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Chapter 1 - Introduction

The beauty of human movement shows itgel& variety of ways, from the well de-
fined graceful movements in a ballet penfiance to a perfectly executed double play

in baseball. In both cases, beauty may residie eye of théeholder, or author.
Knowledgeable observers and professional performers have developed an ability tc
recognize fine-grained patterns of humaovement. Even less knowledgeable
observers can appreciate the skillful motoric artistry in various sporting events and
performing arts. Appreciation, or recogon of human motion, however, is not
restricted to professional perfmers or expert observers.

On a more daily basis, an importanpest of human cognih is the ability to
perceive and understand the actions of oth@ividuals. In this sense, appreciation of
human movement is defined less by artistiovention than by a basic need to interact
with things around us and other individuals. The importandkisfability is reflected
in basic survival value as well as sociallyented situations. Peeiving the difference
between threatening and friepdbehavior allows us to avoid harm and to seek out
socially beneficial contact. The ability to recognize the actions of others allows us to
adjust our actions accordingly. For example, when approaching a friend | have not
seen for a while and he stretches out his open hand tomards clearly means that |
should shake his hand in a friendly way. Witttie area of coordited activities like
playing sports, the ability to perceive the ant of others as a kind of prelude to what
is going to happen next is crucial. Thderof dynamic information in the perception
of actions could be an impant factor that distinguigls action categories from, for
example, artifact categories lik@usescars, books pencils etc.

When we see the movement of othediwiduals, we donot merely see the
independent movement of arms and legs coiagkein a specific way to the torso. We
instead see meaningful actions likeaving, running, crawling, swimming, etc.
Furthermore, this perceptéabgnitive ability is done witout ‘thinking’ about how we
do it. It is seemingly effortless in many cagészen the role that this ability plays in
our everyday cognition, it seermaportant to invetigate how this abity arises. This
book is about our ability to recoige and categorize human actions.
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It is no small secret that human visisnhighly sensitive to the motion patterns
created by the movement of other indivibluaVhen we identify a motion pattern as
an instance of someone running or wadkiwe are categorizing that motion pattern.
This ability to see a pattenf human motion as an imstce of running or walking and
not just as a complex pattern of movemeinthe arms and legs is sometimes referred
to as epistemic visual perception (Jeande& Jacob, 2005). A further aspect of the
sensitivity of human vision is # we are able to see thadntions of others in their
basic actions (e.g., Blakemore & Decety, 20Dittrich & Lea, 1994; lacoboni et al.,
2005; Saxe, Xiao, Kovacs, Perrett & Kankngs, 2004). The meaning of actions is
therefore determined by the conceptual knogkeassociated with a given pattern of
bodily motion. Conceptual knowledge inrfuincludes knowledge about the goals,
emotions, sensory-motor patte, intentions and associations to related action
categories in an action hierarchy.

The empirical findings in this book caititute to our understanding of how we can
perceive the actions of other humaMore specifically, the findings expand upon
previous research about the role thahhkievel conceptual knowledge seems to play
in the structure of action categories and akitity to recognize the actions of others.
The high-level conceptual knowledge refertedhere will focus on the role that
sensory-motor patterns and association®kated action categories play in action rec-
ognition and categorization. An additional espof the research presented concerns
the relationship between peption/conceptualization anbe words used to express
what we see. To what extent do the asgtamis between the words we use reflect the
way they are cognitely organized?

In addition to introducing the centrajuestions covered in this book, this
introductory chapter will present the following:

x the embodied approach to cognition, whigrves as a theoretical context for my
research

x the development of the research topics

X a cognitive science perspective

X a description of the chapters

X asummary of the main thesis and contributions

X paths not taken.

1.1 An Embodied Perspective

Although | will not directly investigate &hembodied approach to cognition (e.g.,
Barsalou, 1999; Chrisley & Ziemk20D03; Clark, 1999, 2006; Svensson, Lindblom &
Ziemke, 2007), | will simply point to thea€t that numerous results support the idea
that action representatiorgaognition and categorization éclly involve the ability

to mentally simulate and relate the antoof others to one’s own body and action
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repertoire’ Mental (motoric) simulation of the fians of other people seems to be
intricately linked to understanding observed actions (e.g., Blakemore & Frith, 200¢
Calvo-Merino, Grézes, Glaser, Passingharil&@gard, 2006; Casile & Giese, 2006;
Jeannerod, 1994; Sebanz, Knoblich, & Prinz, 2003fr&hi 2006, 2008). The mental
simulation referred to here should not mmftised with visual mental representation
in the form of mental images. Instead, nargimulation should benderstood as an
actual motor based spatiotemporal represiemtaf an action. Findings from Lozano,
Hard and Tversky (2007, 2008) have adown that peoples’ understanding and de-
scriptions of objects in a scene areueficed by their own body and motor represen-
tations. The extent to which people are dbleelate to their ow motoric capabilities
affects their comprehension thfe interaction with objects.

The role of mental simulation in aoti understanding is also apparent in a
cognitive impairment known as apraxia. Aoging to Jeannerod®006), a central role
of motor simulation is apparently lacking apraxia, in which a person has difficulty
in performing skilled actions usually requiritige use of a toolin addition to this
difficulty, apraxia results in an impairmeaf the ability to pantomime common uses
of tools, like hammering, cutting paper with a pair of scissors, etc. Together with thes
deficits, action simulation and action recognition are also impaired. It is not the cas
however, that people with apraxia lack tiality to reach and grasp objects, which
means that the apraxic impairments are not due to a pure motor or visual defi
(Jeannerod, 2006). The impairment seems to be@an inability toselect the appro-
priate motor elements that figure irdgoal directed dion (Jeannerod, 2006).

Recently, much research has demonstrategntral role for the involvement of
motor resonance in language understandinge@ally the understaling of verbs for
concrete bodily actions (e.g., Arbib, 200&iz-Zadeh & Damasio, 2008; Gallese &
Lakoff, 2005; Hauk, Johnsrude & Pulwaiiller, 2004; Tomasino, Fink, Sparing,
Dafotakis & Weiss, 2008; Tomasino, Vder, Weiss & Fink, 2007). Hauk et al.
(2004) used functional magnetic resormrnimaging (fMRI) to show that verbs
referring to face-, arm-, and leg-relatedi@t during a passive reading task lead to
significant levels of cortical activation alotlge motor strip. The areas activated along
the motor cortex were very close to oreditly overlapped with the areas that are
activated when we use the tongue, finger$eet. In short, there was a somatotopic
activation of the premotor and motorrtax. Recently, Tomasino et al. (2008) found
that when transcranial maditestimulation (TMS) was apigd to the hand area of the
left primary motor cortex, facilitation occadl for the processing of verbs related to
hand actions. This facilitation occurred whaibjects used motor imagery to process

! See e.g. the anthologies edited by Klatzky, MacWhinney and Behrmann (2008) and Ziemke, Fra
and Zlatev (2007) for overviews diie issues in the embodied approach to cognition. The anthology
“Common mechanisms in perception and actiotterition and performance” (Prinz & Hommel, Eds.,
2002) also contains numerous articles that present summaries documenting the cognitive importanc
the perception-action connection.
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hand-related action verbs. It should be padnbut, however, that while motor imagery
has a facilitating effect and often occuas a result of processing the meaning of
action verbs, Tomasino et 4R008) found no evidence for thecessityof motor
imagery for action verb processing.

Despite the wealth of new behavioeald neuroscientific evidence in support of
the close relationship between action obaton and understandintjere is an on-
going debate about the exteatwhich action understandjrin particular and human
cognition in general is “embodied.” Mah@amd Caramazza (2008) attempt to frame
the behavioral and neuroscientific resultatthupport an embodied view in terms of a
middle ground between a “pure” embodied appfoat the one extreme and a “pure”
disembodied hypothesis approach. Accordmgheir view, sensory and motor infor-
mation are necessary fanline conceptual processingut not necessary for a
conceptual level that is more abstraodl agmbolic. For further information about the
specific issues in this debate, seehdia and Caramazza (2008) and Shapiro, Moo &
Caramazza (2006).

In this short summary of the embadiiapproach to cognition, |1 should mention
the role that the discovery of mirror nens has had for the development of embodied
cognition. Briefly, mirror neurons becometiaated when an individual performs
certain actionsand when an individual observebe actions of another person
performing the actions (e.g., Buccino, Bingkif & Riggio, 2004; Rizzolatti, Fadiga,
Gallese & Fogassi, 1996; Rizzolatti, Fogassi & Gallese, 2006). This discovery firs
occurred in monkeys (di Pegrino, Fadiga, Fogassi, (l&se & Rizzolatti, 1992), and
current research has focused on findsigilar populations of neurons in human
subjects using brain imaging techniqdeEhe connection to the embodied cognition
approach is obvious. Mirror neurons seerfiltdhe cognitive processing gap between
visual input and motor output in, for expha, imitation (Meltzoff & Moore, 1977;
Rizzolatti, Fogassi & Gallese, 2001; Wils&Q06). Prior to the discovery of mirror
neurons, the imitative capacities in, for exden neonates was thougbtbe explained
by an intermodal matching process (Meltz&fMoore, 1983). With the discovery of
mirror neurons, there is no need to posit a matching process. The neurons neede:
produce the actions are directly activattdough observation. To the extent that
knowledge is gained through and structusgdhe interaction of the human body with
the physical environment, including otheuman bodies, the contribution from the
discovery of mirror neurons is centtalthe embodied cognition approath.

2 See e.g., Rizzolatti (2004) and Riatti & Craighero (2004) for reviews.

% | should also note that the claimed explanatory breadth of mirror neurons in human cognition has
detractors. For a critical analysi$ the role of mirror neurons in humans, see e.g., Turella, Pierno,
Rubaldi and Castiello (2008).
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1.2 The Development of Research Topics

The course of development for the ideas in this book have been shaped by whe
perceived to be areas in whicesearch was lacking andutd potentially constitute a
scientifically fruitful path of investigatin. My original researclnterest was in the
area of categorization. | soon found that mo€hhe research at the time (mid 80s)
was focused largely on static objects (nakwinds and artifacts). My impression is
that this is still petty much the case. | thoughtighemphasis on static objects
neglected an important aspect of our daityivity, namely, our ‘dynamic’ interaction
with our physical and social environnierincluding our ability to recognize the
actions of other individuals. Therefordbegan to look at how could study action
concepts with the purpose of seeing if aectconcepts were psychologically organized
in ways similar to object concepts, categories. | soon discovered one reason why
researchers may have neglected studying macomcepts. In addition to the fact that
action concepts are difficult to define, they were, at that time, difficult to use as we
controlled stimuli on a computer. Thiscteological limitation was overcome by
adopting the point-light témique as first used by Gunnar Johansson (1973) in
experiments on biological motion perceptiofT.he point-light technique and its
current applications are presented and dised in Chapter 4.) The gist of the tech-
nigue is to capture the motion of the human body by filming the motion of the joints
This was done by putting small light bulbs or reflecting markers on the joints of i
human actor. Since the motion of the poiotdight conveyed information about the
movement of the human body and all othdorimation was filtered out, the resulting
animations could be easily displayedit on a desktop computer. The technique
allowed me to present actions in real-time on a computer as well as providing
second benefit, namely, a way of contrailiextraneous variables like body shape and
other contextual factors that wouleasily confound the experiments | was
contemplating.

| also became aware that | was lookingwat research areas at the same time. One
area was categorization and the othes Walogical motion perception. These two
areas are represented in thamok. The broad purpose of thisok is to relate the areas
of action categorization andtamn perception to one another. This broad purpose, in
turn, consists of two prongs of investigation. The first is to investigate action catege
ries from the perspective of previous fings within categorization research. To what
extent do action categories exhibit “clas$idindings concernindnierarchical struc-
ture, basic level effects and graded struetarreference to aaction prototype? The
second purpose is to investigate the perception of actiamg pgint-light displays of
biological motion. This lattepurpose attempts to relatiee activation ofcategorical
information to the visual pressing of actions idisplays of biological motion. In the
same sense that categorization researshblean silent abouhe domain of action
categories, the literature on biological tina processing has, until fairly recently,
been similarly silent abouhe role of categaral knowledge in th visual processing
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of biological motion. Of course there arecegtions to both domains of silence, and
those exceptions will be discussed further in Chapters 2 and 6. The goal of tl
research presented here is to gain a better understandingcatdgerical/conceptual
knowledge associated with actions and fuessible role of this knowledge in the
visual processing of actions. How do wexognize the actions of others? | propose
that one important aspect of the processeobgnition has to do with the activation of
categorical knowledge in the form of storgghtiotemporal patterns of human move-
ment that are organized according to action prototypes.

