeared to give more weight to Caucasian faces, requiring 
more Asian faces to be present in the display to perceive 
equality. We note that Sun et al., (2013) recently found a 
similar effect in a visual search paradigm. They measured 
the efficiency of search for own and other-race faces and 
only found a search asymmetry for Chinese participants, an 
effect similarly driven by their sensitivity to other-race 
faces. It is unclear what drove this asymmetry and in the 
current context further studies are required before biases in 
race-estimation can be attributed to only one participant 
race.

Third, there was no indication that recent exposure 
modulated this pattern, with no main effect of Location nor 
any Location  Participant Race interactions. We ran our 
first twenty participants in the UK and had initially 
attributed the shift in responses for Asian participants to 
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some form of “ex-pat” effect. Our thought was that recent 
exposure to other-race faces when living in a new country 
may have increased their salience and giving them more 
weight when trying to estimate the composition of our 
displays. However, when we ran the identical design in HK, 
rather than finding a mirror reversal (as now Caucasian 
participants were the expats) the patterns across race were 
identical to those seen in the UK sample.  

Summary & Future Directions 
Here we have shown for the first time an other-race effect 

when making decision about groups of faces. This initial 
study clearly leaves many questions unanswered. Is the 
separation in the curves of Figure 2 a result of a perceptual 
or a response bias? Why do Asian participants appear to 
weight other-race faces more heavily, while Caucasian 
participants do not? Are the effects driven by low-level 
differences (e.g., skin tone) or more holistic racial features? 
We are currently conducting additional studies in our labs to 
try to answer these questions and to further understand the 
ability to rapidly estimate race. 
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Abstract 
Fantoni and Gerbino (2014) showed that subtle postural shifts 
associated with reaching can have a strong hedonic impact 
and affect the actor's global experience. Using a novel Motor 
Action Mood Induction Procedure (MAMIP), they adapted 
participants to comfortable/uncomfortable visually-guided 
reaches and obtained consistent mood-congruency effects in 
the identification of facial emotions: a face perceived as 
neutral in a baseline condition appeared slightly happy after 
comfortable actions and slightly angry after uncomfortable 
actions. Here, using a detection task, we showed that mood-
congruent effects following MAMIP included sensitivity 
changes, indicating that action affected perception, rather than 
simply biasing participant’s responses. Such results suggest 
that models of perceived facial emotions should include 
action-induced mood as a predictor and support strong links 
between body feelings and valence of the social environment. 

Keywords: Mood; face perception; facial expressions; action; 
affect; valence; induction; emotion; embodiment; motor 
adaptation. 

Introduction 
Despite the growing interest on the role of bodily action in 

the acquisition of object knowledge through the integration 
of information obtained during the perception-action cycle 
(Santos & Hood 2009), little is known about the link 
between action and perception of the affective valence of 
environmental objects. Besides being informative about 
object properties, actions themselves are affective, given 
that the experience of comfort/discomfort is a pervasive 
component of body feelings induced by purposive actions. 
As regards the environment, while affective micro-valences 
are found in various types of everyday objects (Lebrecht, 
Bar, Barrett, & Tarr, 2012), faces of conspecifics are among 
the stimuli with the most extreme affective valences. 

There are good reasons to expect an effect of motor 
actions (in particular, visually-guided reaches) on the 
perception of expressive faces. Expressive faces have been 
used to demonstrate the occurrence of mood dependent 
perception (Bouhuys, Bloem, & Groothuis, 1995). 
Furthermore, the subjective state of comfort/discomfort has 
been found to correlate with mood (Conway 1999) and to 
depend upon the individual reaching mode, with discomfort 
being a direct function of the amount of body movement 
supplementary to arm extension (Mark, Nemeth, Gardner, 
Dainoff, Paasche, et al., 1997). 

Motor Action Mood Induction Procedure 
Recently, Fantoni and Gerbino (2014; Gerbino, Fantoni, 

Nicolini, Volcic, & Domini, 2013) developed a novel 
approach to action-dependent affective valence, by 
implementing the Motor Action Mood Induction Procedure 
(MAMIP). The procedure requires participants to perform a 
series of either comfortable or uncomfortable visually-
guided reaches of targets randomly located at short vs. long 
distances, corresponding to [0.65-0.75] vs. [0.9-1.00] 
ranges, relative to arm length. 

The effectiveness of MAMIP has been tested under the 
assumption that the repeated execution of motor actions 
generates a temporary mood shift consistent with the 
phenomenon of affective adaptation (Wilson & Gilbert, 
2008); i.e., with the progressive reduction of action valence 
paralleling a prolonged induction. Affective adaptation is a 
convenient umbrella expression, including anecdotal 
evidence that the valence of objects and events tends to fade 
away (i.e., tends to become less extreme) during prolonged 
exposure, as a possible consequence of a shift of the internal 
reference level involved in the evaluation of perceived 
objects and events. 

In the domain of motor actions, the repetition of 
comfortable reaches should: (i) induce a better mood in the 
actor; and (ii) make comfortable reaches progressively more 
neutral (because of their reduced discrepancy from the 
internal reference level). Likewise, the repetition of 
uncomfortable reaches should: (i) induce a worse mood in 
the actor; and (ii) make uncomfortable reaches progressively 
more neutral (because of their reduced discrepancy from the 
internal reference level). Temporary mood shifts (i) should 
modify the valence not only of bodily actions (ii) but also of 
external objects; notably, expressive faces. However, the 
direction of the perceptual bias is controversial: depending 
on the theoretical framework, mood could bias the affective 
valence of test faces towards either congruency or 
incongruency. 

Mood-congruent perception has been frequently reported 
in the literature (Bouhuys et al., 1995). Such an effect is 
consistent with the notion of affective priming (Klauer & 
Musch, 2003), given that the observer’s state can be treated 
as an effective affective prime, capable of preactivating 
detectors selectively tuned to face features involved in the 
expression of congruent emotions. A morphed face 
interpolating two expressive faces contains features that 
support (in different proportions, by definition) both 
congruent and incongruent emotions. The selective 
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preactivation of feature detectors by the induced mood 
should lead to biased classification and improved detection 
of the congruent emotion (facilitation-by-congruency 
hypothesis). 

However, mood-incongruent perception has been also 
reported (Isaacowitz, Toner, Goren, & Wilson, 2008). A 
hypothetical mechanism might follow the logic of sensory 
adaptation in a multichannel system, if affective adaptation 
applies not only to endogenous actions but also to 
exogenous stimuli. Adaptation to comfort might reduce the 
actor/observer capability of responding to positive features, 
and make the detection of negative features temporarily 
dominant; and vice versa for adaptation to discomfort 
(affective adaptation hypothesis). 

MAMIP affects the identification of facial emotions  
To test the direction of MAMIP effects Fantoni and 

Gerbino (2014) used an objective task; i.e., facial emotion 
identification. After mood induction, actors/observers 
classified as "happy" vs. "angry" morphed faces displaying 
expressions along the happy-to-angry continuum. Results 
were fully consistent with the facilitation-by-congruency 
hypothesis, as indicated by the shifts of the point of 
subjective neutrality of facial expression: comfortable
actions increased the probability that a neutral face is 
classified as happy (positive emotion); whereas 
uncomfortable actions increased the probability that a 
neutral face is classified as angry (negative emotion).  

Furthermore, Fantoni and Gerbino (2014) found that 
JNDs were smaller when facial emotion identification was 
preceded by reaching, relative to a baseline inaction 
condition. They argued that hyper-arousal from action 
(relative to inaction) improved the sensitivity to subtle 
variations of facial emotions and reduced the degree of 
classification uncertainty (response times were shorter after 
reaching than in the baseline inaction condition). Finally, 
emotion classification was better (lower JNDs and shorter 
response times) after uncomfortable vs. comfortable (high  
vs. low level of motor activation/arousal) reaches. 

MAMIP affects detection of facial emotions  
There are at least two ways of looking at mood-

congruency effects reported by Fantoni and Gerbino (2014): 
(1) Action-induced mood congruency might affect only 
post-perceptual processing, by modifying the response 
criterion and decision thresholds; (2) mood might affect 
valence through a direct top-down modulation of perceptual 
processing. Furthermore, Fantoni and Gerbino (2014) 
provided evidence that only mood congruency had a 
significant effect on the identification of facial emotions, but 
their experimental design could not help evaluating the 
possible role of action valence and arousal (stronger for 
uncomfortable than comfortable actions). 

To decide between such alternatives, in a further series of 
experiments we tested facial emotion detection (not
identification), with stimuli belonging to continua between a 
neutral face and a fully emotional face displaying either 

happiness or anger. To disentangle the independent 
contribution of mood congruency, action valence, and 
arousal, we combined in a full between-subjects design the 
order of reaching sessions (comfortable uncomfortable 
vs. uncomfortable comfortable) and the valence of the 
emotion to be detected (positive vs. negative). After 
adaptation to comfortable/uncomfortable reaches, sensitivity 
(d') was measured at three increasing levels of per cent 
emotion in the morph. 

We had two expectations: 
1) according to the facilitation-by-congruency hypothesis, 
higher d' were expected in congruent than incongruent 
conditions, independent of action valence; i.e., happiness 
detection should be improved after comfortable actions, as 
well as anger detection after uncomfortable actions; 
2) according to the assumption that arousal is higher after 
uncomfortable than comfortable actions, emotion detection 
should be consistent with facilitation-by-congruency
predictions for angry, but not happy, faces. 

Furthermore, we considered two alternative possibilities 
about the MAMIP effect on the absolute threshold (AT= per 
cent emotion value above which d' gets positive), based on 
multiple d' measurements:  
 additive effect, producing different AT values, 

corresponding to constant d’ increments/decrements in 
congruent/incongruent conditions at increasing per cent 
emotion in the morphed target; 

multiplicative effect, producing the same AT value in 
congruent and incongruent conditions, since d’
increments/decrements proportionally increase as per cent 
emotion in the morphed target increases. 

Method, procedure, and apparatus 
MAMIP was implemented following the same procedure 

and using the same Augmented Reality apparatus described 
in Fantoni and Gerbino (2014; details in Gerbino et al., 
2013). Each experimental session included two successive 
blocks, distinguished by reaches of opposite valence, each 
followed by a facial emotion detection task: in every trial 
the actor/observer was shown a face stimulus and chose 
between Y (emotional face) and N (perfectly neutral face) 
responses. Each stimulus varied for the character and morph 
levels. Using the same characters and morphing algorithm in 
Fantoni and Gerbino (2014) we generated two continua for 
each character, interpolating the original neutral face (not
the middle morph between opposite emotional faces) and a 
fully angry (negative emotion) or fully happy (positive 
emotion) face.  

To control for possible effects of learning the temporal 
ordering of action type was manipulated across two 
balanced groups of participants, with one group performing 
50 comfortable reaches (followed by the block of emotion 
detection trials) and then 50 uncomfortable reaches 
(followed by another block of emotion detection trials), and 
vice versa for the other group. 

Participants were pseudorandomly assigned to one of the 
4 conditions resulting from the combination of Action 
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Ordering (comfortable first, uncomfortable first) and 
Emotion (positive, negative).  

An equal-variance signal detection model was used to 
obtain, for every participant, three individual d' values
associated to each level of per cent emotion (using the 
proportion of Y responses in 0 per cent emotion trials as the 
common false alarm rate) and to extrapolate the AT value at 
zero sensitivity. 

Results 
Results were fully consistent with an additive (not 

multiplicative) mood congruency effect and inconsistent 
with predictions based on action-induced arousal and/or 
action valence. Happiness detection increased linearly as a 
function of per cent increment in the morph, and with a 
constant d’ increment in congruent over incongruent 
conditions. Similar results were obtained on anger detection, 
in which per cent emotion and mood congruency were the 
only significant main effects; other effects were not 
statistically significant.  

As regards emotion thresholds, the analysis of individual 
AT values revealed a significant interaction between 
Congruency and Emotion, due to a larger mood congruency 
effect for the detection of anger than happiness.  

Conclusions 
The present study supports the hypothesis that the 

comfort/discomfort of visually guided reaching directly 
affects the perception of facial emotions in the direction of 
mood congruency. The mood induced by motor action 
accounts for threshold elevation in the incongruent condition 
of an emotion detection task. Neither arousal by motor 
activation nor action valence (comfort/discomfort per se)
can account for such effects. The present experiment 
complements the study by Fantoni and Gerbino (2014) and 
provides further evidence that mood congruency mediates 
the effects of motor action on perceived facial emotions, 
further showing the potential of MAMIP as an innovative 
and effective tool for the investigation of embodied 
cognition. 
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Abstract 
The influence of finger-strategies on number processing is 
documented by several findings which suggest that finger-
based embodied representations could constitute a potential 
bridge between the innate number sense and the development 
of symbolic numerical abilities. Recent studies show evidence 
of hand muscle activation during passive observation of 
Arabic digits, as well as priming on the processing of Arabic 
stimuli if preceded by pictures of culturally-appropriate 
canonical finger-numeral configurations. However, little is 
known about how the sensory-motor and visual systems 
interact in the adulthood cognition and about the particulars of 
numerical processing grounding in the brain hemispheres. To 
fill this gap, a cross-modal priming study was designed, in 
which participants had to identify lateralized Arabic digits (2-
3-4) while performing covert canonical or non-canonical 
finger-numeral configurations with their hemisphere-matching 
or hemisphere-mismatching hand. Results showed that 
responses to a visual target (e.g., 3) were faster when 
participants’ hand was fixed in canonical configuration 
compared to arbitrary finger position, particularly when 
bodily-hand information and visual stimuli were projected 
simultaneously into the left hemisphere. This cross-modal 
priming effect can be taken as evidence of the numerical 
cognitive-facilitation supported by integrative processing of 
multiple sensorial information, and as an indication of 
specialized hemispheric involvement in the semantic 
processing of number information. 

Keywords: Embodied cognition; canonical finger numeral; 
symbolic number; semantic priming.  

Introduction 
Cognitive theories of embodied cognition generally 

assume that sensory-motor systems are central for human 
cognition. This double use of the sensory-motor cortex, 
when we interact with the environment, may imply a greater 
functional economy for the brain, compared to the use of 
new cortical areas to process the meaning of visual, auditory 
and motor information. It seems reasonable that sensory-
motor areas are partially reused to process the meaning of 
visual, auditory or motor contents expressed through 
symbolic language (Anderson, 2010; De Vega, 2005; 
Gallese & Lakoff, 2005). This new approach has recently 
received strong evidence in the field of neuroscience and 
behavioural research (Barsalou, 2008; Barsalou, Simmons, 
Barbey, & Wilson, 2003; Glenberg, 2010). Supporters of 
this view claim that systematic sensory-motor activities 
present during the acquisition of numbers remain as part of 
our numerical knowledge also later in adulthood (Lakoff & 
Núñez, 2000) and that, consequently, finger related 
strategies could represent a bridge between the innate 
number sense and the development of a more mature 

abstract counting system (Andres, Di Luca, & Pesenti, 2008; 
Dehaene, 1997). In childhood, it is claimed, this “embodied” 
strategy develops spontaneously and supports the use of 
more abstract numerical codes, such as the oral and written 
codes (Butterworth, 2005).  

The idea that “number concepts” are embodied fits well 
with current integrative views in cognitive neuroscience, 
and has enriched the field with new specific neurobehavioral 
predictions and findings. Indeed, several studies have 
experimentally verified a significant association between 
finger habits and numerical skills in adults (Andres, Seron, 
& Olivier, 2007; Badets & Pesenti, 2010; Di Luca, Granà, 
Semenza, Seron, & Pesenti, 2006; Sato, Cattaneo, Rizzolatti, 
& Gallese, 2007). Focusing on behavioural measures, Di 
Luca and Pesenti (2008, 2010) and Di Luca, Lefèvre and 
Pesenti (2010) showed that adult subjects exhibited faster 
judgment and naming of Arabic digits preceded by masked 
hand pictures with canonical finger positions (that is, 
positions used in a culture to indicate a number using 
fingers), compared to arbitrary or non-canonical positions. 
Also, mental sums between numbers are faster when the 
results are represented by compatible canonical finger-
numeral representations, compared to functionally-
equivalent representations using no fingers but rods, which 
provides direct evidence of the close relationship between 
mental computation of arithmetic results and finger 
representations (Badets, Pesenti, & Olivier, 2010). 
Nevertheless, to date few studies have directly examined the 
potentially facilitatory (or priming) effect of the finger 
embodied-simulation on visual Arabic number processing 
during the adulthood, a strategy that could provide an 
additional direct test about the relation between fingers and 
semantic number processing. Precedent studies focus only 
on visual channel presenting pictures of hands (cf. Di Luca 
& Pesenti, 2008). In an attempt to fill this gap, an 
experiment was designed in which the participants’ hands 
were positioned in different finger configurations during the 
execution of an Arabic-identification task.  

Method 
Subjects  

The sample consisted of 30 neurologically healthy 
students at the University of Salamanca, Spain, (27 women 
and 3 men; M = 20.3 years, SD = 1.72 years). All 
participants received academic credit for their contribution 
and all signed an informed consent form. Before the 
beginning of the computerized experimental test, each 
subject filled the Edinburgh Handedness Inventory 
(Oldfield, 1971). Overall, a positive score (M = + 0.56; SD = 
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0.29) was obtained, reflecting a global sample preference for 
the right hand and thus a greater left-hemisphere dominance 
for language. 
Stimuli  

The Divided Visual Field (DVF) paradigm was used as 
the methodology for the lateralization of visual stimuli. 
When used with care, this paradigm is an effective 
neuropsychological experimental tool for analyzing each 
hemisphere independently (Marzi, 1999; Gazzaniga, 2000; 
Bourne, 2006). The subject's face was placed at a standard 
distance of 57 cm from the screen using an ergonomic fixed 
chinrest. The stimuli were a set of Arabic digits (2 - 3 - 4) 
typed in black Arial® font (36 pt), projected on a white 
background, and flashed randomly an equal number of times 
per condition (see Figure 1).  
 

 
Figure 1: Stimuli. A set of Arabic digit (2-3-4) was flashed 

randomly to left or to right of a central fixation point. 
 
Procedure

The experimental task was a simple Arabic-identification 
task. The subjects had to press with finger a key 
corresponding to the number displayed on the screen as 
quickly and accurately as possible. To also lateralize body 
information, the hand not used for responding was placed 
through a little door inside one of two boxes (50  80 × 80 
cm) placed on the desk at the left and right of the screen, 
and kept well out of the participant’s view to eliminate 
possible unintended interferences in the visual pathways. 
Inside each box there was a fixed square support (24 × 24 × 
4 cm), with a central cavity and with edges covered with 
Velcro®. The participant was required to wear a highly 
adherent glove, and without giving him further information, 
his non-responding hand was placed by the experimenter on 
the square support, with fingers naturally fixed in the 
corresponding experimental positions (see Figure 2, for “3 
canonical” or “3 non-canonical” finger positions). The true 
target was the Arabic numeral “3”, whereas the numerals 
“2” and “4” represented mere distractors inserted in the 
trials to keep the participant’s attention and to make the task 
more challenging.  

The measures of interest were the participant’s reaction 
time/accuracy when responding to the target (the Arabic 
numeral “3”) in the identification task. In addition, at the 
end of the task, participants were asked to see themselves in 

an imaginary situation and to show how they could use their 
fingers to order three beers from a waiter in a noisy pub 
(Pika, Nicoladis, & Marentette, 2009), with the 
experimenter recording which fingers were raised and which 
hand was used to show the numeral. As expected in Spanish 
culture, 80% of the sample used the canonical position 
reported in Figure 2, and 83.3% used the right hand for 
finger-montring. 

 
Figure 2: Finger-Numeral Configurations. Only canonical 

configuration matches with cultural habits of subjects.  

Results:  
For the RT’s analysis a mixed ANOVA 2 × (2 × 2) was 

run, with “Finger-Numeral lateralization” (in left vs. right 
hemisphere) as between-subjects factor, and with “Finger 
pattern” (canonical vs. non-canonical configuration) and 
hemispheric Arabic “Target-3 lateralization” (in left vs. 
right hemisphere) as within-subjects factors. The main effect 
of the between-subjects variable, showed no statistical 
significance (p > .05), whereas the main effect of the first 
within-subjects “Target-3 lateralization” was statistically 
significant (F1, 28 = 42.919, p < .001, partial-η2 = .605), 
confirming that symbolic “3” Arabic target was processed 
overall significantly faster when it was lateralized in the left 
hemisphere (M = 333.739 ms; SD = 54.64 ms) compared to 
when it was lateralized in the right hemisphere (M = 358.18 
ms; SD = 59.61 ms). No statistical significance was found 
for the second main effect, “Finger pattern”, and for none of 
the two-way interactions (all p > .05). More importantly, the 
3-way interaction was statistically significant (F1,28 = 5.538, 
p = .026, partial-η2 = .165), revealing a combined effect of 
the three independent variables on reaction times. As can be 
seen in the Figure 3, when both types of information (visual 
and finger-postural) are lateralized directly to the left 
hemisphere, the canonical position condition led to 
significant lower latencies compared to the non-canonical 
one (M = 332.60 ms; SD = 35.22 ms vs. M = 347.64 ms; SD 
= 34.34 ms), whereas in the mismatch condition, that is with 
the numerical target projected to the left hemisphere and 
with the finger information transmitted principally to the 
right hemisphere, a reverse pattern was observed with higher 
latencies in the canonical position compared to the other 
condition (M = 336.08 ms; SD = 83.27 ms vs. M = 318.61 
ms; SD = 64.30 ms). Moreover, when the numeric target 
was flashed to the right hemisphere, this pattern of 
interaction seems to disappear and the difference between 
the means of the other two variables are tiny, with higher 
overall latencies in all conditions compared to the left 
hemisphere. In the discussion below we explore a possible 
explanation for the 3-way interaction. 
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Figure 3: Results. A significant 3-way interaction was 

found, revealing a different effect of the type of finger-
configuration within and outside the left hemisphere.  

Discussion 
In line with our predictions, the effect of target 

lateralization was significant, confirming that participants 
that are left-lateralized for language exhibit a speed 
advantage in processing a small symbolic Arabic (such as 
the digit 3) if the digit was lateralized directly to the left 
hemisphere. However this result should be interpreted in 
light of the three-way interaction that provides more precise 
information about the theorized priming effect and the 
semantic linkage of the finger canonical position with visual 
information. As evidenced in the results (Figure 3, at the 
top), when the numerical target was lateralized in the left 
hemisphere and bodily information was lateralized in the 
same side, the reaction times are faster if the contralateral 
hand (right) simulates the canonical position compared to 
the non-canonical. The priming effect of the finger 
canonical configuration produced by the right hand would 

be positive because the specific semantic numerical 
representation activated by the finger configuration and the 
visual target stimulus representation are matched in the 
same left side. In this case a reasonable explanation is that 
the information conveyed from the canonical right hand 
would prime the processing of the visual target by pre-
activating the target’s semantic code in left parietal areas of 
the cortex which directly receive information from the 
fingers of the right hand (cf. Glenberg, 1997). These 
different types of information (visual and sensory-
motor/bodily information), as suggested in the literature, 
could be integrated in the left angular gyrus (cf. Roux, 
Boetto, Sacko, Chollet, & Trémoulet, 2003; Rusconi, Walsh, 
& Butterworth, 2005) and then sent to the left motor areas 
for planning the output response. 

In summary, the results indicate that when the bodily 
numeric information activated by a canonical finger position 
is moved from the right to the left hemisphere, this visuo-
body integration affects reaction times in a negative fashion 
for the cost of time spent during the intercallosal 
information transmission between hemispheres. Conversely, 
when bodily information of canonical hand is directly 
projected to left hemisphere with visual information, this 
may speed up the target digit processing by means of a 
theorized positive semantic priming effect, that is a genuine 
cross-modal priming and that could be conceptualized as a 
specific case of semantic interaction between iconic gestures 
and words (cf. Bernardis, Salillas, & Caramelli, 2008). 
Finally, canonical finger numeral representation is directly 
linked with the semantic representation of the target number 
whereas non-canonical configuration is not. 

Taken together, these results suggest that bodily 
information can be conceived as a kind of implicit sensorial 
memory representation that, through the interaction between 
cultural habits, language development and natural hand 
preference, eventually develops semantic characteristics, 
helping in the deployment of our symbolic numerical 
abilities and in the understanding and use of abstract 
numerical concepts. 
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Abstract 
The aim of this study was to examine the relation of the 
consensuality of answers in syllogistic reasoning problems to 
metacognitive judgments and response times. In two 
experiments, participants (N=126) solved syllogistic problems 
and made metacognitive judgments (judgment of confidence 
in the correctness of the answer and judgment of task 
difficulty), after or before solving each problem. 
Intraindividual correlation coefficients (Goodman-Kruskal 
gamma coefficient) between reasoning accuracy and 
metacognitive judgments and between answer consensuality 
and metacognitive judgments were computed from the joint 
data of both experiments. Mean gamma coefficients were 
higher for consensuality than for reasoning accuracy both for 
judgments of confidence and judgments of task difficulty. 
Also, consensual answers were given more quickly than non-
consensual answers. The results indicate that reasoners, 
instead of monitoring their actual performance, seem to rely 
on different type of cues while making metacognitive 
judgments in syllogistic reasoning. Both consensuality and its 
relation to metacognitive judgments could be the outcome of 
processes of the generation of possible answers while solving 
syllogistic reasoning problems.  

Keywords: metacognition; syllogistic reasoning; judgment 
accuracy  

Introduction 
Metacognitive processes of monitoring and control have 

been extensively studied in the domain of memory 
(Dunlosky & Bjork, 2008). It has been recognized that it is 
important to expand the study of metacognition to other 
domains of cognition, in particular to the psychology of 
reasoning (Thompson, 2009; Thompson, Prowse Turner, & 
Pennycook, 2011).  

According to a theoretical framework proposed by Nelson 
and Narens (1990), people make various metacognitive 
judgments when they attempt to monitor and control their 
own memory, such as judgments of learning and confidence 
judgments. The relationship between these judgments and 
performance can be determined in two ways (Koriat, 2007). 
Absolute accuracy (or calibration) is the degree to which the 
mean value of judgments corresponds to the mean actual 
performance, and relative accuracy is measured by the 
within-subject correlation between judgments and 
performance, typically measured by the Goodman-Kruskal 
gamma coefficient (Nelson, 1984). Accuracy of 
metacognitive judgments in the domain of reasoning can be 
determined in a similar way. Furthermore, research on 
metacognitive monitoring in reasoning should study  
problems such as whether confidence is correlated to 
performance, the accuracy of reasoners' metacognitive 

judgments, the ability of reasoners to discriminate tasks 
which they solved correctly from those which they solved 
incorrectly, and the relation of the accuracy of their 
metacognitive judgments to reasoning ability. 

Several studies have addressed the role of metacognition 
in syllogistic reasoning. In particular, these studies had 
examined the relationship between confidence judgments 
and reasoning accuracy (Prowse Turner & Thompson, 2009; 
Shynkaruk & Thompson, 2006). The results showed that 
reasoning accuracy and confidence were generally not 
correlated, and that confidence and accuracy were mediated 
by different variables. 

In this paper we will present additional analyses of our 
previously published results (Bajšanski, Močibob & 
Valerjev, 2014, Experiments 2 and 3). In this study we 
analyzed the accuracy of metacognitive judgments in 
syllogistic reasoning. The most important result of our 
investigation was the low absolute and relative accuracy of 
these judgments. Participants were overconfident and 
metacognitive judgments generally were not correlated to 
reasoning accuracy. Therefore, reasoning accuracy and 
metacognitive judgments are influenced by different factors. 
What is under question here are the sources on which 
reasoners base their judgments, if the accuracy of responses 
is not the source.  

According to cue utilization approach to metacognitive 
judgments in a domain of memory (Koriat, 1997), 
metacognitive judgments are based on various cues which 
differ in their validity, or relation to actual performance. 
Some of these cues are processing fluency, accessibility, 
familiarity of retrieval cues and ease of retrieval. To the 
extent to which the cues are related to actual memory 
performance, metacognitive judgments will also be 
accurate.  

Thompson et al. (2011) identified three types of cues 
which can determine metacognitive judgments in reasoning 
tasks (feeling of rightness): answer fluency (the ease with 
which the initial conclusion comes to mind), conclusion 
acceptance and conflicting answers. Fluent answers, 
accepted answers and non-conflicting answers should be 
assigned higher confidence ratings.  

Koriat (2008) reported correlation between consensuality 
and confidence in answering general-information questions. 
Consensuality is defined as the percentage of participants 
who endorse a particular answer. Consensual answers 
(answers endorsed by most participants) are assigned higher 
confidence ratings than non-consensual answers.  Koriat 
proposed that two potential cues – decision time and self-
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consistency – are related to both consensuality and 
confidence.  

Data on the consensuality of answers in syllogistic 
reasoning problems (conclusions accepted by most 
participants for each syllogism) are available in a meta-
analytic study on syllogistic reasoning by Khemlani & 
Johnson-Laird (2012). In line with this aforementioned 
analysis, we hypothesize that answer fluency should be 
related both to metacognitive judgments and the 
consensuality of answers in syllogistic reasoning. The first 
relationship is based on a large body of data indicating that 
fluency of processing is related to metacognitive judgments 
in various domains (Thompson, 2009). As for the second 
proposed relationship, it is based only on tentative evidence. 
First, Koriat (2008) found that in answering general-
information questions, consensual answers are reached 
faster than non-consensual answers. Second, we compared 
one-model and multiple-model syllogisms (Bara, 
Bucciarelli, & Johnson-Laird, 1995) for percentages of 
consensual conclusions reported by Khemlani and Johnson-
Laird, and it was revealed that these percentages were 
higher for one-model than for multiple-model syllogisms. 
One-model syllogisms are also processed more rapidly 
(more fluently) than multiple-model syllogisms (Bucciarelli 
& Johnson-Laird, 1999). However, the possible relationship 
between consensuality of conclusions and their response 
latencies should be studied more systematically. 

The aim of the analyses presented here was to further 
explore the basis of metacognitive judgments in syllogistic 
reasoning, following the hypothesis that metacognitive 
judgments should be related to the consensuality of answers. 
Consensual answers are expected to be associated with 
higher metacognitive judgments than non consensual 
answers. They are also expected to be processed faster than 
non consensual answers. 

Method 

Participants and design 
A total of 126 psychology students participated in two 

experiments. Participants solved syllogistic problems and 
made different metacognitive judgments. In Experiment 1 
(N=64), participants made judgments after solving each 
reasoning problem and in Experiment 2 (N=62) participants 
made judgments after a quick overview of each problem 
before solving it. Half of the participants in each experiment 
rated their performance (E1: how confident they are they 
solved the task correctly; E2: how confident they are they 
will provide the correct answer) and the other half of the 
participants rated the perceived difficulty of the task. The 
ratings were given on a 7-point scale (1- not confident at 
all/not difficult at all, 7-extremely confident/very difficult). 
 

Materials and procedure 
Twenty four syllogistic problems (sixteen valid and eight 

invalid) were used in this study. Problems included 

syllogisms of all four different figures and of different 
degrees of difficulty.  

In each trial, participants were shown two premises 
containing professions as A, B and C terms. The premises 
were followed by five possible answers (four conclusion 
statements and a “no valid conclusion” option) and 
participants had to choose the answer that logically followed 
the given premises or to select a “no valid conclusion” 
option if they thought it was impossible to deduce a 
logically valid conclusion from the given premises.  

The experiments were programmed and run using E-
prime. Participants were tested individually. The 
instructions were presented on a computer screen and were 
followed by two practice problems. Each participant was 
then presented with 24 randomly ordered tasks. Participants 
were asked to make a metacognitive rating after solving 
each reasoning problem (E1) or before solving each 
problem (E2), and also by pressing the corresponding key. 
There was no set time limit for giving the answers and 
ratings. 

Results and discussion 
The data from both experiments were combined and 

analyzed jointly. In order to examine the basis of 
metacognitive judgments in syllogistic reasoning for each 
participant, we computed two intraindividual correlation 
coefficients. First, the Goodman-Kruskal gamma coefficient 
was computed between reasoning accuracy and 
metacognitive judgments. Second, the gamma coefficient 
was computed between answer consensuality and 
metacognitive judgments. Consensual answers were 
assigned a value of 1, and non-consensual a value of 0. This 
method of coding was implemented because it allowed us to 
compare gamma coefficients calculated for accuracy and 
consensuality.  

Two two-way repeated measures ANOVAs were 
conducted, first for judgments of performance, and second, 
for judgments of difficulty. In both ANOVAs there were 
two independent variables: type of relation (gamma 
correlation between judgments and accuracy and gamma 
correlation between judgments and consensuality) and 
judgment phase (before or after answering).  

First, for judgments of performance, a significant main 
effect of relation type was obtained (F1,60 = 31.05, p < .001): 
mean gamma coefficients were higher for consensuality (M 
= .40, SEM = .05) than for reasoning accuracy (M = .10, 
SEM = .06). The effect of judgment phase and interaction 
effect were not significant (F1,60 = 0.08, F1,60 = 2.37, 
respectively).     

Second, for judgments of difficulty a significant main 
effect of relation type was obtained (F1,60 = 22.61, p < .001): 
mean gamma coefficients were higher for consensuality (M 
= .32, SEM = .05) than for reasoning accuracy (M = .07, 
SEM = .05). The effect of judgment phase was not 
significant (F1,60 = 0.14), and interaction effect was 
marginally significant (F1,60 = 3.71, p = .06). 
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Third, the response times differed for problems in which 
participants gave consensual answers and problems in 
which they gave non-consensual answers. Consensual 
answers were given more quickly than non-consensual, both 
in Experiment 1 (t63= 7.53, p < .001; Consensual: M = 
23.88s, SD = 8.30; Non-consensual: M = 31.27s, SD = 
13.06) and Experiment 2 (t60= 6.95, p < .001; Consensual M 
= 15.35s, SD = 9.35, Non-consensual M = 21.00s, SD = 
11.77).  

The results clearly point to the conclusion that while 
making metacognitive judgments reasoners do not monitor 
their actual reasoning performance, but they rely on 
different type of cues. However, they cannot base their 
judgments on consensuality itself, because they do not know 
what the typical answers given by other participants in the 
studies of syllogistic reasoning are. The consensuality of 
answers, as well as its relation to metacognitive judgments 
and to response times, is probably the outcome of the 
processes of the generation of possible answers during 
syllogistic reasoning. Problems that seem to the reasoner to 
have more than one possible solution will be perceived as 
more difficult and will be associated with lower confidence 
judgments. However, in such a situation it is probable that a 
greater number of different responses will be generated by 
different participants, therefore increasing the number of 
participants who choose a non-consensual answer. Problems 
that bring to mind a single solution will be perceived as 
easy, non-conflicting problems, and they will also lead a 
majority of participants to endorse a consensual answer.  It 
is important to notice that these solutions are often not the 
correct ones in syllogistic tasks. Furthermore, we propose 
that consensual answers are the ones which come to mind 
first, even for syllogistic problems which elicit many 
different responses, and are therefore likely to be assigned 
higher metacognitive judgments. This hypothesis should be 
tested in further studies. 
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Abstract 
Mind wandering (MW) refers to a shift of attention away 
from a primary task toward internal information, such as 
memories, future thoughts, or fantasies. Several lines of 
research showed that MW has a costly influence on many 
cognitive processes, such as reading comprehension, 
sustained attention and working memory. The aim of the 
present study was to assess whether MW impairs, like 
secondary-task distraction, driver’s performance. Results 
showed that MW is indeed pervasive during daily driving, as 
indicated by the participants’ answers to an ad-hoc 
questionnaire assessing the source of inattentiveness during 
daily driving; furthermore, MW states detected during 
simulated driving were found to affect driving performance.  

Keywords: Mind-wandering; driving; probe-caught; 
questionnaire.

Introduction  
When people drive, attentional resources can be directed 

to secondary tasks, irrelevant to the driving task at hand 
(e.g., use of cell-phone, interaction with assistance devices 
inside the car etc.). Distraction arising from these secondary 
tasks has been extensively investigated (e.g. Burns et al., 
2002; McKnight & McKnight, 1993; Strayer et al., 2003). It 
is well known that also spontaneous mental activity may 
cause distraction. Such mental activity consists of 
memories, future thoughts, concerns, and it is often referred 
to as mind-wandering (MW; Smallwood and Schooler, 
2006). There is evidence showing that MW may negatively 
affect performance in laboratory tasks assessing, for 
example, attention, reading comprehension and memory, 
which are boring or low in processing demand (e.g. 
Giambra, 1995; Teasdale et al., 1995; Smallwood et al., 
2004; Christoff et al., 2009). Little is yet known, however, 
about the effects of MW on driving performance. Recently, 
Galéra et al. (2012) found that drivers reporting intense MW 
just before a crash were significantly more likely to be 
responsible for the crash. This study highlights a link 
between MW and crash risk in the real world. However, 
only two studies experimentally assessed driving 
performance consequences of MW using a car-following 
procedure in a driving simulator (He et al., 2011; Yanko & 
Spalek, 2013). Results of these studies provided initial 
evidence that MW compromises indeed driving 
performance (for instance, by increasing response times to 
sudden events, by shortening headway distance and by 
narrowing visual attention on the road ahead). The purpose 
of the present study was to further investigate whether and 
how MW affects driving performance. More precisely, the 
present study intended to assess (a) the occurrence of MW 

in everyday driving, (b) the viability of real-time detection 
of MW states during simulated driving, (c) the effect of MW 
on vehicle control and (d) whether there is a relation 
between the frequency of occurrence of MW during driving 
and the efficiency of executive control processes. An ad-hoc 
questionnaire has been developed in order to assess the 
sources of inattentiveness during daily driving. MW states 
were recorded using the probe-caught sampling techniques 
during a lane-keeping task performed in a high-fidelity 
driving simulator. Results showed that MW is indeed 
pervasive during daily driving; furthermore, MW states 
were found to affect driving performance.  

Method 

Participants  
99 adults (58 male; 41 female) were presented with the 

questionnaire on driving inattentiveness. Their mean age 
and education were 36.4 years (SD = 12.7; range 20-64) and 
15.37 years (SD = 2.6; range 8-18), respectively. All 
participants had their driving license for at least one year, 
and reported that they, on average, drive for at least one 
hour each day. All participants had normal or corrected-to-
normal vision and they all had no history of neurological or 
psychiatric disorders. Seventeen young adults (mean age  = 
22.3 years, SD = 2.9; mean level of education  = 15.7 years, 
SD = 1.0) were randomly selected to perform the lane-
keeping task.  
 
Questionnaire 

It consisted of 19 questions assessing the following 
measures: driving frequency, length of driving path, 
presence of passengers, road accidents, frequency of mind-
wandering, contents of mind-wandering, causes of mind-
wandering, monitoring of attention, risk perception 
associated to mind-wandering. 

Simulated Driving  
Data were collected in a high-fidelity simulator that was 

composed by a 22 inch screen LCD TFT WIDESCREEN 
FULL HD in order to have a more realistic and extended 
vision, wheels and pedals Thrustmaster T500RS 1:1 for a 
more realistic driving, and gear Thrustmaster TH8RS. The 
software used to create driving environment was the Racer 
0.8.34. Before the experimental session, all participants had 
the possibility to familiarize with the simulated driving task 
for 6 minutes. The driving task consisted of a lane-keeping 
task (low cognitive-perceptual load) lasting 20 minutes. The 
aims of the task were to maintain the trajectory into the lane 
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and to observe the speed limit of 130 km/h. Furthermore, 
each participant was presented with the mental state 
definition that they might experience during the driving task 
(i.e., “on the task”, “aware wandering”, “wandering without 
awareness”, “blank mind”) at the moment of probe 
presentation. The probe consisted of blanking the simulator 
screen. During the experimental session, 4 probes were 
presented at irregular intervals. Nevertheless, the first and 
second probes were presented, respectively, between the 3rd 
and the 5th minute, and the 7th and the 9th minute; whereas 
the third and fourth probes were presented, respectively, 
between the 13th and the 15th minute, and the 17th and the 
19th minute. This decision was taken in order to make sure 
that the first and second probes would fall within the first 
half, whereas the third and fourth probes within the second 
half of the experimental session. 

In order to assess whether there is a relation between the 
frequency of occurrence of MW during driving and the 
efficiency of executive control processes, all participants 
were presented, in a counter-balanced order, with 3 
cognitive tests: Verbal span (in order to assess working 
memory), Stroop test (to assess executive control), and 
phonological fluency (to investigate cognitive flexibility). In 
addition, before starting with the experimental session, the 
Cognitive Failures Questionnaire (CFQ; Broadbent, Cooper, 
FitzGerald, & Parkes, 1982) was given to participants to 
measure the tendency to be distracted during everyday life. 

Dependent variables taken into account were as follow: 
(a) frequency of mind-wandering after the presentation of 
the probe, (b) speed, as measured by mean speed (M-
SPEED), and standard deviation of mean speed (SD-
SPEED), (c) vehicle stability, as measured by standard 
deviation of the lateral position (SD-LP) and by standard 
deviation of the steer (SD-STEER). Speed and vehicle 
stability indices were recorded during the 10 seconds 
preceding the probe, and from 10 seconds to 20 seconds 
after the probe presentation.  

Results 

Questionnaire 
Only the answers to specific questions, relevant to the 

purpose of this study, were initially analyzed; i.e., frequency 
of MW, contents of MW, and awareness of potential risks 
associated to MW. To date, 58% of the respondents reported 
that they often wander while driving (distribution of 
responses: 1% never, 16% rarely, 25% sometimes, 41% 
often, 17% very often); this result indicates that MW is, 
indeed, pervasive during driving. As concerns the contents 
of MW, the distribution of responses was the following: 
71% planning of something to do, 65% thinking about 
problems or personal concerns, 30% thinking back on 
something you did or said and you should not have or would 
not have wanted, 28% thinking about something positive 
that could happen, 24% thinking about something neutral 
that could happen and thinking about negative past events, 
21% blank mind, 20% thinking about positive past events, 

16% thinking about something negative that could happen, 
12% thinking back on neutral events. With respect to risk 
perception associated to MW, only 12% of respondents 
believe that MW is an important risk factor for crash 
involvement (distribution of responses: 2% not at all; 25% 
slightly; 32% medium, 28% quite a lot, 12% a lot).  

Simulated driving 
Overall, 94% of the participants reported, at least once, a 

MW state. It is interesting to note that the frequency of 
mind-wandering state increased during the driving task (% 
of participants that reported a mind-wandering state: 1° 
probe; 24%; 2° probe: 41%; 3° probe: 71%; 4° probe: 53%). 
Each dependent variable was analyzed by means of a 2 
(mental state before the probe: attention vs. mind-
wandering) x 2 (attention state after the probe differentiated 
depending on the mental state before the probe: attention vs. 
mind-wandering) ANOVA. Results showed that M-SPEED 
was significantly lower during mind-wandering episodes 
than during attentive driving, F1,14 = 6.38, ηp2 = .313, p < 
.02. Furthermore, the variability of driving speed, as 
measured by SD-SPEED, was significantly lower when 
participants were wandering as compared to when they were 
concentrated on the task, F1,14 = 24.68, ηp2 = .64, p < .0001. 
The stability of the vehicle (as measured by SD-LP and SD-
STEER) was not affected by the participants’ mental states.  

Correlations  
Correlations between simulated driving and cognitive 

tests were not significant, as was the correlation between the 
frequency of mind-wandering and the CFQ. 

Discussion 
Results of this study showed that MW significantly 

affects driving performance. Indeed, participants drove 
slower and maintained a more constant speed during 
episodes of MW as compared to when they were engaged in 
attentive driving. It is interesting to note that 84% of 
episodes of MW were categorized as states of aware 
wandering. This pattern of results seems to suggest that 
drivers, as long as they are aware that their mind is “flying”, 
can spontaneously engage in a compensatory behavior that 
leads them to maintain a lower speed. This hypothesis is, 
however, difficult to reconcile with the answers given to the 
questionnaire as most of the drivers indicated MW as not 
particularly dangerous for driving. Further investigations are 
indeed necessary to deepen our understanding of this 
mechanism, which appears to be most relevant for road 
safety.  
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Abstract 
Octave errors are common within musicians, even among 
absolute pitch possessors. Overall, evidence shows pitch class 
and octave to be perceived in a different way, even if they are 
highly connected. We investigated whether pitch class 
perception, in an absolute pitch identification task, can be 
influenced by the octave context, examined among two 
consecutive octaves. Participants, all musicians with formal 
musical education, showed different response patterns in the 
two octaves even if the octave context was explicitly told to 
be task irrelevant. The direction of errors revealed a 
consistent tendency to underestimate pitch height in the 
lowest octave and to overestimate pitch height in the highest 
octave. Thus, pitch class identification showed to be biased by 
the octave context. These results are discussed in terms of 
polarity and pitch enhancement.   

Keywords: absolute pitch identification; octave bias; 
underestimation; overestimation; music psychology. 

Introduction 
Absolute pitch (AP) abilities have mostly been 

investigated through identification tasks. Namely, 
participants had to identify the pitch class of a tone by its 
name or by other response typologies. For a review on AP 
abilities and tasks used to investigate it see Levitin & 
Rogers (2005) and Takeuchi & Hulse (1993). However, 
most of studies considered response accuracy simply as 
correct and incorrect, without deeply investigating the 
"direction" and the "amount" of the errors committed by AP 
and non AP possessors. As error amount we considered the 
interval distance between the response and the target tone 
(e.g., if the target tone is A and the response is B, it is 
considered a 1 tone error). As the error direction we 
considered the positive or negative value of the error 
interval (e.g., if the target tone is A and the response is B, it 
is considered a positive +1 tone error; while, whether the 
response is G it is considered a negative -1 tone error). A 
similar approach to pitch errors was previously used by 
Levitin (1994) for analyzing participants' errors during a 
singing production task. This study showed that non AP 
possessors are perfectly able to retain in long term memory 
and, consequently, to reproduce a specific pitch frequency, 
without using any type of external reference, when singing a 
well known popular song. These results strongly argue in 
favor of the so called "residual AP abilities" claiming that 
even non AP possessors are in some way able to process the 
absolute frequency of a pitch. 

An interesting point to this debate is the difference 
between "pitch class" and "pitch register". Indeed, both are 
due to the frequency of a sound but the "pitch class" is 
defined by precise categories with proper names (e.g., C, 

C#, D) while the "pitch register" refers to the extension of 
these categories through different octaves. Indeed, pitch 
classes are repeated among different octaves and the 
specific octave can be identified by a number following the 
pitch class name (e.g., E2, E3, E4). Piano has one of the 
largest octave range in western music, consisting in 7 
complete octaves. However, the most used are the middle 
octaves while extreme sounds are more rarely played 
(Miyazaki, 1989; Owen, 2000). Although identifying an 
octave should be theoretically easier than identifying a 
specific pitch class, octave errors are very common among 
musicians. Surprisingly, even AP possessors - who are 
highly accurate in identifying the class of a target pitch - 
often commit octave errors (Miyazaki, 1989; Takeuchi & 
Hulse, 1993). This evidence seems paradoxical but 
underlines the existence of separate processes in the 
identification of these two characteristics of tones. Indeed, 
pitch classes seem to be perceived as well defined 
categories, while octaves are more likely to be perceived as 
a continuum. Moreover, it is known that the pitch register 
strongly influences the identification of a specific pitch, 
making the identification more difficult and prone to errors 
in the extreme ranges (Takeuchi & Hulse, 1993).  

The aim of our work was to verify the existence of 
constant errors in the identification of pitch classes by 
musicians lacking a formally ascertained AP. Given that the 
octave context has a strong influence on the accuracy of 
pitch classes identifications, we aimed to investigate the 
direction and the amount of the interval errors among two 
consecutive octaves. Participants responded both verbally 
and by pressing the correct key on a electric piano keyboard. 
The use of two response conditions aimed to deeply 
investigate the role of response modality on identification 
errors. 

Method 

Participants 
Only experienced students or graduated students from the 

State Conservatory of Music "G. Tartini" took part in the 
experiment.  

Apparatus and stimuli 
The administration of the stimuli was programmed and 

controlled by the E-Prime 2.0 software, running on a Dell  
notebook. Stimuli were 14 piano tones with a duration of 
3000 ms each, previously recorded with a professional 
digital piano, and consisted in the C major scale repeated in 
two consecutive octaves. Participants listened to the stimuli 
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through a pair of professional headphones. The volume was 
set on a comfortable fixed level for all the participants. 
Responses were recorded with an electric piano keyboard in 
the "motor response condition" and with a voice 
microphone in the "verbal response condition". Both 
response devices were connected on a external audio device 
connected to a MacBook Pro. The experiment took place in 
a quiet room of the State Conservatory of Music "G. 
Tartini" without environmental distractions. 

Procedure
All the participants were required to identify the pitch 

class of the stimuli in two conditions. In the "motor 
response condition", they had to press the correct key of the 
electric piano corresponding to the listened pitch. The 
electric piano was muted, thus no external pitch reference 
was provided to participants during the identification task. 
In the "verbal response condition", they had to identify the 
target pitch by naming its pitch class. In both conditions 
they were told to ignore the pitch register of the tone and to 
respond exclusively by identifying its pitch class. The order 
of the conditions were counterbalanced among participants, 
thus half of them started with the verbal one while the other 
half started with the motor one. Each condition was set up 
by 5 repetitions of the entire stimulus set, resulting in a total 
of 140 experimental trials. Moreover, each session was 
preceded by 7 training trials. Stimuli were in random order 
in both training and experimental blocks. In addition to the 
3000 ms of the stimuli duration, participants had additional 
2000 ms of silence for performing a response. Thus, they 
had globally 5000 ms to respond after each stimulus started. 
Responses after 5000 ms were not accepted. After this time 
interval a drum sequence of 2000 ms started. The aim of this 
distracting sound sequence was to "clean" the participants' 
echoic memory and, therefore, to avoid that participants 
used previous stimuli as reference for next trials. Indeed, we 
meant to investigate participants' errors in AP judgments, 
thus we had to prevent the retention in memory of previous 
stimuli. For additional information about memory for 
pitches and other musical attributes see Levitin (2002). 

Participants had the possibility to take a short break after 
completing the first response condition. Both response times 
and accuracy were stressed in the instructions.  

Interval errors were calculated as follows. Correct 
responses were considered 0 and, therefore, not taken into 
account. Errors could be positive (+) or negative (-). We 
considered positive errors as an overestimation of pitch 
height (e.g., if the target tone is A and a participant responds 
B, C or D), while negative errors as an underestimation of 
pitch height (e.g., if the target tone is A and a participant 
responds G, F or E). As the error amount we considered the 
interval error, namely, the distance in tones (1 unit) and 
semitones (0.5 unit) between the response and the target 
note. Finally, for each target tone we calculated the sum of 
the interval errors for both the octaves. Therefore, positive 
(+) values indicated an overestimation, while negative (-) 
values indicated an underestimation.  

Data analysis and results 
A repeated-measures ANOVA was ran for the Interval 

Errors, with a 227 design (Response Condition  Octave 
 Pitch).  There was a significant main effect of the octave, 
indicating differences in the interval errors committed in the 
two octaves. Additionally, a t-test was run confirming the 
interval error differences in the relatively low and high 
octaves. Conversely, the main effect of response condition 
was not significant, as well as the main effect of the pitch 
classes. Moreover, the interaction between the response 
condition and the octave was not significant, while the 
interaction between the note and the octave was significant. 

Discussion 
Our findings confirmed the role of the octave in affecting 

the AP identification abilities of single tones. Moreover, we 
discovered an intriguing "bias" in the interval errors of a 
pitch class identification task. Indeed, when requested to 
identify the pitch class of target tones among two 
consecutive octaves, participants tended to overestimate the 
pitch of the upper octave and to underestimate the pitch of 
the lower octave. Therefore, musicians judged as higher 
than they actually are pitches in the highest octave, while 
they judged as lower than they actually are pitches in the 
lowest octave. Moreover, this phenomenon seems not to be 
linked to the response modality, as there were no differences 
between verbal and motor response conditions. Conversely, 
it can be due solely to different stimuli perception across the 
octaves. Indeed, the target tones in the highest octave have 
clearly highest frequencies than those in the lowest octave, 
and vice versa. Thus, this perceptual artifact, that we called 
"pitch enhancement", can be the cause of the octave bias in 
the present experiment.  

Future investigations have to ascertain the existence of 
this bias also in non consecutive octaves and, moreover, 
across multiple octaves. Indeed, such phenomenon could be 
simply an artifact due to the use of dichotomous octave 
categories. In fact, in our study, stimuli were repeated across 
two consecutive octaves producing a bipolar coding of tones 
as high and low. Thus, the same tone (e.g., G) could be 
coded as high (e.g., high/+ G) or low (low/- G). Therefore, 
for instance, G3 was judged to be lower than it actually is 
leading to underestimation errors while, in the case of G4, it 
was judged to be higher than it actually is leading to 
overestimation errors. We can dare in speculations and find 
some similarities with the Polarity Correspondence Theory 
(Proctor and Cho, 2006), which refers to binary choice 
tasks. Since in our case a binary coding was possible for the 
stimuli, this could be a plausible explanation of the obtained 
data, even if responses were not coded on a bipolar 
dimension. Otherwise, if data are attributable not to a 
polarity coding artifact but to a more extended octave bias, 
we should find this constant error among different octaves. 
Indeed, using an odd number of octaves (e.g., three 
octaves), we should expect a non biased identification in the 
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central octave, while an under- and overestimation in the 
lower and upper octaves respectively. Moreover, the size of 
the bias should be expected to grow as the distance between 
the octaves become larger. We called this account "pitch 
enhancement", as the octave context plays an important role 
in enhancing the perceptual height of a pitched tone. 
However, this phenomenon remains largely unexplained and 
no indications seem to come from previous literature. 
Therefore, this is probably the first report of this octave bias 
and, thus, more investigations are needed to deeply 
understand its nature. 
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Abstract 
The poster refers to important contributions of psychological 
research on colours. Special emphasis is given to the 
fundamental classification proposed by David Katz, who 
strongly influenced subsequent studies; e.g., those by Karl 
Bühler and Gaetano Kanizsa. In particular, the opposition 
between diaphanic and epiphanic colours is discussed and 
applied to two recent paintings of a contemporary 
experimental artist. 

Keywords: diaphanic colours; epiphanic colours; 
simultaneous chromatic contrast; chromatic constancy; 
Kanizsa Archives. 

The most important perceptual psychologists have entered 
the field of colour phenomena with experimental 
observations, classifications, and theories. A crucial step in 
the analysis of chromatic qualities has been The World of 
Colour (1911/1935) by David Katz, originally published at 
the beginning of the twentieth century, a few years before 
the start of the First World War. His contribution about ‘the 
modes of appearance of colours’ is fundamental. 

Being the pupil of Georg Elias Müller in Göttingen – yet 
repeatedly accused of being at the same time too susceptible 
to Husserl’s teaching, which he heard when still in 
Göttingen and which was hinged on the concept of Ding – 
Katz proposed an epoch-making phenomenological 
classification of colour that no one would be able to ignore. 

Certainly, as for instance Paolo Bozzi (1991) reminded us, 
some anticipatory traces are to be found in Goethe’s 
Farbenlehre (‘Theory of Colours’, 1810), in Renaissance 
treatises on painting – as the one written by Leonardo and 
particularly studied by the Gestaltists – or even in Pseudo-
Aristotle’s De coloribus.

But it is Katz’s research programme the one that sets a 
milestone for an accurate and innovative phenomenological 
analysis of colours. In fact, there are the epiphanic colours, 
distinguished from the diaphanic ones, but also the 
volumetric and finally the transparent colours, these being 
particularly difficult and enigmatic (Katz 1911). 

A very significant evidence of the influence exerted by 
Katz’s book on the relevant literature is represented by 
Bühler’s publication (1922), which should have been a first 
essay included in a wider encyclopaedic project eventually 
never realised; its title contained the first part of Katz’s title, 
Die Erscheinungsweisen der Farben (‘The modes of 
appearance of colours’), which in its entirety included the 
following: und ihre Beeinflussung durch die individuelle 
Erfahrung (‘and their modification by individual 
experience’). 

By distinguishing three generations of first-class 
experimenters and theorists – i.e., those of Helmholtz, 
Hering, and Katz – Bühler himself acknowledged them as 
the very peak in the history of research on chromatic 
perception, a peak which will have a lot of influence on the 
approach of future studies, including Bühler’s one. 

Being very rich in ideas and intuitions which in turn 
became classical, these latter studies, as Cesare Musatti 
(1953) among others reminded us, focused their attention on 
the phenomena concerning chromatic contrast and on those 
concerning chromatic constancy. These are two testing 
grounds: the first consists in the fact that a surface (whether 
chromatic or not) adjacent to an inducing one shows a 
component complementary to the colour of the latter; the 
second in the fact that surface colours do not change (or 
change very little) despite large variations of observable 
illumination conditions. There are numberless experiments 
and demonstrations ingeniously set up for a thorough 
examination of such problems. 

Still around the mid-Sixties of the last century Wolfgang 
Metzger – who was then the director of the Psychology 
Institute at the University of Münster and the coordinator of 
a Handbuch whose contributors included Gaetano Kanizsa – 
called on Kanizsa himself to deal, in his essay about colour, 
with a subject the manual was lacking and which the 
Triestine scholar completely mastered. It was a question of 
showing the mutual effects between figural organisation and 
colour, with particular attention to the contrast dependency 
on the most complex Gestalt conditions, by referring to 
Benary, Koffka, and many others. Otherwise Metzger 
himself should have swallowed the bitter pill («so müsste 
ich den sauren Apfel beissen»1) and insert a (not really 
relevant) part in his chapter on the Gestalt laws. 

Still from the over twenty-year-long correspondence 
between the Triestine scholar and Metzger, one can deduce 
how much the latter was interested in Kanizsa’s research 
and experimental production; works on colour always hold a 
distinguished place: from colour contrast and equalization to 
perceptual transparency, from the colour differentiation of 
homogenously stimulated fields to phenomenological 
studies of texture and figural structure (Kanizsa 1979). 

Either alone or with his assistants, Metzger analysed the 
new experiments and the original drawings of his Italian 
colleague, whom he frequently asked for clarification and 
comments. 

                                                          
1  Quotations from Metzger are taken from the correspondence 
preserved at the Kanizsa Archives (University of Trieste, 
Department of Life Sciences). 
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At the beginning of the Sixties of the last century Metzger 
sent a very significant letter to Kanizsa, in which he 
informed him that a contributor of the volume on perception 
– which was edited by Metzger himself and should have 
contained a chapter entitled Erscheinungsweisen der Farben 
in the sense of Katz – had left. Therefore Metzger had 
thought about Kanizsa as the only possible substitute, since 
no one else in the world had recently conducted so many 
researches in this field: «Ich weiss nun auf der ganzen Welt 
keinen Menschen der in letzter Zeit irgend etwas Neues auf 
diesem Gebiet gearbeitet hat, ausser Ihnen» (‘Al momento 
non conosco nessuno al mondo che in tempi recenti abbia 
presentato tante novità in questo campo quanto lei’). 

Moreover, it is interesting to note how the study of the 
modes of appearance of colour contributes to classifying not 
only the shapes and the structures of ordinary vision, but 
also the set-ups of two-dimensional representations, from 
painting to photography. The opposition indicated by Katz 
between diaphanic (film) and epiphanic (surface) colours is 
particularly perspicuous: the first are characterised by a 
reduced colour consistency and by the penetrability to the 
gaze up to a point, without any excessive compactness; the 
latter, on the contrary, are typical of spatially localised 
objects, whose material structure they express. 

By way of example, I discuss in the poster two acrylic 
paintings by a contemporary artist, the Triestine Elisabetta 
Bacci, who after various experiences in London and New 
York has specialised at the Accademia Ligustica di Belle 
Arti in Genoa. She regularly works with chromatic effects 
and plays of colour. 

One painting gives a rough indication of the possible 
structure of the space and the objects placed in it. In fact, the 
wider surfaces above and under the horizon are accessible 
and almost penetrable to the gaze, whereas the underlying 
structure appears to be more homogeneous and occluding. 
However, this latter structure lacks a specific material 
character, therefore it lends itself at least to a double 
reading: a cut-off pyramid or a jetty. Epiphanic colours, on 
the contrary, have a compact and impenetrable surface 
structure. In the middle of another painting we see – lied 
down, almost floating, under the horizon line – a precious, 
slightly scratched golden box: a Golden Tebah on diaphanic 
backgrounds. 
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Abstract 
Self-discrepancies represent a gap between people’s different 
selves and evoke negative emotions (Higgins, 1987). In this 
research project, in agreement with Higgins’ theory, we 
hypothesized that participants’ actual-self vs. ideal-self 
discrepancies are primarily related to dejection emotions. We 
conducted an experimental study where we used explicit 
measures. After identifying an ideal-self discrepant quality by 
administering  self-report questionnaires in which participants 
rated themselves on their actual personality attributes and on 
their ideal qualities, two weeks later we assigned each 
participant a schematic self-discrepant quality and ask to 
describe situations in which s/he wished s/he met his/her ideal 
standard but s/he didn’t (positive discrepancy condition or 
achieving direction), or to describe a situation in which s/he 
met right the contrary of his/her ideal standard (negative 
discrepancy condition or avoidance direction). Via a priming 
task, we aimed at activating such ideal self-schemata, before 
asking participants in experimental conditions to rate current 
emotional states along POMS items (Spielberger, 2012). We 
expected to observe higher mean scores on POMS Depression 
scale when participants were exposed to the actual/ideal 
priming conditions, in comparison to the control-group 
participants, who only rated their current emotional states on 
POMS. Preliminary findings cautiously suggest that 
discrepancies require to be assessed in a more clear and 
accurate way in order to relate to specific emotions, by taking 
into account the role of positive discrepancy condition 
(achieving direction) and negative discrepancy condition 
(avoidance direction) as well. 

Keywords: Self discrepancy; actual self; ideal self; dejection 
emotions; priming effect; discrepancy direction. 

Introduction 
Research has shown that different types of discrepancies 

between self-state representations are related to different 
kinds of emotional vulnerabilities. For example, 
discrepancies between the actual/own self-state and the 
individual’s representation of hopes, wishes and aspirations 
(ideal self) are associated with dejection-related emotions 
(sadness, disappointment, dissatisfaction, frustration and 
dejection), whereas discrepancies between the actual/own 
self state and the individual ought-self evoke agitation 
emotions. These discrepancies imply absence of positive 
outcomes or presence of negative results, respectively. 

The greater the magnitude and accessibility of a 
discrepancy, the more the individual will experience the 
kind of discomfort associated with it, and such an effect has 
been experimentally demonstrated: Priming manipulation 
temporarily increases the kind of discomfort associated with 
the discrepancy whose accessibility was activated (Higgins, 
Bond, Klein, & Strauman, 1986). 

Results from more recent studies, however, in which 
different discrepancy assessment methods were used, do not 
fully support the Higgin’s theory (McDaniel & Grice, 2008; 
Ozgul, Heubeck, Ward, & Wilkinson, 2003) rather 
suggesting that these discrepancies elicit a general negative 
emotional condition. None of the studies focused on the 
direction of ideal discrepancies by differentiating between 
those discrepancies expressing a status a person wishes to 
achieve (referred from here on as achieving discrepancies, 
i.e., a person wishes s/he were in a way s/he is not) and 
those discrepancies expressing a status a person wishes to 
escape (referred from here on as avoiding discrepancies, i.e., 
a person wishes s/he were not in a way s/he is).  

Method 

Participants 
Participants were students who received course credit in 

return for their participation: 13 students took part into the 
experimental condition and 31 students completed the 
control task. 

Experimental design and procedure 
In the experimental condition, we administered 

participants a list of adjectives twice, with different 
instructions: They were asked to rate how they actually are 
and how they wish they were (rating tasks were 
counterbalanced across participants). By subtracting actual 
from ideal self-rating scores on matching adjectives, we 
computed discrepancy scores for each participant. 
Discrepancy scores could be negative or positive: when the 
score was positive, the discrepancy direction was towards an 
ideal quality the participant wished not to possess 
(avoidance direction); when the score was negative, the 
discrepancy direction was towards an ideal quality the 
participant wished to possess (achieving direction). We 
assumed that the highest discrepancy scores revealed 
schematic discrepancies in self-perceptions. 

Ten to twenty days later, each participant was assigned 
his/her schematic ideal discrepancy, that is, the personality 
adjective with the highest discrepancy score, and asked to 
complete an ideal priming task:  When his/her schematic 
ideal discrepancy was positive, participants had the 
following instructions: “describe a situation in which you 
were (assigned adjective) but you wished you were not like 
that”; when the value was negative, participants were asked 
to: “describe a situation in which you were not (assigned 
adjective) but you wished you were”. 
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After this priming condition, participants rated their current 
emotional states on POMS. Control group participants 
completed POMS only. 

Preliminary results 
After discarding 3 univariate outliers, POMS raw scale 

scores were transformed into z-scores. Since POMS scales 
were highly inter-correlated, we then regressed each POMS 
scale onto the other POMS scales, in order to have a pure 
score for each scale.  

We used ANOVA analyses to compare residual POMS 
mean scores across the 3 experimental conditions, i.e., 
control group (N = 29), experimental group with schematic 
discrepancies towards an achievement direction (N = 3) and 
experimental group with schematic discrepancies towards 
an avoidance direction (N = 9).  
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F η2 

Depression
-Dejection      0,17 -0,18 0,04 0,23 0,01 

Tension-
Anxiety 0,44 -0,35 0,06 1,03 0,05 

Anger-
Hostility 0,07 0,16 -0,06 0,19 0,01 

Confusion-
Bewilderment 0,09 0,01 0,01 0,01 0 

Fatigue-
Inertia -0,44 0,22 -0,02 0,58 0,03 

Vigor-
Activity -0,29 -0,5 0,18 2,09 0,10 

Table 1: ANOVA analyses that compare residual P.O.M.S. 
mean z-scores across the 3 experimental conditions.  

 

No difference across the groups was statistically 
significant, because of the low statistical power of the 
analysis due to an inadequate number of participants in the 
two experimental conditions. Nevertheless, η2 observed for 
POMS Tension-Anxiety and Vigor-Activity scales suggest 
that emotional states might vary in function of different 
experimental conditions. Higher anxiety levels were 
reported when an ideal self-discrepancy was activated 
towards an achieving direction (how we wish we were, but 
we are not) rather than an avoidance direction (how we wish 
we were not, but we are). When we compared scores by 
ANOVA with POMS scales as within factor (2 levels, i.e., 
two emotional states) and the two experimental conditions 
(achievement vs. avoidance direction) as between factor, 
results showed that participants who had been solicited to 
think of when they were not as they wished (achievement 
direction), for example, reported higher anxiety but lower 
fatigue levels in comparison to those participants with self-
ideal discrepancies oriented towards an avoidance direction  
(F = 2,58, ns, η2 =.21 for the within (POMS) by between 
(condition) factors interaction effect). 

Discussion 
Our preliminary findings suggest that actual vs. ideal self 

discrepancies may elicit higher levels of general negative 
emotions rather than of dejection only, in accordance with 
more recent studies, where different discrepancy assessment 
methods were used from those followed in Higgins’ studies 
(McDaniel & Grice, 2008; Ozgul, et al., 2003). Our 
preliminary results also cautiously indicate that 
discrepancies require to be assessed in a more clear and 
accurate way also by taking into account direction of 
discrepancies, i.e., avoidance or achievement. We aim to 
collect further data in order to provide statistically robust 
results on the possible impact of achieving vs. avoiding 
direction of self actual vs. ideal discrepancies on current 
emotional states.  
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Abstract 
The great majority of people with Down Syndrome (DS) tend 
to be more limited in their short term memory (STM) and 
working memory (WM) abilities than other people. Moreover, 
research has found that individuals with DS experience 
relatively more difficulty storing and retrieving verbal 
information than they do with storing and retrieving visual 
information. Previous studies focusing on the enhancement of 
memory skills in DS generally used a rehearsal training 
strategy to investigate the possibility of increasing verbal 
memory span durably (Comblain, 1999; Conners, 2008). 
Therefore, these studies focused on the enhancement of short-
term memory skills. The aim of our study was to evaluate the 
impact of a school-based visuo-spatial working memory 
training on the short-term memory and working memory 
skills a teenage child (A.S.) with Down’s syndrome. The 
results showed that A.S. improved his WM and STM 
performance in the trained and non-trained working memory 
tasks proposed. These results suggest that school-based visuo-
spatial memory training in a school setting could be both 
feasible and effective for individuals with DS.

Keywords: Down Syndrome; working memory; training. 

Introduction 
Working memory refers to a mental workspace, which 

enables a person to hold information in mind while 
simultaneously performing other complex cognitive tasks 
(Holmes & Adams, 2006). Different studies demonstrated 
the close link between WM abilities and a broad range of 
learning achievement (e.g. Alloway & Alloway, 2010). 

A number of studies have examined WM processes in 
individuals with Down Syndrome (DS) showing that DS 
have a deficit in the phonological loop. The current best 
explanation for the deficit in phonological STM in 
individuals with Down Syndrome is that they have a 
problem that originates in storage rather than either 
encoding or rehearsal  (Baddeley & Jarrold, 2007). In 
contrast, visuo-spatial skills seem to be relatively preserved 
(Jarrold & Baddeley 1997). Compared to TD children of the 
same mental age, they obtain largely equivalent scores. 
Talking about the central executive it seems that children 
with Down syndrome have difficulties with executive load 
WM on both verbal and visuo-spatial measures, compared 
to mental age matched TD children (Lanfranchi, Baddeley, 
Gathercole, & Vianello, 2012). 