Previous research and models withiti@tperception using gplays of biological
motion have suggested a cleale for categorical knowledgof actions. Little work,
however, has been done to specifically stigate the categoricatructure of action
categories. Dittrich (1999), however, propdsa sketch of a model (Interactive
Encoding Model) where higlevel categorical knowledgs proposed as playing a
central role in the perception of biologigaotion. He argues for the existence of a
functional route in biological motion procesgithat strictly relis “on visual-semantic
information which is stored in respect @ation categories” (p. 16). In other words,
Dittrich (1999) argues for conceptuallyivdn processing in biological motion per-
ception.

The core of Dittrich’s(1999) interactive model coisss of three functionally
specified routes that deal with theteagration of motion information. One route
appears to be specified by the use of 2drination to recover the 3D form of the
human body. A second suggested route procésfsemation about the constraints, or
built-in assumptions, of the possible pattfshuman movementThe effect of the
built-in assumptions therefore relies on a link to a n@meystem that contains
information about motion paths related tmtion categories. Semantic level effects
could include represéational momentum, which refers to our ability to represent the
paths of objects beyond what is directly giwenhe visual stimulus (Shiffrar & Freyd,
1993). The third route, according to Dittri¢1999) deals with the processing that
involves visual-semantic information thatdlsaracterized by the stored knowledge of
action categories. One prediction based the processing in this route is the
occurrence of prototype effects. Accesshte meaning of human body motion can be
affected by perceptual matching to stoeemplars on the basis of the goals and
intentionality associated with human mawent. A key feature of Dittrich’s idea of
interactive encoding is that even accessamantic level information may occur early
on in the visual processing of biological motion. Indeed, as Dittrich asserts, “Visue
processing always appears to involve sdimel of intentional aspect. It is a design
feature of the visual system” (p. 18).

In their hierarchical model of humarcognition of biological movement, Giese
and Poggio (2002, 2003) also propose that dwhform (ventral) and motion (dorsal)
pathways contain high level areas that espnt action specific information as action
prototypes. It is difficult orthe basis of their proposedodel, however, to determine
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the extent to which categorical knowledge di@ts is also stored together with these
motion pattern neurons. Thereréason to believe that this is not the case. Since their
model is based on strictly feedforward prssing, effects obp-down constraints due

to the activation of categogt knowledge will notbe seen in the model. However,
some constraints regarding categorical kieolge will result from the activation of
action prototypes. One central question hemghat other high kel association areas
are involved in action recognition that awet a direct result ofccess to prototype
representations of specific awis. Such association asemay be involved in deter-
mining the goals and intentidlitg of actions, as well as perceiving the intentions of
others in the actions they perform.

An important finding in categorization reseh is the existence of a basic level at
which (static) objects seem to be categedizSimilar to the findings supporting basic
level categorization for objects, it will beecessary to find converging evidence for
the basic level for action categories. Resultenfiprevious research show that there is
converging evidence for a basic level farjects. This converging evidence comes
from different areas such as feature listamgplarity judgments, motor routines used
in the interaction with objects, the visfatrm of objects, catgpry membership judg-
ments, word use and word structure (Murphy, 2002). This book presents some fin
ings that have some bearing on the isefi@ basic level for action categories. A
further contribution regarding a basic le¥el action categories is to relate findings
from the basic level for object categoriedth the purpose ofjenerating research
issues about the psycholodicaganization of action categes. The purpose is to
pose the important question about the strectfraction categories and the role that
categorical knowledge may play in the petaapof actions. These two issues can be
understood as two different appiches to investigating tleeganization of categorical
knowledge of actions. One approach isneeistigate the structeiof action categories
from the field of categorization. The rhetds used here include previous methods
used in categorization studies of objectserehdifferent levels of categorization are
used to see if processing differences o@sia result of the different levels. This has
been the tradition within much of the catagation research. Another approach is to
investigate the perception a€tions using psychophysics atnglto see to what extent
categorical knowledge may be used tooggize or identify actions. The inherent
strength in including the tw approaches can be seentlwe attempt to integrate
research from categorizationdiperception, as wedls to take relevd neuroscientific
results into consideration. Aadditional purpose is to find and generate new researct
issues and applications.

1.3 A Cognitive Science Perspective

Being a book in the area of cognitive science, the work presented here is interdiscif
nary. It covers a methodological spectrfrom psycholinguistics to psychophysics as
well as considering recent results from cognitive neuroscience. The potential proble
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that arises in this broad interdisciplinazgntext is one of maintaining a scientific
balance between broadness of scope arndilel@, well-controlled experimental
studies. In metaphorical terms, the challersgmaintaining a broad focus on the ‘big
picture’ while investigating the smallepieces of the larger puzzle of human
cognition.

An important aspect of this book is tdate different areas of cognitive science to
one another through the questiof how we can talk abowhat we see (Jackendoff,
1987). In the case of this book, the object of whatsee is restricted to the actions of
others. The ability to understand and comivate about the actions of others is a
fundamental aspect of outaily activity. How can we tk about what others are
doing? What qualities do different actions haueh that they cause us to see them as
being different or similar? What is g¢hconnection between what we see and the
development of concepts and words or expoessfor the things that we see? To what
extent can two different people see and tlbut the same things? Is there a common
basis for our perception, and is there then a common basis for the concepts we fc
and the way in which the concepts become lexicalized in languageat influence do
social and cultural aspects have on ouception and categorizati of actions, and is
this potential influence “visile” in different languages?

Although many of these questions form tantext for future research and will
not be a part of the puzzle pieces in this book, the description of the theoretical bac
ground as well as the empirical studiesrafieto relate languageategorization and
perception. The details about the spediétations between fguage, categorization
and perception are addressed to some ededput also serve to generate further
research issues.

1.4 Description of the Chapters

There are three themes to the book. Thesmdls correspond to the topics mentioned
previously, i.e., language, categorizatiomdaperception. Each theme consists of a
chapter that presents the previous studies within the area followed by a chapter t
presents my own empirical studies. Thisthie pattern of presentation for the three
themes. The empirical studies in Chapters @nd 7 have all eiéht been published in

a journal or in conference proceedings. Téferences to the journals and conference
proceedings are given at the beginningeath chapter. Chapters 2, 4, 6 and 8 have
not been previously submitted for peer-revialthough the material in Chapter 4 has
been included in a conference presentation.

Chapter 2 reviews the categorization literature with an emphasis on evidence fc
the existence of concept hierarchies, psgieteffects and the basic level for static
objects. The purpose of this chapter is fateeprevious findings from categorization
research to the domain of action ggoition and identification. How are action
categories cognitively organized in relation to possible different levels of abstractior
Do action categories exhibit prototype apalsic level effects? Given the relatively
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large amount of categorization researchsdems a reasonable starting point to use
those results to posgiestions and construekperiment using actiores stimuli rather
than static objects. Many of the issuesadim this chapter provide the basis for the
empirical investigations in later chapters, especially Chapters 3 and 5. The express
of actions in language through the use absgefor natural actions also addressed.
Differences and similarities between thagnitive organization of nouns and verbs are
described as a way of understanding possible representational differences betw:
static objects and natural actions. Finatggent models for action representation and
recognition are discussed.

Chapter 3 contains two empirical studies thaivestigate the relation between
perception and the hierarchicgtfucture of action categosigi.e., subordinate, basic,
and superordinate level action categories.dsgegarding the cresultural stability
of the cognitive organization of action categories are also addressed by includii
American English and Swedish speaking subjects in a verb listing task. The first stu
includes the American English speaking sabg, and the secorsfudy includes the
Swedish speaking subjects. Analyses of the list data are presented separately for €
group as well as a cross-linguistic analysisltiimensional scaling is used to assess
the potential overlap between the two larggigroups. Results that show a strong
tendency for both groups to liséry similar actions, e.g.un, jump, walk, kick, swim,
scream, eat, cry, etc., are presented. Furthmirits are discussed in relation to basic
level and prototype effestfor action categories.

Chapter 4 describes the development of the point-light technique that is used t
create displays of biologal motion. The point-light témique has been used in many
experiments since Gunnar Johansson (1978) dised it in his experiments on human
action perception. This chapter describes dgeaeral technique as well as specific
developments and applications within cutregsearch. | also describe how the tech-
nigue has been specifically adapted to tkpeeimental settings discussed in Chapters
5and 7.

The empirical studies irChapter 5 investigate the extent to which action
categories exhibit graded structure, whiebuld indicate the @stence of prototypes
for action categories. This issue is addrdsagwo experimentsAre the results from
action categorization studies consistent vpitavious categorization findings from the
domain of static objects? How might acti categories differ from other categorical
domains? In the first experiment subjects asked to rate the typicality of different
kinds of actions presented as point-lighsplays. The results from the typicality
ratings are then assessed in order torgete potential typicality differences among
the actions. These results are then compiaréite results from the second experiment
which, in contrast to the first experimenises a category verification task. For both
experiments, the subjects see the samiat-light actions, and the major question
concerns the extent to whidypicality judgments can besed to predict category
verification times for instaces of different actions.



10 Chapter 1 — Introduction

Chapter 6 provides a review of the researchtbe role of attetion and levels of
processing in biological motion perception. Ttgue of the extent to which biological
motion perception is dependent on the mgadion (orientation specificity) of the
point-light displays is also discusseBrevious research has shown that action
recognition is impaired when point-lighdctions are view up-side-down, which
suggests that the top-down processing affigaral information plays an important
role in the visual processing of point-ligtiisplays of biological motion. On the basis
of the results from the previous chapters about the structure of action categories
raise the possibility that information abaadtion categories is available to subjects
and that category knowledge dam activated implicitly.

Chapter 7 presents an experiment based amepetition (short-term) priming
paradigm. The experiment investigateg tuestion of whether or not the visual
processing of biological motion displayscimdes high level information about the
categorical differences between actionse Txtent to which access to categorical
differences differs as a functicof display orientation is sb investigated. The results
are analyzed and interpreted within the eahf the previous research presented in
Chapter 6 and within the context of themmgpecific questions posed at the beginning
of the chapter.

Chapter 8 includes a recapitulation of the ¢ead issues in the book. A summary
of the main findings and contributionseaalso presented. The main findings are
discussed within the broader theoreticahtext mentioned Chapters 1 and 2. Finally,
I discuss concrete proposals for further aiopl studies and relate some of the find-
ings to issues in artificial telligence and information technology.

1.5 Main Theses and Contributions

The previous sections have addressed nw@nthe issues that are covered in the
research presented here. For the sake of clarity, | will present a brief summary of t
main theses and contributions.