Given that the working memory system is important for 
spoken language learning, intervention studies designed to 
target the memory difficulties associated with Down 
Syndrome typically focus on improving verbal memory 
skills by training children to use rehearsal strategies. Groups 

with Down syndrome have been shown to benefit from 
training of an overt cumulative rehearsal strategy, in which 
participants are required to rehearse aloud increasing 
amounts of material in the course of a short-term memory 
task (Broadley & MacDonald, 1993; Comblain, 1994; Laws, 
McDonald, & Buckley, 1996). Some of the studies dealing 
with rehearsal training used picture supports (children used 
visual processing to aid their memory span) and found 
significant improvements for visual span measures but 
mixed outcomes for auditory span measures (Broadley and 
Mac Donald, 1993; Laws et al., 1996). A third study 
(Comblain, 1994) phased out picture supports ending in 
auditory-only training and found a clear improvement in 
auditory memory span. Differently Conners and collegues 
(2008) used a rehearsal training auditory only form 
beginning to end and the results showed verbal span 
improvements. To our knowledge, only the study of Bennet 
and colleagues (2013) investigated the effects of a 
computerized visuo-spatial WM training in DS children. 
Results showed improvements on trained and non-trained 
visuo-spatial short-term memory tasks. This improvement 
was sustained four months later. The aim of our study was 
to evaluate the efficacy of a school-based visuo-spatial 
working memory training on the short-term memory and 
working memory skills for a teenage child (A.S.) with 
Down’s syndrome. Moreover, the possible transfer effects 
of the visuo-spatial training procedure on verbal WM and 
STM has been explored. 

Method 

Participants and procedure 
A.S. is a teenage-boy with DS. At the time of the 

investigation AS was aged 15 years 11 months. Non verbal 
mental age assessed using the RCPM was 7 and the BPVS 
raw score was 96. The TD group was comprised of children 
selected from a mainstream primary school. To ensure that 
patterns of relative impairment and advantage were 
interpreted in relation to normal function, A.S. was matched 
to the TD group on the basis of non verbal intelligence 
assessed with Raven’s Coloured Progressive Matrices.  

All participants were administered pre-treatment 
assesments in order to evaluate WM and STM abilities. A.S. 
participated in ten visuo-spatial WM training sessions over a 
five-week period. Each session lasted approximately 40 
minutes, with short breaks within the session. After the 
training AS was re-tested to examine whether there were 
training benefits. 
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Assesments 
In order to assess WM and STM abilities we used the 

WM battery proposed by Lanfranchi and colleagues in 2004 
(Lanfranchi, Cornoldi, & Vianello, 2004). 

The pathway recall task was used to tap children's visuo-
spatial STM capacity. In order to assess visuo-spatial WM 
abilities we used, the backwards pathway recall task,  the
selective pathways task and the visuo-spatial dual task and 
we obtained a cumulative visuo-spatial WM score by 
summing these scores.  

The word recall task was used to tap children's verbal 
STM capacity. In order to assess verbal WM abilities we 
used the backwards word recall task, the selective word 
recall task and the verbal dual task, and we obtained a 
cumulative verbal WM score by summing these scores.  

Visuo-spatial WM training  
The working memory training used in this study included 

different tasks that were designed to enhance visuo-spatial 
WM abilities and was implemented for 5 weeks, twice 
weekly for approximately 40 minutes each. This training 
included activities that sought to enhance both low-control 
processes (i.e., passive information storage), using games of 
forward memory span and games that require the simple 
recall of paths, and activities that were designed to improve 
high-control processes (i.e., the ability to manipulate and 
store information). These activities utilized a dual task and 
backward recall task. For every session we proposed 2 
games: one mainly focused on the enhancement of visuo-
spatial STM, one mainly focused on the enhancement of 
visuo-spatial WM. 

Results and Discussion 
Performance was analysed using Crawford and Howell’s 

(1998) modified t-test, which is designed for use with 
single-case studies. Performance prior and after training is 
reported for A.S., a teenage-boy with DS, in comparison to 
matched TD controls. 

The results of this study showed that the trained 
participant improved his performance in the trained and 
non-trained working memory tasks proposed. A.S.’s WM 
and STM performance was significantly impaired compared 
to the control TD group prior to training. After the training 
his performance improved and there was no longer 
significant difference form the TD group. These results 
suggest that school-based visuo-spatial memory training in a 
school setting could be effective for individuals with DS.  

Given the importance of WM abilities for the 
development of a broad range of learning achievement (e.g. 
Alloway & Alloway, 2010), more research is needed to 
investigate possible transfer effects of WM training on 
learning in individuals with DS and to follow up post-
intervention to see if benefits of training last. Moreover, 
future studies should further investigate the effectiveness of 
such kind of working memory training with group-studies.  
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Abstract 
The present longitudinal study is aimed at analyzing how 
adolescents change their dysfunctional attitudes towards their 
body and eating behaviors in relation to personality 
characteristics across a six-month time span. Via multiple 
regression analyses we investigated whether MMPI-A 
Obsessiveness, Low Self-Esteem, Depression, Family 
Problems and Concern for health are temporal antecedents of 
EDI-2 eating disorders, and vice versa. Our main findings 
revealed a bidirectional relationship between eating attitudes 
and personality. In fact, Obsessiveness, Low self-esteem, 
Depression, and Family problems significantly predicted 
changes in different dysfunctional eating attitudes, but also 
EDI-Interpersonal distrust and Ineffectiveness predicted 
changes in different MMPI-A scale scores. All together, 
findings suggest that personality development in adolescence 
is sensitive to attitudes towards eating and body appearance, 
and vice versa. 

Keywords: eating disorders; personality traits. 

Introduction 
Many perspectives propose that personality characteristics 

may represent vulnerability factors for the development of 
personality disorders. In fact, studies have demonstrated that 
younger as well as adult patients with a diagnosis of 
anorexia nervosa or bulimia nervosa or still other 
unspecified eating disorders have some personality 
characteristics in common (Cumella, Wall, & Kerr-Almeira, 
1999, 2000; Extertake, Bakker-Brehm, & de Jong, 2007). 
MMPI profiles with elevations on scales 2, 3, and 7 (2/7) 
characterize the majority of patients; multiple impulse 
control problems are especially severe among bulimic 
patients (Cumella, et al., 2000). Women with eating 
disorders generally show limited capacities for 
introspection, lack of awareness of their own problems, 
feelings, and needs, along with an excessive concern for 
their health, body, and physical appearance. 

Klump, Strober, Bulik, Thornton, Johnson, et al. (2004) 
compared profiles among women who were acutely ill, 
women recovered for eating disorders, and women with no 
eating or other severe psychological problems. Results 
showed that acutely ill women did not differ substantially 
from women who were in treatment, thus suggesting that 
some personality characteristics (i.e., higher harm 
avoidance, lower self-directedness and cooperativeness) 
may represent risk factors for eating disorders.  

As to age, puberty and adolescence represent an 
especially critical period for the development of eating 
disorders (Klump, 2013). In fact, both anorexia nervosa and 
bulimia nervosa increase from puberty to late adolescence, 

and even further on for anorexia nervosa (Slane, Klump, 
McGue, & Iacono, 2014). 

Our study was aimed at exploring how personality 
characteristics and eating disorders are associated across 
time in a sample of non-clinical adolescents. We 
administered our sample of male and female students some 
MMPI-A scales and EDI-2 twice, with a 7-month interval 
between the two measurement occasions. Via cross- lagged 
pattern of associations across time we examined whether 
personality predicts changes in eating disorders levels, but 
also whether eating disorders predict changes in personality.  
Specifically, in agreement with literature, we expected 
Depression and Obsessiveness to be predictors of EDI-2 
variables (Cumella, et al., 2000), and vice versa, though this 
latter direction has not been explored systematically yet . 

Method 

Participants  
Participants who took part at both measurement occasions 

were 142 adolescents (76 males and 66 females), with a 
mean age of 15.6 (range 13 to 18), who were attending a 
high school in Molfetta (Bari). 7 participants suspected to 
fall into a clinical range because of their BMI were 
discarded. 

Measures and Procedure 
Participants were administered two questionnaires, 

MMPI-A and EDI-2. They completed these two instruments 
twice, with a 7-month interval between the two 
measurement occasions. Questionnaires were administered 
in classroom and completed during class hours.  

EDI-2 (Garner, 1991) is a self-report questionnaire, 
commonly used for the assessment of psychological 
characteristics as well as cognitive and behavioral 
symptoms associated with eating disorders especially 
Anorexia Nervosa to (AN) and bulimia Nervosa (BN). EDI-
2 is a screening instrument, useful for a preliminary 
assessment of symptoms (if any), and psychological traits 
relevant to eating disorders EDI-2 presents 92 items and 
assess 11 domains, with 3 scales being directly associated 
with eating disorders (Stimulation of the Thinness, Bulimia, 
Body Dissatisfaction) and the remaining 8 assessing 
personality variables generally associated with the eating 
disorder. For the present sample, test-retest correlations 
ranged from .58 (Interpersonal Distrust) to .72 
(Ineffectiveness). 

MMPI-Adolescents (Starke & McKlinley, 1992) is a 
screening tool, in the form of a self-report questionnaire, 
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aimed at preliminary assessing clinical disorders via profile 
elevations. For the present study, we selected the following 
scales relevant to eating disorders: Obsessiveness, 
Depression, Low Self Esteem, Family Problems, Social 
Disease, Health Concern. For the present sample test-retest 
correlations ranged from 0.50 (Health Concern) to 0.70 
(Social Disease). BMI was calculated for each participant as 
well. 

Results 
In order to investigate associations across time, we 

regressed a given T2 EDI-2 variable onto a given T1 
MMPI-A personality scale together with the matching 
T1EDI-2 eating disorder scale, so as to control for 
concurrent correlation between T1 EDI-2 and T1 MMPI-A 
scales. Part correlation is therefore a quantitative index of 
the impact of personality antecedents on changes, from T1 
to T2, in behaviors and attitudes towards eating. Data show 
that MMPI-A Obsessiveness, Depression, Family problems 
and Low self-esteem predicted changes in EDI-2 Social 
Insecurity; MMPI-A significantly (p < 0.05) predicted 
changes in EDI-2 Ineffectiveness, that is, higher levels of 
Depression at T1 (sr = 0.27) predicted increased levels of 
Ineffectiveness at T2. MMPI-A Obsession, Low Self-
esteem, and Family problems predicted small portions of 
change in EDI-2 Interoceptive Awareness, with part 
correlations raging form .18 to .22; BMI at T1 (sr = 0.21) 
significantly estimated changes in Asceticism, that is, the 
higher the BMI value, the higher the increase in this EDI-2 
variable.

When we examined the hypothesis that attitudes towards 
body and eating behaviors might have an impact on 
personality development and changes across time, results 
showed that higher scores on Interoceptive Awareness 
predicted a further increase in Low Self-esteem levels (sr = 
0.21) 7-months later; Interpersonal Distrust predicted 
changes in the MMPI-A Depression (sr = 0.20) and Self-
esteem (sr = 0.18), scales.  

The present findings thus revealed that some associations 
were bi-directional across time (for example, Low Self-
esteem and Interoceptive Awareness), but others were not. 
This is the case, for example, for Obsession predicting 
Interoceptive Awareness, but not vice versa, as well as for 
Low self-esteem predicting Ineffectiveness, but not vice 
versa.

Discussion 
Results here presented show that personality variables and 

psychological attitudes relevant to eating disorders are 
linked to each other across time, though association levels 
are small. 

In line with findings from cross-sectional studies, we 
found that Obsession predict a score increase, 7 months 
later, on those scales that directly assess attitudes towards 
body and food as well as on those scales of psychological 
relevance for eating disorders (Serpell, Hirani, Willoughby, 
Neiderman & Laskl, 2006; Jimènez-Murcia, Fernàndez-

Aranda, Raich, Alonso et al, 2007). Depression is a 
significant temporal antecedent as well, being associated 
with both intrapersonal and interpersonal emotional 
dysregulation scales; we however did not find support for a 
correlation across time between EDI-2 Bulimia and 
Depression (Cumella et al., 2000; Racine, Sisk, Burt, Boker, 
Keel, et al., 2013). 

Our longitudinal study revealed bi-directional 
associations across time. In other words, it is not only that 
personality predicts changes in eating attitudes, but vice 
versa is possible as well. In fact, lower Self-esteem levels 
anticipated an increase in Interoceptive Awareness and 
Body dissatisfaction (Mäkinen, Puukko-Vietromies, 
Lindberg, Siimes & Aalberg, 2012), but also Interoceptive 
Awareness predicted changes in Self-esteem levels. In 
general, this finding supports the complex interplay among 
different levels of personality (McAdams & Pals, 2006). 
Specifically, they suggest that an accurate recognition as 
well as an adequate organization of physiological stimuli 
depend on and are relevant for an adaptive development in 
terms of self-worth (Harter, 1998). 

As to BMI, our results indicate that changes across time 
in self-perception and attitudes towards food and physical 
appearance are sensitive to psychological variables rather 
than to objective changes in body shape (Klump, et al., 
2004). 

In brief, our findings support the idea that eating disorders 
can no longer be circumscribed to eating behaviors 
dysregulation, but involve states of distress and 
disorganization related to underlying psychological 
functioning. Mostly, our findings evidence that personality 
and self-perceptions related to domains salient for eating 
disorders interplay across adolescence, that is personality 
may represent a risk factor for the development of 
dysfunctional attitudes towards body and food, but also such 
dysfunctional attitudes have an impact on personality 
development in young boys and girls. A longitudinal study 
with 3 or more assessment occasions would better reveal 
transactions between personality and eating disorders. 
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Abstract 
The study addresses the issue of lexical representation of 
inflected Italian verbal forms. Linguistic and experimental 
data suggest the existence of differences in lexical processing 
of verbs depending on morphological factors. We aimed at 
verifying whether lexical organization of verbs in the mental 
lexicon is affected by information about the grammatical 
category of mood. Two unmasked priming lexical decision 
experiments were carried out with different SOAs. Prime-
target pairs composed of inflected verbs sharing or not mood 
information were compared. A number of control conditions 
were also included. The results show that information about 
mood becomes available in the early stages of lexical 
processing of verbs, but it is likely to induce priming effects a 
few hundred milliseconds  after its pre-activation. This pattern 
provides evidence that mood is represented in the input 
component(s) and is an organizational criterion for verbal 
forms in the lexicon. 

Keywords: verbs; mood; priming; written word recognition. 

Introduction 
Italian verbal forms result from the combination of a root 

with one or more suffixes which encode a number of 
morpho-syntactic properties (Finiteness, Mood, Tense, 
Person, Number). Each verb belongs to one of the three 
Inflectional Classes (IC) or Conjugations and its forms are 
generated according to a specific paradigm.  

Our aim is to investigate the role of mood information in 
recognition of single words. In Palmer ‘s definition (1994), 
mood (or modality) is a purely morphological verbal 
category and it is used across languages in order to specify 
the event denoted by propositions, i.e. to distinguish actions 
having occurred or actually occurring (real/factual), from 
actions knowable only through imagination 
(unreal/unfactual; Mithun, 1999).  

We hypothesized that verbal forms encoding different 
mood information display some differences in lexical 
access, by analogy with already observed differences 
exhibited by verbs from different semantic categories 
(heavy vs. light verbs; Breedin, Saffran & Schwartz, 1998) 
or by verbs differing in predicative function (transitive vs. 
intransitive; Collina & Tabossi, 2002).  

A partial confirmation of such a hypothesis comes from 
experimental data revealing that lexical access is sensitive to 
different degrees of finiteness of verbal forms (Bastiaanse & 
van Zonneveld, 1998; Laudanna, De Martino, & 
Postiglione, 2011; Laudanna, Gazzellini, & De Martino, 
2004).  

Here our purpose was to address the issue of whether or 
not mood information determines fine-grained distinctions 
among verbal forms during early stages of visual word 
recognition.  

Therefore, we carried out two lexical decision 
experiments with the unmasked priming paradigm (Exp. 1, 
SOA 250 ms; Exp. 2, SOA 500 ms): we aimed at verifying 
whether indicative verb targets are primed by indicative 
verb primes differently than by verb primes inflected in a 
different mood than the target. 

Experiment 1 

Method 
Participants: One hundred undergraduate students from 
University of Salerno voluntarily took part in the 
experiment, their age ranged from 18 to 30 years (av.: 22 
years). They served for a session lasting about 30 minutes. 
Stimuli: Twenty inflected verbs were selected as 
experimental stimuli and were administered in 5 conditions: 
A, B, C, D, E. In condition A stimuli were primed by other 
forms of the same verb inflected in the same mood of the 
target (venderai, indicative, future, "you will sell"; vendo 
indicative, present, "I sell"). In condition B stimuli were 
primed by other forms of the same verb inflected in a 
different mood than the target (venderei, conditional, 
present, "I would sell"; vendo, indicative, present "I sell"). 
Conditions C and D served as orthographic control 
conditions: here targets were primed by orthographically 
similar words: a verb in condition C (vendicato, past 
participle, "revenged"; vendo, indicative, present, "I sell"), 
and a noun in condition D (vendemmia, "vintage"; vendo 
indicative, present, "I sell"). Condition E served as a 
baseline: targets were primed by semantically and 
orthographically unrelated words (ciabatta, "slipper"; vendo, 
indicative, present, "I sell"). Prime stimuli of all the 
experimental conditions were matched for length, token 
frequency and orthographic similarity with the target. 

Results and Discussion 
Statistical analyses performed on reaction times revealed 

a main effect of the variable Condition (ANOVA by 
participants: F4,76 = 24,44; p < 0.001; ANOVA by items: 
F16,75 = 2,31; p < 0.005). The two morphological conditions 
(A and B) differed significantly from the orthographic 
control conditions (C and D) and from the baseline (E). No 
significant difference was found between the two critical 
morphological conditions (A and B). No significant effects 
were observed on error data.

This finding could be accounted for by assuming that no 
distinction at all is present within the sub-class of finite 
forms in a verb’s paradigm. However, it is possible that 
morpho-syntactic effects of mood are not detectable in very 
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early stage of processing but take place at longer lags. In 
order to clear up the problem, we carried out Experiment 2. 

Experiment 2 
One-hundred undergraduate students from University of 

Salerno (average age: 22 years) were recruited for the 
experiment. They served for a session lasting about 35 
minutes. The materials and the procedure were the same as 
used in Experiment 1, except for the SOA (250 ms vs. 500 
ms): the duration of the prime presentation was kept 
constant (200 ms) but the blank between prime and target 
was increased from 50 ms to 300 ms.  

Results and Discussion 
The results of Experiment 2 overlap quite completely with 

the results of Experiment 1. On reaction times a main effect 
of the variable Condition was found (ANOVA by 
participant: F4,76 = 33,37; p < 0.001; ANOVA by item: F16,75
= 14,31; p < 0.001). No significant effects were observed on 
error data.  

The main difference between the two experiments is that 
a significant difference was found between the Condition A 
(Same Mood) and the Condition B (Different Mood), in 
Experiment 2 but not in Experiment 1. The amount of 
difference was of about 21 ms (p < 0.005), in Experiment 2, 
and 18 ms (p < 0.07), in Experiment 1. 

The results show that the pre-activation of mood 
information induces morphological priming when inflected 
verbs are recognized outside a syntactic context; prime-
target pairs sharing mood information are recognized faster 
than verb pairs not sharing mood information.  

General Discussion 
The main aim of the research was to verify whether or not 

categorical properties of verbs have significant influence on 
the recognition of inflected verbs. Our attention was focused 
on mood information.  

The results of our experiments are compatible with the 
hypothesis that information on mood is represented in the 
mental lexicon. Our data show that the lexical system is 
sensitive not only to the finiteness of verbal forms 
(Laudanna et al., 2004; 2011), but also to modality 
information. Indeed, within the sub-class of finite verbs, 
different latencies have been observed between indicative 
verbs primed by other indicative verbs and indicative verbs 
primed by either subjunctive or conditional verbs.  

These data can be considered as pilot observations and the 
problem must be further investigated.  

The main question to be addressed in further studies 
concerns the time-course of lexical activation of mood 
information: actually, in our experiments different effects 
have been observed when the SOA parameter has been 
manipulated. A possible explanation for the lacking of a 
priming effect in Experiment 1 is that the pre-activation of 
modality information is likely to induce significant effects 
only after the completion of a morpho-syntactic analysis of 

the prime stimulus; thus, the lexical system needs additional 
time in order to accomplish such a process. 

Moreover, even though the methodological constraints 
used in our experiment aimed at keeping semantic and 
syntactic factors under control, it should be ascertained 
whether the effect we observed do not reflect any kind of 
syntactic or semantic influence, beyond the purely 
morphological effect. 
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Abstract 
We sought to provide direct evidence of the attention 
movements during dynamic mental imagery. Observers 
extrapolated in imagery the horizontal motion of a target with 
the gaze in central fixation. We recorded the steady-state-
visual-evoked potentials (SSVEP) generated by flickering the 
left and right sides of the screen at two different frequencies. 
We found a consistent SSVEP modulation as a function of the 
imagined target position. Concurrent finger pointing, but not 
mental training, increased the SSVEP modulation. We 
conclude that the electrophysiological signature of covert 
visuospatial attention can be used to reveal non-invasively the 
continuous spatio-temporal dynamics of mental imagery. 

Keywords: Mental imagery; Visuospatial attention; Motion; 
SSVEP. 

Introduction 
There is an endless debate on the nature of mental 

imagery, dating back at least to Aristotle and his reflections 
upon phantasmata and phantasia. Basically, two positions 
took the scene over the last decades, namely, the 
propositional theory and the pictorial theory, championed 
respectively by Zenon Phylyshyn (Pylyshyn, 2003) and 
Stephen Kosslyn (Kosslyn, 1994). An important distinction 
between these two views is the alleged discrete vs. 
continuous nature of mental imagery. More recently, far 
from being considered a purely mental faculty, mental 
imagery has been viewed as an enactive process involving 
sensori-motor functions, including eye movements (Hebb, 
1968; Thomas, 2010). 

Imagining a moving stimulus (motion imagery) is an 
interesting test-bed to verify theories on mental imagery, as 
it allows, at least in principle, to verify its spatio-temporal 
evolution (Shepard & Cooper, 1986). Indeed, a precise 
unfolding of eye movements in space and time has been 
observed during motion extrapolation (Crespi, Robino, 
Silva, & de'Sperati, 2012; de'Sperati, 1999, 2003b; 
Jonikaitis, Deubel, & de'Sperati, 2009). A similar, although 
necessarily much less precise, spatio-temporal evolution has 
been observed for covert visuospatial attention (the spotlight 
of attention); in that study, observers were asked to imagine 
a moving target without making eye movements (de'Sperati 
& Deubel, 2006), and a probe was flashed with various 
spatial and temporal offset relative to the imagined target 
position. Response times were used to reconstruct a-
posteriori the trajectory of covert attention. 

Here we sought to study directly the spatio-temporal 
evolution of covert attention during motion imagery without 
being constrained by the laborious and gross reconstruction 
work that measuring response times, but also accuracy-
based indexes, necessarily imply. 

To this end, we exploited the steady-state-visual-evoked 
potentials (SSVEPs), which provide a direct measure of 
cortical visual responsiveness, a hallmark of visuospatial 
attention (Carrasco, 2011; Clark & Hillyard, 1996). At 
variance with traditional visual evoked potentials, SSVEPs 
do not require averaging across several trials, and therefore 
are well suited, at least in principle, to quickly trace the 
continuous changes of cortical responsiveness (Vialatte, 
Maurice, Dauwels, & Cichocki, 2010). Indeed, SSVEPs 
have been used to investigate covert visual attention (Di 
Russo, Teder-Sälejärvi, & Hillyard, 2002). For example, 
covertly attending a flickering target increases the resulting 
SSVEP amplitude, as compared to allocating attention 
elsewhere (Muller, Teder-Salejarvi, & Hillyard, 1998). Here 
we move one step forward and ask whether SSVEP can be 
used to reveal the movements of visuospatial attention 
during a motion imagery task. 

Methods 

Participants 
Five participants volunteered for the experiments (2 

males, aged 20-52). Two of them were experienced subjects. 
Before starting the experiments the participants signed the 
informed consent, in accordance with the guidelines of the 
local Ethical Committee. 

Stimuli and Tasks 
Observers with the gaze in central fixation in head-

restrained conditions were shown on a computer screen a 
visual target that moved horizontally with sinusoidal motion 
(0.2 Hz, ±9 deg). The target then disappeared, and the 
observer had to continue its motion in imagery. Throughout 
the trial, the left and right halves of the screen flickered at 
two different frequencies (15 and 20 Hz). Flickering was 
obtained by alternating a black and a white patch. 

In a second task observers accompanied imagery with 
finger pointing to the invisible target, with the arm 
positioned on the table, far from the screen. Finger 
movements were unconstrained and were not recorded, but 
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an experimenter checked that they were reasonably 
accurate.

A subgroup of 5 participants were instructed to follow a 
home training program consisting of 1 daily session for 7 
consecutive days during which the tracking task – without 
finger pointing – had to be rehearsed, guided by a computer 
program. 

Electrophysiological recordings 
The EEG was recorded using the g.MOBIlab+ at 256Hz, 

with 4 electrodes positioned on PO7-PO8-Oz-Pz, referenced 
to the left ear lobe and grounded to FPz. The double-
flickering stimulus generated continuously two SSVEPs in 
the posterior brain regions, at 15 and 20 Hz, whose size 
varied reciprocally as a function of the target position. The 
SSVEP amplitude was evaluated moment-by-moment using 
the Minimum Energy Combination algorithm with  
estimation (Friman, Volosyak, & Graser, 2007). 

Signal acquisition was performed using the OpenVibe 
software framework, visual stimuli were presented by a 
custom C++/OpenGL application (Calore, 2014), while 
MatLab was used for off-line data analysis. 

Results 
The amplitude of each SSVEP (one at 15 Hz and the other 

at 20 Hz) was quantified every 250 ms and summed (with 
one signal inverted in sign due to the push-pull behavior of 
the two SSVEPs) to yield a single combined quantity 
(cSSVEP). The cSSVEP can thus be considered a valid 
proxy of the instantaneous cortical visual responsiveness. 

When observers mentally tracked the invisible moving 
target spanning across the two visual hemifields flickering 
at different frequencies, the amplitude of the cSSVEP 
exhibited a clear target-contingent, sinusoidal-like 
modulation (Figure 1). Because the gaze was kept in central 
fixation, as verified by concurrent eye movements 
recording, the cSSVEP modulation was not determined by 
retinal stimulation, but rather to the oscillation of the 
attention focus, as a sort of virtual fovea. 

To quantify the cSSVEP response during imagery, we 
computed, by means of a sinusoidal fitting procedure, the 
modulation gain as the ratio between the peak-to-peak 
amplitude of the cSSVEP modulation during imagined 
covert tracking relative to the amplitude during overt 
tracking of the visible target, recorded at the beginning of 
the experiment. In this way, a gain of 1 would indicate that 
during mental imagery the responsiveness of the cerebral 
cortex to visual stimuli is modulated as deeply as if the 
modulation were produced by a corresponding retinal 
stimulation, while a gain of 0 would indicate the lack of 
modulation. 

Remarkably, without obviously ever approaching a value 
of 1, still the modulation gain was always rather high, 
ranging between about 0.2 and 0.3. Whereas accompanying 
covert tracking with finger pointing resulted in a 
significantly higher cSSVEP modulation gain (t4=2.945, 
p=0.042), the improvement observed after the attention 

training was not statistically significant, as compared to the 
pre-training value (t4=1.088, p=0.338). 

Figure 1: Sinusoidal-like, target-contingent cSSVEP 
modulation during mental motion imagery. Green trace, 
instantaneous cSSVEP amplitude (mean across trials and 
subjects). Blue trace, the virtual, to-be-imagined target 

trajectory. The cSSVEP trace was scaled so that a 
modulation with an amplitude identical to the target 

oscillation amplitude would have a gain of 1. 

Discussion 
This study has shown a remarkable target-contingent 

sinusoidal modulation of cSSVEP amplitude during mental 
motion imagery. Because visual cortical responsiveness is 
modulated by visuospatial attention, our findings suggest 
that the continuous monitoring of covert attention during 
mental imagery of dynamic scenes can be a precious tool to 
reveal how imagery unfolds in space and time. In the past, 
we have investigated dynamic mental imagery through eye 
movements (de'Sperati, 2003a). We found that both 
systematic sequences of saccades (Crespi, et al., 2012; 
de'Sperati, 2003b; Jonikaitis, et al., 2009) and, surprisingly, 
under certain conditions also sustained smooth pursuit eye 
movements (de'Sperati & Santandrea, 2005), could be 
generated when imagining a moving target. In keeping with 
those previous findings, we have now revealed the spatio-
temporal dynamics of motion mental imagery in the absence 
of concurrent (oculo)motor behavior. In showing that 
attention followed closely the to-be-imagined target 
oscillation passing through the intermediate locations, our 
results fit hardly the propositional theory of imagery 
(Pylyshyn, 2003), and align with the perceptual-like and 
sensorimotor accounts (Kosslyn, 1994; Thomas, 2010). 

The capability of imagining a moving target improved 
slightly but significantly when covert target tracking was 
accompanied by finger pointing. This observation suggests 
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that finger pointing may help to focus visuospatial attention. 
Indeed, pointing is often used for fingerpoint-reading and 
for sharing attention in social contexts (Tomasello, 
Carpenter, & Liszkowski, 2007). 

Finally, we did not find a significant increase of cSSVEP 
modulation during mental imagery after the attention 
training, as compared to the pre-training condition, although 
there was a tendency to increase the gain. Many reasons can 
be at the origin of this negative finding. Firstly, only 5 
subjects participated to the training sessions. Secondly, the 
duration of the training was relatively short. Thirdly, the 
training was self-administered and not too exciting, as 
compared to attentional training programs based, e.g., on 
videogames (Franceschini et al., 2013), and it is possible 
that some participants were not motivated enough. Indeed, 
after the training there was a high gain variability. Thus, to 
definitely ascertain whether or not it is possible to improve 
mental imagery through attentional training, a more 
stringent and long-term program should be implemented in 
a larger subject sample. 
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Abstract 
A longitudinal study on the lexical and pragmatic 
development of 24 Italian children during the second year of 
life is presented. Parents filled in the PVB inventory and were 
interviewed using PICA parental interview at 14, 18 and 24 
months of age of their children. Results are consistent with 
previous findings that underlined the individual stability of 
language acquisition and show the positive correlations 
between lexical and communicative acts increments. Those 
findings point out the possibility of a very early intervention 
if there is a late language emergence. 

Keywords: lexical development; pragmatic development; 
correlations; second year of life; longitudinal study. 

Introduction 
According to Goldin-Meadow, Levine, Hedges, 

Huttenlocher, Raudenbusch, & Small (2014; but also and 
other authors, e.g., Camaioni, 2001), the acquisition of 
language is “a robust process”, despite the fact that children 
develop in very different linguistic contexts, which present 
different quality and facilitation characteristics. Linguistic-
communicative development typically exhibits several 
common pathways, but also many remarkable individual 
differences. These differences mainly regard the rate and 
timing of linguistic and communicative development: this is 
significant, also for educational and/or clinical intervention, 
because language skills are crucial for the development of 
other important cognitive, emotive and social capacities. 
Early characteristics of individual language development 
show continuity and stability; the early  linguistic and 
communicative capacities are interrelated with scholastic 
skills in primary school and academic achievement. 
Lexical development: Around 9 months the child achieves 
the communicative intentionality, that is she/he utilizes 
specific tools for the purpose to obtain determinate results. 
At the beginning the communicative intentions are 
expressed by gestures, and around 12 months children 
produce “referential” gestures that is symbolic manual acts 
for objects and actions.  

The first words appear on average between 11 and 13 
months; the gesture usually replaces the word that the child 
is not able to produce during the second year of life. In the 
first phase of lexical development children on average 
produce from 50 to 70 different words; between 16 and 20 
months there occurs a strong acceleration in vocabulary 
growth, that is a remarkable increase of number of produced 
words named “vocabulary spurt”. This phenomenon is not 
regarded as “universal”, but most of the Italian children (e.g. 

D’Odorico, Carrubbi, Salerni, & Calvo, 2001), exhibit a 
vocabulary spurt, which is documented in many other 
studies regarding several different languages. Two-years-old 
Italian children have a vocabulary size of about 300 words; 
according to Caselli, Pasqualetti & Stefanini (2007) at this 
age 49 words represent a benchmark of delay in language 
development, evolving if possible in language impairment 
(Bonifacio & Hvastja-Stefani, 2010). 
Pragmatic development: Pragmatics concerns the use of 
language in context, according to situations, interlocutors 
and personal style. Speech is used to perform social acts, for 
example to agree or to disagree; the communicative use of 
speech indeed is a social and culturally determined 
behaviour. Numerous are the communicative acts 
taxonomies (see Ninio & Snow, 1996). In the present 
research it was utilized a parental interview, PICA, 
elaborated by Ninio and Goren (1993), for the assessment of 
first 100 communicative acts. 

According to Ninio and Snow (1996), communicative 
intentions between 8 and 24 months are acquired in the 
following order: attention negotiations, emotions 
expression, events marking, games performing, discussions, 
action negotiation, clarification. 

The aims of the present longitudinal study were the 
following: a) to describe the lexical development of a 
sample of Italian children at 14-15, 18-19 and 24 months; b) 
to describe the communicative acts development at the same 
ages; c) to verify possible relations between lexical and 
pragmatic development. 

Method  

Partecipants 
Twenty four children recruited from paediatricians’ 

offices took part in the study. They were 16 males and 8 
females since some families were not available for all 
assessments. All children were born at term and without 
health and hearing problems; they showed a typical 
development in all fields. Families were Italian native, 
monolingual speakers and their sociocultural levels were 
medium-high (37.5%), medium (50%) and medium-low 
(12.5%), as defined on the basis of  the parents’ education 
level and job. 

Assesments 
Participants underwent three subsequent evaluations at 

14-15, 18-19 and 24 months. They were administered two 
different parent-report instruments: the “Primo vocabolario 
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del bambino”(PVB) inventory (Caselli & Casadio, 1995), 
and the parental interview PICA (Ninio & Goren, 1993). 
The PVB is the Italian version of the MacArthur – Bates 
CDI, one of the most utilized checklists for assessing 
language development between 8 and 30 months, even for 
cross-cultural researches. The PVB includes two forms: one, 
Words and Gestures, to evaluate gestures and emerging 
vocabulary between 8 and 17 months; the other, Words and 
Sentences, to evaluate the vocabulary strong increment and 
the emerging grammar between 18 and 30 months (now 36 
months, see Caselli, Pasqualetti & Stefanini, 2007).  

The PICA-100 questionnaire is a parental interview on the 
first 100 communicative acts of 8 – 30 months old children. 
The Italian version was elaborated by the author, and used 
experimentally for the first time in the present research. 

Procedure
Participants were asked to collaborate in a research 

relative to communicative development of children during 
the second year of life, with three scheduled assessments. 
Parents (usually the mother at family home) filled in the 
PVB - Words and Gestures, at 14-15 months, and the PVB - 
Words and Sentences at 18-19 and 24 months. All parents 
received complete and individual instructions on 
compilation manner. They were instructed to fill in the 
questionnaire only after a familiarization with the 
instrument and a period of observation of communicative-
linguistic behavior of their child. The parental interview 
PICA was administered at family home by a trained 
research collaborator at the same times of the PVB 
inventory. 

Results 
The analysis of lexical and pragmatic developmental 

indices collected through PVB and PICA at 14-15, 18-19 
and 24 months of age (Table 1) revealed remarkable inter-
individual differences consistent with previous studies on 
Italian language acquisition (D’Odorico et al., 2001).  

Keeping as a standard the results of Caselli & Casadio 
(1995; Caselli et al., 2007), in the 14-15 months age group I 
found: (1) a similar average number of Gestures number at 
14-15 months; (2) a similar advantage for Words 
comprehension over Words production; (3) a larger average 
number of comprehended words.  

Results on Words production across age groups were fully 
comparable with the standard. At 24 months 9 children 
produce less than 150 words, 8 children produce between 
150 and 300 words, 7 children between 300 and 665 words. 
Most children show a vocabulary spurt between the second 
and third assessment, in that confirming the results of many, 
cross-cultural researches. Individual differences are large, 
but individual vocabulary development seems rather stable. 
All increments in vocabulary size were significant for all 
comparisons (MANOVA test for repeated measures, F2,46 = 
57.6, p < 0.001). 

Age (months) 
(N = 24) 

14–15 18-19 24 

Gestures number  36  9 

Words 
comprehension 

162  75 

Words 
production 

8  8 72  95 281175 

Communicative 
acts 

38 8 50  11 69  11 

Table 1: Mean scores and Standard Deviations of 
gestures, lexical (revealed by PVB) and pragmatic (revealed 

by PICA) developmental indices at 14-15, 18-19 and 24 
months. 

Also the number of Communicative acts increased with 
age. Children produce on the average 38 communicative 
acts at 14-15 months (range = 22-55); 50 at 18-19 months 
(range = 34-73); 69 at 24 months (range = 48-93). All 
increments were significant for all comparisons (MANOVA 
test for repeated measures, F2,46 = 127.8, p < 0.001). 
Relative to the results of Ninio and Snow (1996) on 
American and Hebrew children, the tested sample of Italian 
children produced fewer communicative acts at 24 months. 
A comparison with other Italian researches (e.g. 
Longobardi, Rossi-Arnoud & Spataro, 2011) is not possible 
principally because there were used different assessment 
tools or method of data collection. 

Considering the different functions of communicative acts 
at 14 months I found that: 90% (99% at 18 months; 99% at 
24 months) of children produced nonverbal or verbal 
attention negotiations; 51% (66.5% at 18 m.; 82% at 24 m.) 
expressed emotions; 45% marked events (62% at 18 m.; 
81% at 24 m.); 44% shows play performances (65% at 18 
m.; 78% at 24 m.); 23% was able to discuss (30% at 18 m.; 
47% at 24 m.); 31% shows action negotiations (45% at 18 
m.; 64% at 24 m.); 0% of children show clarifications at 14 
and at 18 months, 4% exhibited this function at 24 months.  

These results show that the order of acquisition of 
communicative intentions in Italian children is similar to the 
one of American and Hebrew children, except for action 
negotiation functions, which Italian children seem to master 
better at all ages than discussion functions. American and 
Hebrew children actually show an inverse result with this 
respect (Ninio & Snow, 1996).  

Correlations between lexical and pragmatic 
developmental indices  

Correlational analyses were conducted on percentage 
values of data since tools with different standards were 
used. Comprehension of words at 14-15 months was 
positively correlated with gestures production at the same 
age (Pearson’s  r = 0.584, p < 0.003), words production at 
24 months (Pearson’s  r = 0.517, p < 0.01), communicative 
acts at 18-19 months (Pearson’s  r = 0.476, p < 0.01). 
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Vocabulary size at 14-15 months was positively 
correlated with produced communicative acts at the same 
age (r = 0.489, p < 0.01), at 18-19 months (r = 0.617, p < 
0.001), at 24 months (r = 0.436, p < 0.03). Words 
production at 18-19 months was positively correlated with 
produced communicative acts at the same age (r = 0.751, p
< 0.001), and with the communicative acts number at 24 
months (r = 0.757, p < 0.001). Words production at 24 
months was correlated with communicative acts at the same 
age (r = 0.756, p < 0.001). 

The growth of Vocabulary size is finely correlated with 
the growth of pragmatic skills, with an increasing 
correlation as the age increased. These results confirm a 
continuity hypothesis in gestures, linguistic and pragmatic 
development and underline the possibility of early 
interventions. For instance, language delays might be 
compensated by means of gestures increasing via imitation, 
vocabulary increasing via early literacy as well as by 
communicative acts increasing via adequate and rich 
parental style. 
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Abstract 
The existence of differences in lexical processing between 
ambiguous and unambiguous words is still controversial. 
Many factors seem to play a role in determining different 
ambiguity effects in word recognition, such as ambiguity 
type, experimental paradigm, frequency dominance, etc. The 
aim of this study is to investigate the role played by frequency 
dominance and declensional class in recognizing Italian 
homonymous nouns, namely, forms with multiple unrelated 
meanings. We report the results of two visual lexical decision 
experiments, in which these factors are manipulated. An 
ambiguity disadvantage effect is found for words belonging 
to two different declensional classes (Exp. 2, e.g., conte), 
while an absence of processing differences is reported for 
ambiguous words within the same declensional class (Exp. 1, 
e.g., credenza). Moreover, an interaction between condition 
and frequency is found: the inhibitory effects are stronger for 
ambiguous nouns with two frequency-balanced meanings 
than for ambiguous nouns with a strongly dominant meaning. 
The results are compatible with the idea that several factors 
should be taken into account in order to disentangle 
competing accounts of lexical ambiguity processing. We 
discuss these results in terms of how variables such as 
frequency dominance and declensional class affect the 
activation of lexical representations and play a role in 
determining different ambiguity effects in lexical access. 

Keywords: lexical ambiguity; homonymy; frequency; 
declensional classes; word recognition. 

Introduction 
The semantic ambiguity of lexical forms is pervasive in 

natural languages: many words have multiple unrelated 
meanings (homonymous words, e.g., the Italian word 
eroina, which designates both a type of drug, heroin, and a 
magnificent woman, heroine), as well as distinct, but 
semantically related senses (polysemous words, e.g., 
impresa, which refers both to an economic enterprise, 
company, and an heroic action, deeds). Despite the weight 
of this phenomenon, how human beings store and access 
these meanings is still an open question.  

The goal of this study was to further investigate how 
lexically ambiguous words are represented in the mental 
lexicon; specifically, we aimed at understanding if these 
forms differ from unambiguous words in lexical processing, 
when no disambiguating contextual material is provided. 
Previous research, whether arguing for or against the 
existence of an ambiguity advantage effect in word 
recognition (faster RTs on ambiguous words than 
unambiguous ones) did not obtained consistent results 
(facilitatory effects: Borowsky, & Masson, 1996; Hino & 
Lupker, 1996; Hino, Pexman, & Lupker, 2006; 
Jastrzembski, 1981; Millis & Button, 1989; Rubenstein, 

Garfield, & Millikan, 1970; null effects: Clark, 1973; 
Forster, & Bednall, 1976; Gernsbacher, 1984; disadvantage 
effects: Beretta, Fiorentino, & Poeppel, 2005; Rodd, 
Gaskell, & Marslen-Wilson, 2002). One reason of such 
empirical discrepancies might be that several variables (e.g., 
ambiguity type, experimental paradigm, frequency effects, 
etc.) have not been always considered. In the experiments 
reported here, the control of all of these factors hopefully 
provides a new perspective to re-evaluate ambiguity effects 
in word recognition tasks. First of all, ambiguous words 
used in our study are exclusively homonyms, in order to 
avoid confusion in the type of lexical ambiguity under 
investigation. A number of recent studies, indeed, provided 
evidence for differences in processing between unrelated 
meanings of homonymous words and related senses of 
polysemous words (e.g., Azuma, & Van Orden, 1997; 
Klepousniotou, 2002; Klepousniotou, & Baum, 2007; Klein, 
& Murphy, 2001, 2002; Rodd et al., 2002). Moreover, all 
experimental forms adopted in our study are only 
semantically ambiguous words, namely, words with two 
meanings belonging to the same grammatical class. A 
previous study on lexical ambiguity processing reported 
evidence for processing differences between ambiguous 
words between noun and verb (e.g., costa, with a nominal 
meaning, coast, and a verbal meaning, it costs) and 
ambiguous words within the same word class (e.g., 
campione, with two nominal meanings, champion and
sample) (Mancuso, & Laudanna, 2013).  

Finally, the goal of this study is to present evidence for a 
modulation of the effect of lexical ambiguity depending on 
these two variables:  

- the meaning frequency dominance, that is whether there 
are processing differences between balanced ambiguous 
words (two meanings which have equal probabilities of 
occurrence, e.g., sirena, meaning both mermaid and alarm; 
and unbalanced ambiguous words (having a more frequent 
meaning, e.g., campione, meaning both champion, dominant 
meaning, and sample, subordinate meaning). 

- the declensional class of these forms, namely, whether 
there are processing differences between ambiguous forms 
belonging to the same declensional class (e.g., credenza,
meaning both faith and cupboard) and ambiguous forms 
belonging to two different declensional classes (e.g., teste,
which means both heads, meaning of the word ending in -a,
and witness, meaning of the word ending in -e).  

Evidence from eye-movement studies showed that 
meaning frequencies play a role in processing ambiguous 
words. Fixation times are often longer when context 
supports the subordinate meaning of an unbalanced 
ambiguous word compared to all the other conditions. 
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Furthermore, when the context is neutral, readers take 
longer on a balanced ambiguous word than on an 
unbalanced ambiguous word or an unambiguous control 
word (Binder, 2003; Duffy, Morris, & Rayner, 1988; 
Rayner, Pacht, & Duffy, 1994). Even in single word 
recognition tasks, some studies reported different ambiguity 
effects depending on the meaning frequency dominance of 
the stimuli (Rubenstein et al., 1970; Klepousnioutou, Pike. 
Steinhauer, & Gracco, 2012). As to declensional class 
information, only a restrict number of studies investigated 
the role played by this variable in the lexical organization 
and processing, reporting effects both in recognition and in 
production tasks (Bordag, & Pechmann, 2009; De Martino, 
& Laudanna, 2011).  

The existence in Italian language of a set of ambiguous 
nouns with an alternation between two declensional classes 
gives us the opportunity to explore further this property and 
verify its role in the lexical access of nouns. To our 
knowledge, no previous study has considered the combined 
effect of frequency dominance and declensional class on 
processing of ambiguous forms. The prediction is to find 
different ambiguity effects for ambiguous items within the 
same declensional class and for ambiguous items with an 
alternation between two declensional classes, as well as 
different effects depending on frequency dominance 
(balanced vs. unbalanced words). The rationale behind this 
prediction is that in the course of lexical access word forms 
have to be attributed to one grammatical class and to a 
specific declensional paradigm; thus, words who may 
belong to two or more classes posit a stronger problem of 
formal ambiguity. 

Method 

Materials 
Fifty-six Italian homonymous nouns having two unrelated 

meanings were selected and split in four subsets by 
modulating frequency dominance and declensional class.  
Thirty six nouns belonging to the same declensional class 
were used in Experiment 1:  
 18 with two balanced nominal meanings, N=N (e.g., 

credenza, cupboard/belief); 
 18 with two unbalanced nominal meanings, N>N (e.g., 

campione, champion/sample). 
Twenty nouns belonging to two different declensional 
classes (nouns ending in –e/i and nouns ending in –a/e or in 
-o/i) were used in Experiment 2: 
 10 with two balanced nominal meanings, N=N (e.g., teste, 

heads/witness); 
 10 with two unbalanced nominal meanings, N>N (e.g., 

sete, thirst/silks). 
All frequencies were calculated on the basis of a written 

corpus of almost 4.000.000 occurrences (CoLFIS, Bertinetto 
et al., 2005). Since ambiguous forms belong to the same 
grammatical class, a consultation of sentence contexts in the 
corpora was required in order to disambiguate the 

occurrences and calculate how many times an ambiguous 
word occurs either in a meaning or in another one. For the 
unbalanced words, the dominant meaning has a mean 
frequency of occurrence of 87% (range: 65–98%) and the 
subordinate meaning has a mean frequency of 13% (range: 
2–35%). For the balanced words, the dominant meaning has 
a mean frequency of occurrence of 55% (range: 45–59%) 
and the subordinate meaning has a mean frequency of 45% 
(range: 31–55%). Critical stimuli were also submitted to 
speakers in an off-line semantic association task, in order to 
be sure that all meanings of ambiguous items were known 
by speakers (Gernsbacher, 1984). Forty Italian mother-
tongue students – which did not take part in the experiments 
- were asked to say as many meanings as they think of for 
each word, without a time limit. Only the ambiguous words 
for which at least the 80% of subjects have listed both the 
meanings were used in the study. Each subset of critical 
stimuli was compared to a subset of unambiguous nouns1.
All experimental and control materials were matched for 
frequency of occurrence2, syllable, letter and phoneme 
length, orthographic neighborhood size, imageability and 
familiarity. Sixty real words and one hundred thirty-two 
pseudowords were included in the list as fillers3.

Procedure 
A simple visual lexical decision task was used as 

experimental paradigm. Reaction times (ms) and rate 
accuracy constituted the dependent variables.  

Participants 
One hundred twenty native speakers of Italian with an 

average age of 25 years (range 18–35) participated in the 
study (Exp. 1: 46 subjects; Exp. 2: 74 subjects). 

Results 
The data were submitted to a 2-way repeated measures 

analysis of variance (ANOVA) for subjects and a between 
effects ANOVA for items, with Condition as a factor having 
2 levels (i.e., experimental vs. control) and Frequency as a 
factor having 2 levels (i.e., balanced vs unbalanced), for 
both accuracy and reaction times (RTs).   

In Experiment 1, the Condition effect on reaction times 
and error rates is not significant. A significant Frequency 
effect on RTs is observed (only for subjects) [F1, 46 =7.8, p
<0.001], as well as on error rates (only for subjects) [F1, 46 =
7.9, p < 0.001]. The interaction Condition x Frequency is 
not significant. Post-hoc comparisons reveal that 
experimental N > N forms are recognized significantly 

                                                          
1 Specifically, the experimental forms used in the Experiment 1 

were matched with unambiguous nouns ending in –a or in -o, while 
the items used in the Experiment 2 were matched with 
unambiguous nouns ending in -e. 

2 In the case of ambiguous forms, the sum of relative frequencies 
of both meanings was considered. 

3 In the Experiment 2, only one hundred pseudowords were 
included in the list as fillers.
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faster than experimental N = N forms (p < 0.001), although 
less accurately (p < 0.01). 

In Experiment 2, the Condition effect is significant for 
participants [RTs: F1,74 = 13.04, p < 0.001; Errors: F 1,74 = 
4.21, p < 0.05]. A significant Frequency effect for 
participants is also observed [RTs: F1,74 = 5.28, p < 0.05; 
Errors: F1,74 = 5.57, p < 0.05], as well as an interaction 
Condition  Frequency (only for subjects) [RTs: F1,74 = 
15.04, p < 0.001; Errors: F1,74 = 6.30, p < 0.01]. Post-hoc 
comparisons reveal that experimental N=N forms are 
recognized significantly slower and less accurately than 
their unambiguous control words (p < 0.001).  

In the table below, mean RTs and error rates of two 
experiments are reported. 

                          Contr.        Exp.                  Effect 
                        rt   %err       rt   %err            rt    %err 
Exp. 1 
          N>N     517   4.1      509   4.3 -8    +0.2 
          N=N     523   4.9      527   2.3           +4     -2.6 
                       520   4.5      518   3.3            -2     -1.2 
Exp. 2 
          N>N     534   3.8      530   3.4           -4      -0.4 
          N=N     526   3.6      550   7.2         +24    +3.6 
                       530   3.7      540   5.3         +10    +1.6 

Table 1: RTs and error rates in Exp. 1 & 2 

Discussion 
The results seem to corroborate the hypothesis of a role 

played by declensional class in determining different 
ambiguity effects in visual word recognition.

When ambiguous forms belong to the same declensional 
class (Experiment 1), their processing does not differ from 
unambiguous forms. In the case of nouns belonging to two 
different declensional classes (Experiment 2), an ambiguity 
disadvantage effect is reported. As to the meaning 
dominance frequency, a significant interaction between 
condition and frequency is reported only in Experiment 2: 
balanced ambiguous nouns are recognized significantly 
slower and less accurately than unambiguous controls.  

The results are in line with a previous study, where an 
inhibitory effect was reported only when the ambiguity 
involves the syntactic level (different parts of speech, e.g., 
noun and verb such as abito, meaning dress and I live) and 
when meaning frequencies are balanced (Mancuso, & 
Laudanna, 2013).  

All homonymous words are supposed to have two distinct 
semantic representations, each corresponding to the specific 
meaning they can assume. When speakers encounter an 
ambiguous word in isolation, it can happen that they 
activate only one of its meanings and ignore the other one. 
Multiple meanings of homonymous words do not share any 
semantic representation and do not cooperate with each 
other during lexical processing. At this level of ambiguity, 
frequency dominance does not seem to affect the processing 
of ambiguous words. 

In the case of homonymous words belonging to two 
different declensional classes - or grammatical classes, as in 
Mancuso and Laudanna (2013) – a further level of 
ambiguity can be postulated. These forms are supposed to 
have two distinct representations also at the input 
orthographic lexicon level, each corresponding to the 
specific morpho-syntactic features that ambiguous words 
can assume (e.g., the grammatical class, the declensional 
paradigm, etc.). The ambiguity disadvantage effect reported 
on these forms can be situated at this level. Multiple 
morpho-syntactic representations are expected to compete 
with each other during lexical access; moreover, the 
competition process is expected to be stronger when 
ambiguous items are frequency-balanced. Further 
investigations are needed in order to corroborate the 
hypothesis of a role played by declensional class and 
frequency dominance in lexical ambiguity processing. The 
results reported in this study are based, indeed, on a restrict 
item set, since in Italian there are not many words with an 
alternation between two declensional classes. Further 
experiments might be carried out in another language, in 
order to verify whether current results might be replicated. 

In conclusion, the findings seem to show how it is crucial 
to assume a new methodological perspective in order to 
investigate the ambiguity effects in word recognition. Only 
by taking a broader view of the possible factors affecting 
lexical processing of ambiguous forms we will be able to 
direct our efforts in order to better understand the lexical 
ambiguity processing and its relation to other aspects of 
language comprehension. 
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Abstract 
The optimism bias is the tendency to judge one’s own risk as 
less than the risk of others. In the present study we found that 
also finance professionals (N = 60) displayed an optimism 
bias when forecasting the return of an investment made by 
themselves or by a colleague of the same expertise. Using a 
multidimensional approach to the assessment of risk 
perception, we found that participants’ forecasts were biased 
not because they judged negative consequences as less likely 
for themselves, but because they were overconfident in their 
ability to avoid and control them. 

Keywords: Optimism bias; unrealistic comparative 
optimism; financial risk; investment risk; perceived control; 
illusion of control. 

Introduction 
Finance professionals deal every day with uncertainty and 

the danger of losing money, putting a lot of effort into 
minimizing adverse outcomes. In other words, their job 
consists in willingly taking risks and trying to manage them. 
While the danger of losing money is real, there is no such 
thing as a “real” or “objective” risk. Indeed, risk is a 
psychological construct, which refers to how people 
understand and cope with dangers and uncertainties of life 
(Sjöberg, Moen, & Rundmo, 2004; Slovic, 1999). An 
extensive body of research has focused on risk perception, 
which is the subjective assessment of the probability as well 
as the consequences and characteristics of a negative 
outcome. (Sjöberg et al., 2004). As Zweig wrote about 
financial risk, “If you want to know what risk really is, go to 
the nearest bathroom and step up to the mirror. That’s risk, 
gazing back at you from the glass” (Graham & Zweig, 2006, 
p. 528). 

One of the most robust findings in risk perception 
literature is that people make quite different judgments of 
personal and general risk, with personal risk being usually 
lower than general risk (for a review, see Armor & Taylor, 
2002). For example, people believe that negative events 
such as having a heart attack, divorcing a few years after 
marriage or getting fired from a job are less likely to happen 
to them than to the average person (Weinstein, 1980). This 
sense of subjective immunity has been called optimism bias
or unrealistic comparative optimism (Shepperd, Klein, 
Waters, & Weinstein, 2013), since the commonly shared 
perception of being less as risk as the average peer is not 
only optimistic but also unrealistic. 

There is evidence that optimism plays a role also in the 
perception of financial risks. Optimism, as a dispositional 
trait, has been linked to individual economic decision-
making: Moderate optimists display reasonable financial 

behavior, whereas extreme optimists display financial habits 
and behavior that are generally not considered prudent (Puri 
& Robinson, 2007). Moreover, analysts have been shown to 
be systematically overoptimistic in their forecasts about the 
earnings potential of firms at the time of their initial public 
offerings, and this optimism increases as the length of the 
forecast period increases (McNichols & O’Brien, 1997; 
Rajan & Servaes, 1997). To the best of our knowledge, 
however, the presence of the optimism bias/unrealistic 
comparative optimism in financial risk (i.e., judging 
personal risk of losing money as lower than other investors’ 
risk) has never been subject of empirical testing. 

The main aim of this study is to investigate whether the 
optimism bias can be observed also in experts in the field of 
financial risk. Second, the study aims to identify the sources 
that give rise to this bias, through the adoption of a 
multidimensional approach to the assessment of risk 
perception, based on the psychometric paradigm of risk 
(Fischhoff, Slovic, Lichtenstein, Read, & Combs, 1978; 
Slovic, 1987). 

Method 

Participants 
A total of 60 finance experts (43 men, 17 women; mean 

age=38.25 years, SD=9.33; mean expertise=12.95 years, 
SD=10.02), working as brokers, financial consultants, 
financial analysts, and bankers, were contacted at their 
workplace. All experts agreed to participate in the study on 
a voluntary basis. 

Materials 
Experts were presented with a scenario reporting the 

current financial situation of a company (NewCo), which is 
about to issue an IPO (Initial Public Offering). The scenario 
included a detailed explanation of the company’s 
background, products, and business strategy. Experts were 
randomly assigned to the self or peer condition, in a 
between participants design. 

Experts were asked first to forecast the return after two 
years (positive vs. negative) of a € 5.000 investment in the 
new issued NewCo shares made by themselves (in the self 
condition) or by a colleague of the same age, sex and 
expertise (in the peer condition). Then, they were asked to 
judge the investment risk for themselves (in the self 
condition) or for their colleague (in the peer condition), by 
responding to a risk perception questionnaire based on the 
psychometric paradigm. Using a 5-point scale, experts had 
to rate the following six dimensions of financial risk: 
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1. Knowledge of risk; 
2. Probability of a negative return; 
3. Possibility to avoid a negative return; 
4. Fear of a negative return; 
5. Magnitude of potential losses; 
6. Possibility to control potential losses. 

Finally, experts compiled an attitude to economic risk 
scale (Sjöberg & Engelberg, 2009), a 22-item measure of 
individual differences in risk attitude about economic 
decision-making (in the present study, Cronbach’s  = 
0.76). 

Results 
Experts’ forecasts were significantly more optimistic in 

the self condition than in the peer condition (expected 
positive return: 83.30% vs. 63.30%, ²(1,60) = 3.07, p < 0.05 
one-sided). 

Experts’ ratings of financial risk dimensions are reported 
in Table 1. Statistical analyses revealed that experts judged 
themselves (self condition) as more capable to avoid a 
negative return (t = 2.04, df = 58, p < 0.05, d = 0.52) and 
control potential losses (t = 2.56, df = 58, p < .05, d = 0.66) 
than their colleague of the same expertise (peer condition). 
When a subsequent one way independent analysis of 
variance (ANOVA) was conducted separately on avoidance 
and control, no significant effects of experts’ gender, age 
and economic risk attitude as covariates were found (all ps > 
0.21). 

Table 1: Mean ratings of financial risk dimensions 
(standard deviations in parenthesis). 

Logistic regression with backward stepwise selection was 
conducted to assess whether risk dimensions significantly 
predicted experts’ forecasts. The only significant predictor 
turned out to be the control dimension, indicating that the 
odds of expecting a positive return are increasingly greater 
as perceived control increases (B = 0.57, Wald = 4.17, df = 
1, p < 0.05). 

Discussion 
Finance professionals displayed an optimism bias in their 

own expertise field: They were 20% more likely to forecast 
future return of a risky investment as positive when it was 
made by themselves, than when the same investment was 
made by a colleague of the same age, sex, and expertise. 
What are the reasons of this difference? The analysis of risk 
perception can help explain this unrealistic comparative 
optimism. Indeed, experts were found to be more confident 

in their own ability to avoid a negative return and to control 
potential losses, than in their colleagues’ one. Other 
dimensions of financial risk perception did not differ 
between self-perception and peer-perception, and no effects 
of gender, age, and attitude to financial risk-taking were 
found. Thus, it seems that experts’ forecasts were biased not 
because they judged negative consequences as less likely for 
themselves (the “it won’t happen to me” attitude; 
Caponecchia, 2010), but because they thought to be capable 
to avoid and control them (“if it happens, it won’t hurt me”). 
However, since the negative consequences of an economic 
investment such as buying shares of an IPO are hardly 
controllable by the investor, experts’ overconfidence can be 
seen as the consequence of the illusion of control, a bias 
consisting in the belief of being more in control than is 
possible (e.g., when people view the chances of winning the 
lottery as higher if they choose the number themselves; 
Langer, 1975). 

The results of the present study are consistent with 
previous research suggesting a positive relationship between 
controllability and the optimism bias, such that events 
perceived to have a high degree of controllability result in 
high levels of optimism bias (Klein & Larsen, 2002; Harris, 
1996; Weinstein, 1980). Specifically, our results support the 
idea that perceived controllability of a risky behavior, rather 
than actual controllability, is a sufficient condition for the 
optimism bias to arise. 

This tendency to perceive oneself less at risk as the others 
represents a challenge for financial risk communication: 
How to effectively communicate probability and magnitude 
of potential future losses, when everybody overstates its 
ability to ride out of negative consequences? We advocate 
Benjamin Graham’s suggestion to enterprising investors, 
that “operations for profit should be based not on optimism 
but on arithmetic” (Graham & Zweig, 2006, p. 523). 
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Abstract 

Patients with multimodal semantic impairment following 
stroke (referred to here as ‘semantic aphasia’, SA) are highly 
sensitive to the cognitive control demands of the task being 
performed and poor at inhibiting strongly associated 
distracters and focusing on less dominant aspects of meaning. 
Here, using feature selection tasks, we tested the role played 
by a semantic measure of featural salience on the control 
processes in healthy participants (Experiment 1) and SA 
patients (Experiment 2). Healthy participants showed a worse 
performance when the distracter feature was highly salient 
and the target feature was less salient for the concept, i.e., 
when there was an interference with voluntary selection of the 
target feature (Experiment 1). Consistent with these results, 
the SA patients showed a poorer performance than older 
controls when the target feature was weakly related to the 
concept (Experiment 2). In line with the feature-based models 
of the semantic memory, we discuss these preliminary results 
in term of greater demands of controlled semantic retrieval 
when the features are weakly related to the concept in the 
semantic network. 

Keywords: semantic impairment; semantic control; feature 
selection task 

Introduction 
In the course of our life, we acquire an enormous amount 

of knowledge about the world from experience, including 
general facts, concepts, and word meanings. Making 
productive use of this knowledge to understand stimuli and 
to guide behavior in a highly complex environment 
demands an ability to recover and select efficiently and 
reliably the stored knowledge. This capacity takes the name 
of semantic cognition and relies on at least two interacting 
components: 1) stored semantic knowledge -i.e., semantic 
memory; 2) executive processes which help to direct and 
control semantic activation in line with current goals and 
constraints -i.e., semantic control processes (Jefferies & 
Lambon Ralph, 2006).  

This latter component can be impaired in brain-injured 
patient groups with lesions in a left prefrontal and 
temporoparietal distributed network, involving the left 
inferior frontal cortex, posterior middle temporal gyrus and 
intraparietal sulcus (Jefferies, 2013). The profile of this type 
of patients is termed ‘semantic aphasia’ (SA) and it is 
characterized mainly by verbal comprehension impairments 
accompanied by multimodal semantic ones. The peculiar 
qualitative trait of these patients is their high sensibility to 
the cognitive control demands of the task being performed. 
Indeed, SA patients show poor understanding of words with 

multiple meanings, since they are unable to select from 
competing semantic representations, due to their 
deregulated semantic control over semantic/linguistic 
activation (Noonan, Jefferies, Corbett, & Lambon Ralph, 
2010).  

Here, we investigated the role played by a featural 
salience measure -the semantic relevance (Sartori & 
Lombardi, 2004)- in the semantic control processes in two 
experiments, conducted in line with the feature-based 
models of the semantic memory (McRae, Cree, & 
Seidenberg, 2005; Montefinese, Ambrosini, Fairfield, & 
Mammarella, 2013a, b; Montefinese, Zannino, & 
Ambrosini, 2014; Vinson & Vigliocco, 2008). These models 
assume that concepts are described as distributed patterns of 
activity across sets of semantic features, which contribute, 
with different weights, to the meaning of a concept. 
Recently, Sartori and Lombardi (2004) proposed a new 
feature-based model of semantic memory, in which they 
proposed a novel index of feature importance, termed 
semantic relevance. According to the authors, semantic 
relevance captures the “core” meaning of a concept better 
than other featural measures, suggesting that the relevance 
of semantic features may be an organizing principle in 
semantic memory.

In Experiment 1 we tried to simulate the performance of 
SA patients in healthy individuals by compromising their 
executive control capacity by means of a concomitant n-
back task during a semantic feature selection task. In
Experiment 2, with a similar semantic task, we investigated 
the executive control deficits in the SA patients1.

We expected a poorer performance for young participants 
under dual task condition, as well as for SA patients, when 
the target feature to be selected was weakly related to the 
concept (i.e., when it had a lower semantic relevance value), 
since this condition requires additional executive resources 
and a controlled semantic retrieval, compared to when the 
target feature was strongly related to the concept (i.e., when 
it had a higher semantic relevance value), since in this 
condition the retrieval of the target feature benefited from 
automatic spreading activation and semantic control 
demands were minimal.  

                                                          
1 In Experiment 1, we chose to use a group of young participants 

since the most of semantic norms are derived from samples of 
similar age, thus allowing a better control over confounding 
variables of the studied process. 
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Experiment 1 

Method 
Participants: Twenty-six right-handed native English 
speakers (21 females; mean age: 20.58, SD = 2.21) from the 
University of York participated in this study. Their mean 
years of education were 14.73 (SD = 1.84).  

Materials and Procedure: We selected the stimulus set and 
semantic measures from McRae and colleagues’ (2005) 
database, which was collected with a feature-listing task. 
Stimuli consisted of 128 English words denoting exemplar-
level concepts (cue concepts) and the same number of 
target, distracter, and false features. In each trial, a cue 
concept appeared above a row of three words denoting two 
features true of the cue concept (one target feature and one 
distracter) and one feature false of the concept. From this 
total set of stimuli, we created four blocks of 32 trials for 
each of the four possible semantic relations that the concept 
shared with the target feature. In particular, the target 
feature could indicate 1) the category to which the concept 
belonged; 2) a part of the concept; 3) an action that the 
concept could do; 4) the material that the concept was made 
from. For example, for this latter semantic relation, the cue 
concept could be FORK the true target feature could be 
STEEL (that shared the semantic relation required from the 
task with the concept), the true distractor feature could be  
PRONGS (that shared a semantic relation different from that 
required), and the false feature could be PHONE (that did not 
share a semantic relation with the concept). 

To test our aim, we manipulated the semantic relevance 
indicating the strength of the semantic relation between cue 
concept and target or distracter feature. Within each block, 
in half of the items the target feature took a high relevance 
value and the distracter feature took a low relevance value, 
and vice versa in the other half. This allowed us to obtain 
two experimental conditions (High Relevance Target, HRT, 
and Low Relevance Target, LRT, respectively). Moreover, 
half of the trials were performed under the single task 
condition (i.e., participants performed the feature selection 
task alone), and the other half of the trials were performed 
under the dual task condition (i.e., participants concurrently 
performed the 1-back task). 

For the 1-back task, a series of 10 random digits from 1 to 
9 were presented and participants listened to the first 
number of the series without responding and, for each 
subsequent number, they attempted to say the digit that they 
heard on the previous trial. Next, participants performed the 
feature selection task (with and without the concurrent 
secondary 1-back task), in which they were asked to 
indicate which of the three features shared that particular 
semantic relation with the cue concept by pressing one of 
three buttons with their right hand, corresponding to the 
position of the response item (left, middle, and right). In the 
last block, participants performed the 1-back task under 
single task conditions again.  

Results
We used repeated-measures ANOVA to examine the 

effects of Task (Single, Dual) and Condition (HRT, LRT) 
on log-transformed reaction times. We found the main 
effects of the Task (F1,25 = 43.18; p < 0.0001) and Condition 
(F1,25 = 32.84; p < 0.0001) factors, as well as the Task by 
Condition interaction (F1,25 = 4.71; p < 0.0396). The 
Bonferroni’s post hoc analysis showed that participants 
were faster in the HRT than LRT condition, especially for 
the Dual task (p < 0.0001). Indeed, we also found a 
significant difference between the two HRT and LRT 
conditions for the Single task (p < 0.0001), albeit this effect 
was significantly smaller compared with that observed in 
the Dual task.  

The ANOVA on response accuracy showed results that 
are in line with the reaction times analysis. Indeed, the main 
effect of Task was significant (F1,25 = 9.59; p = 0.0048), as 
well as the main effect of Condition  (F1,25 = 10; p < 0.0001) 
and the interaction between Task and Condition (F1,25 = 
18.28; p = 0.0002). As shown by the Bonferroni’s post hoc 
analysis, participants showed a better accuracy for the HRT 
condition than the LRT one in the Dual task (p < 0.0001), 
supporting what observed for the reaction times. On the 
contrary, in the Single task, no difference emerged between 
the two conditions (p = 1). 

Experiment 2 

Method 
Participants: Five SA patients (3 females; mean age: 62.4, 
SD = 7.6) and thirteen older controls (7 females; mean age: 
68.38, SD = 7.29) participated to the study. Their mean 
years of education were 16.6 (SD = 1.34) and 19 (SD =
4.47) for the patients and controls, respectively. No 
significant difference was found for the age (t(16)  = 1.54; p = 
.14) and education level between the two groups (t(16)  =
1.16; p = .26). 