The major theses are:

X We organize our knowledge about our actiand the actions of others in the form
of hierarchically structured dynamic &mt templates or prototypes. We have
access to, and use, this information evernvtve perform a perceptual task that
does not require it. The mstence of hierarchicallystructured dynamic action
prototypes can also be seen in tessitom cross-linguistic comparisons.

x Cognitive access to dynamic action prgpes requires visual configural
processing and is orientation specific, i.e., limited to canchigaight displays.

“ The term ‘canonical’ is used to allow for the possibility that some upright displays might not be usu:
or familiar, e.g., walking on hands (Shipley, 2008)this case, the canonical orientation is the one
most often seen, i.e., with the observer upright and the actor upside down.



Chapter 1 — Introduction 11

The contributions consist of the following:

x One contribution is methodological. Thisontribution consists of using
multidimensional scaling (MDS) to convertrbelist data into semantic distances
which can then be used as a basis for comparing the semantic spaces for ve
across languages. | shdupoint out that the almed contribution isnot the
development of the MDS technique but eatkthe application oMDS in order to
create a more fine-grained representation of the relatiohgipeen action verbs
in American English and Swedish. To my knowledge, this is the first applicatior
of MDS to cross-linguististudies of action verbs.

X The results from the experiments show a cef#act of the graded structure of the
action categories included in the eKpeents. Action categories, under some
circumstances, have prototypes. In addition, | present evidence for actic
hierarchies. The results from these experits indicate that people have access to
information about action meaning in thexse of making categorical distinctions
between actions.

x A further contribution to tb area of biological motioperception ighe finding of
an implicit activation of categorical level processing for actions and that this
information is available for upright displaysut appears to Hacking for displays
that are shown upside down. The previoesearch on the orientation specificity
of biological motion perception has showmat the visual processing of upside
down displays isiot facilitated by first viewing ampright display. However, the
reported results in Chapter 7 show ttasilitation can be obtaed. In this case,
the contribution consists of obtaining resuthat to some extent go against
previously obtained results.

X Given these contributions, the next quastconcerns their implications. This will
be discussed in the last chapter of the book.

1.6 Paths Not Taken

In this section, | would like to mention soroé the potentially relevant areas that |
have purposely chosen to avoid in the@ok. For example, | will not be discussing
developmental aspects of biological moati processing. The relevant theoretical
background and results from previous reskazan be adequately described without
going into the developmental literature. Theerested reader is referred to the
informative overview by Pinto (2006).

What is an action? Since a phibphical discussion about what properly
constitutes an action is of little relevaniwethe work presented here, | will refrain
from an attempt to precisely define whanstitutes an action. The notion of an action
as it pertains to the emmal work presented here igerhaps best described by
examples. Running, jumping, swimming, waving, kicking, talking, throwing, etc. are
motor-based actions. Jackendoff (1990) refersuch actions as “natural actions.”
Based on the work of Peterson (198%¢ckkndoff suggests that natural actions are
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difficult to describe but easy to point out. iHans appear to be able to identify actions
at this level of description. We alspmear to communicate oown actions and the
actions of others by using words to d#se human movementsn that level. This
should not be taken to mean that no otlesel of descripttn or communication is
used in understanding the actions of othév¥e know for example that when actions
are associated with a specific goal, tlisn influence the way we perceive and
communicate our understanding of our own actiassvell as the actions of others
(Vallacher & Wegner, 1987). For exampthe action of running may not simply be
seen as running but rather as trying ¢are away a stray cat that has come into the
yard. It is certainly the case that tlgmal structure of actions influences our
categorization of human movement. In tlisnse, actions can be highly context
sensitive. The inveigation of actions irthis book is based, however, more on the
systematic differences in perceptualgiven spatiotemporal aspects of human
movement. While acknowledging the role of o action perception, | will not be
investigating the systematitfect of goals on our percépn of actions. The emphasis
is rather on the role of the spatiotemgdopatterns of human movement in action
perception.

One aspect (philosophical) that does play a role in what | refer to as action
intention. The actions to which | refer &ave an intentional component. | assume
that a person performing an action can generally be ascribed the intention of carryi
out that specific action. Another aspect has to do with the scope of the actiol
addressed here. The research here is jamglfined to motoric actions, as suggested
in the examples above. These actions careigdly be recognized within short time
frames, roughly around 300 milliseconds (Johansson, 1973).

There is also a relevant distinctiontte made between actions and events. The
distinction is pragmatic and nottended to be a logically well-defined description of
the difference between events and actigkithough there is some overlap between
them, | want to avoid potential confusidretween the two terms. For the sake of
simplicity, the most salient difference isathevents do not necessarily entail human
action. A beautiful sunrise is such an evémd in this case the distinguishing factor
is the absence of an intentional agent. Desihe clarity of this example, there are
cases where is it difficult to draw a clear line between an event and a complex actic
Is ‘answering the telephone’ an event oraa&tion? In this case, | am prepared to say
that it is both, in the sense that thes a clear intentimal goal (to respond to
someone’s request to speak with you), #mete is a fairly clear motor component,
namely lifting and speaking into the receiv&an the extent that this book deals with
action perception and categorization, | will refer to such examples as actions, not
events. That is not to say that eventcpetion and the perception of actions have no
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common basis. Nor do | claim that reseaichthe one area is not relevant to the
other®

In contrast to actions, events represemotentially larger unit of analysis. For
example, buying groceries is an event thatsists of various aoins like reaching,
grasping, walking and talking. The event aisgortantly includes interaction with
objects as in picking up, fging down, pushing a cart and paying. It could be argued
that buying groceries can also be viewedia®mplex action consisting of a number
of constituent actions. Another importargtcfor that can differentiate the actions
discussed here and the notion of eventeésapparent goal structure of events. Eating
at a restaurant (Schank & Abelson, 1977) loardescribed as consisting of 4 subgoals
(or scenes): entering, ordering, eatingl @&xiting. The action of ‘running’ however
may be influenced by different goals, thiis identification appears to be less
influenced by the goal structure in whigt occurs. Put another way, while the
spatiotemporal patterof running can figure in a nureb of different events like
running a race, running to catch a train, ahgsway a cat, etc., it is much more
difficult to think of a context where thepatiotemporal pattern of running wouldt
be seen as running. In this case, | sugyest the motion as such is not (or a least
much less) goal defined, you do not needtriow the context seitive goal in order
to identify the action. At least it is ngoal defined in the same sense as human
activity oriented events, which seem to require a goal structure. This distinction
likely more a matter of degreéban kind. Consequently, | wile addressing issues of
categorization that deal with “naturalctions” rather than human activity based
events® For a more detailed description of evsetructure see, for example, Zacks and
Tversky (2001), Newtsor(1973), Newtson and Engquist (1976) and Newtson,
Engquist and Bois (1977).

Some actions take longer to perform than other actions. Some are cyclical
nature (walking, swimming and runninghdhothers are non-cyclical, e.g., throwing,
kicking a ball and sneezing. Actions casaldiffer according to complexity. The
notion of complexity can be approach&#dm a number of different perspectives.
Motoric complexity (walking vs pirouette), the participation of objects in actions
(throwing a baseball vs. opening an umbreliag, participation of other individuals in
an action (dancing vs. wrestlinggmporal extent (catchirg ball vs. dribbling a ball)
represent different approaches to “parsing’understanding thstructure of actions.

5 See Zacks and Tversky (2001) and Zacks (2004) katectliterature on event structure in perception.

%1 should point out here that | am well aware of the role that goals play in the perception of events a
action planning. Hommel, Miisseler, Ascherslebed Brinz (2001) present an-depth analysis of
goals in their Theory of Event Coding. The work in my book has not addressed this important aspect
action perception and action planning and the action-perception coupling. | have instead choser
“narrower” focus by investigating action perception and categorization via point-light displays o
biological motion.
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All of these distinctins are relevant to¢hssues being addresgsia this book. For the
sake of being able to reach interpkd¢a conclusions, | have tried to limit the

dimensions by which different actions canyadrdiscuss this issue to a greater extent
in Chapters 2 and 4.



Chapter 2 - Concepts, Categories and Actions

Action categories are just omggoup among a myriad of tegories and concepts that
humans possess. Before discussing issussfally related to action perception and
categorization, it is necessary to presannore general background to research on
concepts and categorization. This genbeatkground, however, withot consist of a
summary of the field of categorization and concept acquisitibime purpose here is
rather to present the theoretical and emgditieakground that is relevant to the issues
addressed in this book. To thertd, the chapter is struced around those issues. But
before delving into the background propewill briefly clarify what | mean by the
following terms:concept categoryandcategorization

To begin with, the notion of aonceptis highly problematic. Issues of what
constitutes a concept and what the functioha concept are have been the object of
philosophical and psychological worknse antiquity (e.g., &dor, 1998; Gardenfors,
2000; Barsalou, Simmons, Barbey & Wils&03). For the work presented here, |
will simply, and perhaps controversially (see Medin, Lynch and Solomon, 2000), use
the termconceptto refer to a mental representetithat contains knowledge about an
object or class of objects that serves tokpout or point to the object or class of
objects that are characteristily associated with theoacept. Two points should be
noted here. The first is that the idea ofoduject is broadly defireto mean any entity
or phenomenon (or classes) that can beathearized according to stored or directly
perceived knowledge about the entity mnenomenon (or relevant classes). The
second point concerns mental represemtatirhere is no implied suggestion in the
proposed definition as to how concepts are representadally i.e., as discrete or
distributed mental representations. Relatedhts is the issue of how concepts are
neurologically instantiateth the brain. I make no explicit or implicit claims about

7 For readers interested in suahsummary, see Murphy’s (200Zhe Big Book of Concept&or a
collection of original papers celttively representing interdiscipény aspects of categorization see
Margolis and Laurence (199€@pncepts: Core ReadingSee even Komatsu (38) for a brief review.
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how concepts are instantiated in the brainisTissue, however, is different from
understanding how the brain procesgg#ermation associated with concepts. One
important aspect of studyingpncepts is investigatingow conceptual knowledge is
obtained and processed according to psychological and neuropsychological principl
To this end, findings from psychologgnd neuroscience will be presented where
relevant.

In contrast toconcepts categoriesrefer to a partitiomig or class of objects
(entities) that have been grouped togethecording to relevant characteristics or
properties.Categorizationrefers to theprocesswhereby ‘objects’ are grouped to-
gether based on some commonly sharedgtigs. Determining what kind of infor-
mation is used to group ‘objects’ and hdlwe grouping process(es) functions repre-
sent central issues in categorization. Wuoek presented in this book does not system-
atically investigate the issue of diffete kinds of information used in the
categorization process in orderdraw general cohgsions about thassue. Nor is the
intention to investigate thgeneralissue of how categodtion processes function.
The work presented here, however, does specifically address the information used
categorize actiondn particular actions presentedpnint-light displays of biological
motion.

2.1 Concepts and Conceptual Knowledge

As a background to action perceptiondanategorization, consider the views
expressed in the following two quotes:

“Concepts are thglue that holds our mentakorld together.” (Murphy,
2002, p. 1, italics added)

“Without concepts, there would b® thoughts. Concepts are the basic
timberof our mental lives.” (Prinz, 2002, p. 1, italics added)

These quotes reflect the fundamental natafeconcepts as ements of mental
structures. Although the metaphors of ‘gleeid ‘timber suggesslightly different
perspectives on the natureamncepts, they similarly point to the role of concepts as
somehow organizing knowledge that wevé&aabout things in our surroundings.
Concepts allow us to communicate ideasmke inferences and understand what is
happening around us. They are importarthmught and communication. The ‘things’
that concepts refer to include objectstifacts and natural kinds), places, people,
biological and social relations, food, meisiemotions, language, faces, events and
actions. Our knowledge about ‘things’ alsalirdes abstract concepts like democracy,
beauty and truth. We also have concefois sensory qualitiedike smells, tastes,
sounds, touch, colors, textures, etc. Theetgrof concepts that we possess speaks to
the many ways that knowledge can be orgahiaed used. It also indicates our ability
to form new concepts based on new infation. When confronted with a situation
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not previously encountered we can even use ‘old’ stored information to understat
and adapt to the new situation.

The notion that we have concepts and that concepts represent organiz
knowledge raises the issue of how knowledgstructured or organized by concepts.
What are the factors or principles that ciinite to the formation of concepts? What
knowledge do we associate foraexple with the concept of DO&83urely, a dog has
four legs, barks, has fur, ears, a tail etc. But theadsis other knowledge associated
with our concept of DOG. Dogs can beedgo hunt, guard, rescue, race, pull things
and play with. They can make good compasiand like to go for walks. While our
DOG concept contains knowledge aboué thhysical appearance of dogs, other
knowledge is more functional, i.e., ddgsve a function for us as human beifigs.

If concepts are the ‘glue’ that holdsir mental world together, then we might
want to know what it is about the ‘gluédr individual concepts that holds some
knowledge together but rejects other knowledgérrelevant. In other words, why are
we inclined to use certain properties tentlfy, say, a dog but use other properties to
identify, say, a chair? This is known #se coherence aspect of categorization
(Komatsu, 1992). The coherence aspect abddresses the coherence of categories,
i.e., the fact that creatures that halog-like properties are grouped together and are
picked out by the DOG concept.

One reasonable approach to category coiverés to suggest that perceptual or
sensory qualities play an important roleamhapplying concepts in order to group or
classify things. One reason why dog-like creaduare grouped together is that they all
(with some exceptions of course) share cendiysical qualities. There is a degree of
perceptual similarity between dog-like craatithat allow us to group them together.
They have fur, four legs, bark, growl, etc. So, perceptually based information appes
to be an important source of informationoar representation of concepts, at least for
concrete ‘objects’. Consequently, this kindioformation also likely plays a role in
the categorization of objects. But let us takslightly differentlook at the role of
perception in conceptual knowledge.

2.1.1 Perceptual Symbol Systems and Conceptual Knowledge

To say that perceptually determined teat figure prominentlyin our conceptual
knowledge can be interpreted meaning that theole of perceptions restricted to
providing perceptually determined bits of information to a conceptual system that als
may consist of other forms of “non-pertegl” information like functional and causal

& | will use upper case letters to refer to concepts ilics to refer to categories. Italics will also be
used periodically for emphasis, the use of which should be understood by the context.

® Carl von Linné (1756) providesdescription of races of dogsdsl on their domesticated qualities.
This work of Linné’s (Cynographia eller Besking om Hunden) was reprinted as "En Gammal
Svensk Hundbok” (An Old Swedish Dog Book) in 1962 (Bokfdrlaget Fabel, Sigtuna).
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relational information (e.gMedin & Ortony, 1989; Smith & Medin, 1981; Mandler,
2004). In contrast to this way of viewingetiole of perception in categorization or
human cognition, Barsalou (199®arsalou et al. (2003) and Prinz (2002) propose a
more pervasive rolfor perception.

According to their view, conceptugtnowledge is grounded in perception.
Perceptual systems are themselves esgntational and not merely information
servants that feed the conceptual systéth sensory-based information. Barsalou’s
(1999) theory of perceptual symbolssgms is a theory of knowledge, not of
perception. The basic gist of the theoryhat all conceptual kndedge is a result of
processing by sensory-motor mechanisms. &awss theory takes this assertion even
further. Not only is conceptual knowledge a resulpaodcessing by sensory-motor
mechanisms, but conceptual knowledgeeisresentedn sensory-motor areas of the
brain. The implication of this ishat human cognition, to the extent that it reflects
conceptual knowledge as mentioned abasdargely determined by sensory-motor
systems. Perceptual symbols then according to Barsalou are the neu
activations/representationthat correspond to sensory-tap interactions (real or
simulated) with our environment and witther concepts thate possess. In this
sense, human cognition is not just linditéo immediate interactions with our
environment. Because we have stored conceptual knowledge in long-term memc
that is also representedsensory-motor areas, we are able to entertain thoughts in th
absence of an immediate sensory stimuluss ability allows us to make plans and
simulate their possible consequences withmiting to actually perform the steps in
carrying out the plan. It alsallows us to deal with the present situation and
reconstruct past eventd.(elesslow, 2002; Grush, 2004).

Grounding conceptual knowledge in serysmotor representations leads to the
more specific view that conceptual knowledge is also modality specific. In this casi
modality specific conceptual knowledge abthg visual appearance of an object is
represented in cortical areas that procéssal information. Similarly, conceptual
knowledge about the sound ofbarking dog is representdd cortical areas that
process auditory information. It alsoeans that the function of an object is
represented in cortical areas that prosessatosensory information and likely visual
information if the function of thebject is partly mediated by visidfi.

One important further implication of Baalou’s theory of perceptual symbol
systems is that the distinction between perception and cognition becomes blurred.
cognition itself is based on modality specifierceptual symbols rather than amodal
or abstract symbols, then cognitiongsounded in perception. Given his theoretical
framework, perceptual and conceptual processes are intricately linked; “Becau

10 see for example Barsalou (1999) for evidence that supports modality specific representations. ¢
also Prinz (2002) for a philosophical defense of concept empiricism.
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perception and cognition share common neural systems, they function simultaneou
in the same mechanisms and carb®tlivorced” (Brsalou, 1999, p. 603).

According to the view of perceptual sioil systems the role of perception in the
development and use of conceptual knowleddandamental. Imelation to the ‘dog’
example mentioned previouslthe distinction between perdegl qualities like ‘fur,’
barks,” ‘has four legs,’ etc. and presuryahon-perceptual functional qualities, like
making a good companion, does not hdtthough ‘making a good companion’ is
more complex and not easily identifiable wahy simple percep&l quality, it does
not rule out a perceptual $ia for that kind of conceptual knowledge. The quality of
making a good companion can be associatithd a number of perceptually derived
situations. For example, a good companion gets fed, brushed, taken for walks, €
These are perceptual qui# of good companionship.

It is important to point out that there no claim in Barsalou’s theory that there
must be a simple mapping function that redadi@ item of concépal knowledge to a
specific perceptual representation in a gicertical area in the kin. A claim of this
nature would tend to have a rather statia rigid view of the representation of
conceptual knowledge. More sjifegally, such a static viewnaintains that conceptual
knowledge exists as a coherent ‘inforratipackage’ ready to be activated by a
certain stimulus. In this sense, activa of conceptual knoledge activates all
information associated with the concepgtnother implication of the view that
concepts represent packets of organizddrination in long-term memory is that
conceptual knowledge would be lesrenable to contextual factors.

Perception according to Barsalou can urelerstood as providing a basis from
which to categorize and think about aspectswfenvironment. But this should not be
interpreted as a unidirectidn&lationship between perdign and categorization, i.e.,
the view that perception feeds the praced categorization with the ‘primitive’
building blocks from which to reason aboaspects of the environment. Schyns
(1997) referred to this view asfiaed feature view of categorizatioBchyns presents
evidence to question this view of categorization showing that even perceptu
organization is influenced by previous @mgzation experience. This means that if
subjects are first given experience @ategorizing visual stimuli according to
predetermined instructions,eth will on later tests of cagerization tend to miss clear
perceptual changes in the stimuli and east process the stimuli in a way that is
consistent with previous categorization training. Previous categorization experient
affects the way we perceivebjects in our surrounding€n the basis of such
evidence, Schyns argues for a bi-directional influence of perception an
categorization. Perception plays a role iregatization and categaation experience
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can influence the way we see things. HisHartpoint is that categization is highly
dependent on the nature of thekaemands involved categorizatitn.

Perceptual symbol systems and the corresponding view of modality-specifi
representations maintain theategorization isnherently dynamic. Barsalou et al.
(2003) actually go so far as to question the validity of concepts as a scientifi
construct. Their view is that the activatiohconceptual knowledgeaepends critically
on the situation and the task. If concepts exist, they exist as structured information
working memory with the purpose of solviaggiven task in a given situation. As a
result, modality specific representations do not represent concepts; they repres
conceptual knowledge in lortgrm memory that can be retrieved to produce behavior
that appears as if wenssesgoncepts as structures ong-term memoryin this sense
then, concepts serve as the ‘glue’ that allows us act appropriately given a certe
context.

| should point out that | have discussea tlifferent ways of viewing concepts as
the ‘glue’ that structures our mental wariThe first has to do with the fact that
concepts serve an important role imiting. We use conceptual knowledge to make
inferences, generalize and communicate. €@pth@l knowledge is used to guide our
impressions (understanding) and it is alsedugroductively in order to affect changes
in our environment. On the basis of aumderstanding of a given situation, we act
accordingly. We can tune our actions to produce intended social and physical effec
This interpretation of concepts as ‘glue’ or ‘timber’ is what the authors of the
introductory quotes intended. But given thetfthat context and task constrain our
use of conceptual knowledge, we still needknow to what extent our access to
information that supports conceptu&howledge is constrained by perceptual
processes, i.e., our informaiti gathering resources. Ittlse interaction between these
two aspects (the situational determinaoftur conceptual alities and perception)
that constitutes the basis from whi¢b understand the acgition and use of
conceptual knowledge. While perception amhtextual factors auld be viewed as
the glue that holds concsp(conceptual knowledge) taper, conceptual knowledge
can be understood as the glue that hakdisking together. The contextual factors
referred to here will be discussedgreater detail in the following sections.

2.2 Hierarchies, the Basic Level and Graded Structure

Three major phenomena have characterizkdge portion of categorization research
since the early 1970s. These are: the anddtical structure of categories, the
occurrence of a basic level oftegorization and the gredl structure of categories
around a central instance, or prototypeChapter 5, each of these phenomena will be

1 See also Goldstone (1994) or Goldstone and Barsalou (1998) for further discussions of this relati
between perception and conception.
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discussed in greater detail, and | will also relate them to the categorization of actior
Briefly, the hierarchical structure of categes refers to theaxonomical organization

of ‘things’. For example, my dog ‘Zorro’ is a Jack Russell terrier, which is a dog
which is a mammal which in turn is an animal this case, the example goes from the
specific to the general. THeerarchy represents clasglusion relations between the
different levels in the hierarchy. Knowirthat Zorro is a Jack Russell can provide
information about the appearance and teapent of Zorro if one is familiar with
Jack Russell terriers. And knowing that £ois a dog activates information about the
dog-like qualities mentiortepreviously in the chapter. #o inherits the properties of
the categories at more geaklevels of description.

The basic level refers to a privilegdglvel in a taxonomic hierarchy. Results
supporting the notion of a basic level shthat people tend to identify, communicate
and interact with objects on this levelafstraction (Rosch, Mervis, Gray, Johnson &
Boyes-Braem, 1976; Rosch, 1978). Accogdito Rosch (1978), the basic level
represents a level at which different categories “mirror the correlational structure
the environment” (p. 31). In other words, basic level categories reflect nature
divisions between kinds of objects wrperience in our surroundings.

Regarding the notion of grad structure, some instances within a given category
seem to be more typical or more regmsative than otheinstances (Rosch, 1975;
Mervis, Catlin & Rosch, 1976). For examplelzair is quite typical as an instance of
furniture whereas a piano is less typicaleTimding that different category instances,
or exemplars, are more or less typicalaofjiven category indicates that there is a
‘typicality gradient’ for that category. Anloér way of describing the phenomenon is
to say that the category exhibits gradedictire. The graded structure of categories
has been investigated usiagnumber of different methods, some of which will be
described below. Related to the graded structure of categsrit® finding that
typicality is graded with ispect to a central @rototypical instancef the category. A
prototypical instance does not necessarilyehto be a specific concrete instance that
has been previously encountered. A protetgpn be a kind of combination of shared
features between membersao€ategory. In this sense ttpes can be abstract; they
do not have to be specific concrete insesthat are naturglfound. A prototypical
chair for example consists of shared featdrem chair instances that serve to relate
all instances of chairs within the same category.