Materials and Procedure: We selected the stimulus set and 
semantic measures from McRae and colleagues’ (2005) 
database. Stimuli consisted of 72 English words denoting 
exemplar-level concepts (cue concepts) and the same 
number of target features. In each trial, a cue concept 
appeared above a row of three words denoting a feature true 
of the cue concept (the target feature) and two features false 
of the concept. To test our aim, we manipulated the 
semantic relevance of the target feature: in half of the items 
the target feature took a high relevance value and vice versa 
in the other half. This allowed us to obtain two experimental 
conditions (High Relevance Target, HRT, and Low 
Relevance Target, LRT, respectively).  

Participants performed a feature selection task, in which 
they were asked to indicate which of the three features was 
reasonably true of the cue concept by pressing one of three 
buttons, corresponding to the position of the response item 
(left, middle, and right), with their right hand. In the present 
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experiment, accuracy was stressed over speed (indeed, 
participants had 15000 ms to give their response) because of 
well-known variability of the patients’ response times. For 
this reason, the response times were not analyzed. 

Results 
We analyzed the response accuracy by carrying out a 

mixed design ANOVA with Group (Patients, Controls) as 
between-subjects factor and Condition (HRT, LRT) as 
within-subjects factor. Table 1 shows descriptive statistics 
of the response accuracy of control participants, as well as 
the response accuracy of each patient. The main effect of 
Group was significant (F1,16 = 6.46; p = 0.0218), as well as 
the main effect of Condition  (F1,16 = 7.76; p = 0.0132). 
Moreover, the interaction between Task and Condition was 
significant (F1,16 = 5.28; p = 0.0345). As shown by the 
Bonferroni’s post-hoc test, the two groups differed 
significantly in the LRT condition (p = 0.0383), with lower 
accuracy for the patients, but not in the HRT condition (p = 
0.5122). These between-differences were due to different 
patterns of performance in the patient and older participants. 
Indeed, older controls showed no significant difference 
between the HRT and LRT conditions (p = 1); on the 
contrary, compared to the HRT condition, patients’ 
performance was worse in the LRT condition (p = 0.05). 

 HRT LRT 
Control group 

Median 100% 100% 
IQR 2.78% 2.78% 

Patient group 
PP01 97.22% 94.44% 
PP02 77.78% 63.89% 
PP03 94.44% 91.67% 
PP04 100% 97.22% 
PP05 97.22% 97.22% 

Table 1: Response accuracy for the control group and for 
each patient as a function of the experimental condition. 

IQR = interquantile range. 

Discussion 
We here examined the effect of a semantic featural 

dimension -the semantic relevance- on the semantic control 
processes across two feature selection experiments. To this 
aim, we created two experimental conditions, differing in 
the degree and form of semantic control required (i.e., low 
executive demands and automatic spreading of activation 
for HRT conditions and high executive demands and 
controlled semantic retrieval for LRT conditions) and asked 
participants to carry out a feature selection task. 

First, our findings support feature-based models of the 
semantic memory (McRae et al., 2005; Montefinese et al., 
2014a; Vinson & Vigliocco, 2008), showing that features 

with different degrees of importance in conceptual 
representation (i.e., low vs. high relevance features) 
contribute with different weights to the representation of its 
meaning (Montefinese, Ambrosini, Fairfield, & 
Mammarella, 2014; Sartori & Lombardi, 2004). Moreover, 
the findings from the Experiment 1 showed that the dual 
task condition produced a greater disruption -in terms of 
both reaction times and accuracy- for the condition with 
high relevance distracter, that is, when the need of semantic 
control was higher. In other words, under dual task 
condition, participants’ performance was worse when 
controlled semantic retrieval was required (LRT condition), 
i.e., when they had to voluntarily focus their attention on the 
task-relevant target feature with low semantic relevance 
while inhibiting the selection of the task-irrelevant (but 
highly related to the cue concept) distracter feature; on the 
contrary, participants’ performance was better when a 
strong automatic spread of activation occurred (HRT 
condition), i.e., when they could benefit of the stimulus-
driven activation of the task-relevant target feature with 
high semantic relevance, without the need to inhibit the 
task-irrelevant distracter feature, which in this case was 
weakly related to the cue concept. This pattern of 
performance is similar to that seen in SA patients and 
confirms the view that distracter words strongly associated 
in the lexical/semantic network entail greater executive 
control demands to be inhibited and to concurrently focus 
on aspects of meaning that are relevant for a given task, in 
our case the specific semantic relation shared between the 
cue and the low relevance target (Noonan et al., 2010).  

Next, we tested the prediction on the semantic control 
impairment following stroke on a sample of SA patients 
(Experiment 2). In line with the results obtained on the 
young participants, SA patients showed a worse 
performance when they made decisions about the meaning 
of LRT features than HRT features. In fact, the former did 
not benefit from the automatic spreading of the activation 
from cue concept to the target feature, because of their weak 
link. Thus, the greater control executive that was required in 
this condition (i.e., semantic controlled retrieval) 
determined a poorer performance in SA patients.  

In sum, in the present study we provided the first 
evidence on the interplay between semantic control 
processes and feature-based distributed semantics, by 
showing how a measure of featural salience is able to 
modulate the semantic control processes. Indeed, the 
selection of the target features with low relevance value, 
which require greater semantic control compared to those 
with high relevance value, was impaired both in healthy 
participants during the execution of a secondary task 
tapping the executive control and in the SA patients.       
However, because of the relatively small sample size of the 
patients and the unequal number of patient and control 
samples, these results should be taken with caution and 
future research is needed to extend and confirm these 
preliminary results with a greater sample of SA patients.  



124

November, 28th – P14

Acknowledgments 
We are indebted to the patients and their carers for their 

generous assistance with this study. The work was 
supported by a study visit grant from the Experimental 
Psychology Society to MM. 

References 
Jefferies, E. (2013). The neural basis of semantic cognition: 

converging evidence from neuropsychology, 
neuroimaging and TMS. Cortex, 49, 611-625. 

Jefferies, E., & Ralph, M. A. L. (2006). Semantic 
impairment in stroke aphasia versus semantic dementia: a 
case-series comparison. Brain,129, 2132-2147. 

McRae, K., Cree, G. S., Seidenberg, M. S., & McNorgan, C. 
(2005). Semantic feature production norms for a large set 
of living and nonliving things. Behavior research 
methods, 37, 547-559. 

Montefinese, M., Ambrosini, E., Fairfield, B., & 
Mammarella, N. (2013a). Semantic memory: A feature-
based analysis and new norms for Italian. Behavior 
research methods, 45, 440-461. 

Montefinese, M., Ambrosini, E., Fairfield, B., & 
Mammarella, N. (2013b). The “subjective” pupil old/new 
effect: Is the truth plain to see?. International Journal of 
Psychophysiology, 89, 48-56. 

Montefinese, M., Ambrosini, E., Fairfield, B., & 
Mammarella, N. (2014). Semantic significance: a new 
measure of feature salience. Memory & Cognition,42,
355-369. 

Montefinese, M., Zannino, G. D., & Ambrosini, E. (2014). 
Semantic similarity between old and new items produces 
false alarms in recognition memory. Psychological 
research, 1-10. 

Noonan, K. A., Jefferies, E., Corbett, F., & Lambon Ralph, 
M. A. (2010). Elucidating the nature of deregulated 
semantic cognition in semantic aphasia: evidence for the 
roles of the prefrontal and temporoparietal cortices. 
Journal of Cognitive Neuroscience, 22, 1597–1613. 

Sartori, G., & Lombardi, L. (2004). Semantic relevance and 
semantic disorders. Journal of Cognitive Neuroscience,
16, 439-452. 

Vinson, D. P., & Vigliocco, G. (2008). Semantic feature 
production norms for a large set of objects and events. 
Behavior Research Methods, 40, 183-190. 



125

November, 28th – P15

Bayley Scale of Infant and Toddler Development (BSITD-III). Chronological Or 
Corrected Age: Which Is More Appropriate to Assess Preterm Infants’ Cognitive, 

Linguistic, and Motor Performances? 

Valentina Morsan1, Carlo Fantoni1,2, Loredana Hvastja Stefani1 & Maria A. Tallandini1

1University of Trieste, Department of Life Science, Psychology Unit Gaetano Kanizsa, Trieste, Italy 
2Istituto Italiano di Tecnologia, Center for Neuroscience and Cognitive Systems, Rovereto, Italy 

Abstract 

The use of chronological or/and corrected age administering 
BSITD-III in preterm children was investigated in a sample of 
preterm infants and full-term infants. BSITD-III was 
administered at 12 months corrected age. The performance 
scores for the three BSITD-III subscales were calculated 
according to the child’ chronological age and considering the 
BSITD-III request for correction referring to the 40th week or 
the 37th week of gestation. Results indicate that corrected age 
should be used with the cognitive subscale only, not with the 
Motor nor with the Language ones. 

Keywords: Bayley Scales-III; corrected age; chronological 
age; preterm infants; children development.  

Introduction 
This research is intended to be a contribution toward 

resolving the controversy about how to measure the 
performance of preterm children specifically using BSITD-
III: should the chronological age or the corrected age be 
used and which length of gestational time should be 
considered indicating a completed pregnancy to obtain the 
most informative results with this measure? 

The World Health Organisation (WHO) (2012) defines 
preterm births as “Babies born alive before 37 weeks of 
pregnancy are completed”.  Preterm birth can be further sub-
divided based on gestational age: extremely preterm (<28 
weeks), very preterm (28 - <32 weeks) and moderate 
preterm (32 - <37 completed weeks of gestation). This 
distinction corresponds to the infant’s different levels of 
maturation. When the child is born before the standard 
gestational age h/s is unable  to, for instance, swallow, to 
regulate body temperature etc. Moreover, several pre and 
perinatal complications seen in preterm infants are well 
known risk factors for the development of future 
psychological and neurological disabilities. Indeed, the 
incidence of major physical and mental disabilities is 
inversely related to gestational age (Ment, Vohr, Allan et al., 
2003; Tallandini, Franco, Morsan, 2013) and consequently it 
is important to develop and benchmark methods to detect 
the presence of early difficulties. 

The importance of the phenomenon of preterm birth is 
signified by its high rates presence world-wide. Rates range 
from 11.8% on average for low-income countries, to 9.4% 
and 9.3% for upper middle- and high-income countries. 
However, relatively high preterm birth rates are seen in 
many individual high-income countries where they 
contribute substantially to neonatal mortality and morbidity. 

For these reasons preterm birth is considered an extremely 
relevant health problem (WHO, 2012).  

Over the last 30 years, perinatal epidemiology has shifted 
from measuring birth-weight alone to focusing on 
gestational age as the dominant effect on survival and long-
term impairment, and the parameters for the measurement of 
gestational age have changed over time.   

“Gestational age” is the time elapsed between the first day 
of the last normal menstrual period and the day of delivery 
(American Academy of Pediatrics, AAP, 2004) but the 
parameters suggested to establish when gestation should be 
finished, differ. In particular, AAP states 40 weeks for a 
completed pregnancy, whereas WHO considers 37 weeks 
the dead line after which the child is born full-term. These 
different positions become relevant when the assessment of 
the child performance is carried out during the first years of 
life. 

A second important issue is how the length of the 
gestation should be accounted for when assessing the 
developmental outcome of preterm infants. There are two 
lines of thought: to consider a child’s chronological age or 
to “adjust” the child’s age for the degree of prematurity.  
Age adjustment involves subtracting the number of weeks 
that the child was born prematurely from the child’s 
chronological age to arrive at the adjusted age (March of 
Dimes, 2007). In this case a full-term pregnancy is 
considered to be 40 weeks. A frequent controversy in the 
literature on this topic is whether the neurological and 
psychological developments of preterm infants without 
major neurological sequels are either delayed, accelerated or 
equivalent to term infants’ development (Restiffe & 
Gherpelli, 2006). 

Marlow (2004) among others, support the use of the 
corrected age as the most appropriate way to assess preterm 
children during the first years of life. This approach is also 
supported by important institutions such as the AAP 
(American Academy of Pediatrics, 2002) and March of 
Dimes (2007). From another point-of-view, use of the 
corrected age can lead to an overcorrection and may present 
a situation that does not correspond to the level of 
development reached by the child which therefore results 
overrated. As a consequence, the potential discovery of the 
child’s difficulties can be delayed and so would be any  
supportive intervention related to them. For the 
chronological age the risk is the opposite, i.e., to 
underestimate infants’ level of development by postulating  
developmental delays that do not in fact exist. 
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Moreover, the analyses carried out on preterm infants 
development also reach different conclusions. Some authors 
report difficulties in gross and fine motor development, 
others underline the presence of difficulties mostly in  
cognitive development.  

To help resolve these  disputes there is a need for the use 
of  reliable measures of development and BSITD-III is 
considered one of the most reliable measures. 
Bayley Scale of Infant and Toddler Development III 
(BSITD-III) 

BSITD-III (2006) is an extensively revised version of 
BSITD-II (1993). It is an individually administered 
instrument that assesses the developmental functioning of 
infants and young children between 1 month and 42 months 
of age. Its primary purposes are to identify children with 
developmental delays and to provide information useful for 
planning intervention. 

BSITD-III assesses infant and toddler development across 
five domains: Cognitive, Language, and Motor domains 
(using items administered to the child), Social-Emotional 
and Adaptive domains (using primary caregiver’s responses 
to a questionnaire). In this work we will limit our inspection 
to the data collected from infants.  

The Cognitive Scale includes items that asses sensory-
motor development, exploration and manipulation, object 
relatedness,  concept formation, memory, and other aspects 
of cognitive processing.   

The Language scale is composed of a receptive 
communication sub-scales with items assessing preverbal 
behaviours, vocabulary development, social referencing and 
an expressive communication sub-scale (assessing preverbal 
communications, vocabulary development, and morpho- 
syntactic development).  

As far as the controversy of chronological vs. corrected 
age presented above is concerned, the BSITD-III manual 
takes a clear position in favour of the use of  corrected age: 
“If you are testing a child who was born prematurely,  adjust 
for the child’s prematurity through 24 months of 
chronological age” (BSITD-III, Administration Manual, 
page 28)” However,  some comments about the criteria 
suggested appear to be somewhat contradictory. In 
particular in the Manual itself “premature birth is defined as 
36 weeks or less gestation” (ib.), whereas APP (2004) states 
that full birth is reached at 40 weeks gestation. 

In this study the developmental lines of the performance 
scores of children born preterm will be derived using the 
following different criteria:  Scores obtained considering 
the child’s chronological age;  Scores obtained with a 
corrected age adjusted to 37 weeks of gestation (WHO, 
2012);  Scores obtained with a corrected age adjusted to 40 
weeks of gestation (APP, 2004). These children preterm 
performance scores will be compared with those of children 
born full-term. The investigation will be concerned with 
determining if the use of different criteria could be 
interpreted as indicating different developmental lines, 
compared to the one presented by the full-term children. 
Developmental discontinuities might rise depending on the 

presence and type of age correction adopted and should thus 
be diagnostic about the advisability of performing the 
correction in the different developmental domains.  

Method 

Participants  
Children were consecutively recruited at the S. Maria 

della Misericordia Hospital in Udine (Italy). The 
recruitment is still in progress. The reported data refer to a 
partial sample. The mothers were all at least 18 years old, all 
Caucasian, and were either married or partnered. The 
study’s inclusion criteria were: absence of congenital 
malformations and genetic impairments for infants and 
absence of medical and/or psychiatric pathology for 
mothers. Premature infants were 26 to 36 weeks of 
gestational age, with a birth-weight of less than 2500 gr. The 
final sample comprised both preterm infants and full-term 
infants. All infants were in normal good health at their 12-
month pediatric check-up.  

Procedure
The researchers met the mothers and illustrated the 

purpose of the study: this was done the day after 
delivery in instances of full-term birth, and within a 
week after birth for preterm delivery. Demographic and 
medical data were collected by reviewing medical scores.
BSITD-III was administered at 12 months corrected age 
(toddlers age), using WHO (2012) suggested correction (for 
< 37 weeks gestational age). Subsequently, the performance 
scores were calculated following:  the child’s chronological 
age;  AAP’s (2004) indications; and  WHO (2012) 
indications for the three BSITD-III subscales.  

All procedures were approved by the University of Trieste 
(Italy) Ethics Committee and complied with American 
Psychological Association ethical standards. Informed 
written consent was obtained from all parents of the infants 
participating in the study.

Results & discussion 
In order to verify whether the scorings within the three 

developmental domains (Cognitive, Language, and Motor) 
followed similar trends as a function of gestational age we 
first conducted a multiple regression analysis on valid scores 
of full- term children. Results revealed a strong difference 
between the way in which gestational age predicts child’s 
performances among the three developmental domains: 
motor performance proportionally increased as the age 
increased from 37 to 40 weeks, while scores in both the 
cognitive and language domains were not influenced by 
gestational age.  

A second analysis was performed to test the expectation 
that BSITD-III should provide a continuous estimate of the 
developmental functioning over gestational age among both 
preterm and full-term infants without major neurological 
sequels, across the different scales (Restiffe & Gherpelli, 
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2006). Developmental discontinuities, statistically signalled 
by a significant interaction between gestational age and type 
of delivery (term vs. pre-term), might rise depending on the 
types of age correction. To investigate this issue, preterm 
toddler scores in the three developmental domains were first 
computed according to both their chronological and 
corrected age (with both the two leading types of age 
correction being applied: i.e., < 37 and < 40 weeks), and 
their correlation with the gestational age was contrasted with 
the one of full-term born children. Given the difference in 
pattern in the three developmental domains revealed by the 
former analysis, a separate analysis was conducted for each 
developmental domain, with one continuous predictor, the 
gestational age, and two categorical predictors: the type of 
delivery (full-term vs. pre-term) and the type of age 
correction (Chronological, Corrected < 37, Corrected< 40).  

Again, results revealed a major difference between 
developmental domains and the way in which the 
gestational age of preterm children should be treated to 
optimally account for the actual developmental skills. With 
regards to the motor domain, neither the Corrected < 37 nor 
the Corrected < 40 scores followed the same trend of the full 
term infant. This confirms that neither one of the two 
corrections adequately represents the motor development of 
preterm children. Surprisingly, the opposite result was 
obtained for uncorrected chronological motor scores, that 
vice-versa resulted to be accounted by a model which was 
similar to the one best fitting the scoring of full-term 
children. Thus, according with our results BSITD-III motor 
scores should not be corrected. This is confirmed by post-
hoc analyses revealing that, relative to the more reliable 
chronological scores, both the 37 weeks and the 40 weeks 
corrections, produced significant overestimation of motor 
preterm performance. According to these results BSITD-III 
motor scores of preterm toddler should better be computed 
considering the chronological, rather than the corrected age. 

Different results were obtained for the Cognitive domain 
in which both types of corrections (not the chronological 
scores) led to a trend similar to the one presented by full-
term children. Only for the chronological scores the 
gestational age  type of delivery interaction resulted to be  
significant, but not for the corrected scores. The scores of 
preterm children were significantly underestimated in 
relation to the one of full-term children  when calculated 
according to their chronological age, but not when 
corrected. According to these results BSITD-III cognitive 
scores of preterm infants should therefore be corrected.  

The pattern of results change again when considering the 
Language domain in which all scoring types similarly 
accounted for the distribution of performances of preterm 
and full-term children: the gestational age and the type of 
delivery had no effect and did not produced any significant 
interaction neither for the corrected nor for the 
chronological scores. Post-hoc analysis however revealed 
that, relative to the average scores of full-term children 
chronological scores were underestimated, while both types 

of corrections produced no meaningful statistical 
differences.  

Conclusions 
In summary our results are challenging for the most 

appropriate use of the BSITD-III scoring system, suggesting 
that age correction is appropriate only for the cognitive 
domain but neither for the motor domain, in which 
uncorrected scores provide a more reliable measure of 
performance, nor for the language domain, in which the 
reliability of corrected and uncorrected scores is similar.
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Abstract 
The Incentive Sensitization Theory of Addiction claims that 
drug induced sensitization of the mesocorticolymbic system 
increases the salience of the drug related stimuli. In so doing, 
drug related stimuli become attention grabbing for an 
addictive person. We tried to understand the socio-cognitive 
underpinnings of this process in case of alcohol addiction. 
The present study involves a group of participants that had 
alcohol related problems and a non clinical sample. We 
suggest that two implicit automatic mechanisms could predict 
the attention towards alcohol related stimuli: the self 
relevance of the alcohol related stimuli and the evaluation 
attributed to the same stimuli. The Implicit Association Task 
was used to determine the strength of these mechanisms (i.e., 
self-relevance and alcohol evaluation). The attention toward 
alcohol related stimuli was assessed with the Visual Dot 
Probe Task. Results showed that the two groups significantly 
differed on the IAT scores, indicating stronger associations 
between self and alcohol, and between alcohol and positive 
words for participants that had alcohol related problems. 
Moreover a stronger association between the self and the 
alcohol was a significant and positive predictor of the 
attentional salience of the alcohol stimuli for the clinical 
sample, but not for the control group.  

Keywords: Sensitization; Addiction; Implicit association; 
Attention; 

Introduction 
The incentive sensitization theory of drug addiction posts 

that this pathological condition is a consequence of drug-
induced changes in the brain and in particular in the 
mesocorticolimbic system (Robinson & Berridge, 2001). 
Repeated drug consumption sensitizes these brain areas and 
increases the salience of the drug-related stimuli compared 
to drug-unrelated stimuli (Robinson & Berridge, 2008). As a 
consequence, drug-related stimuli acquire the ability to grab 
alcohol-consumer’s attention. The present study analyzes 
the underlying mechanisms involved in the drug-related 
stimuli salience and the attentional bias towards these 
stimuli, comparing a group of alcohol-addicted individuals 
with controls. We suggest that the enhanced salience of 
drug-related stimuli can be accounted by two distinct 
factors. First, the automatic self-relevance of alcohol stimuli 
that indicates the association between the concept of Self 
and Alcohol. Second, the automatic evaluation of the 
alcohol stimuli, which refers to the association between the 
evaluative attributes and the concept of alcohol. We 
hypothesize that the stronger the self-alcohol association the 
stronger is the power of these stimuli to grab the attention, 
at least in the alcohol addicted individuals. We alternatively 
put forward that the stronger the automatic evaluation of the 

alcohol, the stronger is the power of these stimuli to grab the 
attention, at least in the alcohol addictive individuals.  

Materials and Methods  

Participants  
The present study included two groups of participants, a 

clinical group that had alcohol abuse problems and a control 
group with no alcohol related problems. The two groups 
were equivalent for age, gender and social status and 
differed on the screening test for detection of alcoholism 
(C.A.G.E). 

Measures
Implicit Association Test (IAT). We used the IAT to 
assess automatic associations regarding the self relevance of 
alcohol stimuli and the evaluation of the same stimuli. The 
IAT is a word sorting task that requires the categorization, 
with two response keys (e.g. D and K) of words that belong 
to 2 target categories and 2 attribute categories. The 
difference in the performance (e.g. accuracy and 
categorization speed) in these two conditions gives us the 
strength of the implicit association between the target and 
the attribute category (Greenwald, Banaji, & Nosek, 2003). 

The IAT for the self relevance consisted of 2 target 
categories (Alcohol and Soft drinks) and 2 attribute 
categories with words indicating the concept Self and 
Others. The IAT for the evaluation of alcohol had the same 
structure as the one for the self relevance. The words for the 
category of Alcohol and Soft Drinks were the same as in the 
previous task. The attribute categories in this task were 
Positive and Negative words. 

Visual Dot Probe Task. We used the Visual Dot Probe 
Task to assess the attentional bias toward alcohol related 
stimuli. In this task participants had to determine a position 
(left or right) of a target (a black dot) with two response 
keys (S or L). Before the target appeared on a computer 
screen, the participants were presented with two words 
indicating an alcohol and a soft drink. The task had 50 trials 
that appeared twice, in one condition the target appeared on 
a location of the alcohol word (50 congruent trials) and in 
the second on a location of the soft drink (50 incongruent 
trials). Trials were presented in random order. 

Procedure 
Both groups were presented with the same procedure. 

They were asked to fill out the two questionnaires AUDIT 
and C.A.G.E. and perform two Implicit Association Tasks, 
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self relevance and evaluation. The order of presentation of 
explicit and implicit measures was counterbalanced between 
participants for both groups. The last task for all participants 
was The Visual Dot Probe Task. 

Results and Discussion 
The IAT scores were calculated applying the D600 

scoring algorithm (Greenwald et al., 2003) where higher 
scores indicated stronger associations between Self and 
Alcohol and stronger association for Alcohol and Positive 
words. For the clinical group we found that the averaged 
score of the IAT self-relevance was positive, indicating a 
stronger association between Self and Alcohol. The results 
on the same IAT for the control group showed a negative 
score even though it wasn’t significant. More important the 
clinical and control group differ significantly on scores for 
the IAT self relevant. The score of the IAT evaluation for 
the clinical sample was positive, thus showing a stronger 
association between Alcohol and Positive words. On the 
same task the control group obtained a negative score, 
indicating a stronger association between Alcohol and 
Negative words. The score on The Visual Dot Probe Task 
was calculated so that negative scores indicated faster 
response when the target appeared on the location of the 
alcohol drink names, while positive scores indicated slower 
response when the target appeared on the location of the 
alcohol drink names. We found that the control group was 
faster on the Visual Probe Task than the clinical sample. 
However, this effect was not moderated by the 
congruency/incongruency of the trial. For the clinical group 
only the IAT self relevance was significantly associated 
with the attentional bias. A strong automatic association 
between the Self and Alcohol predicted the salience of the 
alcohol related stimuli, and determined a faster response 
when the target appeared on the location of the alcohol 
name. The IAT evaluation was not significantly associated 
with the attentional bias. The same analyses on the control 
group was not significant: neither the IAT self relevance nor 
the IAT evaluation was significantly associated with the 
attentional bias. 

To conclude, the association between the Self-concept 
and the Alcohol predicts the salience of the alcohol stimuli, 
which in turn gain strength to grab perceivers’ attention. 
The fact that this relationship emerges only in participants 
that had a clinical condition of addiction is in line with 
considerations that alcohol consumption and abuse is a pre-
condition for the incentive sensitization of alcohol-related 
stimuli (Robinson & Berridge, 2008). 
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Abstract 
In the current study we address the role of hormonal 
fluctuations across menstrual cycle in female dehumanization 
of women and men. Using a sequential priming procedure in a 
lexical decision task, we test whether increased levels of 
conception risk lead to dehumanization of other women and 
men on both animal and human dimensions. Results showed 
that for word woman as the prime, animal words were more 
accessible in the high than in the low conception risk of the 
menstrual cycle; whereas human words were more inhibited 
in the high compared to the low conception risk. As for word 
man prime, no difference in terms of accessibility was found 
between the high and the low conception risk on both animal- 
and human-words. This study demonstrates that 
dehumanization of women is automatically elicited by 
menstrual cycle–related processes and associated with 
women’s mate-attraction goals. 

Keywords: menstrual cycle, dehumanization, group 
processes, lexical decision task 

Introduction 

In humans, female fertility is gradually increased before 
high conception risk of menstrual cycle and decreases 
thereafter. On the one hand, during high conception risk of 
the menstrual cycle, women devaluate other women on 
attractiveness dimension (Fisher, 2004), increase their 
explicit intra-sexual competition (Piccoli, Foroni, & 
Carnaghi, 2013) and bolster their desire to dress more 
appealingly (Durante, Li, & Haselton, 2008) On the other 
hand, women show more explicit preferences for masculine 
faces (Penton-Voak & Perrett, 2000) and for male status-
traits (Gangestad et al., 2004). In other words, during high 
conception risk, mate selection goal, i.e., screening potential 
mates for desirable qualities, as well as a mate attraction 
goal, i.e., signaling one’s mating-relevant qualities to attract 
potential mates (Lens, Driesmans, Pandelaere, & Janssens, 
2012; Durante et al., 2008) are both activated. 

These studies are based on self-reports and explicit 
measures of women’s attitudes, leaving open the question of 
whether hormonal fluctuations associated with menstrual 
cycle might exert an influence on less controlled attitudes 
unexplored. The exception to this claim is a study by 
Macrae et al. (2002, Study 2). The authors relied on a 
semantic priming task and found that women were able to 
categorize faster male stereotypical words during high 
conception risk when they were primed with a male photo 
than female stereotypical words, suggesting an increasing 
accessible for the mate-selection goal. These results further 

raise the question of whether hormonal shifts might also 
affect mate-attraction goal relevant processes.  Differently 
from Macrae' study, which has addressed gender-category 
accessibility across menstrual cycle, we here focus on the 
dehumanization processes (i.e., tendency of perceiving a 
given target as lacking of human qualities) during menstrual 
cycle phases. Specifically, in this study we take advantage 
of previous work by Piccoli and colleagues (2013), which 
shows that increased levels of explicit dehumanization of 
women as whole during the high conception risk phase is a 
product of the activation of women’s mate-attraction goal.  
Based on a sequential semantic priming paradigm in a 
lexical decision task (Blair & Banaij, 1996), we intend to 
investigate whether women automatically dehumanize other 
women, but not men, in the high, but not in the low 
conception risk phase. 

Method 

Participants 
Thirty-five normally ovulating female students from the 

University of Trieste participated in the current study. 

Procedure 
Participants took part into a lexical decision task (see Blair 

& Banaji, 1996 for similar procedure).  The task included 
two experimental primes ('woman' and 'man') and two 
control primes. Targets were 20 words: ten words were 
associated with animal concepts, and ten words were related 
to human concepts (for the material, see Viki et al., 2006). 
An equal number of non-words were included in the 
experiment. 

Results 
Determination of conception risk. We relied on the 
forward-counting method (Gangestad & Thornhill, 1998) to 
define the day in which the experimental task took place 
during menstrual cycle (see, Piccoli et al., 2013).  

Lexical decision task. A differential score (i.e., correct 
target categorizations) was computed, subtracting individual 
reactions times for both the prime man and the prime 
woman to the individual average reaction times for the 
control primes. This differential score was calculated 
separately for human and animal words. Hence, positive 
scores that differed from zero pointed to accessibility, 
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whereas negative scores that differed from zero indicated 
inhibition. 

The results showed that dehumanization was stronger in 
the high conception risk than in the low conception risk of 
the menstrual cycle when women were primed with 
'woman', but not with 'man'. 

Discussion 
This study shows that in normally ovulating women the 

level of dehumanization of other women is modulated by 
the conception-risk level. These data confirm previous 
findings (Piccoli et al., 2013) even when women are 
precluded to exert an intentional control over their reactions. 
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Abstract 

The adoption of new equipment in a work environment is 
usually meant to improve technology, increase safety and 
strengthen environmental protection. At the same time, 
however, technological changes can influence workers’ 
performance, thus workload and tasks’ reallocation should 
always be evaluated whenever new equipment is introduced. 
The aim of this study was to evaluate the effects on operators’ 
workload of new procedures adopted in a Marine Terminal 
Control Room following recommendations provided in a 
previous study (Plet, Gerbino, Tognolli, & Marcatto, 2013). 
Moreover, operators’ acceptance and satisfaction of the new 
procedures were assessed. Results show that the new 
procedures have improved work performance leaving the 
overall subjective workload unchanged at a medium-low 
level. 

Keywords: Workload; visual attention; human factors; work 
organization.  

In 2011, a new control console (Thermonav) was 
introduced in SIOT’s (Società Italiana per l’Oleodotto 
Transalpino) Marine Terminal Control Room (CR), located 
in the Gulf of Trieste. The CR needs to operate 24 hours a 
day, with a focus on safety and security. The new control 
console shifts the monitoring activity from the outdoor to 
the CR, with the aim of enhancing the probability of 
promptly detect negative events. This new instrument 
required changes in the consolidated existing work 
procedures, thus a field study was conducted and results 
identified a new way to rearrange the existing organization 
(Plet, Gerbino, Tognolli, & Marcatto, 2013). However, only 
some of the changes suggested in the previous study were 
put in place at the time of the current assessment. 
Pre-existing procedures were redefined in order to:  
 Enhance alertness during quiet periods by shifting indoor 

and outdoor tasks frequently; 
 Reduce outdoor security and oil spill monitoring; 
 Set up instrument layout following operators’ 

preferences; 
 Support operators’ work in CR by introducing a new 

professional profile (Junior Pier Master, JPM), which 
interfaces with the Pier Master and CR operators. 

Aims 
After the new work’s organization have been reached full 

operation, the present study, by using the same ad-hoc 

integrated methodology adopted in the previous study, was 
conducted to assess: 
1. Operators’ workload; 
2. Operators’ visual attention level; 
3. Operators’ acceptance and satisfaction of the new 

procedures. 

Method

Participants 
Eighteen participants (out of a total of 24 operators 

working at the Marine Terminal) participated in this study 
(5 JPMs and 13 operators). In each work shift  the work 
team is formed by 3 operators and 1 JPM. 

Procedure 
The evaluation period lasted a week, and an ad-hoc 

integrated methodology, used in the previous study, was 
adopted. 

First, to measure the change of attention level during the 
work shift, at the beginning and at the end of each work 
shift (afternoon, night, and morning), each member of the 
work team (which was composed by 3 operators and 1 JPM) 
performed a modified computer version of the visual search 
test originally developed by Neisser (1964).  

Then, in order to measure workload at the end of work 
shift, participants were asked to complete the NASA-Task 
Load Index (Hart & Staveland, 1988), a multi-dimensional 
scale consisting of six subscales that evaluate the following 
dimensions: Mental, Physical, and Temporal Demands, 
Frustration, Effort, and Performance. 

At the end of each work shift a questionnaire was 
administrated to each worker to evaluate the effective work 
shift difficulty depending on number of docked, unloaded, 
sailed away ships, weather conditions, and unforeseen 
events.  

Finally, to investigate how operators evaluate the new 
procedures adopted at the Marine Terminal, participants 
were asked to rate their acceptance and satisfaction of the 
new procedures on six dimensions, by using a five-point 
scale from 1 ("not at all" ) to 5 ("very much"). Participants 
were also required to write any suggestions aimed at 
improving the overall ergonomics of the control room. 

The principal expected results were a reduction of 
subjective workload and a less decrement in the visual 



133

November, 28th – P18

attention level during the work shift, with respect on 
previous study. 

Main Results 

End-shift questionnaire 
As in the previous study, an index of difficulty of the shift 

work was calculated. This index takes into account the type 
of shift (afternoon, morning, night), and five concurrent 
events (number of docked, unloaded, sailed away ships, 
weather conditions, unforeseen events). 

The difficulty shift work index resulted not significantly 
different from the one obtained in the previous study 
(average 2014 study = 32.84, average 2013 study = 35.92; 
t78 = 1.25, p = 0.21). This means that the two studies are 
comparable because of unchanged objective conditions of 
work. 

NASA-Task Load Index 
The NASA-Task Load Index uses six dimensions to 

assess perceived workload and provides also an overall 
workload score from 0 to 100. The average overall workload 
index was not significantly different from the one obtained 
in the previous study (average 2014 index = 49, average 
2013 index = 47.9; t77 = 0.33, p = 0.74). 