2.3 Conceptual Knowledge of Actions

Given the ecological importance of being atdecategorize the dons of others and
the apparent perceptual salie of motion based actionsetfjuestion arises as to how
action categories are structured in regrdhe three above mentioned phenomena.
There is very little reseeln that specifically inveglates the nature of action
categories according to the discussed phemamAs mentioned previously, results
supporting the hierarchical structure of categories, the b&astl and graded structure
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and prototypes have been obtained by gistatic images of naturally occurring
objects, human artifacts and artificially constied stimuli. Why should the nature of
action categories be any difémt from these categorie¥his question should not be
taken to assert that there may be a sifighdamental difference between actions and
objects that leads to differences for alletth categorization phen@ma. It is possible
that differences between amis and objects ameot relevant tothe categorization
phenomena. For example, the inherent statiporal features ahotor based actions
may not lead to fundamentally different ygaof organizing conceptual knowledge of
actions. The upshot of this is that, althoubb characteristic features of objects and
actions differ, this does not cessarily imply that it will lead to drastically different
results regarding the categ@iorganization of actions.

It is quite possible that categoricalganization for vastly different domains is
governed by very similar principles. Fexample, Viglioco, Vinson, Lewis and
Garrett (2004) claim that the semantipnesentation of nouns and action verbs can be
described according to a common measwf semantic distance that shows
comparable effects of similarity. The results from testing their model ‘Featural an
Unitary Semantic Space’ (FUSS) show thasgite having different features that can
lead to differences in the hierarchicsiructure of nouns and verbs, the lexico-
semantic space of objects and actions can be modeled according to the same princi
(cf. Gardenfors, 2000, 2007). The important issue here concerns the extent to whi
action categories exhibit a hierarchicatructure according to a taxonomical
organization vs. another more featbesed or context based organization.

Before addressing the cateigat organization of actionsve need to first take
look at the features of actions that midi®t used to categorize them. According to
Tranel, Kemmerer, Adolphs, Damasio abdmasio (2003), action concepts include
knowledge about the behavior of entitiespple and animals as well as artifacts
(tools) that are used by humans to achigeals. They further describe conceptual
knowledge about actions in terms of basienponents, or dimensions. These include
the following: causal organization (transitive versus intsdive movements, e.g., hit
vs. arrive, go or fall)body-internal behavior (running, walking, etachange of state
in the location or state of another objdabugh direct contact (lifting or ironingthe
use of specific body parta an action (waving, thming, speaking, grasping, etc.),
spatial trajectory(different spatial patterns assatdd with the manner in which an
action is performed, e.gjpgging vs. sprinting)temporal aspects associated with
different actions (throwing vs. stirring or waving) and gwal of an actionrunning
may serve different goals like chasing sormghfleeing or getting some exercise). A
final component has to do with tleenotional contendf an action. Actions can also
convey emotions.

While the components identified by Traretlal. (2003) appear to capture many
relevant aspects of actions, some compaeppear to play a greater role in our
understanding of actions and words that deraattions or interactions with objects.
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For example, the use of a specific body mHfferentiates leg-based actions (running
and kicking) from hand-based actions (Wwayvand throwing). Mouth- and face-related
actions are also distinguished fromhet actions on the basis of the body-part
component. The body-part component appeaksetoeurologically instantiated in the
somatotopic organization t¢fie motor area (Pulvermille2p01). Activation of motor
neurons for leg and foot movements occursiinarea anatomically superior to face
and arm movements, while activation of amovements is anatomically superior to
neurons for face and mouth movemenidis suggests that action categories
differentiated on the basis dfody parts might differentiig activate the different
motor areas corresponding to the differeatly parts. Using behayial measures and
EEG recordings, Pulvermdiller, Harle and Hummel (2001) obtained results consiste
with this hypothesis. In #ir experiments, subjects wepeesented with action words
(verbs) depicting leg-, arm- and face-teth actions. Intermixed with the action
words, subjects also saw pronounceable g@eords. Subjects were given a lexical
decision task where they simply pressed a button in response to a word, but not to
pseudowords. The behavioral data showed $lubjects responded faster to the face-
related words than the leg-related worddv@uniller et al. exg@lin the difference in
response times as being due to the rhffé neurological @anization of verbs
referring to leg-, arm- and face relatedi@ts. The wider cortical distribution of
neurons for leg-related actions leadsaioder response times. On the basis of the EEG
recordings and subsequesmalyses, they also found activation for leg- and face-
related actions in respectivareas along the motor cortex. These results indicate ¢
neurological basis for broad categoricastifictions between leg- and face-related
action categories. The evidence for artaterl actions was confounded by the fact
that subjects were using their arms in tbgponse. This prevert®ulvermdiller et al.
from drawing conclusions about the actigat of arm related areas in the motor
cortex.

The distinction between leg-, arnand face-related movements was also
investigated in an fMRI study by Buccino,at (2001). They letubjects view video
sequences of biting an apptgasping a cup or an apple and kicking a ball or pushing
a brake. Subjects also viewed similar @t that did not inveke an object. The
results showed that viewing both olijleand non-object reladke actions led to
significant somatotopic activation in pretor areas. Leg-, arm- and face/mouth-
related actions activated stinctly different areas. Buccino et al. also found a
somewhat different pattern of activatiéor object and non-object related actions.
While non-object related actiorsdso led to somatotopic acétion, inferbr parietal
areas were somatotopically activated vasll for the object-related actions. The
activation of inferior parietl areas indicates an actiobject function coupling. On
this level, the function of an object is di¢o the potential for interacting with an
object.
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2.4 Concept Hierarchies

In order to develop an understanding abitwat organization of action categories, it
may be the case that action categories shaimilar structure with object categories.
Given the wealth of research on the categdion of static objects, | will discuss a
number of findings that seemlve relevant for action categories.

2.4.1 Object Domains

One important aspect of the organizatiorcohceptual knowledge has to do with the
hierarchical structure of concepts. Nafukinds and artifacts can be classified
according to different levels of generality or inclusiveness, i.e., a taxonomi
organization as mentioned previously. Thisrarchical structure can be interpreted as
facilitating our thinking about objects andtiéies. The facilitatbn arises out of the
relations between levels of the hierarciiyd the information associated with the
different levels. Knowing what a mammal is and that a bat is a mammal, allows us
distinguish it from birds r@d group it together with otheanimals that nurse their
young. It should be emphasized thlaé hierarchical naturef concepts referred to
here is not necessarily the same as ansfimlly based hierarchical system of
classification like the Linnean system. Therarchical structure discussed here is
more of a folk psychologal classification scheme indicating the common knowledge
that people have about natikand and artifact taxonomies.

At the general level of aksification, natural kinds cape classified as living
things. Living things can in turn be divided into categories of plants and animals
which can in turn be divided into furthaslxategories, e.g, manamdog, terrier, etc.
This is illustrated in Figure 2.1. The hieraiadi organization of ancepts is indicated
by the vertical dimension in the figur®ne way of viewing the relation between
levels in the hierarchy is in terms sfiperordinate (or hypernym) arsdibordinate (or
hyponym) levels. Levels higher upthe hierarchy are supedinate, and lower levels
are subordinate in relation to higher levels addition to thisbasic distinction,
hierarchies often include a basic leval, level of abstraction between general
superordinate categories and vepgcific subordinate categories.

A concept hierarchy can be viewedaasetwork of concepa knowledge in long-
term memory. The nodes in the hierarchy represent conceptual knowledge associc
with a specific concept on that levelc@ording to this view not all conceptual
knowledge associated with a specific condspstored on that level. A subordinate
level concept inherits the properties freoperordinate level concepts. The additional
information stored at lower levels distinguishes it from superordinate level concept
For example, the concept of DOG contains conceptual kdgelabout dogs that
distinguish it from contrast categoried other mammals, and the conceptual
knowledge that is associated with all maatsnis inherited via the inclusion relation
between MAMMAL and DOG. In this sendihe links between nodes represent IS-A
relations between levels in the hierarchglsthat activation of a subordinate level
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node can in turn activate information on highlerels when presented with a task that
requires hierarchical prossing (Collins & Quillian, 1969).

Mammal

Cal Dog
Spaniel Terrier

Airedale Jack Russell
Figure 2.1.A category hierarchy illustrating vertical and horizontal dimensions.

In contrast to storing concept hierarchianother way of viewing the hierarchical
nature of concepts i® maintain that conceptual kntegge consists of feature lists
that are used to make categorical infeemn This view asserts that hierarchical
relations are not pre-stored in long-tememory but rather determined by accessing
the features associated with concepts endbntext of a task that requires knowledge
of concept hierarchies. Specifically, thencept of DOG then includes, rather than
inheriting, the superordinate level featusgives birth to living young, nurses its
young, breathes, etc. (Murphy, 2002). The redspmentioning these two views is to
show that the issue of the representatind processing involveah the hierarchical
nature of concepts isot resolved. Consequently, iftlissue is not resolved for object
domains, then it is quite likely to be equally problematic for other conceptual domair
as well. This should not be understood agiegsioubt on the hierarchical nature of
conceptual knowledge in general. Thasue is rather onef how knowledge of
concept hierarchies is structured in long-term memory.

The mention of feature lists (or attributes) associated with concepts on differe
hierarchical levels raises the question @& #xtent to which feature lists can be used
to differentiate between different levels in a concept hierarchy. In their influentia
study of object categorization, Rosch, Mergtsal. (1976) instructed subjects to list
the attributes of a limited number of lmgical and nonbiological objects (experiment
1). When presented with an object namehjects wrote down as many attributes as
they could think of. The object names cor@sged to different leels in a category
hierarchy. For exampléool was presented as a superordinate level category wheree
hammerwas presented as a middie basic level category, aradaw hammemwas a
subordinate level category. In contrastdol, an example from a biological category
wastree (superordinate)naple(basic level) andugar maplgsubordinate).

The results showed that the number ofetisattributes (or features) varied as
function of category level. Subjects liste@ynificantly fewer atibutes for objects
named at the superordinate level than fevdolevels in the hierarchy. Furthermore,
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the largest increase in listed attribusscurred between the superordinate and the
basic level. There was no significant increase in listed attributes between the basic ¢
subordinate levels. It should be noted hoerethat this finding only occurred for the
nonbiological categories. Attribute listsrfahe proposed superordinate level for
biological categories showedathsubjects listed relativeljany attributes such that
there was no reliable difference between hiferarchical levels. Rosch, Merivs et al.
(1976) interpreted this to mean that the proposed superordinatetteecbird, and
fish) were more like basic level categories.

A further aspect of the list of attrilegt suggests that the frequency of different
kinds of attributes varies according tihe different hierarchical levels. For
superordinate level tegories, Rosch, Mervis et dbund a majority of ‘functional’
attributes. Although they do not describe thectional attributes, it is not difficult to
imagine what they might have beeruntional attributes for the category tobls
might reasonably include ‘used for fixing tgm’ or ‘used for building things.” In
contrast to the superordinate level, atité lists for basic kel objects tended to
contain more nouns and adjectives. Sigaifitly more nouns and adjectives were
produced for basic level than for superordinate level categories. For subordinate le
categories, adjectives occurred more fre¢jyehan for basic level categories, which
indicates that it is the modification of features that distinguish objects on the bas
level from objects on a subordinate level.

Differences between levels in a concéprarchy have alsbeen demonstrated
using processing times to verify the mesrghip of nonbiological objects on different
hierarchical levels. For example, Rosch,rive et al. (1976) msented subjects with
category labels on superordinab@sic and subordinate levels, efgrniture, table,
kitchen tablerespectively. Shortly after hearing aegdry label, subjects then viewed
a color photograph of an object. The tasks then to indicate as quickly and
accurately as possible whether or not thpiated object belonged to the previously
heard category. The results showed thaification response timesere fastest when
a picture was preceded by a basic level category labeltabte, When presented
with a subordinate level label, subjects’ verification times were significantly slowel
than for both basic level arsdiperordinate level labels. &Hifferences in verification
times indicate that the hierarchical sturet of categories affects processing times in
categorization tasks. The findings also pdimta processing advantage for the basic
level.

A further aspect of the basic level hagdtowith linguisticoutput. People tend to
use words on the basic level to name objdantan object naming task, Rosch, Mervis
et al. (1976) let subjects view picturefsobjects (biological and nonbiological). Three
contrast sets were constructed. In the superordinate contrast set, subjects sa
examples from 9 different superordinate level categories. For this set, a superordin
level label would be sufficidrto distinguish between thgctured objects. The basic
level set consisted of one picture from ehekic level category. In this case, a basic
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level label would be enough to uniqueigentify each object from the others.
Similarly, for the subordinate set, subordinéteel labels were needed in order to
distinguish the objects from one another. Despite thetlfedtdifferent labels were
sufficient to distinguish the objects froome another, subjectdearly preferred to
name the objects using basic level labels. Robtervis et al. were also able to rule
out the effect of the frequency of the wordsaasalternative explation to the results.
Furthermore, Rosch, Mervis et al. (1976&téel whether the obtained results could be
explained by the fact that subjectsddinot know the correct superordinate or
subordinate names of the oliecThe results from this westigation revealed that
subjects were able to confirthe superordinate and subaorate labels for the objects.
This shows that the preferenotbasic level labels wasot merely a consequence of
not knowing the superordinate or subordindevel names of the objects. Similar
results regarding linguistioutput were found for the n@ng of events (Morris &
Murphy, 1990).

2.4.2 Flexibility of Hierarchical Levels

Different hierarchical levelsuggest that people orgaeitheir conceptual knowledge
according to various levels of abstractidhis, however, should not be interpreted to
mean there is a single hierarchy consityeabtained and useth all contexts and
situations. As discussed above, thereevédence to suggest that objects can be
classified differently depending on thentext and specific tasks. There may be
multiple hierarchies that reflect flexibility in the psychological construction and use o
levels in a conceptual hierarchy.

In an attempt to replide the findings from Rokcet al. (1976), Murphy and
Brownell (1985) also let subjects categerisually presented nonbiological objects
in relation to different levels of caery labels. In additin to the different
hierarchical levels, Murphy and Brownellsal manipulated the typicality of the
objects by choosing highly typical objectsgie desk chair) and atygal objects (e.g.,
beach chair). The purpose of this manipolativas to investigate the extent to which
category verification is influenced by ourilgh to differentiate between objects on
the same hierarchical level. The reasoningitmtheir experiment was that as objects
become more atypical, they also become ndistnct or differentiated from the more
typical objects in the category. This increaselistinctiveness should allow subjects
to make quicker verifications for subondie level objects. When the objects were
typical for the category, Murphy and Browin®und results similar to Rosch, Mervis
et al. For atypical objects, howevecategory verificationwas faster on the
subordinate level than for the basic levdurphy and Brownell suggest that “...
giving a taxonomic level a single label, suchbasicor subordinate is too simplistic
and that there is a continuum of category “basicness,” as Rosch et al. (1976) origina
speculated” (p. 73, italics in original).
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The flexibility of hierarchtal levels can also be demtnaged in experiments that
study the effects of different levels afomain expertise. For example, in 3
experiments, Tanaka and Taylor (199hpwed that experts within a given object
domain, e.g. avid birdwatchers, tend dmanize their knowledgat a subordinate
level rather than at a basievel. In the first experiment, bird and dog experts
produced feature lists in response tcewing superordinate, basic level and
subordinate level cagery labels (e.g.animal bird, robin). Both groups of experts
produced feature lists for bird and ddgmains. While dog experts had domain
specific knowledge about dogs, they did notéhaxpert knowledge of birds, and vice
versa. When the subjects were presentéll eategory labels from their non-expert
(novice) domain, basic level labels elicitedore features than subordinate level
labels. Within their domain of expemishowever, the subjects listed significantly
more features for subordinate level labtlsn they did for the domain in which they
were non-experts.

Tanaka and Taylor (1991) also found tkeaperts were more inclined to produce
subordinate level names insponse to pictures in a free naming task when the
pictures depicted objects from theirspective areas of expertise. In a third
experiment, the experts were given a speeaddggory verificatiotiask, similar to the
one used in Rosch, Mervis at. (1976). For this taskhe experts had to verify
whether a depicted animal belonged toevmusly presented agory (superordinate,
basic level or subordinate). When the dégd animal came from their novice domain,
verification times were fastest for the lakvel category labeldVhen, however, the
depicted animal came from their domaineapertise, verification times were equally
fast for subordinate and badevel category verification.

According to Murphy (2002) experts hallkely developed a great sensitivity to
underlying differences between subordinate ll@lgects. This in@ase in sensitivity
leads to greater differentiation for objects categorized at the subordinate leve
Murphy (2002) points out that the effect@fpertise on categoetion should not be
viewed as a shift in the basic level from for examiplel to robin but rather that
expertise involves an increase in categoidmaflexibility. Bird experts can just as
easily use the basic level as they can subatdilevel categories. Johnson and Mervis
(1997) also present findings a basic level shift.

An alternative to a single taxonomic organization of objectiseisorganization of
objects in terms of script categories. Scoategories reflect the structure of routines
used in different situations. A further aspeétscript categories is the relation to a
specific goal. For example, although ski paarts an article of clothing, they are also
associated with the categorywinter clothing and more specifically with clothing to
wear when skiing. This is an examptd# the cross-classification of objects.
Classification is not restrietl to a single hierarchy, baan be influenced by specific
situational goals. Conceptual knowleddenat objects can be uséd appropriately
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classify objects according to daily rows (See also Barsalou (1982, 1983) for
related findings.)

In an extensive investigation of the extéo which the orgaization of categories
for different kinds of food ites are restricted to a single taxonomy, Ross and Murphy
(1999) found a clear tendency for subjectgeaerate script categories about as often
as taxonomic categories. According totaxonomic categorizin, eggs are an
instance of a dairy produdtlowever, on the basis of a script category, eggs are ofter
viewed as an example of a breakfdsbd. Ross and Murphy found that script
categories were a reliable basis on whicimttke inferences about different kinds of
food. The findings of crossasification suggest that taxonomic organization is not
the only way we organize conceptual knaige about objects in our environment.

In summary, there is clear evidenfr a hierarchical organization for object
categories according to taxonomic levelsefkhis also clear evidence that a single
taxonomic organization does not fully account for the categorization behavior c¢
people. If this is the case for object catégmrto what extent might action categories
exhibit a taxonomic organization?

2.5 The Hierarchical Stru cture of Action Categories

What evidence is there to suggest a h@viaal structure foaction categories? How
are action categories organized psychologi®ally there one structure that captures
the folk psychological organization of tean categories? Ors the psychological
organization of actions best described imlserently flexible, dependent upon the
context and situational demands and tasks® more like the cross-classification in
the food example mentioned above?

Intuitively, it seems that action categoriegght be hierarchically structured in a
way similar to object categories. FFexample, the general category lo€omotion
includes walking, running and crawling. Andalking can in turn include different
ways of walking like strolling, marchinglodding, staggering, limping, etc. Ingesting
can be done by drinking and eatir®jpping and gulping arinstances ofirinking.
Given the paucity of research dealing specifically with the hierarchical structure c
action categories, it is unclear to whattent these examples actually mirror the
cognitive representation of action categsriSome insight however can be gained
from looking at findings from three related areas: differences between the cognitiy
organization of hierarchies for nouns and eertine hierarchical structure of event
concepts and findings of categorical effects of acti@ming using displays of
biological motion.

2.5.1 Nouns and Verbs

Although differences between the cognitivgamization of hierarchies for nouns and
verbs can give us some insight into the structure of action categories, some degree¢
caution is required. The represation and processing of verlssnot the focus in this
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book. Verbs as lexicalized condsgor actions are likelyo vary betveen languages,
and making the assertion that lexicalizéeims directly map onto the underlying
conceptual representatiomans the risk of making what Bock (1996, as cited in
Vigliocco et al., 2004) referred to as the tdiin the mouth” fallacy. In steering clear
of this fallacy, it can still be the case twarb structure can provide some information
about the underlying hierarchical strugtuof action categories. Where does verb
meaning come from if not from beingagmnded in the conceptual representation of
actions?

In a study comparing the semantic tetiness of nouns and the relatedness of
verbs, Huttenlocher and Lui (1979) found that memory for the relatedness of noul
was greater than for the riddness of verbs in adulésd children. One explanation
they give is due to the fierent hierarchical organitian of nouns and verbs. Nouns
they claim are organized into well struedrhierarchies whereas the organization of
verbs is more “matrix-like.” The matrix likerganization referred to here is similar to
the cross-classification resultsentioned above. Elements of verb meaning cut across
different semantic fields. This has alseeh shown in the results from naming norms
for actions and objects where name agreerfogrpictures of actions was lower than
for objects (Bonin, Boyer, Méot, Fayol & Otp2004). This suggests that the naming
of actions is more variabkhan the naming of objects.

Vinson and Vigliocco (2002) also fourdifferences between the clustering of
semantic fields for actions and objects. Witlile distance between semantic fields for
the object domain showed clear category botiadaclusters for semantic fields for
actions tended to be more evenly distributed across the representational space.

The results from these studies indictitat the underlying ganization of action
and object categories is somewhat differditis, however, does not rule out the idea
that even action categoriean be represented hierardiig, although perhaps not to
the same extent as object categories. Taelthical organizatioof action categories
will be developed in greater detail in Chapter 5.

2.5.2 Taxonomic Hierarchies for Events

The domains of events and actions are simiilathat they botthave a temporal as
well as a spatial dimension. &ws are also context sens, being influenced by the
goals of an actor (Zacks & Tversky, 200Biven these similarities, evidence of a
hierarchical taxonomic structure of evenategories would suggest that action
categories may too be struotd in a similar way. Irtheir studies on converging
operations in event taxonomies, Morrend Murphy (1990)investigated the
generation of feature lists, similarity madis for events, event verification and event
naming according to different taxonomic l&/én event hierarchies. The results
showed a clear effect ofahdifferent taxonomic levels. Two examples of the events
and taxonomic levels are presented in Figug In the feature dting task, subjects
were presented with event labels at tHféedgnt taxonomic leveland asked to list the
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actions common to all examples of the event. The results showed a significani
increase in listed features from the superordinate to the middle level. This can be
explained by the general nature of superatdirievel events. It is relatively difficult

to find features that are common to akamples of entertainment compared to
movies. There was no increase in featuremfthe middle to the subordinate level,
indicating that subordinate level evemts not significantly add to the information
conveyed by features on the middle level of the hierarchy. This result is similar to the
results for nonbiological objeciategories obtained by Bch, Mervis et al. (1976).

Housework <— Superordinate——»  Entertainment
vacuuming sweeping <+— Middle/Basic———» theater movies

sweeping sweeping <— Subordinate——>» horror western

the floor arug movies movies

Figure 2.2.Examples of event hierarchigsMorris and Murphy (1990).