The only difference between the two studies was in the 
Temporal Demands workload dimension, which resulted to 
be significantly lower than the 2013 study (2014 average = 
.15, 2013 average = .53; p < 0.002). This result can be 
explained by the fact that the new procedures lead to a better 
organization of the activities on the temporal dimension, 
leaving unchanged the other components of the workload.  

Visual search test 
While in the previous study the operators’ visual attention 

performance got worse from the beginning to the end of the 
shift work, in the present study we observed a totally reverse 
trend. Results obtained in the visual search test showed 
faster reaction times at the end of the shift work compared 
to those of the beginning (RT begin average= 3.33s vs. RT 
end average= 3.03s, t92= 1.92, p < 0.05) regardless of the 
kind of shift work (all ps< 0.05). 

This performance improvement indicates that changing 
work activities during the shift work causes an activation of 
attentional resources (at least of the visual attention 
resources), and such activation is maintained throughout the 
duration of the shift. 

Relationship between visual search performance 
and overall workload index 

To investigate how the overall workload index predicts 
the performance improvement in the visual search test in the 
three work shifts (afternoon, morning and night), a 
regression analysis was performed. JPMs were not included 
in the regression analysis, since as their tasks are not 
homogeneous with the other operators’ ones.  

Figure 1 shows the relationship between visual search 
performance and overall workload index in the three work 
shifts: afternoon (a), morning (b) and night (c). Results 
indicate that during the morning and night shifts the 
improvement in the attention performance decreased as the 
subjective workload increased (morning: F1,10 = 20.13, p < 
0.001, adjusted R2 =.63; night: F1,12 = 5.37, p < 0.04, 
adjusted R2 =.25). While no relationship between the two 
indices in the afternoon shift was found (F1,15 = 0.14, p = 
0.71, adjusted R2 =.06). 

Figure 1: Workload and Attention in the three work shifts: 
afternoon (a), morning (b) and night (c).  
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Therefore, the afternoon work shift seems to have 
different characteristics in terms of attentional activation. 
Since the attentional performance remained high even in the 
less easy shifts (morning and night), it seems that the 
workload does not have adverse effects on performance in 
visual search tasks, relevant to the job in the CR and 
outdoor. 

Subjective evaluation of the new procedures 
A factor analysis (principal component analysis with 

Varimax rotation) was conducted on the six dimensions of 
the subjective evaluation of the new procedures. Since the 
sample size was small a note of caution should be included 
in factor analysis interpretation. The analysis yielded two 
factors, “Utility” (consisting of useful, satisfactory, 
inadequate*, and frustrating*) and “Simplicity” (composed 
of simple to follow and complicated*)1.

The mean scores of both factors (Utility = 2.91, SD = 
1.00; Simplicity = 3.00, SD = .071) resulted to be at or very 
near the midpoint of the 1-5 scale. Taking into account that 
these evaluations were related to changes in the previously 
existing working procedures, it seems that the adopted 
changes were perceived as not particularly complicated, but 
at the same time their utility has not been fully understood 
by operators. This latter consideration is reinforced by the 
data concerning the increase of security and support to the 
work due to the inclusion of the JPM and the changes of 
work tasks. Indeed, the evaluation of security (average = 
2.5, SD = 1.09) and support (average = 2.69, SD = 1.08) of 
the JPM, and of the security (average = 2.38, SD = 0.72) and 
support (average = 2.25, SD= 0.86) of frequent change of 
tasks between operators within their shift work were always 
below the midpoint of the scale, indicating a poor perceived 
benefit of the new procedures. 

Operators’ suggestions about the improvement of CR 
ergonomics were relative to a reorganization of information 
on the CR monitors, as they contained too much information 
that resulted too difficult to read and handle (an issue 
already reported in the previous study, but not yet changed). 
Another suggestion was to streamline procedures of 
exchange deliveries, considered inflexible and too complex 
to be performed during high workload shifts. 

Conclusion 
The new procedures have improved work performance 

(with respect to the visual-spatial attention and Temporal 
Demands), leaving the overall subjective workload 
unchanged at a medium-low level. However, the usefulness 
of the new procedures was not fully perceived by the 
operators, possibly because the motivations underlying 
security were not sufficiently clear and shared by operators. 

Results showed a trend of continuous improvement of the 
security, not followed by an improvement in terms of the 

                                                          
1 The scores of the items marked with a * have been reverse 

scored so all the items have the same polarity. 

subjective perception of the organization and work at the 
Marine Terminal.  

Given the low level of acceptance of the new procedures 
and the subjective perception of few benefits in terms of 
many security checks required to operators, it is suggested 
an intervention at the communication level between 
operators and management. For example, a focus group with 
the staff of the Marine Terminal on the improvement of the 
organization in terms of safety and documented 
explanations may lead to increase satisfaction and active 
participation by operators. 
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Abstract 
During goal oriented web navigation does the competition for 
web selection depend on all navigation options or only those 
options which are more likely to be functional for information 
seeking? Here we provide evidence in favour of the latter 
alternative. Within a representative set of real web sites of 
variable breadth, the time required to reach a goal located at 
the depth of two clicks from the home page is accounted for 
by C, an objective measure of the complexity of the start 
page, based on the number of links weighted by the number 
and type of embedding web elements. Our results demonstrate 
how focusing on links while ignoring other web elements 
optimizes the deployment of attentional resources necessary 
to navigation. 

Keywords: web navigation; information-seeking time; 
complexity; layout; information scent; selective attention. 

Introduction 
According to Pirolli & Fu (2003) Web Information-

Seeking Behavior (WISB) is a matter of information scent
(Pirolli & Card, 1999), a construct grounded on semantic 
rather than procedural knowledge, including an estimate of 
the relevance of all links within a web page. The 
Comprehension-based Linked model of Deliberate Search 
(CoLiDeS; Kitajima, Blackmon, & Polson, 2000) takes a 
step further: it assigns information scent for a user goal not 
only to links but also to sub-regions within a web page, 
according to the user's prior knowledge of layout 
conventions. Users select one patch of information within 
the web page and ignore all the rest, through a mechanism 
of selective attention that optimizes the deployment of 
cognitive resources. Real web sites actually include not only 
labels and text, but also different types of web objects 
(navigation bars, canvas, footers, embedded links) placed in 
different page regions (top, bottom, central, left, right) to 
display, group, and emphasize the relevance of labels. 
Experimental evidence points to the existence of several 
effects of web page layout on WISB; e.g., selection time 
increases as the target label deviates farther from the top-left 
region of the web page (Rigutti, Gerbino, & Fantoni, 2007;
van Schaik & Ling, 2001; Tamborello & Byrne, 2005). 

Despite different perspectives on WISB, scientists agree 
in considering web page complexity as a valuable predictor 
of information-seeking time (IST). Gwizdka and Spence 
(2006) defined the complexity of a web page in terms of the 
overall number of links within the page (i.e., navigation 
choices). Several researches corroborated the predictive 
power of such a definition by finding that an increase in the 

number of links per page decreases link selection accuracy 
and increases IST (Blackmon, Polson, Kitajima, & Lewis, 
2002; van Schaik & Ling, 2012). A knowledge based 
approach to WISB, as formalized by CoLiDes, sets the basis 
for an alternative hypothesis: IST is accounted for by the 
complexity of the home page, defined by those only options 
and links which are more likely to be functional for 
information seeking, rather than by the entire set of web 
features which are detectable within the page (i.e., words, 
images, links, segregated graphical regions). 

A knowledge based measure of web complexity 
Here we provide and test a new measure of web page 

complexity (C), by formalizing three basic constraints at the 
basis of a knowledge based approach to WISB: [1] only 
those navigation links (NLs) within relevant web elements 
are encoded for web page complexity; [2] NLs are weighed 
according to the weight of the web element they belong to, 
and [3] according to the number of relevant web elements 
within the web page. In other words, the complexity C of 
any NL depends on the type and number of web elements 
embedding it. According to evidence on selection time 
within hierarchical menu trees (Lee & MacGregor, 1985) 
we assumed that IST increases as C increases. 

Our experiment was designed to test the following 
hypotheses:  

(H1) the time required to search for an information item 
located at a given depth (starting from the home page) does 
not depend on the simple number of NLs or web elements 
(NE) they belong to, but rather on their weighted 
combination as formalized by C: any independent and 
combined effect of NL and NE on IST should be entirely 
accounted for by our synthetic C measure; 

(H2) our C index explains a larger amount of variance of 
the IST distribution than alternative metrics of web page 
complexity that are not intended to formalize selective 
attention processing of the page (e.g., overall number of 
links, number of segregated graphical regions, number of 
words, number of images). 

Method
We tested our expectations by measuring the IST for a 

representative set of web sites extracted from the population 
of small and medium enterprises' sites of our regional 
district (Regione Autonoma Friuli Venezia Giulia). The 
visual complexity of the home page of selected sites 
displayed a large variability. Real web sites were used to 
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provide the experiment with high ecological validity. The 
entire set of web sites was downloaded in a local directory; 
then, the XAMPP platform was customized to store log files 
and extract the navigation paths as well as the timing 
associated to each web-page click with millisecond 
precision. Each web site was displayed and navigated using 
Google Chrome Browser.  

The experimental navigation session consisted in the 
sequential presentation of trials in a randomized order. In 
each trial the participant was asked to perform an 
information-seeking task on one of selected web sites. To 
keep the structural complexity of the task constant, we 
selected all information goals two clicks away from the 
home page (a depth constraint related to information 
architecture) and all end-target items (i.e., links to the page 
displaying the information goal) in the central region of the 
intermediate page (a visuo-spatial constraint). 

In the home page, we avoided possible biasing effects of 
link visibility by selecting target items included in the page 
portion displayed at the onset; i.e., without scrolling. 
Furthermore, all target items were superordinate words, as 
needed to balance their semantic access.  

Twenty students of the University of Trieste participated 
in the experiments. 

Results and discussion 
To test our main hypothesis that IST is affected only by a 

subset of web elements (i.e., those relevant for information 
seeking), we calculated the empirically grounded knowledge 
based measure of complexity C for each web site. Then, we 
analyzed valid individual ISTs using a step-wise procedure 
that contrasted linear mixed-effect (lme) models of 
increasing complexity (Bates & Sarkar, 2007), depending 
on the number of fixed effects, modelled by our candidate 
continuous predictors (C, NL, NE and/or standard 
complexity indices) and their combination. 

Test of H1: Knowledge based C vs. NE and NL 
To investigate how structural elements of a web page 

relevant for information seeking can determine the speed of 
web information search, we analyzed the independent and 
conjoint effects of the number of navigation web elements 
(NE) and links embedded within them (NL). In a first lme
model we disregarded C and found that individual IST was 
positively affected by NE and NL. Then, we repeated the 
same analysis including C as a third independent covariate, 
to control for its effects. The main effects of both NE and 
NL became non significant when C was included: the 
likelihood of IST was thus completely explained by C. In 
other terms, the present investigation provided no evidence 
that navigation choices and web elements contribute by 
themselves to the perceptual response beyond what C can 
explain.  

Furthermore, a model of IST with C as the only covariate 
finely describes the IST metric obtained in our experiment: 
the best linear fit describing the relationship between 

average predicted and average observed search times was 
indeed a line with unitary slope and null intercept.  

Test of H2: Knowledge based C vs. standard 
complexity indices 

To support our second hypothesis we tested an lme model 
inspired by previous work (Michailidou, Harper, & 
Bechhofer, 2008), which provided us with a compound 
measure of home page complexity based on a weighted 
linear combination of several metrics of web page 
complexity alternative to C, such as the overall number of 
links, bytes, segregated graphical regions, words, and 
images. The simplest lme model accounting for the largest 
amount of variance amongst all candidate models resulted to 
be one including the independent and conjoint effects of the 
number of segregated graphical regions, and of the overall 
number of links. However, consistently with H2, by adding 
C as a covariate, both the main effects of these two metrics 
and their interaction became equal to zero. Again C resulted 
to be the only significant predictor of IST.  

In summary, we obtained two findings: (a) consistently 
with H1, IST was accounted for by only the subset of 
navigation elements whose effectiveness is formalized by C
(a weighted combination of web options and objects 
available in the start page that, according to the user's 
knowledge of layout conventions of web sites, are more 
likely to be relevant for the achievement of information 
goals); (b) consistently with H2, all other elements and 
metrics of artefact complexity do not affect search time 
beyond what relevant elements can explain. 

Conclusion 
Many web site designs, implicitly, and the semantic 

approach to WISB, explicitly, share the expectation that site 
search is faster when the home page of a web site includes a 
smaller number of web options. Our study did not provide 
clear empirical support for such an expectation. Similar 
search times were indeed found for sites whose start page 
included a different number of selection choices but equal 
number of web objects, while different search times were 
found for sites whose start page included an equal number 
of selection choices but a different number of web objects. 

In our experiment IST depended on only a subset of web 
elements and links, as predicted by C, a measure of start 
page complexity based on knowledge of layout conventions. 
Our C measure is consistent with a mechanism of selective 
attention not necessarily including an estimate of the 
relevance of all links within a web page. It thus provides a 
convenient and general way to model the label relevance, 
being free from user’s dependent parameters and requiring a 
minimal amount of knowledge about WISB. Moreover, our 
C measure is consistent with an efficient search strategy that 
avoids the large computational effort necessary for a 
selection based on an assess-all strategy, as used by several 
information navigation models.  
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Abstract 
Research on the effects of sleep deprivation on covert 
orienting of attention have produced evidence indicating 
either a negative or a null impact of sleep loss. Moreover, it is 
still unclear whether, following sleep deprivation, there is a 
general impairment of orienting processes or a selective one. 
Aim of the present study is highlighting the effects of sleep 
deprivation on the three subcomponents of orienting of 
attention: disengagement, moving and engagement (Posner 
and Raichle, 1994). The ANT-R (Fan et al., 2009) was 
administered following two sleep conditions: Baseline - a 
regular night of uninterrupted sleep, and Deprivation - 24 
hours of total sleep deprivation. We have found a significant 
slowing down of the disengagement component, while 
engagement and shift components were virtually unaffected 
by sleep deprivation. Our data show that sleep deprivation 
selectively affects the three subcomponents underlying covert 
orienting of attention. Hence, they suggest that performance 
deficits following sleep curtailment should no longer be 
accounted for in terms of a general reduction of alertness or 
global attentional deficits. 

Keywords: Attentional networks; Orienting; Disengaging. 

Introduction 
As a consequence of lifestyles and occupations in modern 

societies, many people experience fewer hours of sleep or 
even sleep loss. Several studies found that sleep deprivation 
could lead to a variety of cognitive deficits, including poorer 
attention. One of the most consistent results in sleep 
research is that sleep loss impairs performance on simple 
cognitive tasks such as signal detection and reaction time 
(RT) tests (Drummond, Paulus, & Tapert, 2006; Van 
Dongen, Baynard, Maislin, & Dinges, 2004; Wimmer, 
Hoffmann, Bonato, & Moffitt, 1992). However, it remains 
unclear to what extent attention is impaired by sleep loss. In 
fact, most studies refer to performance deficits following 
sleep deprivation as general reduction of alertness or generic 
"attentional deficits". 

One current conceptualization of attention divides it into 
three functions defined in anatomical and functional terms: 
executive control, alerting and orienting (Posner & Raichle, 
1994). Executive control is the capacity to detect and 
resolve conflict among responses. Alerting is defined as 
achieving and maintaining an alert state. The orienting 
network is defined as rapid or slow shifting of attention 
among objects within a modality or among various sensory 
modalities. Orienting could be overt, associated with head 
or eye movements, or covert, related to attentional 
movements without a change in eye position. In the present 

study, we focused specifically on the covert orienting of 
attention. Covert orienting is subdivided into three different 
elementary operations: disengaging attention from its 
current focus, moving attention to the new target or 
modality, and engaging attention at the new target or 
modality (Posner, Walker, Friedrich, & Rafal, 1984). 

One way to examine the orienting of attention is 
manipulating the validity of a spatial cue (Posner, 1980). A 
valid cue indicates the location in which a subsequent target 
will appear. If the cue is invalid, the target appears in a 
different location, opposite to the location indicated by the 
cue. The benefit in terms of target processing efficiency 
achieved by valid cues is less in magnitude than the cost 
associated with invalid cues.  

The attentional networks can be investigated using the 
revised Attentional Network Test (Fan et al., 2009) that is 
designed based on the original ANT (Fan et al., 2002). 
Unlike the original version, the ANT-R includes 
manipulations of the cue validity that allow to examine the 
three subcomponents of covert orienting. 

Recent studies using the original ANT to investigate 
covert orienting of attention following sleep deprivation 
found either a negative or a null impact (Jugovac & 
Cavallero, 2012; Martella, Casagrande, & Lupiáñez, 2011). 
Thus, it is still unclear whether there is a general or a 
selective impairment of orienting processes following sleep 
deprivation. In the present study, we use the ANT-R to 
investigate whether and how the three subcomponents of 
orienting are impaired after a night of total sleep 
deprivation. In particular, we expect that the disengagement 
component is selectively affected by sleep deprivation. 

Methods 

Partecipants 
Forty-three students (14 men, 29 women; mean age 23 

years; range 20-26 years) took part in this study. All of them 
were right-handed and reported normal or corrected to 
normal vision. They had no history of brain injury, no sleep 
or circadian disorder, as assessed by questionnaires. The 
participants completed the Morningness-Eveningness 
Questionnaire (MEQ; Horne & Ostberg, 1976) and only the 
intermediate circadian types were included in the study. 
They reported to have good habitual sleep, between 6 h and 
10 h in duration daily. A written informed consent was 
obtained from each participant prior to the experiment. They 
received course credits for their participation in the study. 
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The revised Attention Network Test (ANT-R) 
The ANT-R (Fan et al., 2009) is a task that “combines a 

cued reaction time task (Posner, 1980), a flanker paradigm 
(Eriksen & Eriksen, 1974) and a location conflict (Simon) 
paradigm (Simon & Berbaum, 1990)”. 

Stimuli consisted of a row of five horizontal black arrows 
(one central target and four flankers, two on each side), with 
arrowheads pointing leftward or rightward. Participants’ 
task is to identify the direction of the central arrow (left or 
right). In each trial, a cue that is a flashing box presented for 
100 msec may be shown and after a variable cue-target 
interval (0, 400, 800 msec) the stimulus is presented. The 
cue validity manipulations (valid, invalid, double, no cue) 
are used to investigate the orienting subcomponents and the 
interactions between the attentional networks. Furthermore 
there are two flanker congruency (congruent, incongruent) 
and two location congruency (congruent, incongruent) 
conditions. 

The efficiency of the alerting and orienting networks is 
assessed by measuring the degree to which response 
latencies are influenced by the presence or absence of the 
cue and the spatial cue position respectively, and executive 
control network efficiency is measured as the amount of 
interference induced by flanking stimuli.  

To quantify the efficiency of the three subcomponents of 
orienting, individual differences in reaction times (RTs) are 
measured manipulating the cue validity conditions. The 
disengagement of attention can be assessed by comparing 
the RTs to targets following double cue and invalid cue 
presentation. One can estimate the moving of attention by 
comparing the RTs of double-cue and the RTs of valid-cue 
conditions. The engagement of attention at targets can be 
evaluated by comparing the RTs of invalid cue and valid 
cue conditions. 

Procedure 
The experiment was conducted in the Sleep 

Psychophysiology Laboratory of the University of Trieste. 
The evening before each test session, participants underwent 
an adaptation phase, so as to avoid the possibility of 
confounding effects due to learning. In the experimental 
phase, the task was administered at the same time of day, 
9:00 a.m., following two different sleep conditions, in order 
to preclude circadian confounds. 

Two subjective sleepness scales, the Stanford Sleepness 
Scale (SSS; Hoddes, Zarcone, Smythe, Phillips, & Dement, 
1973), and the Global Vigor-Affect Scale (GVAS; Monk, 
1989), were administered before the behavioral test, to 
verify participants’ state of vigilance at the beginning of 
each test session. 

The two sleep conditions were: 
(a) Baseline – participants came to the sleep laboratory at 

8:30 a.m. after a regular night of uninterrupted sleep in their 
own homes (at least 6 hours of a normal night of sleep). 
Compliance was assessed by wrist actigraphy. The test 
session started at 9:00 a.m., when the participants performed 
the ANT-R II. 

(b) Deprivation – participants came to the sleep laboratory 
at 9:00 p.m. The participants received precise instructions 
not to nap during the day preceding the deprivation night 
and they were required to keep their regular bedtimes. Then, 
they spent the entire night awake in the laboratory under the 
continuous monitoring of an experimenter: as per standard 
sleep deprivation protocols, they were allowed to engage in 
non-strenuous activities such as reading, studying, watching 
television, and conversing. Throughout the entire night they 
were not allowed to drink beverages containing alcohol, 
caffeine and/or theanine. At 9:00 a.m., the test session took 
place following the same procedures used in the baseline 
condition. Overall, participants stayed awake for a total of 
24 consecutive hours. 

The two conditions were counterbalanced across 
participants with an interval of one week between the two – 
that is, participants were run in group sessions with half 
undergoing sleep deprivation first and the other half, in the 
opposite order. 

Results 
The subjective scales were used to verify that the 

experimental sleep deprivation condition manipulation had 
been effective. Data from the SSS showed that perceived 
sleepiness following deprivation (Mdn = 5) was reliably 
higher (p < 0.001) than in the baseline condition (Mdn = 
2.4). Two one-way ANOVAs performed on the Vigor and 
Affect data from the GVAS showed that perceived Vigor 
level after sleep deprivation was significantly lower than it 
was at baseline (25 ± 18 vs. 64 ± 18, respectively; F1, 42 = 
61.8, p < 0.001) and the Affect index was significant lower 
after sleep loss than baseline (63 ± 18 vs. 72 ± 16, 
respectively; F1, 42 = 6.7, p < 0.05). 

For each subcomponent of orienting we performed a 
repeated-measure ANOVA on RT data by means of 2 (sleep 
condition) by 2 (cue condition) by 2 (flanker condition). 

The disengagement component slows down significantly 
after sleep loss (11 msec, F1,42 = 6.3, p < 0.05). Instead, 
neither the orienting (-4 msec, F1,42 = 2.3, n.s) nor the 
validity (7 msec, F1,42 = 1.86, n.s.) components are 
significantly affected by sleep deprivation. 

Discussion  Our results show that 24 hours of total sleep deprivation 
selectively affects the three subcomponents underlying 
covert orienting of attention. Only the disengaging 
component was significantly adversely affected by sleep 
deprivation. Instead, the other two components of covert 
orienting, that are the abilities to move attention to the new 
target and to engage attention at the new target, did not 
show negative effects of sleep deprivation.  

Inconsistent results of previous studies investigating the 
attentional networks following sleep deprivation could be 
explained by the type of tasks administered, which did not 
allow evaluating the subcomponents of orienting (Jugovac 
& Cavallero, 2012; Martella, Casagrande, & Lupiáñez, 
2011). 
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In conclusion, the results of the present study indicate that 
performance deficits following sleep loss should no longer 
be accounted for in terms of a general reduction of alertness 
or global attentional deficits. 
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Abstract 
Evidences demonstrated that verbal information allows to 
construct a mental representation of space, even for persons 
who have no previous experience of sight. However, the 
construction of a mental model from verbal description is not 
presentation-free, as the verbal description anchors 
participants to a single perspective. The aim of our study is to 
test the perspective of spatial representation after the physical 
exploration of space, in order to avoid the influence of format 
presentation. We asked visual impaired and sighted 
participants to explore autonomously a room and then to 
perform a Sentence Verification Task, with sentences 
presented in an egocentric and in an allocentric version. We 
measured both response time and accuracy. Data 
demonstrated a better performance with allocentric 
perspective, even if the response time suggests that 
participants are more confident with the egocentric 
perspective. In conclusion, we suggest that the physical 
exploration of space leads to the development of an 
allocentric representation. 

Keywords: spatial perception; spatial representation; visually 
impairment; physical movement. 

Introduction 
The role of vision in the development of spatial 

representation is a central issues in spatial perception. 
Evidences demonstrated that verbal information allows to 
construct a mental representation of space (Noordzij, 
Zuidhoek, & Postma , 2006), even for persons who have no 
previous experience of sight. Indeed, visually impaired 
persons (VIP) could adequately build up a mental 
representation of space, using multisensory cues, such as 
tactile, idiothetic or verbal information. 

Commonly, researchers have focused on two main kinds 
of spatial representation, according to their different 
perspective.  Route representation adopts a ground-level 
perspective, considering the point of view of the observer 
moving in an environment, and refers to an internal 
reference frame (bodily axes) and egocentric coordinates 
(such as: “to the right”, “to the left”). Survey representation, 
instead, adopts a bird’s-eye view perspective and refers to 
the personal knowledge about the topographic properties of 
the environment. It relies on a internal reference frame and 
fixed allocentric coordinates (such as: “to the north”, “to the 
south”). The modalities through which VIP encode spatial 
information – namely through idiothetic information 
(vestibular and podokinetic signals) – are essentially 
egocentric, suggesting that VIP develop a spatial mental 
model which is consistent with route representation. 
Furthermore, the VIP are impaired in generating a survey 

representation of a not directly-experienced environment. 
Some empirical evidences support the hypothesis of the 
preference for route representation in VIP (Noordzij et al., 
2006), while other studies disconfirmed it, demonstrating 
that even blind people are able to encode spatial information 
in a survey representation (Tinti, Adenzato, Tamietto, & 
Cornoldi, 2006). Commonly, researchers use to study spatial 
representation by providing participants with a verbal 
description of an environment and by evaluating the 
consequent perspective of the participants’ mental model.   
However, the development of a spatial representation from 
the verbal description of an environment is not presentation-
free, as it anchors participants to the description’s 
perspective (Picucci et al. 2013). 

The experience of physical exploration of the 
environment is another important factor that could influence 
spatial representation. The physical movements indeed 
provides idiothetic and podokinetic information regarding 
the environment, which are useful for the development of a 
spatial representation. Indeed, Loomis and colleagues 
(1993) suggested that the spatial competence could depend 
more on people experience in independent movement than 
on visual experience. Furthermore, a recent study by 
Schmidt and colleagues (2013), which paid attention to 
mobility skills, found a better performance of participants 
with a survey perspective condition and suggested that the 
spatial abilities of blind people could be improved by 
developing their independent movement. The independent 
movement seems to have an interesting role in guiding the 
spatial representation by enhancing the ability to develop a 
survey representation. However, to the best of our 
knowledge, there is no studies that evaluate whether the 
experience of physical exploration affects the perspective of 
the spatial representation of the previously explored 
environment. 

The aim of the present study was to test the perspective of 
spatial representation after the physical exploration of space, 
in order to provide participants with idiothetic and 
podokinetic information and to avoid the influence of verbal 
description. Since literature provides contradictory 
evidences regarding differences among sighted and VIP 
concerning a preference in the spatial representation 
perspective, we tested both sighted and visual impaired 
participants in two separate experiments. We hypothesized a 
better performance for both accuracy and response time 
with survey representation than with route representation, 
not only for sighted participants, but also for VIP. 
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Experiment 1 

Participants 
A group of university students took part in this 

experiment in exchange of course credits. 

Procedure
Participants were blind-folded before entering the room. 

They were asked to explore autonomously a room, with no 
time limit, and to imagine its spatial characteristics. In the 
meanwhile, the experimenter took note of the exploration 
strategy of participants. Then participants were asked to 
perform the Sentence Verification Task, with sentences 
presented both in egocentric and in allocentric versions. 
After the task, participants were asked to generate a tactile 
map of the explored room, by using LEGO blocks 
representing the objects inside the room. 

We measured the accuracy and the response time in the 
Sentence Verification Task. Thereafter, two independent 
judges evaluated the performance in the LEGO map. 
Moreover, we observed the pathway and direction 
(clockwise or counterclockwise) of the exploration. As the 
pathway resulted to be the same for all the participants, we 
did not statistically analyze it. 

Results 
Results showed a faster response time for route 

perspective compared to survey perspective. Moreover, we 
compare the accuracy score with chance level (0.5) as 
criterion, for both perspectives. Results revealed a 
difference only for survey perspective, but not between the 
two perspectives. As regards the LEGO map task, we 
analyzed the scores obtain by participants who explored the 
room in counterclockwise and clockwise direction, but the 
analysis did not reach a statistical significance. 

Experiment 2 

Participants 
A group of visually impaired participants took part in this 

experiment. Among these, there were both congenitally and 
partially blind. 

Materials and procedure 
Both materials and procedure were the same of 

experiment 1. 

Results 
Results showed a faster response time for route 

perspective compared to survey perspective. Analysis for 
accuracy, instead, showed a higher score in survey 
perspective compare to route perspective. Moreover, data 
from accuracy scores suggest difference from chance value 
only for survey perspective.  

Concerning the LEGO map task, we analyzed the scores 
obtained by participants who explored the room in 

counterclockwise and clockwise direction but, also in this 
case, the analysis did not reach a statistical significance. 

Discussion and conclusion 
Data partially confirm our hypothesis. As regards the 

Sentence Verification Task, we found a higher response 
time in survey perspective, suggesting that participants are 
more confident with a route perspective than with the survey 
one. On the contrary, considering accuracy score, evidences 
suggested a better performance in the survey condition. This 
effect seems to be more noticeable with visually impaired 
participants. 

Different scores obtained in the LEGO map task by 
participants who explored the room in the two directions 
seem to suggest a possible higher performance for persons 
who explored the environment in the counterclockwise 
direction. 

The experience of autonomous exploration of space 
seems to have an important role in the construction of an 
adequate mental model. More precisely, results suggest that 
the mobility skills and the experience of movement could 
enhance the development of survey representation rather 
than route representation, even if participants seem to be 
more confident with the route perspective. These data are 
consistent with Chrastil and Warren findings (2013), 
showing that podokinetic information is the primary factor 
of active learning for the acquisition of survey knowledge. 
Moreover, these findings could be interpreted also 
according to perception and action approach. However, 
further research should be conducted in order to better 
understand the contribution of the autonomous exploration 
compared to non autonomous exploration. 

In conclusion, we suggest that physical movement might 
have an important role in guiding the development of spatial 
representation and in supporting both spatial updating and 
path integration, especially in absence of vision. 
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Abstract 
According to the literature, imagining how things would have 
been better in the past (counterfactual thinking) serves to 
prepare for future, highlighting prescriptions that can be 
converted in future intentions and in a more appropriate 
behavior. This view implicitly assumes that people think 
about controllable elements in their counterfactual thoughts 
and that the content of imaginary thoughts about the past and 
the future is the same. However, some studies (Ferrante, 
Girotto, Stragà, & Walsh, 2013) found a temporal asymmetry 
between past and future hypothetical thinking: thinking about 
how a failure could be a success in the future (prefactual 
thinking) elicit more controllable elements than thinking 
about how the same failure could have been a success in the 
past. In the present study, we replicated and extended 
previous findings in a more ecological setting. Athletes who 
have just run a marathon were asked to generate 
counterfactual or prefactual thoughts. The results showed the 
same temporal asymmetry found in Ferrante et al. (2013). In 
addition, we found that focusing on training, instead of 
focusing on other elements, resulted in a greater intention to 
train harder for the next marathon in the prefactual condition, 
but not in the counterfactual condition. Taken together, these 
findings question the postulated preparatory function of 
counterfactual thinking.   

Keywords: Counterfactual thinking; Prefactual thinking; 
Preparatory function; Prediction; Intention. 

Introduction 
Imagining how things could have been different in the 

past (counterfactual thinking) and how things could be 
different in the future (prefactual thinking) are two 
fundamental abilities of human being. Whereas prefactual 
thinking has gained the researchers’ attention quite recently, 
a larger body of literature has studied counterfactual 
thinking. Research showed that people are more likely to 
generate counterfactual thoughts after negative than after 
positive events (Roese & Hur, 1997), to imagine better 
alternatives to reality (i.e., upward counterfactuals; Roese & 
Olson, 1997), and to imagine what they could have done 
differently to obtain a better outcome (Girotto, Legrenzi, & 
Rizzo, 1991; Markman, Gavanski, Sherman, & McMullen, 
1993). Given these findings, the main postulated function of 
counterfactual thinking is to prepare the individual for the 
future (for a review see Epstude & Roese, 2008): the 
prescriptions included in counterfactual thoughts can be 
turned into behavioral intentions and, as a consequence, in a 
more appropriate behavior in similar future occasions.  

Nevertheless, some studies provided contrasting evidence 
regarding the frequency of controllable prescriptions in 

counterfactual thinking (Ferrante, Girotto, Stragà, & Walsh, 
2013; Girotto, Ferrante, Pighin, & Gonzalez, 2007; Pighin, 
Byrne, Ferrante, Gonzalez, & Girotto, 2011). Girotto and 
collegues (2007) found that, whereas readers of a story 
tended to modify, in their counterfactual thoughts, elements 
that were under the control of the protagonist (in line with 
the literature), participants who actually experienced a 
failure tended to modify elements that constrained their past 
attempt, such as the rules of the task (i.e., uncontrollable 
elements). Subsequent studies showed that thinking about 
how a failure could have been a success results in 
significantly less controllable modifications than thinking 
about how the same failure could be a success in the future 
(Ferrante et al., 2013). These results questioned the 
postulated preparatory function of counterfactual thinking: 
if counterfactual thinking serves to provide elements useful 
for future improvement, imagining a better past should be 
similar to imagining a better future.  

In the present study we aimed to replicate and extend 
previous results in a more ecological setting. In previous 
studies (Girotto et al., 2007; Ferrante et al., 2013), 
participants were presented with a given task twice (e.g. 
syllogism, scramble word quizzies), generating prefactual or 
counterfactual thoughts between the two trials of the tasks. 
But a potential drawback of this paradigm is that people 
were asked to solve a task for which they were not prepared 
and possibly perceived as trivial. In ecological situations, in 
which involved participants are prepared to face the event, 
controllable elements could be more available.  

We chose to analyze counterfactual and prefactual 
thoughts of athletes who have just run a marathon. In such a 
setting, participants are very involved and trained, and 
controllable modifications, such as the extent of their 
training, should be more available. However, our previous 
results (Ferrante et al., 2013) showed a temporally 
asymmetry in hypothetical thinking and seem to support a 
preparatory function only for prefactual thoughts. In order to 
provide more evidence on this issue, we asked participants 
to report their intention to train harder in the future. If 
counterfactual thinking has a preparatory function, 
counterfactual statements should be converted in 
behavioural intentions (Epstude & Roese, 2008, Smallman 
& Roese, 2009), and participants who think about training 
in their counterfactuals should report a greater intention to 
train harder in the future.  

In the present experiment we collected information on 
participants expertise as runners and on the actual marathon. 
Then, we asked them to generate counterfactual or 
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prefactual thoughts. Given that previous studies (Stragà, 
2014) showed that participants who generated controllable 
counterfactuals tended to be more confident in a future 
improvement, we asked participants to make some 
improvement predictions. Finally, we asked them to report 
their intention to train harder for the next marathon. 