In their third experimentylorris and Murphy also found &l subjects were fastest
at verifying whether an action was a paft a named event at the middle level
compared to the superordinate level. Foaregle subjects were fastest at verifying
“scream during the scary parts” when the event label was ‘movie’ than when the even
label was ‘entertainment.’” Similar to the feature listing results, there was no
significant difference between the middle audbordinate levels. Morris and Murphy
did however obtain a difference between thddtg and subordinate levels in an event
naming task. The purpose of this experiment was to see what labels subjects woul
use to name different events. Subjects were given shortsstisut events. After
reading the events, they were instructed to simply name the events. The result
showed that subjects clearly preferredddle level event names. Even when a
subordinate level name was more appiaipr in order to distinguish between
subordinate level events, subjects produskghtly more middle level names. It
appears then that thereeamportant similarities bet®en the taxonomic organization
of events and objects. (See alstkRRi (1985) for similar results.)

2.5.3 Action Categories and Biological motion

The most direct assessment of the categbséfects of action perception has been
done using displays of biological moti. Employing the poirtight technique
developed by Gunnar Johansson (1973, 1935tudy the percéjon of biological
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motion, Dittrich (1993) let subjects view a nlnen of different actins depicted in the
point-light displays and simply indicate e they recognized the actions. Dittrich
investigated categorical effects by inclugliactions from 3 different superordinate
categories l6comotion social actions andinstrumental actions Instances of
locomotionwere walking, going upstairs, ldag and jumping. The category sdcial
actions included dancing, boxing, greeting and threatedimgtrumental actions
included interactions wittobjects: hammering, lifting box, bouncing a ball and
stirring. Subjects first indated recognition by pressing a button and then they
provided a verbal label for the action. Thesults revealed differences in reaction
times for the different categories. Locommgtactions were generally recognized more
accurately and faster than the instrumemtetions and social actions. The social
actions were also recognized faster thla instrumental actions. Subjects had the
most difficulty with the instrumental aotis. In terms of the taxonomical organization
of action categories, the swts suggest differences tiveen superordinate level
categories. This finding does not specificgrovide evidence for the hierarchical
structure of action categories, but ratheggests that superordinate level distinctions
between action categories play a roleagtion perception. (Sealso Dittrich (1999)
for further discussion of this issue.) Evrough category-level distinctions may be
less clear for actions than for objects, ttaeg sufficiently clear to be an important
factor in our perception and conceptual organization of actions. This theme will b
addressed in the empiricalidies presented in this book.

The evidence from the noun-verb studmsggest that the action categories
referred to by verbs are not as clearly hienarally organized as nouns that refer to
objects. Unfortunately the evidence only speaks to tektive hierarchical
organization of nouns and verbs and does not addresxtidetto which verbs are
actually hierarchically organized. In ongense, however, a more “matrix-like”
organization seems reasonable given thwiee of actions inachieving different
goals. The evidence from event categogpears to support ¢hidea that event
categories have a hierarchical organaatisimilar to the way object categories are
organized.

Let me address the specific questionsepoat the beginng of section 2.5. The
results from studies on event categorizatsmggest that even action categories are
hierarchically organized. If events, whiahe even more dependent on a specific goal,
exhibit a hierarchical orgazation, then the natural actiobsing addressed here will
likely also exhibit a hierardbal organization. However, is not likely the case that
there is only one hierarchical orgaaiion that captures the psychological
representation of action categories.
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2.6 The Basic Level

In this section, | will first discuss the badevel from the perspective of the visual
form of objects and the role that parts sderplay in the visual form of objects and
our interaction with thent?

The findings of Rosch, Mervis et §l1976) supporting a x@nomic organization
of object concepts (see section 2.4.1) adogrdo hierarchical levels also point
towards the basic level as a privilegddndamental level ofcategorization. One
important aspect of this privileged statushie role of visual perception. To the extent
that perception is constrained by the physataicture of the objects within a physical
environment, categorization, and particulathe basic level, mabe correlated with
the structure of the environment. In costréo superordinate and subordinate level
categories, basic level categories are cldirtee be most differentiated in that the
members of basic level categories have nfeagures in common but have relatively
less features in common withe members of contrastingtegories. In addition to the
results from attribute listing and categovgrification tasks, Rech, Mervis et al.
found that subjects listed very similar motovements for objects categorized at the
basic level, suggesting that our interactwith objects is best understood at the level
of hammer rather thawol or claw hammer. Objects categorized at the basic level alsc
appear to be visually more similar inerall shape than objextat a superordinate
level. There was, however, significantly greater image overlap for subordinate lev:
categories compared to the basic level. This difference was much smaller than t
difference between basic and superordinate levels.

In a further investigation of the rolef object shape in th categorization of
objects, Rosch, Mervis et al. (1976) let subjects view the average shape of objects
the superordinate, basic aadbordinate levels. (See Rosdltervis et al. (1976) for
details.) Subjects were provided a list ofegairies for each shape and instructed to
circle the category to which they thoughie shape belonged. Subjects were also
instructed to write down their best guessthe depicted objeciThe results showed
that subjects were no better than chance at identifying superordinate level objec
Object shapes constructed according to thlséchavel lead to ghificant identification
for superordinate and basic level catégmr For the objecshapes based on the
average of subordinate level objects, subjects were no bettenéfigtion than for
the basic level objects. Degptihe previously mentionedsdt of significantly greater
shape overlap for subordinate level objeittslid not lead to better identification for
subordinate level objects.

2 Murphy (2002) makes an important point about terminology when he asserts that it is not the obje:
themselves that are basic level, but rather it isciiegories that can be cafered as superordinate,
basic or subordinate. @oepts and categories gsychological constructdDespite my usage of the
phrase ‘basic level objects,’ | agree with Murphwvill, however, sometimes use ‘basic level objects’
to refer to objects categped at the basic level.
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In two further experiments with aemphasis on the visual nature of object
categorization, Rosch, Mervis et al. (197#¥t presented (printd subjects with a
spoken category label on the superordinaasjc or subordinate level. The underlying
assumption in these experiments wast tthe category label would activate a
representation (image) of an object egEnting the category. If the activated
representation facilitated a categorization response, then there would appear to
some correspondence between the activag@sentation and the stimulus to which a
response is required. Since superordinate level category ladd|<lothing, vehicle
etc.) pick out objects that are visually very different, it was predicted that there woul
be no facilitation when primed by a superordinate level category label. In contras
basic and subordinate levehtegories refer to objectthat are visually similar
(hammer pants, car). Consequently, Rosch, Mervis et al. predicted facilitation for
basic and subordinate level category labdn one experiment, subjects were
presented with a card. They were tolattlan object would be presented randomly
(either right or left) on oneide of the card. An abstradtawing was presented on the
other side. Prior to viewing the cardubjects heard a category label, and upon
viewing the card, they were to indicate the side on which the object appeared. T
findings were consistent with the prediction. Object detection was significantly bette
when it was preceded by a basic level gatg label compared to a superordinate
level label. There was, howew no significant differenci detection facilitation for
basic and subordinate level labels.

In their second priming study, Rosch, Meretsal. (1976) predicted that a basic
level category label would also facilitatletermining whetheor not two depicted
objects were physically identical. Becauaebasic level label activates a visual
representation of an object thadn represent the entire category, it could be used tc
judge the physical similarity of two objectThe findings from this study mirror the
findings from the previous study. There was significant priming for superordinate
level labels. Basic and subondie level labels, howevded to significant priming,
and there was no priming level differencevieen basic and subordinate level labels.

The results from these studies indicatat tthe visual shape of objects plays a
significant role in categorization at the lmaevel. While visual shape is also an
important factor on the subordite level, it dog not seem to lead to a processing
advantage for subordinate level objects. It @ppears that the vialshape of objects
on the basic level can be captured by a mental image, which can facilitate detecti
and judgments of physical adtity. The results fronthe previously mentioned
verification study also indicatedhvisual verification of olgcts is fastest at the basic
level. This, however, needs e seen in the light adhe results from Murphy and
Brownell (1985) (see sectioR.4.2) where they showedathverification times for
atypical objects on the subordinate leveteviaster than basic level objects.
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2.6.1 The Role of Object Parts in the Basic Level

A further important perceptuaspect of the basic level is the role that object parts
play in the shape of objects and the roletpalay in our poterdi interaction with
objects (Tversky & Hemenway, 1984). Compatedthe superordate level, basic
level objects tend to have well-defined paRsrthermore, different basic level objects
can be distinguished on the basis of tipgirts. Objects on thaikordinate level also
have well-defined parts, but they are shamgdther subordinate level objects within
the same basic level category. Subordidete! objects tend to differ more on the
basis of the ways in which parts are diffgtg modified rather than on the basis of
altogether new parts. For example, a spoatsand a sedan share timajor parts of an
automobile but they differ according to lgtg features that do not affect the general
function of driving (althougha sports car may offer aery different driving
experience). Object parts then “play a splecole in the vertical organization of
categories, that of distinguishing the ledsivel of reference” (Tversky & Hemenway,
1984, p. 186).

The findings of Tversky and Hemenway984) also suggest a perceptual basis for
determining the function of objects. In their studies, the perceptually salient parts
objects were related to therfction of different objects. For example, the parts listed
for TABLE included legs, top, surfacand wood. For GUITAR, subjects listed
strings, tuning keys, neck hole and woddhe exception in these cases of parts
reflecting the functional propes of objects is the aithute of wood. ‘Wood’ as a
functional part of tables and guitarsasguably less important than the other listed
parts. These results fit nicely with tHendings in Rosch, Mervis et al. (1976)
regarding the similarity ofmotor movements associatedth objects categorized at
the basic level. The visual shape of basiel®bjects as determined by their visually
salient parts and the role thiie parts play in the poteéat for interacting with the
objects support theotion that object furton, rather than beingn abstract property,
is provided to an important extent the partonomic organization of objects.

2.6.2 Basic Level Actions

Results from previous research show ttiare is converging evidence for a basic
level for objects. This converging evidence comes from different areas such as featt
listing/similarity judgments, motor routinassed in the interaction with objects, the
visual form of objects, category membershiggments, word use and word structure
(Murphy, 2002). It is not my contention to showvre that there is privileged level at
which action categories exhibit all of thdsasic level effects. | do, however, present
evidence that is consistent with a basic level for action categories. A furthe
contribution regarding a basicvid for action categories is to relate findings from the

13 For a critical discussion of the role of partstfie categorization of objexbn the basic level, see
Murphy (1991a, 1991b) and the reply by Tversky and Hemenway (1991).



36 Chapter 2 — Concepts, Categories and Actions

basic level for object categories with the gmse of generating remeh issues about
the psychological organitian of action categories.

In addition to recognizing and interactingth objects, muctof our daily activity
involves recognizing the actions of othensd interacting with other people on the
basis of our ability to see what theyeadoing. Is there any evidence to suggest a
psychologically privileged level of categmation for natural action categories? In
relation to the role of objegtarts mentioned above, is there any reason to suggest ths
actions may also be viewed as consistingigfially salient parts? My response to the
first question is that there appear to be no empirical studies that specifically addre
this question. The previous referencediarris and Murphy (1990) and Rifkin (1985)
indicate a privileged level afategorization for the broader notion of events but do not
address the issue of such a level foturel actions. The research of Zacks and
Tversky (2001) has also presented findisgggesting that events as well as objects
categorized at the basic level atearacterized by having good parts.

Despite the lack of research thaldeesses the notion of a basic level for
categories of natural actions, there is some research that addnesabdgity to make
category judgments based on the spatiotemgdorat of actions. In addition to this
research, | will discuss findings that exgdhe role of body parts in our conceptual
knowledge of actions. The purpose of thiscussion is to show that the
spatiotemporal form of actions as well as bpdyts appear to heportant factors in
the perception and categation of human actions.