Method 

Participants 
Seventy-four athletes (Male = 86%, Mage = 46.00, SDage =

10.80) participated in the experiment. Participants were 
recruited right after running a marathon (“Maratona 
Sant’Antonio” in Padova or “Maratona d’Europa” in 
Trieste).  

Procedure
Participants were randomly assigned to counterfactual or 

prefactual condition, and they were asked to fill in a 
questionnaire. First, participants were asked to indicate 
some general information, information on their expertise as 
runners and their finishing time in the actual marathon. 
Then, we asked participants to evaluate their performance 
and to rate their satisfaction with their performance. 

Next, according to the condition, participants completed 
the sentence “The marathon would have been better for me, 
if…” (counterfactual condition, n = 39) or the sentence 
“Next marathon will be better for me, if…” (prefactual 
condition, n = 35). After completing the sentence, only 
participants who expressed their willingness to run other 
marathons in the future completed the next part. After 
reporting when they would run the next marathon, they 
rated the likelihood of obtaining a better results in the next 
marathon and they estimated their finishing time. Finally, 
they reported their intention to training harder for the next 
marathon. 

Coding of the open-ended responses: Following Ferrante 
and collegues (2013), responses to the counterfactual/ 
prefactual statements were coded as controllable or 
uncontrollable. In particular, we coded as controllable all 
the elements that participants can control and change before 
or during the next marathon, that is: amount of training, 
effort, race strategies (e.g., speed variations during the race) 
and controllable physical conditions (e.g., rest, feeding). We 
coded as uncontrollable elements that referred to external 
conditions (e.g., weather, route) and uncontrollable physical 
problems (e.g., pain, injury).   

Results 

Preliminary analysis 
Seven participants reported general comments instead of 

actual counterfactual or prefactual thoughts, so they were 
removed from the analysis, leaving 67 participants. There 
was no difference between conditions in pre-manipulation 
measures. These measures did not have a relevant impact on 

our focal measures, so we did not report them in the 
subsequent results.  

Content of thoughts 
As regarding the content of thoughts, in line with previous 

studies (Ferrante et al., 2013) prefactual thinking elicited 
significantly more controllable modifications than 
counterfactual thinking (85% vs. 62%, respectively). 
Nevertheless, controllable modifications in counterfactual 
thinking reached 62%. Looking more deeply into the 
elements that participants changed, the majority of 
controllable modifications in counterfactual thinking 
referred to training.  

Predictions and intention 
Two participants reported that they did not intend to run 

other marathons and four participants wrote that their 
predictions referred to other type of races instead of a 
typical marathon, so we did not consider these participants 
in the subsequent analysis.  

As regards the improvement prediction, in line with 
previous findings (Stragà, 2014), results showed that 
participants who generated controllable modifications were 
more confident in a future improvement than participants 
who generated uncontrollable modifications. No other effect 
was found. 

We computed the amount of improvement expected by 
participants subtracting the time spent in the actual 
marathon from the expected time in the next marathon. The 
results showed only a marginally significant interaction 
between content and condition, but pairwise comparisons 
showed no significant effects.  

As regards the intention to train harder in the future, we 
recoded participants generated thoughts as “training” or “not 
training” modifications. In this way, we checked if the 
counterfactual/prefactual thoughts that modified the amount 
of training were transformed in behavioral intentions. 
Results showed that that, whereas in the prefactual condition 
participants who modified the amount of training in their 
thoughts actually intended to train harder than participants 
who modified other elements, in counterfactual condition 
this effect was not found.    

Discussion 
In present study, we replicated previous findings (Ferrante 

et al., 2013, Stragà, 2014) in a more ecological setting and 
extended our understanding of the effect of counterfactual 
and prefactual thinking. Three main results were found. 
First, prefactual thinking elicited significantly more 
controllable modifications than counterfactual thinking, 
replicating the results of Ferrante et al. (2013). Second, after 
generating a controllable counterfactual or prefactual 
thought as opposed to an uncontrollable one, participants 
were more confident in future improvement  (in line with 
Stragà, 2014), even if no effect was found when they 
estimated the amount of their improvement. Finally, the 
present experiment showed a new interesting result: 
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generating counterfactual thoughts referred to training, 
instead of other factors, did not increase the intention to 
train harder in the future. Conversely, prefactual thoughts 
that focused on training resulted in a greater intention to 
train harder in the future than prefactual thoughts that 
focused on other elements. This finding strongly question 
the preparatory function assigned to counterfactual thinking 
(Epstude & Roese, 2008): if counterfactual thoughts are 
useful for future improvement and they are converted in 
behavioral future intentions, a counterfactual that modifies 
the amount of training (e.g., “The marathon would have 
been better for me if I trained harder”) should result in 
greater intention to train harder for the next marathon, as 
happened in prefactual condition. If the primary function of 
counterfactual thinking is not to prepare for the future, we 
can only speculate about its possible role. Our data can be in 
line with a sense-making function: counterfactual thinking 
could serve to explain the past and to find relevant factors 
that prevented a better outcome. However, the question is 
still open. 

Moreover, in this setting we found an increase of 
controllable counterfactuals with respect to previous studies, 
mainly due to the training modifications, even if they did 
not affect the intention to train harder. Given these results, 
in the future studies we aim to replicate the training effect 
on intention in laboratory, manipulating the training 
availability before and after the task. In summary, this 
experiment supports our previous findings in a very 
different context, showing the robustness of our results, and 
brings new light to the effect of hypothetical thinking on 
intentions. The exploration of this effect is necessary for 
achieving a deeper understanding of the mechanisms 
underpinning counterfactual thinking. 
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Abstract 

This study focused on the prototypical-exemplar 
categorization dichotomy in pre-school and school-aged 
children considering 4-11 years old children: categorization at 
4 to 5 years of age mainly relied on Perceptual /Descriptive 
features, and conceptual features were used appropriately 
only at 8 to 11 years.  

Keywords: childhood; concepts development; categorization; 
prototypicality-exemplarity.

Introduction 
Concepts lie at the very core of our thinking; they 

represent a way of mentally grouping and organizing 
objects, and create long-term memory contents thereby. 
They are hierarchically related to one other as to understand 
external reality the same object needs to be identified at 
different hierarchical levels (Hammer, Diesendruck, 
Weinshall, Hochstein, 2009). The process of categorization 
allows us to organize the world distinguishing between 
super-ordinate and subordinate classes (i.e., between 
wooden objects and wooden furniture). In turn, this process 
leads to comprehension of the relations that exist among 
various objects within a specific class (i.e., between wooden 
chairs and non-wooden chairs). Furthermore, categorization 
processes require the use of inferential mechanisms that 
allow knowledge related to a specific part of reality to be 
transferred to other elements of the same “kind” (i.e., to 
wooden chairs vs. my wooden chair). 

Although many studies have focused on analyzing the 
development of concepts in general, little investigation has 
focused on the pathways children follow to acquire 
concepts. The current debate on categorization processes is 
between authors who maintain that the basic (or exemplar) 
level, classic Rosch, Mervis, Gray., Johnson,& Boyes-
Braem (1976) position, is children’s earliest way of 
categorizing conceptual acquisition and argue that 
development of categorization proceeds at a different pace 
in different domains of knowledge (Mervis & Crisafi, 
1982); and other authors, such as Mandler (2008), who 
believe that a concept’s core structure is present early on in 
children. 

A relatively new line of thinking, however, proposes that 
category representations are unstable even within, and not 
only among, individuals of different ages, and that they 
depend greatly on the context in which they are applied 
(Barsalou, 1991). In contrast with their position, Sloutsky 
(2003) argued that categorization is grounded in perceptual 

and attentional mechanisms. He theorizes the existence of a 
concrete to an abstract shift as other recent studies do 
(Tallandini & Roia’s, 2005; Perraudin & Mounoud, 2009).  

The purpose of the present study was to examine 
children’s artifacts (church1 and bank) categorization at the 
two different levels of proto-typicality (a church or a bank) 
and exemplarity (the church/bank you know about)2

considering the existence of a developmental process that 
might account for the categorization of artifacts in 
prototypical and exemplar tasks. In particular, children 
would rely on different types of information 
(Perceptual/Descriptive, Conceptual, or Functional) to make 
categorizing decisions in function of their ages. The starting 
assumption was that prototypical concepts are identified by 
conceptual features, and exemplar concepts are identified by 
perceptual/ descriptive features (Keil, 1989). 

To the best of our knowledge, research using the same 
object considered at two different abstraction levels 
(exemplar and prototypical) has been conducted only with 
adults (Archambault, O’Donnell, & Schyns, 1999). 

Predictions 
The theories outlined above suggest three apparently 

contrasting accounts for the development of children’s 
categorization: one refers to the existence of a nearly inborn 
categorizing capacity (Mandler, 2008), the second to the 
importance of perceptual cues and to a radical change 
occurring during development (Sloutsky, 2003), the third 
points out to the relevance of the context (Barsalou, 1991). 
The predicted outcomes, in agreement with Sloutsky’s 
(2003) theoretical position, are based on the view that 
concepts are composed of different types of information 
(theoretical, perceptual, and functional), which are 
differently acquired and organized at different rates during 
development. Specifically, the previsions are that the 
youngest participants (4 to 5 year olds) would be unable to 
distinguish between the prototypical and the exemplar 
request; they would consider the aspect in which they were 
idiosyncratically most interested as being the most relevant 
for denoting the object under consideration, regardless of 

                                                          
1 A church is generally a very familiar building for Italian 

children--most probably because they typically attend church at a 
very young age, and many play- and social activities take place on 
church playgrounds and in parishes. 

2 We refrain from referring to the levels examined in our study 
as “basic” and “subordinate”, because the terms do not always 
have the same meaning in the object recognition- and object 
categorization literature (Schyns, 1998). 
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the hierarchical level of the request. The middle aged 
participants (6 to 7 year olds) will not show any particularly 
distinctive choice as they are no longer at an idiosyncratic 
level nor they have yet achieved the capacity of 
distinguishing the hierarchical level of the concept 
categorization. Conversely, the oldest participants (8 to 11 
year olds), would use a conceptual feature to categorize the 
prototypical building, and a descriptive/perceptual feature 
for the exemplar building, distinguishing the two levels of 
categorization thereby. Finally, considering Barsalou’s 
(1991) context relevance theory, as the concepts examined 
belong to the same domain, the expectation was that a 
highly familiar concept, such as “church”, would show 
differentiation in categorization at an earlier age than the 
less familiar concept of “bank” would, due to the greater 
amount of information that the concept “church” has 
available. 

Method 

Participants 
Participants were non-referred, 4- to 11-year-old children 

divided into the following four age groups: 4-5, 6-7, 8-9, 
and 10-11 years. All the groups presented nearly equal 
distributions in terms of gender. Participants refusing to 
perform the task were excluded from the research. 
Participants were from middle- and lower middle class and 
were recruited at public kindergardens and elementary 
schools. Three-hundred and seventy-six (376) participants 
were assigned the bank task, and 349 were administered the 
church task.  

Procedure
We verified the children’s degree of familiarity with the 

concepts of church and bank. In an effort to avoid the 
influence that is typically generated by pre-composed verbal 
descriptions or visual presentations (Deak & Bauer, 1996), a 
procedure that has participants produce their own stimuli by 
drawing them was developed.  

Hence, a task requiring the hierarchical identification of 
stimuli was developed that have the same content but which 
is related to two levels of categorization (prototypical and 
exemplar) for the same object to avoid confounding effects 
that might derive from using different stimuli for different 
conditions. The procedure therefore had the participants to 
draw an object and allowed the children themselves to 
specify the object’s key features, avoiding the influence of 
any adult intervention thereby. No similar procedure was 
found in literature.  

Children were randomly assigned to two groups and were 
asked, either to draw a bank (prototypical condition) / “draw 
the bank you know about” (exemplar condition), and “draw 
a church” (prototypical condition) / “the church you know 
about” (exemplar condition) on a blank A4 sheet of paper 
for each drawing. After they had drawn their pictures, the 
experimenter asked the focus questions, "How do you know 
that this is a bank/the bank you know about (or a church/the

church you know about?)" and then wrote down their verbal 
responses. To avoid the risk of contamination by further 
reasoning (Shallice & Warrington, 1975), only the first 
mentioned feature was considered. A classification system 
to group children’s answers was obtained in terms of 
Conceptual Features (CF), Functional Features (FF), and 
Perceptual / Descriptive Features (P/DF) . CFs, indicating 
the core of a concept, yield only one or two utterances per 
stimulus, as also theoretically substantiated by Keil (1989), 
conversely P/DF and FF were represented by numerous 
elements. 

Results 
Although the task had been administered following a 

Latin square distribution, the eventual order effect was first 
checked: an ANOVA for repeated measures was conducted, 
with task type and presentation order as IV and responses as 
DV. No effects related to presentation order emerged. 

Given that all measures were at the nominal level, a non-
parametric statistical approach was used. A two-way, log-
linear saturated model was computed for each stimulus 
(church/bank) and for each of the two conditions 
(prototypical/exemplar), with age and features as factors; 
the aim was to check for any systematic differences in the 
ways different-aged children mentioned properties. Then a 
three-way, log-linear saturated model, was applied with 
features, age, and stimuli (prototypical and exemplar) as 
factors to examine the influence, if any, of the two 
conditions (prototypical/exemplar). A second three-way log-
linear model was then computed to verify the familiarity 
effect, by using the two levels of familiarity (church/bank), 
type of features, and age group for each of the stimuli 
conditions (prototypical and exemplar). Lastly, log-linear 
parameter values and their standardizations were calculated 
for all statistically significant two- or three- dimensional 
effects. 

The church 
The prototypical church yielded a statistically significant 

two-dimensional effect (L2 = 14,71, df = 6, p < 0.05).The 
values of the log-linear parameters and their standardization 
indicated that within age group,  4- to 5-year-old children 
mentioned Perceptual/Descriptive features (PD) (z = 3.04;  
p < 0.001) significantly more frequently than the other 
features. A radical difference emerged for ages 8-9 and for 
age 10-11 yrs, in that PDF became the significantly least-
used feature (z = - 2.20 and z = -1.57, respectively). The 
two-dimensional effect was not statistically significant for 
the exemplar church (L2 = 5.30, df =6, n.s.). 

The bank 
For the prototypical task, the two-way, saturated model, 

log-linear analysis yielded a statistically significant two-
dimensional effect (L2 = 35,04, df = 6, p < 0.001).  

In the within age group analysis, 4 to 5 year olds used CF 
for the prototypical bank significantly less frequently (z = -
2.82; p < 0.005) than they mentioned PDF (z = 2.48; p < 
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0.01) or FF (z = 2.15; p < 0.01). At 8-9 years, an opposite 
trend was observed, with a statistically significant CF use (z 
= 3.54; p < 0.001) and a lower frequency in PDF use (z = -
2.41; p < 0.01). At 10-11 years, we once more observed an 
increased use of CF (z = 3.54; p < 0.001), and again a less 
frequent use of PDF (z = - 2.06, p< 0.01) and of FF (z = - 
2.01, p < 0.05).  

The two-ways log-linear analysis conducted on the 
exemplar bank responses yielded a statistically significant 
two-dimensional effect (L2 = 45,43, df= 6, p<.001). 

The within age group analyses showed  that 4- to 5-year-
old children used significantly more FF (z = 3.12; p < 
0.001) and significantly less CF (CF: z = -2.72; p < 0.005) 
than the older groups did, when asked to indicate the 
distinctive properties of the exemplar bank.  At the age of 8-
9 years, there was a lower frequency in PDF use (z = -3.80, 
p < 0.001) versus a higher frequency in CF use (z = 3.36, p
< 0.001). At the age of 10-11 years, children used with 
higher frequency CF (z = 3.26; p < 0.001) and lower 
frequency FF (z = -4.26; p < 0.001) . 

Discussion 
The questions the study aimed to answer were how and at 

what age children differentially identify the same concept at 
the two hierarchical levels of exemplarity and 
prototypicality. The predictions stemmed from the 
consideration that the capacity for expressing hierarchical 
categorization is gradually constructed during development 
(Sloutsky & Fisher, 2004), hence only older children would 
be able to identify the different taxonomic levels and a 
developmental shift should be observed produced by the 
conceptual change in older children (Sloutsky, 2003; Keil, 
1989). Moreover, a concomitant hypothesis, based on 
Barsalou (1991) theoretical position, would be supported by 
the influence of the degree of concepts familiarity 
(Barsalou, 1991). In general the results showed a clear 
difference between the responses obtained with the two 
stimuli (church and bank) first of all providing support to 
the hypothesis of the influence of familiarity in acquiring a 
hierarchical organization of categories (ib.). Moreover, only 
the older children identified the different taxonomic levels 
correctly, giving ground to the shift hypothesis in the 
acquisition of hierarchical categorization (Keil, 1989; Rosch 
et al., 1976; Sloutstky,2003). However, this finding was 
clearly supported by the data only for the more familiar 
stimulus, the church. In fact, more perceptual /descriptive 
features were mentioned for the exemplar church and more 
conceptual features were presented for the prototypical 
church in a shift from the 8-9 year level upward. A different 
pattern emerged for the bank, the less familiar stimulus, 
where there was indeed a different use of cues through ages 
but not a clear differentiation for the two stimuli. However, 
these data do not give support to the core category theory 
(Mandler 2008), as children at the first age level use almost 
at the same rate PDF, FF and CF. 

Overall, these data lend support to Sloutsky’s (2003), 
Tallandini & Roia’s (2005), and Perraudin & Mounoud ‘s 

(2009) positions. They argued that the perceptual aspects 
have a fundamental role in early categorization. Moreover, 
the existence of a concrete to an abstract shift has been 
confirmed.  
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Abstract 

Many health online resources addressed to the general public 
lack usability and their content is frequently difficult to 
understand. This case study evaluates the usability and the 
effectiveness of information presentation of the “Alcol e 
Salute” website, using two methods: heuristic evaluation and 
user testing. The results of the usability testing analysis 
revealed several key weaknesses with respect both to 
navigation and information display. These results will be used 
to revise the website accordingly. 

Keywords: Web usability; user testing; heuristic evaluation; 
health communication; alcohol reduction. 

Introduction 
For many people the internet has become the first source 

for health-related information (Hesse, Moser, & Rutten, 
2010). According to a WHO eHealth cross-country survey 
of seven European countries, 71% of internet users had used 
the web for health purposes (Andreassen et al., 2007). Since 
many people seek specific medical information on the 
internet, and this information influences subsequent health 
care decisions (Agarwal, Chaudhari, Hansberry, Tomei, & 
Prestigiacomo, 2013), the issues of source credibility and 
effective communication become important. Indeed, many 
studies have reported that patients have problems in finding 
and understanding health-related information, due to 
overwhelming information (Murero, D’Ancona & 
Karamaoukian, 2001), low readability (Berland, et a., 2001), 
confusing interfaces and content organization (Williams, 
Nicholas, Huntington, & McLean, 2002; for a review, see 
Rice, 2006). In sum, many health online resources 
addressed to the general public lack usability and their 
content is frequently difficult to fully understand. 

Web usability is usually defined as a quality attribute that 
assesses how easy user interfaces are to use (Nielsen 2009). 
It refers to the effectiveness, efficiency and satisfaction with 
which the users achieved specified goals while using the 
website (ISO CD 9241-11).   

To better assess the usability of a website, it is often 
suggested to combine two different methods: heuristic 
evaluation and user testing (Tan, Liu, & Bishu, 2009). 

Heuristic evaluation is an informal method in which 
usability specialists are asked to judge whether websites' 
elements follow established usability principles, "heuristics" 
(Nielsen, 1994). 

However, the best way to understand whether real users 
are able to effectively interact with a website, user testing is 
probably the most important method to assess usability: 
letting users interact with the website, performing some 
specific tasks, and analyzing their behavior while interacting 
(Nielsen & Levy, 1994). Moreover, the user testing permits 
assessment not only of the usability of the system, but also 
of the comprehension of the website content. 

The aim of the present study was to evaluate the usability 
and the effectiveness of information presentation of the 
“Alcol e Salute” website (www.itatvb.it), which is the 
official Italian translated and adapted version of the British 
“Down Your Drink” website (www.downyourdrink.org). 
This website has been developed as an interactive online 
intervention for educating the general public about alcohol 
problems and reducing hazardous drinking in people 
drinking more than the safe guidelines suggestions, but 
without severe alcohol related problems (Linke, 
McCambridge, Khadjesari, Wallace, & Murray, 2008). The 
website’s applicability in clinical practice is currently the 
subject of several European projects (e.g., EFAR Project, 
Struzzo et al., 2013). 

Method 

Heuristic evaluation 
Two human factor experts conducted a preliminary 

heuristic evaluation of the “Alcol e Salute” website in order 
to identify usability problems to be studied in depth with 
user testing. 

The heuristic evaluation identified the following key 
issues:  Website navigation;  Use of the “Alcohol Units 
counter”, a tool for calculating the amount of alcohol 
consumed in the last week;  Visual design and display of 
relevant information. 

While it is not strictly accurate to include the last point as 
a usability issue, through the heuristic evaluation it was 
noticed that the main information (i.e., the notion of Alcohol 
Unit [AU], the daily/weekly AU threshold for low-risk 
drinking, and the AU contained in common alcoholic 
beverages) was presented in combination with other less 
relevant information and without any special emphasis. 
Since understanding this information is of clear importance 
for the drinking reduction program, participants’ 
understanding was also included in user testing. 
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User testing procedure 
Eight participants (4 men, 4 women; age ranged from 29 

to 66, mean age = 45.00, SD = 15.97) agreed to participate 
in the study on a voluntary basis. All participants reported to 
drink alcoholic beverages at least occasionally. The sample 
size was calculated from the widespread assumption that 
five participants are enough to reveal most usability 
problems (Nielsen, 1993; Virzi, 1992), adjusted following 
the suggestion to increase sample size when testing users of 
varying experience levels and abilities (Faulkner, 2003). 

The user tests were performed individually in a lab setting 
using a standard personal computer with a web browser and 
Internet access, and took about half an hour. Participants 
were asked by an experimenter to interact with the “Alcol e 
Salute” website and to verbalize their thoughts as they 
completed the following tasks (think-aloud protocol): 
1. Browse the website for 5’ without a specific task; 
2. Complete the “How much alcohol am I drinking?” 

program section, in which participants: 
a. Were presented with the definition of Alcohol 

Units (AU); 
b. Had to use the Alcohol Units counter tool; 
c. Were presented with the thresholds for low-risk 

drinking. 
In order to engage participants with the task, we asked 
participants to complete this section by playing the role 
of a person actually interested in the program’s content 
(Nielsen Norman Group, 2014). To ensure both task 
uniformity and privacy, participants received from the 
experimenter the list of alcohol drinks to be entered in 
the Alcohol Units counter tool. 

3. Find target information, the “Assertive Communication” 
section. 

Finally, participants were asked to compile the System 
Usability Scale (SUS; Brooke, 1996) and a questionnaire 
evaluating participants’ understanding of the main 
information presented in the “How much alcohol am I 
drinking?” section: what is an Alcohol Unit, the weekly AU 
threshold for low-risk drinking and how many standard 
drinks of beer, wine or spirits are allowable for low-risk 
drinking. 

With the participants’ permission, each session was video 
and audio recorded. 

Results 

Website navigation 
Navigation in the website turned out to have both positive 

and negative features: while participants had no problems in 
surfing the website sequentially using the “click here to 
continue” and “previous page” buttons, they found it 
difficult to use the navigation menus. Indeed, the website 
had three navigation menus (two horizontal and one 
vertical) with redundant content and unclear labeling. This 
difficulty in navigation also emerged also when analyzing 
participants’ performances in Task 3 (finding target 

information): Only two participants (25%) completed the 
task within the 3 minute time limit. 

Alcohol Units counter tool 
Each participant was asked to enter the same amount of 

alcoholic drinks in the Alcohol Units counter tool. Correct 
use of the tool should have yielded a final score of 21.33 
AU. Actual use by participants turned out to be problematic: 
One participant gave up after a few tries, all the others 
reached different results, and none reached the correct one 
(scores ranged from 17.76 to 99.54, mean score = 35.09, SD 
= 28.87, median score = 25.77). Video and verbal protocol 
analysis showed that the main problems were due to poor 
interface design (e.g., the output box was fillable and thus 
used as an input text box) and due to ambiguous labeling 
both in menu titles and in menu options (e.g., the “How 
many glasses?” [“Quanti bicchieri?”] menu was 
inconsistent with the possibility to insert cans and bottles in 
the “Which volume?” [“Che quantità?”] menu, see Figure 
1). 

Figure 1: The Alcohol Units counter tool. 

Visual design and information display 
During Task 2, participants were presented with 

information contained in the “How much alcohol am I 
drinking?” program section. The aim of this section is to 
educate people about alcohol content in drinks and safe 
drinking guidelines. At the end of the interaction with the 
website, however, only four out of eight participants 
remembered the meaning of “Alcohol Units” at least 
partially correctly. Only two participants correctly 
remembered the low-risk drinking threshold for their 
gender, two participants remembered a wrong threshold, and 
the others did not respond. The correct number of standard 
drinks of beer, wine or spirits allowable for low-risk 
drinking was remembered only by one participant, five 
participants reported wrong answers and two participants 
were unable to respond. 

Overall usability 
The website’s mean System Usability Score (SUS) 

resulted as 30.31 (SD = 17.85) on a 0 to 100 scale, a result 
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labeled as “poor” (Bangor, Kortun, & Miller, 2009). The 
perceived ease-of-use and interaction satisfaction were very 
low. 

Discussion 
The results of the usability testing analysis revealed 

several key weaknesses with respect both to navigation and 
information display. User testing indicated that navigation 
menu should be simplified and the consistency between 
labels and content improved. The Alcohol Units counter 
tool could be revised with a simpler one, using graphics 
instead of textual content. Perhaps the most important issue 
to emerge was the difficulty in understanding the content, 
which could be solved by improving both the attractiveness 
and visibility of relevant information. Better use could be 
made of graphics and color to increase readers’ attention 
and different fonts and placement could be used to highlight 
relevant information over the less important one (George, 
2005). The “Alcol e Salute” website will be revised as a 
result of the usability testing, as planned in the EFAR 
Project (Struzzo et al., 2013). 

Public health communication initiatives should adopt the 
most effective strategies for the promotion, protection and 
maintenance of health (Higgins, Sixsmith, Barry, & 
Domegan, 2011). Thus, usability evaluation, and in 
particular user testing, could be especially useful when 
designing websites dedicated to educate the general public, 
such in the case of public health websites. 

User testing is a quick and cheap method to receive 
feedback from a user perspective, revealing the strengths 
and weaknesses of a website. Since their usefulness, tests 
with real users should be conducted at every stage of a 
website building project lifecycle, in order to find the 
factors that need to be improved before the final design. 
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Abstract 

According to a technique widely used in art schools, everyone 
can make more realistic drawings by copying upside-down 
originals. We tested if this is true by asking 40 artistically 
untrained participants to copy either upright or upside-down 
drawings of a face or a car. Our results indicate that 
participants were faster when copying the car in comparison 
to the face, but not when copying upside-down in comparison 
to upright images. In addition, they were more accurate in 
capturing the global proportions of the image in comparison 
to the local proportions of its parts. However, neither the face 
nor the car were copied more accurately when presented 
upside-down. Overall, we observed no significant difference 
in accuracy between the upright and upside-down conditions, 
with most measures showing a pattern consistent with greater 
accuracy in the upright orientation especially for the face. 
These results provide no evidence that copying upside-down 
images promotes greater resemblance to the original stimulus 
image. Implications for the cognitive psychology of drawing 
and for the pedagogy of the visual arts are discussed. 

Keywords: drawing; inverted drawing; learning;innocent eye 

Introduction and Rationale 
Drawing is a fascinating form of visual art. Historically, 

humans drew pictures even before they started to write -- 
and some did that better than others. How can we explain 
differences in drawing skills? Traditionally, two theories 
have tried to explain why and how some of us can draw 
artistically. According to the "innocent eye" theory, the 
ability to draw derives from a special way to see the world. 
According to this idea, artists see without any perceptual 
distorsion because they have access to the proximal stimulus 
projected on their retina. This is due to an innate ability as 
artists possess an ‘innocent eye’ (Ruskin, 1912) that allows 
them to see the world without external influences. In line 
with this hypothesis, many studies show an advantage of 
artists over non-artists in perceptual tasks, suggesting that 
they are somehow better at obtaining visual information 
(Cohen & Bennett, 1997; Kozbelt, 2001; Cohen, 2005; 
Mitchell, Ropar, Ackroyd, & Rajendran, 2005; Calabrese & 
Marucci, 2006; Cohen & Jones, 2008).The second 
hypothesis, proposed by Perdreau and Cavanagh (2011) and 
based on Tchalenko’s work (2009), argues that artists create 
an internal representation of image structure through 
segmentation. Experts are trained to focus on the single 
elements and organize them meaningfully to keep them in 
memory until they reproduce them on paper. They suggest 

that this specific ability depends on experience and is 
improved by training (Perdreau & Cavanagh, 2014).   

In between the formulation of these two theories, an artist 
published a book that is now considered a classic in the 
pedagogy of the visual arts. Betty Edwards’ Drawing on the 
Right Side of the Brain, first published in 1989 but now in 
its fourth edition, emphasizes the popular view that the right 
hemisphere is responsible for creativity. The key to drawing 
artistically is “to see through artist’s eyes”. Edward’s 
techniques are created to favor switching to ‘R-mode’, 
which means engage the right brain and his ability to 
reproduce elementary information. The basic idea is 
learning a set of techniques for seeing in R-mode, the first 
and most important being upside-down drawing. According 
to Edwards, even if you were always uncapable of drawing, 
with the sample rotation of the subject by 180°, your skill 
suddenly improves. Without any training, everyone can 
draw respectable portraits just looking at a a subject image 
upside-down. Reportedly, by looking at an upside-down 
subject, student more easily focus on structural information, 
on single lines and shapes. This allows you to gain a more 
innocent eye, or, as Perderau and  Cavanagh argue, to better 
segment the object you need to draw. 

Although widely acclaimed, Edwards’ theory has not 
been tested systematically after an early qualitative study 
reported in Edward's dissertation (Edwards, 1976). Do 
individuals with no training in drawing actually draw better 
from upside-down subjects? 

General Methods 

Participants 
Forty members (15 males, 4 left-handed, mean age 22 

years) of the Parma student community volunteered. None 
had received formal training in drawing, and all were 
unaware of the purpose of the study. 

Stimuli, Apparatus, and Procedure 
The stimulus images (Figure 1) were presented on the 

upper half of a A4 white sheet. The lower half of the sheet 
was left blank for the participant’s copy. Four different 
sheets were used depending on the figure to be copied (face 
or car) and on its orientation (upright or upside-down). 
Participants were given a B-grade pencil and an eraser. The 
time to completion of the drawing was recorded using a 
digital chronometer. Copy accuracy was measured by 
comparing distances between selected points of the original 
and copied images, as measured by a suitable set of rulers. 
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The experiment began by recording the participant’s age 
as well as his or her preferred hand for writing as an 
indicator of handedness (for a justification of this method of 
determining handedness, see Rigal, 1992). Next, they were 
presented with one A4 sheet (turned to show the back of the 
page which had no drawing) and asked to read the following 
instructions: “You will be presented with two sheets 
containing two images, one at a time. Your task is to 
reproduce the figures as best as you can. Use the space in 
the lower part of the sheet to reproduce the figure. Take as 
much time as you need and feel free to use the eraser. 
However, please keep the sheet always in the orientation 
that was originally presented and avoid rotating the sheet. 
After a go signal, turn the sheet and begin.” If participants 
require additional explanations, the experimenter provided 
further clarification. Once the task was clear, the 
experimenter provided the first go signal, started the 
chronometer, and the participant started to copy the first 
stimulus image. At the end of the experiment participants 
that so requested were debriefed. 

The dependent variables were the time to completion of 
the copy and two measures of accuracy in reproducing the 
original proportions (see below). The independent variables 
were the orientation of the stimulus original (upright or 
upside-down) and type of stimulus (face or car). To control 
the effect of order, a Latin square was used to randomly 
assign 10 participants to each of four conditions: upright 
car, upside-down face; upright face, upside-down car; 
upside-down car, upright face; upside-down face, upright 
car. In each condition, participants copied each drawing in 
the specified order and orientations. 

Figure 1. Drawings used in our copying task.  

Analysis and Results 
We inspected histograms of the distributions of the times 

to completion of the drawings (see below) separately for the 
four conditions. Given the differences in the shape, 
dispersion, and symmetry of the four distributions, we 
measured the central tendency of these distributions using 
their medians and tested differences using Mann-Withney's 
nonparametric two-sample test. To assess the participant's 
accuracy in copying the stimulus images, we computed 
aspect ratios (ratios of horizontal to vertical extents, AR) for 
distances between selected points in the original images and 
compared these to AR's for corresponding points in the 
copied images. We computed the following AR's for the 
face and car, respectively: Global face AR - horizontal 
distance between each ear-cheek junction and vertical 

distance between the highest point on the hair contour and 
the lowest point on the chin contour; Local face AR - 
horizontal distance between pupil centers and vertical 
distance between the eye level and the lowest point of the 
nose contour; Global car AR - horizontal distance between 
the left- and rightmost points on the car front and back 
bumpers and vertical distance between the highest and 
lowest points of the car frame; Local car AR1 - horizontal 
distance between the left- and rightmost points and vertical 
distance between the highest and lowest points, for the front 
door; Local car AR2 - horizontal distance between the left- 
and rightmost points and vertical distance between the 
highest and lowest points, for the back door. Having 
measured these AR's, we computed a percent measure of 
deviation from the original image as follows 

% deviation = (ARc -ARo)/ARo x 100 
where ARc is the relevant aspect ratio in the copied image, 
and ARo is the corresponding aspect ratio in the original 
stimulus, a negative sign signifies a copy more elongated 
vertically than the original, and a positive sign a copy more 
elongated horizontally. 

In addition, we also computed an accuracy metric based 
on the formula proposed by Perdreau and Cavanagh (2013). 
We chose 16 junctions that could be readily located on both 
the original drawings and on the participants.'s copies. Next, 
we centred both the original picture and the drawings on 
their leftmost selected junction. Finally, we normalised the 
coordinates to the maximum horizontal and vertical 
coordinates. The result was the mean of the percentage root-
mean-square error calculated for each axis, x and y. This 
method allowed us to obtain a unique score of how much 
the participants' drawings deviated from the originals, 
disregarding the information about local and global 
proportions. Moreover, this formula represents a second 
check of the results. 

Distributions of the times to completion of the drawings 
are presented in Figure 2. Times tended to be lower in the 
upright car condition (median = 278 s) in comparison to the 
other three conditions (medians = 362 s, 351 s, and 371 s, 
for the upright face and upside-down face and car, 
respectively). However, the difference between faces and 
cars proved statistically reliable, Mann-Whitney U = 3282, 
p < 0.005, whereas the difference between upright and 
upside-down did not, Mann-Whitney U = 4208, p > 0.75. 
Distributions of percent deviations from original image are 
presented in Figure 3, separately for each measure and 
orientation. 

Overall, participants tended to produce copies of the face 
that were more elongated horizontally than the original 
(positive % measures), and copies of the car that were more 
elongated vertically (negative). Additionally, they tended to 
be more accurate with the car (average deviation -3.3% ) 
than with the face (7.7%) and, to a lesser extent, in the local 
(0.5%) in comparison to the global measures (2.0%).  
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Figure 2. Times to completion of the copies in the four 
conditions of our study. 

However, results did not show sizable differences as a 
function of the orientation of the stimulus image, except for 
the global measure with the car stimulus, where the average 
percent distortion was 2.2% in the upright orientation but 
10%, a fivefold increase, in the upside-down orientation. To 
subject the above-described pattern to inferential analysis, 
we entered the % deviation data into a 5 (type of measure) x 
2 (orientation) ANOVA. This revealed a significant effect of 
type of measure, F4,190 = 7.96, p < 0.0001, but not of 
orientation F1,190 < 1 or of the interaction F4,190 < 1. 
Consistent with our qualitative assessment of the results, 
Scheffé post-hoc tests indicated that all car - face paired 
comparisons were statistically significant, p < 0.05 or lower, 
except for the comparison between the face global AR and 
the car local AR2, whereas only two (out of five possible) 
local vs global comparisons were significant, p < 0.01 or 
lower. Most importantly, no pairwise comparison between 
the upright and upside-down orientations within any of the 
five measure proved significant, p > 0.11 or larger.  

Accuracies based on Perdreau and Cavanagh's %RMSE 
metric were analyzed using a 2 (Group: Car vs Face) x 2 
(Condition: Original vs Upside-down) ANOVA. A 
significant effect of group, F1,79 = 45.4, p < 0.0001 was 
observed, indicating that participants produced smaller 
errors when they copied the car than the face. However, 
these data also did not show an effect of condition, F1,79 = 
0.05, p > 0.05, or of the two-way interaction, F1,79 = 0.053, p
> 0.05, indicating that there were no differences between the 
original and upside-down orientations of the models.  

Discussion and Conclusion 
In a nutshell, our results indicate that participants were 

able to copy the car more quickly and accurately than the 
face, and that there were differences of detail in the ability 
to reproduce the proportions of the original image. These 

differences are to be expected given the simpler geometry of 
the car image, and are not particularly surprising. 
Importantly, however, we failed to observe any systematic 
difference between copies from the upright and the upside-
down orientations of the original image. If anything, we 
observed a (nonsignificant) tendency towards greater 
accuracy in the upright condition with the face stimulus. 
Thus our results are not consistent with expectations based 
on the "upside-down drawing" technique promoted by 
Edwards (1989).  

It may argued that our results are inconclusive in that we 
obtained nonsignificant effects. However, our study did 
reveal several significant differences, although not between 
the orientations of the original stimulus image. In addition, 
it seems unlikely that we failed to observe an advantage of 
upside-down drawing due to insufficient statistical power. 
Our sample size, 20 participants in each orientation 
condition, was comparable to that of the original study 
reported by Edwards (1976) which had 21 participants in 
each orientation. In addition, each of our participants 
produced two drawings, effectively doubling the number of 
observations we had. Finally, we stress that overall if any 
hint of a difference is to be detected in our data, it was in 
fact in the direction of an upright advantage, not the other 
way around. We also stress that similar results were 
obtained with our accuracy metric, which emphasizes key 
features encompassing local and global properties, and with 
the more global metric proposed by Perdreau and Cavanagh 
(2013). Thus, the results are unlikely to depend on the 
choice of a given method for assessing accuracy. 

An alternative criticism to our study may be that our data 
are noisy due to insufficient control of skill level. Although 
we purposedly chose to test only individuals with no formal 
training in the visual arts, some of them might still enjoy 
drawing as a hobby or pastime, providing them with a 
degree of informal training. These participants might be 
somewhat skilled, causing the accuracy data to reach ceiling 
and effectively washing out the difference between the 
conditions. We consider this unlikely, given the relatively 
large times that most participants required to complete these 
simple drawings and the substantial percentage deviations of 
the copies compared to originals. As an additional test of 
this possibility, after completing the drawings 25 of the 40 
participants were asked to fill out a four-item questionnaire. 
The questionnaire items were the following: “I practice 
drawing often”; “I believe I can draw well”; “I found the 
upright image easier to copy than the upside-down image”; 
“I found the face easier to copy than the car”. Participants 
reported their degree of agreement with each item on a 1 
(completely disagree) to 7 (completely agree) scale. The 
median agreement scores to the first item was 2, with all 
participants choosing scores of 3 or less except for four 
participants that choose 7, 6, 5, and 4.  The median 
agreement scores to the second item was also 2, with all 
participants choosing scores of 4 or less except for three 
participants that choose 5 (corresponding to three of the four 
reporting that they drew often). Thus, there was little 
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evidence that, overall, participants were informally trained 
or otherwise practiced drawing. Interestingly, the median 
agreement scores to the third and fourth items were 4 and 5, 
suggesting that participants did not perceive task difficulty 
to vary with image orientation, but perceived the face to be 
easier to draw than the car (the opposite of what we 
observed in our measures). 

Figure 3. Accuracy data in the conditions of the study. 

Although we do not believe that our results suffer from 
insufficient statistical power, our study has limitations. First 
of all, our conclusions are necessarily limited to the two 
kinds of figures that were tested. It may be that with 
different categories of figures the upside-down drawing 
technique proves more useful. We also stress that the 
drawings tested by Edwards were considerably different 
from ours. It may also be that unskilled participants require 
more training, perhaps over several days, before the effect 
of upside-down drawing begins to show. We stress however 
that in the original study reported by Edwards (1976) an 
advantage of upside-down drawing was observed after a 
single drawing session as in our study. But perhaps the most 
important consideration in comparing our study to Edwards' 
concerns the assessments of the quality of the participants' 
drawings. In our study, we sought quantitative indices of 
performance, based on drawing times and on comparing the 
aspect ratios of the original and of the copy for global and 
local features. In Edwards' study, instead, the quality of the 

participants' drawings was evaluated qualitatively by a panel 
of experts. Although quantitatively they did not turn out to 
be more accurate in the upside-down condition, it is quite 
possible that the copies might have nonetheless been judged 
as artistically "better" by a panel of judges. We stress that 
the artistic quality of a drawings is however a different 
problem than its degree of consistency of a copy with the 
original. If there is a dissociation between the two, this 
would be interesting to learn. 

These limitations notwithstanding, we conclude that at 
least in the current conditions there is little evidence in 
support of Edwards' upside-down drawing technique. 
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Abstract 

The paper discusses the Heterogeneity Hypothesis about 
concepts (Machery, 2009) and the empirical support on which 
it is based. Two experiments are presented which investigate 
one of the main predictions of the theory, i.e., the fact that 
people should be willing to accept apparently contradictory 
sentences about the same entity.  

Keywords: Concepts; Categorization; Heterogeneity 
Hypothesis; Hybrid theory; Contextual Framing. 

Introduction 
The debate on the acquisition, representation and use of 

knowledge about categories and concepts has been a 
constant hallmark of psychological research for almost a 
century. The discussion was particularly animated during 
the ’70s giving raise to opposing theories. Concepts were 
considered as variously represented by rules, prototypes or 
exemplars (Smith & Medin, 1981). The attempt to define 
which theory could best explain the empirical findings 
proved vain, even when data from neuropsychological 
research and neuroimaging were taken into account. As 
argued by Murphy (2002), it seems now clear that all these 
theories are, to a greater or lesser extent, wrong and that 
new ways of thinking about this issue are required. These 
could be represented by the so-called hybrid theories of 
concepts or by more radical positions such as the 
Heterogeneity Hypothesis (HH), put forward by Machery 
(2009), which casts doubt on the usefulness of the very 
notion of concepts within psychology. 

In the paper the essential features of the HH and its 
empirical validation are illustrated. Two experiments are 
then presented which investigate one of the main 
ramifications of the HH: the fact that people should be 
willing to accept apparently contradictory sentences about 
the same entity. Experiment 1 replicates the procedure 
utilized in Machery and Seppälä with the goal to establish 
whether people could hold multiple concepts for the same 
category. In addition Experiment 2 tests the possibility that 
this effect could be modulated by the conceptual framework 
adopted in evaluating a sentence, an idea already put forth 
by Hampton, Dubois, and Yeh (2006) who were however 
unable to corroborate it. 

The Heterogeneity Hypothesis 
Heterogeneity Hypothesis (Machery, 2009) challenges the 

dominant conceptions, which assume that all concepts, 
however represented, share the same set of properties. These 

properties are used to explain our high-level cognitive skills: 
how we categorize, reason inductively, draw analogies, etc. 
It is known that each cognitive process can be variously 
realized. In fact, there are different ways to reason 
inductively, to categorize, or to make analogies. The 
dominant conceptions (what Machery calls the Received 
View) take for granted that these activities are based on the 
same type of knowledge. Such being the case, it is however 
difficult for them to explain where this diversity originates 
from. 

The HH assumes that, for each category, there exist 
different kinds of concepts that have little in common 
beyond coreferentiality (i.e., the fact that they refer to the 
same entity). Empirical evidence suggests the existence, for 
each category, of at least three separate types of concepts 
capable of storing knowledge of different kinds: prototypes, 
sets of exemplars and the so-called theory-theories.
Prototypes represent typical or cue-valid properties of a 
concept. Furthermore, a concept can be represented 
(extensionally) through the set of its exemplars. Finally, the 
theory-theories analyse a concept in terms of a causal, 
nomological or functional theory about the members 
forming the concept extension. Thus, according to the HH, 
different representations for the same category (i.e., different 
concepts) can simultaneously coexist and be used (in a 
many-to-many relation) by different cognitive processes 
giving rise to the variety with which they occur. 

So-called hybrid theories provide a different explanation 
for this diversity. These theories claim that each category is 
represented by a single concept, which can be composed by 
different parts. Hybrid theories also assume that the distinct 
parts of a concept can be employed in different forms of the 
same cognitive process. For example, Osherson and Smith 
(1981) claim that a concept is composed by two parts: a set 
of properties, that are necessary and sufficient to define the 
concept, and a prototype. These components come into play 
in two distinct form of categorization: one based on 
prototype similarity and the other on definitions. 

Different predictions about the output of the cognitive 
processes could be derived by these assumptions. For the 
hybrid theories, the separate representations work together 
contributing to a consistent result. On the other hand, for the 
HH, each concept is involved in a totally separate process 
and could lead to conclusions that may be uncoordinated or 
even contradictory. 

Machery and Seppälä (2011) empirically investigated
these predictions through an experimental procedure, 
which required the evaluation of pairs of contradictory 
sentences. Participants were asked to establish (on a seven-
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point Likert scale) how much they agreed with affirmative 
or negative classification statements. According to the HH, 
if participants accept two mutually contradictory sentences 
as true, they should be able to utilize two different concepts 
for the same category. It was further hypothesized that 
contradiction acceptance would be higher for sentences 
allowing the use of conflicting membership criteria (the 
target sentences) in comparison with those for which the 
criteria coincide (the control ones). In other words, because 
tomatoes are technically fruit but share many properties with 
vegetables, it would be possible to accept both: “In a sense 
tomatoes are vegetables” and “In a sense tomatoes are not 
vegetables”. On the other hand, control sentences like “In a 
sense lions are animals” and “In a sense lions are not 
animals” should not be considered simultaneously true due 
to the fact that lions are in fact animals and that they are also 
typical animals. So the HH allows contradiction acceptance, 
at least for certain kinds of sentences. On the other hand, 
hybrid theories, which do not allow the existence of 
multiple representations for the same category, would have 
difficulty in explaining the phenomenon. 

Machery and Seppälä (2011) obtained findings, which 
are actually compatible with the idea that people could hold 
multiple concepts for the same category and thus support the 
HH. In their first experiment, for example, the average 
percentage of agreement with both sentences was 27.9% for 
the target pairs and 2.78% for the control ones. The 
evidence is however not conclusive due to the insufficiency 
of their statistical analyses and to some limitations in the 
experimental procedure. In order to further investigate this 
issue, we carried out the following experiment. 

Experiment 1 
The experiment aims to replicate the first study reported 

in Machery and Seppälä (2011). In comparison with the 
original experiment, greater attention is given to the internal 
validity of the theoretical constructs, to the control over the 
experimental material, and to the evaluation of the results 
through stricter statistical tests. Basically, the experiment 
asked participants to determine how much they agreed with 
the statements contained in pairs of contradictory sentences. 
The major differences with Machery and Seppälä (2011) 
consisted in the introduction of a new type of control 
sentence and in the fact that participants were divided in two 
groups. To one group (called Pair), the contradictory 
sentences were presented in pairs and participants were 
asked to evaluate them sequentially. To the other group 
(Single) every sentence was presented, and had to be 
evaluated, separately. This avoids that the assessment could 
be affected by the evaluation given to the other pair. 

Method  
Participants: 40 participants (31 females) from different 
socio-cultural background took part in the experiment. They 
were all from the Trieste area and their age varied from 20 
to 42 years (mean=26.1, sd=4.8). Participants were 

randomly assigned to the two experimental conditions (Pair
vs. Single).

Materials: In the experiment, 32 pairs of sentences were 
used. In each pair, a sentence made an affirmative statement 
and the other contained its negation. Four different kind of 
sentences were used:  
-T1: The subject of the sentence was similar to the prototype 

concept of the sentence predicate but it did not belong 
to its extension (e.g., “In a sense bats are birds”);

-T2: The subject was dissimilar to the predicate prototype 
but, in fact, it was an atypical member of its extension 
(e.g., “In a sense penguins are birds”);

-T3: The sentence subject was both similar to the predicate 
prototype and it was a member of its extension (e.g., 
“In a sense canaries are birds”).

Sentences T1 and T2 correspond to the Target sentences 
utilized by Machery and Seppälä (2011), while T3 
correspond to their Control sentences. In the experiment, to 
fully balance the membership and typicality factors, we 
utilized another kind of statements: 
-T4: The subject was both dissimilar to the predicate 

prototype and did not belong to its extension (e.g., “In
a sense toads are birds”).

As it is apparent from the above description, the subjects 
of sentences T1 and T2, the Target sentences which allow 
the use of different evaluation criteria (typicality vs 
membership), are borderline members of their natural 
categories, while in sentences T3 and T4, which constitute 
the Control ones, they are typical members of them. Subjects 
and predicates of the sentences were balanced within each 
kind of sentence in order to obtain all their possible 
combinations. 

As a consequence of the criteria adopted in the 
construction of the materials, in T1 and T4 are true the 
negative sentences, while in T2 and T3 are true the 
affirmative ones. 

Design: We adopted a 2x2 mixed design, having the 
modality of sentence presentation (Pair vs Single) as a 
between subjects factor and the kind of sentence (Target vs 
Control) as a factor within. 

Procedure: All the sentences (64 in total) were gathered in 
a leaflet whose pages contained eight sentences each.  Next 
to each sentence was printed a line 7 cm long whose 
extreme points were marked with the labels “Completely 
disagree” and “Completely agree”, respectively. 
Participants had to indicate the degree of their agreement 
with the sentence by putting a vertical mark on the line. For 
participants in the Pair condition, each page included four 
randomly chosen pairs of sentences. In each pair, the order 
of presentation of the positive and negative sentence was 
randomized. For the participants in the Single group, each 
leaflet page contained eight different sentences drawn 
randomly from the total of 64 possible ones. 

To facilitate the comparison with the data reported in 
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Machery and Seppälä (2011) participants’ responses were 
translated into a seven-points Likert scale with marks 
comprised between 0 and 1 cm scored as 1, marks 
comprised between 1 and 2 cm scored as 2 etc. 

Result  
As discussed above, the fundamental difference between 

the predictions made by the HH and the hybrid theories 
concerns the degree to which participants are willing to 
accept mutually contradictory sentences. In fact, it is not 
easy to establish when this happens. Machery and Seppälä
(2011) used two dependent variables: (a) the percentage of 
participants giving an answer greater than or equal to 4 to 
both sentences of a pair, and (b) the absolute value of the 
difference between the answer given to the positive and the 
negative sentence of each pair. The rationale behind these 
measures is quite clear. To accept a contradiction it is 
necessary that both the positive and the negative sentence be 
considered true. Moreover, the difference between the 
scores should be small. For instance, if a member of a pair 
of sentences receives a score of 7 (corresponding to a 
“Completely agree”) and the other member a score of 4 
(corresponding, more or less, to ”not sure”), we are not 
licensed to assume that the participant holds both sentences 
as true. 

From our point of view, the criteria used in the previous 
study are not entirely satisfactory in order to establish when 
a real contradiction is present. In addition to the difference 
between the scores given to the sentences of a pair (which 
we will call Delta), the absolute value of the scores should 
be considered, too. In other words, there is a difference 
between a Delta=1 deriving from the scores of 5 and 4 and a 
Delta of the same magnitude resulting from a 7 and a 6. The 
former denotes a situation of uncertainty while the latter 
indicates a real contradiction. In addition to the dependent 
measures used in the previous study we therefore took into 
account a new variable: the Sum of the scores assigned to 
the two sentences. Contradictory sentences are, therefore, 
characterized by a small Delta and a high Sum, indicating 
that the participant was pretty confident about their truth. 

Due to space limitation, we report here only the main 
finding obtained from the experiment, i.e., the number of 
contradictions accepted by participants in the two 
experimental conditions for the different types of sentences. 
To obtain this result, in analogy with Machery and Seppälä 
(2011), we discarded from the analysis the pairs whose true 
sentence obtained a score less than 4.  This allows to take 
into account the fact that, after all, some people could ignore 
the natural superordinate class of a given concept and 
actually believe, for instance, that “In a sense carrots are 
fruit”. Of the remaining sentences, we considered accepted 
as contradictory those pairs whose Delta was less than or 
equal to 2 and whose Sum was higher than 10. Figure 1 
reports the average of accepted contradictory pairs for each 
sentence type in the two experimental conditions. 

Discussion  
The findings seem at first sight compatible with the HH. 

Similarly to what was obtained in Machery and Seppälä 
(2011), participants actually seem to be willing to accept 
contradictory statements, with acceptance higher 
(F1.38=5.733; p=0.022) for the Target sentences (T1 and T2) 
than for Control ones (T3 and T4). However, there are some 
important reservations to be made. 

First of all, it should be observed that the amount of real 
contradictions in the Pair condition is much lower than that 
expected according to the previous studies. Moreover, the 
ANOVA revealed a significant difference (F1.38 = 12.04; p =
0.001) between the Pair and Simple conditions. The fact that 
people were more willing to judge two contradictory 
sentences as true when they were presented one at a time, 
suggests, however, that contradiction acceptance could be 
better explained by the access to different aspects of the 
same hybrid representation than by the simultaneous 
activation of different concepts. 

Figure 1: Average sentence contradiction acceptance. 

This idea is based on an observation made several times 
(e.g., Braisby & Franks, 1997) that a major source of 
variability in categorization judgments derives from the 
absence of an explicit context for the task. The fact that all 
our sentences, following Machery and Seppälä (2011), are 
introduced by “In a sense...” does not help to establish a 
clear framework for categorization. It is therefore 
reasonable to believe that, when the contradictory sentences 
are presented in pairs, they are evaluated within the same 
framework (hence the lower number of contradictions). On 
the other hand, when they are presented separately, 
participants are free to choose every time the perspective 
through which the sentences are evaluated (giving thus rise 
to a higher number of contradictions). To assess the 
reliability of this hypothesis we carried out Experiment 2. 

Experiment 2 
Several studies on classification manipulated the context 

in which the task had to be performed (Murphy, 2002). 
Closest to our purpose is the work carried out by Hampton 
et al. (2006). In their experiment, the instructions given to 
participants contrasted a purely pragmatic classification 
context with a more technical one, and these were compared 
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with a no-context control condition. Contrary to the 
expectations, none of the dependent measures was 
influenced by the context. 

In Experiment 2 we investigated whether contradiction 
acceptance could be reduced by providing participants with 
a clear purposive context for sentence evaluation. It could 
be speculated that such a context will encourage the 
adoption of a homogeneous membership criterion, thus 
reducing the need to resort to multiple concepts for the same 
category. 

Method 
Participants: 60 University of Trieste students (48 
females), whose age varied from 18 to 53 years (mean=23.1, 
sd=8.0), participated to the experiment. They were 
randomly assigned to three experimental conditions called 
Neutral, Prototype, and Theory.

Materials: The instructions provided to participants differed 
in the context according to which they were asked to 
evaluate the sentences. For the Theory group the instructions 
highlighted the fact that concepts are structured according to 
a taxonomy based on strict membership rules. Participants 
in the Prototype condition were said that concepts are 
related according to their similarity. Finally, the instructions 
for the Neutral group did not provide any specific indication 
about the context to be adopted. 

In the experiment the same sentences of Experiment 1 
were used. In the case of Theory group, however, they were 
introduced by the expression “In a technical sense...” while 
each sentence of the Prototype condition began with the 
words “According to common sense..”. Sentences of the 
Neutral,like those of the Single condition of the previous 
experiment, started with “In a sense...”.

Design: The experiment followed a 3x2 mixed design. 
Participants were assigned to three experimental groups 
(Neutral, Prototype and Theory) which constituted the 
between subjects factor, while the sentence kind (Target vs 
Control) was the factor within.  

Procedure The procedure was identical to that employed in 
the Single condition of Experiment 1. 

Result and discussion 
Figure 2 reports the average of accepted contradictions for 

the different kinds of sentences in the separate experimental 
conditions. The first thing to note is that the results in the 
case of the Neutral context are similar to those obtained in 
the Single group of Experiment 1. In fact the conditions in 
the two experiments were identical and no significant 
difference was obtained between their results. 

In Experiment 2 a mixed ANOVA revealed the main 
effect of the different type of context (F2.57 = 3.966; p=
0.024) on the number of contradictions accepted by 
participant while no difference between the Target and 
Control sentences was found. A Tuckey HSD post-hoc test 

revealed a significant difference between the Neutral and 
the Theory conditions only (p = 0.011) while the other 
comparisons did not yield statistically significant results. 
Providing a purposive context had therefore the effect to 
reduce the number of contradictions accepted by 
participants, making the Target sentences similar to the 
Control ones. These results supports the hypothesis that the 
findings obtained by Machery and Seppälä (2011) and in 
our Experiment 1 could derive not from the simultaneous 
access to different concepts for the same category but from 
the fact that, in case of sentences presented individually, 
participants may adopt each time a different reference 
context. If this hypothesis is true, the contradictions that 
were detected may be more apparent than real and the 
support for the HH could be weaker than previously 
thought. 

Figure 2: Average sentence contradiction acceptance. 

Conclusion  
In this study we reported two experiments, testing the 

prediction made by the HH and the hybrid theories about the 
willingness to accept contradictory statements. While the 
first experiment obtained findings that seemed to 
corroborate the HH, the second experiment suggests a 
different interpretation more in line with the assumptions of 
the hybrid theories. The results of the experiments are 
however not conclusive because, as it was the case for 
“classical” theory of concepts, it is difficult to find a critical 
test that allows to discriminate between them. In any case, it 
seems clear that the adoption of a purposive context greatly 
reduces the vagueness and inconsistency in the use of 
concepts, limiting the need to resort to multiple 
representations for the same conceptual category. It remains 
to be determined whether the context could directly 
influence the process of categorization, an effect that seems 
dubious in the light of the findings reported in Hampton et 
al. (2006), or its role should be limited to the evaluation of 
classification statements. 
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Abstract 

The aim of the study was to investigate the dynamics of 
metacognitive monitoring during learning category structures 
defined by logical rules of different levels of complexity: 
conjunctive, conjunctive-disjunctive or complex rule. Feeling-
of-warmth judgments were used repeatedly during learning to 
assess participants' subjective feelings about how close they 
are to the acquisition of the appropriate rule. After each 
judgment, participants were asked to describe logical rules 
underlying category structures. As expected, the results 
showed that feeling-of-warmth judgments generally follow 
classification accuracy through the course of learning. Rule 
description accuracy shows a similar pattern and is also 
congruent with classification accuracy through the course of 
learning. Contrary to expectations, there were no differences 
between different levels of category structure complexity on 
any of the tested measures. 

Keywords: category learning; category structure complexity; 
feeling-of-warmth judgments. 

Introduction 
Shepard, Hovland and Jenkins (1961) in their seminal 

research showed that the ease of learning rule-based two-
choice category structures, that can be constructed with 
stimuli composed of three binary stimulus dimensions, 
depends on the complexity of the underlying logical rule. 
Regarding the number of dimensions that need to be taken 
into account to correctly classify individual stimuli, tasks 
based on a simple unidimensional logical rule are the easiest 
to learn (type I), while tasks based on a two-dimensional 
conjunctive rule are more difficult to learn (type II). Tasks 
based on a three-dimensional conjunctive-disjunctive rule 
that can be formulated as a single-dimension-with-exception 
rule (types III, IV and V) reflect the next level of 
complexity, while tasks based on a more complex three-
dimensional rule are the most difficult to learn (type VI). 
This ordering was a reference point for evaluating formal 
accounts of category learning (e.g. Estes, 1994; Feldman, 
2000; Nosofsky, Gluck, Palmeri, McKinley, & Glauthier, 
1994). However, recent studies observed that there is no 
type II advantage (Kurtz, Levering, Stanton, Romero, & 
Morris, 2013: Lafond, Lacouture, & Mineau, 2007; 
Lewandowsky, 2007; Love & Markman, 2003), which 
suggests that the original ordering should be revised (Kurtz 
et al., 2013).

An important question that arises from these results is 
how is the complexity of category structures reflected in 
metacognitive monitoring of the category learning process. 
Specifically, how is the complexity of category structures 
reflected in the subjective feelings related to the 
improvement of learning category structures. In order to 

examine participants' subjective feelings about how close 
they are to the acquisition of the rule underlying category 
structures at different stages of the learning process, feeling-
of-warmth judgments (Metcalfe, 1986; Metcalfe & Wiebe, 
1987) were used repeatedly during the course of learning. It 
was expected that feeling-of-warmth judgments will 
gradually increase following the increase in classification 
accuracy during the course of learning. Learning of rule-
based category structures involves explicit processes of rule 
formation and hypothesis testing and activates the explicit 
or declarative category learning system which results in 
gradual mastering of rule-based category structures (Ashby 
& Maddox, 2005; 2010).  

The aim of the study was to investigate how feeling-of-
warmth judgments are related to categorization performance 
during the acquisition of category structures of different 
complexities (tasks type II, IV and VI). 

Method 

Participants 
Sixty-five undergraduate psychology students from the 

Faculty of Humanities and Social Sciences in Rijeka, 
Croatia, participated in the experiment in exchange for 
course credits. They were randomly assigned to each of the 
three conditions (task types II, IV and VI). All participants 
were tested individually. 

Materials 
The participants learned rule-based two-choice category 

structures, labeled as category learning tasks type II, IV and 
VI by Shepard et al. (1961). The stimuli were pictures 
depicting three positions on which either of the two 
thematically related drawings of objects (candle–light bulb, 
violin–trumpet, and bolt–nut) could appear as values. Each 
of the two categories within a single category learning task 
included four stimuli. 

Feeling-of-warmth judgments were used to assess 
participants' subjective feelings about how close they are to 
the acquisition of the rule underlying category learning 
tasks. Participants had to indicate how close they believed 
they were to the acquisition of the rule underlying the 
category structure repeatedly during the course of learning. 
Judgments were given on a seven-point scale ranging from 1 
(meaning 'not close at all to the appropriate classification 
rule') to 7 (meaning ‘completely confident about the 
appropriate classification rule’). 
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Procedure
The stimulus presentation and data collection were 

performed by E-prime 2.0 software running on a personal 
computer. Stimuli were presented on a computer screen 
using unlimited (response-terminated) exposure duration. 
Each of the eight pictorial stimuli was presented once during 
each block in a randomized order. Subjects were instructed 
to determine whether the presented stimulus belongs to 
category A or B by pressing appropriate keys on the 
computer keyboard. If they were not sure how to classify the 
stimulus, they were instructed to guess about its category 
membership. Each response was followed by feedback on 
classification accuracy. After each block of eight trials, 
participants were asked to give a feeling-of-warmth 
judgment on a scale ranging from 1 to 7. Following the 
feeling-of-warmth judgment, participants were asked to 
write the underlying rule or to describe features 
characterizing categories A and B on a paper form. Learning 
continued until 20 consecutive blocks were reached. 

Results and discussion 
In order to examine changes in classification accuracy, 

rule description accuracy and feeling-of-warmth judgments 
during the acquisition of category structures, the course of 
learning was divided into four learning stages. The analyses 
were performed for two groups of participants: learners 
(who have successfully master the task), and non-learners 
(who have not master the task). 

We performed three three-way ANOVAs with 
classification accuracy, rule description accuracy and 
feeling-of-warmth judgments as dependent variables, task 
type and performance group as between-subject factors and 
learning stage as a repeated measure factor. 

Classification accuracy. For classification accuracy, the 
results showed significant main effects of performance 
group (F1,59 =77.15, MSE = 0.029, p = 0.000) and learning 
stage (F3,177  =85.88, MSE = 0.009, p = 0.000), significant 
two-way interactions of performance group and task type 
(F2,59 = 3.70, MSE = 0.029, p= 0.031), and performance 
group and learning stage (F3,177=43.47, MSE= 0.009, p =
0.000). A significant three-way interaction of task type, 
performance group and learning stage (F6,177 = 2.64, MSE = 
0.009, p = 0.018) was also obtained. Pairwise comparisons 
showed that classification accuracy increases through 
learning stages for participants who mastered task types II 
and VI, while an increase in classification accuracy for 
participants who mastered task type IV is observed starting 
from the second learning stage. Expected differences with 
respect to task type were not observed. However, the 
delayed increase in classification accuracy observed for task 
type IV relative to task types II and VI might suggest a 
greater complexity of task type IV. The results are in 
accordance with studies showing no type II advantage 
(Kurtz et al., 2013: Lafond et al., 2007; Lewandowsky, 
2007; Love & Markman, 2003) when presented stimuli are 
composed of drawings which are therefore difficult to 

verbalize and make category learning harder. Equal
classification accuracy on task types II and VI probably 
indicates that participants use the strategy of simple 
memorizing single stimuli instead of mastering the 
underlying rule when faced with the task which is extremely 
difficult to be described in terms of logical rule (task type 
VI). The use of memorization strategy can improve 
classification performance on task type VI and make it 
comparable to task type II which is mastered by discovering 
the appropriate logical rule (Nosofsky & Palmeri, 1996). 
Delayed acquisition of task type IV compared to the two 
other task types may be due to the deceptive simplicity of 
the underlying single-dimension-with-exception rule where 
the exception impedes category learning in the initial 
learning stages. 

When comparing two performance groups, classification 
accuracy is higher for learners compared to non-learners 
starting from the third learning stage for task types II and 
IV, and starting from the second learning stage for task type 
VI. Results are shown in figure 1(a).  

Rule description accuracy. Rule description accuracy was 
determined by assigning the value 1 to each stimulus which 
could be correctly classified based on the rule description 
given by the participant and the value 0 to each stimulus 
which could not be properly classified based on the same 
rule description. The number of stimuli that could be 
correctly classified was divided by the total number of 
presented stimuli per block to express rule description 
accuracy as a proportion.  
For rule description accuracy, the results showed significant 
main effects of performance group (F1,59 =37.98, MSE= 
0.192, p = 0.000) and learning stage (F3,177 = 43.14, MSE= 
0.025, p = 0.000), and a significant two-way interaction of 
performance group and learning stage (F3,177 = 26.83, MSE 
= 0.025, p = 0.000). Pairwise comparisons showed that rule 
description accuracy increases through learning stages for 
learners, while it remains low for non-learners. When 
comparing two performance groups, rule description 
accuracy is higher for learners starting from the third 
learning stage. Again, expected differences with respect to 
task type were not observed. Generally, rule description 
accuracy is in line with classification accuracy through the 
course of learning. Similar patterns observed for 
classification and rule description accuracy show that it is 
possible to verbalize what is learned in different learning 
stages or to monitor the ongoing rule-based category 
learning process (Ashby & Maddox, 2005; 2010). Results 
are shown in figure 1(b).  

Feeling-of-warmth judgments. A similar pattern to the 
ones described above was observed for feeling-of-warmth 
judgments. The results showed significant main effects of 
performance group (F1,59 = 26.20, MSE = 5.944, p = 0.000) 
and learning stage (F3,177 = 61.15, MSE = 1.030, p = 0.000), 
and a significant two-way interaction of performance group 
and learning stage (F3,177 = 40.22, MSE = 1.030, p = 0.000). 
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Pairwise comparisons showed that feeling-of-warmth 
judgments increase through learning stages for learners, 
while they remain low for non-learners. When comparing 
two performance groups, feeling-of-warmth judgments are 
higher for learners starting from the third learning stage. 
Generally, the results showed that feeling-of-warmth 
judgments are in line with categorization performance 
during the acquisition of category learning task types II, IV 
and VI. Thereby, feeling-of-warmth judgments gradually 
increase through the course of learning for participants who 
successfully mastered the task.  

Figure 1. (a) Classification accuracy, (b) Rule description 
accuracy and (c) Feeling-of-warmth judgments with respect 

to two performance groups, three task types and four 
learning stages. 

This is consistent with previous research conducted in the 
domain of problem solving showing incremental patterns of 
feeling-of-warmth judgments during the course of solving 
algebra and non-insight problems whose solutions are 

reached gradually (Metcalfe, 1986; Metcalfe, & Wiebe, 
1987). These findings suggest that metacognitive 
monitoring of the course of learning rule-based category 
structures is efficient to some extent.  

Furthermore, the results showed that the two-way 
interaction of task type and performance group on feeling-
of-warmth judgments approached significance (F2,59 = 2.63, 
MSE = 5.944, p = 0.080). Pairwise comparisons showed 
that participants who mastered task types II and VI gave 
higher feeling-of-warmth judgments compared to 
participants who have not master those tasks. On the other 
hand, this difference is not observed for two performance 
groups exposed to learning task type IV. This result also 
points to the greater complexity of task type IV since, on 
average, participants who successfully mastered task type 
IV had difficulties to discriminate whether the acquired 
underlying rule is appropriate. Results are shown in figure 
1(c). 

Conclusion 
We observed similar patterns in the dynamics of 

classification accuracy, rule description accuracy and 
feeling-of-warmth judgments through the course of learning 
rule-based category structures. This suggests that learning 
which activates the explicit or declarative system can be 
metacognitively monitored (Ashby & Maddox, 2005; 2010).  

Contrary to expectations, lack of differences between 
tasks of different complexities supports previous findings 
that the original ordering of category structure complexity 
(Shepard et al., 1961) should be revised (Kurtz et al., 2013: 
Lafond et al., 2007; Lewandowsky, 2007).
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