It is important here not to confuse the notion of a basic level in a taxonomi
hierarchy for actions with ghnotion of a partonomic driarchy for the human body.
While body parts can be vied in terms of a partonomtderarchy and may play a
role in the visual salience of potentialsialevel actions, it does not mean that the
partonomic organization of the humarody maps directly onto a taxonomic
hierarchy**

2.6.2.1 The Role of Body parts in Natural Action Categories

Regarding the role of body parts, one approach to action perception when viewit
actions depicted in point-light displays is that visual processing proceeds in
hierarchical fashion (e.g., Johanssb873; Marr & Vaina, 1982; Webb & Aggarwal,
1982; Aggarwal & Cai, 1999). Accordingp this approach, human body parts
represent (semi-) rigid segments conadcdby the joints of the human body. These
segments, once detected, are combined Ierarchical manndp recover a figure
that represents the human body. A consequehtigs view is that action recognition
dependsn local processes involved in thdetgion of body parts.g., ankles, knees,
hips, wrists, elbows, etc. In contrast to thgproach, there is evidence to suggest that

14 see zacks and Tversky (2001) for a discussion of this issue for event structure.
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coherent human motion can be detecteditlegppaired access to the local motion of
body parts.

If local motion elements are necessdoy the detection of a human body in
motion, then preventing access to the laoation elements should severely impair
detection of a point-light walker. Berteairand Pinto (1994) used a dynamic masking
technique (Cutting, Moore & Mason, 1988) to test thisypothesis. The gist of the
masking technique is to copy the indival trajectories of each motion element
(point-light) and then randomly superimpose the elements on the display together w
the target object, i.e., the point-light walkéfrthe detection of a point-light walker
depends on the extraction of local motioeménts, then detection should be very
difficult because there are multiple instances of the same local motion trajectorie
Bertenthal and Pinto (1994) found thdespite multiple copies of the motion
trajectories in each display, subjects wergalbdy able to detect the presence of a
point-light walker. Even when the motioagbody limbs were masked, subjects could
still detect the point-light walker. Thisdicates that the detection of body parts does
not precede the perception of the glofiam of a point-light wker. It is important to
point out, however, that Bemthal and Pinto (1994) do nclaim that the perception
of body parts are not involved the perception of biologitanotion. It is rather the
case that they are not necessary.

In a further investigation of biogical motion perception using the dynamic
masking technique, Pinto and Shiffrar (1999) showed that, although not necessa
body parts may be sufficient for detecting tiederent figure of a point-light walker.

In a series of experiments, they showed that subjects were able to detect the differ
subconfigurations of the human body ewshen masked. For example, when the
target display only consistemhly of the contralateral limbs (legs or arms), subjects
were reliably accurate at detecting the presence of a coherent figure when it w
embedded in a dynamic mask. Although detm of the subconfigurations was
reliably better than chanceetection for some of the cagfirations was diminished in
relation to detection for the whole poiight walker. Pinto and Shiffrar (1999)
suggest that this finding baewed in terms othe varying reprentativeness of the
subconfigurations  within the category ohuman locomotiolt. Different
subconfigurations, i.e., parts, of the humtaody, may be more dess representative

of the human body as it engages in the aatiowalking. It is important to note here
that although body parts may be sufficient fecognition, some form of hierarchical
structure relating body parts to a whole appdarbe necessary (Heptulla-Chattejee,
Freyd & Shiffrar, 1996).

!5 pinto and Shiffrar (1999) refer to the categoryhaman locomotionSince they only included a
point-light walker in their study, | suggest that gubconfigurations should be viewed as exemplars of
walking
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The results from Bertenthal and Pirfi®94) and Pinto and Shiffrar (1999) show
that although local motion elements tleatrespond to the limbsf the human body
are not necessary for detection of hunfarm, they may be sufficient if some
information about the hierarchical structwgthe limbs in relation to the whole is
available. The reason that they may be sigfit is that even the subconfigurations
gave rise to successful deiea. The reasoning here isaththe subconfigurations of
body parts can trigger the representatiodysfamic human form. This seems to make
sense in that we often successfully recegrthe actions of othe even when body
parts are occluded or when we see the actibrshers from different points of view.
The subconfigurations of the human bodyyrpeovide enough information to activate
categorical information about the form tife acting object and about the specific
action being performed. Another way of putting it is that there is sufficient
information to provide access to an actpototype and therebyenerate a sufficient
match to the ongoing or previously dad out action. A dicussion of action
prototypes and the gradeduwstture of action categories will be presented in section
2.7.

Human body parts may play a role ire thctivation of categ@al knowledge of
actions and thereby also provide a bagsnfrwhich to distinguish between different
natural actions. Recall for example the previously mentioned findings of Pulvermdille
et al. (2001) and Buccino at. (2001) showing differencen cortical activation for
leg-, arm- and face-related awis. Their results suggest thilaé movement of specific
body parts could indicate categorical breaksaftions. The question in the context of
basic level categories is whether or not ithie of body parts is distinctive for basic
level action categories. | tHirthere is reason to questitrat body parts per se can be
used to determine a basiwdd for action categories. Iritively, the roleof body parts
as constituting a basis for basic leveli@ctcategories seems problematic because it
would mean that very different armtans (waving, throwig, saluting, stirring,
sweeping, painting, shaking hands, bouncegball, etc.) would be considered
subordinates to the basic level categorawh-related actionsThe problem here is
that a previous finding for object categorieattHistinguishes the basic level from the
subordinate level is the relative distinetiness between basic level and subordinate
level categories. Basic level objects arexmmally more distinct from one another
than subordinate level objects (e.g., Mervis & Rpsk981). Although the categories
of arm- and leg-related actionare quite distinct from one another, throwing and
clapping as instances of arm-related actials® appear to be sually distinct from
one another. On the othkand, different ways dhrowing (e.g., lob, hurl, fling, flip,
etc.) seem to be visually much morengar to one another than waving, throwing,
stirring, clapping, punching, etc. The critical pohere is that this gain in visual
similarity among subordinatepjears to be greater théme potential loss in visual
distinctiveness in the move froanm-related actionso, e.g.throwingas a basic level
action category. This thought experimenggests that different arm-related actions
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(waving, throwing, saluting, etc.) might constitute badevel actions, and different
manners ofthrowing, e.g., clapping, wang, punching, etc. constitute subordinate
level actions.

A further objection to the idea that thetion of body parts constitutes a basis for
basic level actions is the lack of lingtigsoutput. We do not appear to communicate
our actions or the actions of othdrg a lexicalized concept of ARM-RELATED
ACTIONS. This factor of hguistic output and its indication of basic level categories
will be discussed later on in this section.

In summary, there is some evidence sstjgg that the parts of actions can be
determined by specific body parts and the vimiegt of their spatial trajectories during
an action sequencé.The further question in regar the role ofbody parts in
determining a privileged level of categotipa for actions is difficult to assess on the
basis of the above evidence. The question lsete what extent do variations of the
spatial trajectories of bodgarts contribute taletermining a basic level for action
categories. The effects of the similarity adtions that involve the same body parts,
e.g., throwing, waving, will be a topic of the experiments in Chapter 5.

The perceptual features of objects amdions in terms of static and dynamic
visual form as well as the role of partsaifjects and actions appear to be important
factors in our ability to categorize objeetsd actions. The perception of visual form
and parts also appears to be importarthan formation of categories at a privileged
level of organization in concepierarchies. The role of peptual features is tied to
the further notion that the perceptual featureflect structure in the environment.
According to this reasoning, the perceptumsis of the basic level reflects a
correlation between the structure of the emwinent and our ability to perceive that
structure. An implication of this view is that we should expestdavel categories to
be fairly similar across different cultures.

Is there evidence to suggest that basic level categories exhibit a high degree
cross-cultural stability Malt (1995) reviewed a numbef anthropologial studies in
order to answer this question. The crosiucal studies she resived addressed the
categorical coherence of baglical objects, i.e., planand animals. She found that
very different cultures all seem to “consistently describe the smallest categori
labeled with a primary lexeme as correspogdoughly to scientific genera” (p. 126).
Malt (1995) also found that “cultures havther no terms above the folk generic level
or a relatively small number” (p.126). “Siarly, no cultures are reported to have
vocabularies of subgeneric terms near in sizindge of generic terms; this mean that
there are no cultures havirgglarge vocabulary of ternwrresponding tacientific
categories below the level of the genus” 1@6). In conclusion, Malt asserts, “The
cross-cultural evidence on the existence of one primary, most salient level «

16 See Casile and Giese (2005) for a computational model and psychophysical results that support
role of detection of motion discontinuities in action recognition.
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classification given by the environment suggesiat there is, in fact, one level that
tends to be most salient cross-culturally” (p. 128).

This conclusion, however, should not be understood to mean that there is no roc
for individual variations ircategorical structure within given culture. To the extent
that the knowledge of given categorical domvaries betweemdividuals, it is quite
likely that categorical partitions will reflect different levels of knowledge (Rosch,
Mervis et al., 1976).

The finding of Malt (1995) regarding thevid of genus as being most salient is
consistent with the findings of Rosch, Mianet al. (1976) where they originally
hypothesized thamnapleandoak represent basic level objsdbut found instead that
subjects’ attribute lists indicated thede, fish, andbird were more appropriately basic
level. The issue has to do with the extentvtoch the most salient categorical level is
the same level across different cultures. This is much stronger than simply saying tl
there is a most salient levef categorization, which is diffent for different cultures.
That fact that all cultures may exhibitnaost salient level otategorization is not
evidence of cross-culturatability for a preferretevel of categorization.

The issue of cross-cultural stabilifgr action categories will be addressed in
Chapter 3. If the categorization of humarniats is importantly determined by the
constraints governing human movememid aperception is sensitive to those
constraints, then it may be the case thaton categories will also exhibit a notable
degree of cross-tiural stability.

2.6.3 Questioning the Stat us of the Basic Level

The notion that the basic level represenpsialeged level of catgorization has been
vigorously challenged by Mandler (2004). &Shejects the claims made by Rosch,
Mervis et al. (1976) and loers (e.g., Rosch & Mervi§975; Mervis & Crisafi, 1982)
that their findings support the interpretati that basic level categories constitute a
fundamental conceptual organization of knowledge tlodjects. Mandler (2004)
suggests instead that a more appropriate irgtion of the results related to what
she calls perceptual categorization. Manal argument is based on the distinction
between conceptual and perceptual caiegowhile conceptual categories involve
complex conceptual knowledge and requimnscious access to different kinds of
information accumulated over time and exeece, perceptual categories are formed
“beyond the bounds of consciousness” (p. 291). As Mandler (2004) puts it:

[Conceptual categories] are concerned witttirege up kinds, that is, with formulating the

sorts of things that dogs or tables are. Forming a concept is not automatic but rather is a

focused and limited process. It appears to be serial in nature, with new information being
added bit by bit, rather than accumulating simultaneously. (p. 292)

The perceptual processing involved i tformation of percepal categories is
automatic and operates in pigh The previous findings oRosch et al. (1976) relate
to a level of perceptual organizationthar than the conceptual understanding
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(Mandler, 2004). Mandler maintains, for awrple, that infarst are sensitive to
perceptual dimensions (size and oversliape differences). Infants develop a
perceptual schema by which they autoraly process the physical dimensions of
stimuli and use this information to digguish between different objects. This
sensorimotor ability is used to identify ebfs. But it is not the same as developing a
conceptual understanding of the objectghich requires conscious access to
knowledge about the kinds of things different objects are, e.g., an “information core
about knowing what a thing can do or what one can do to/with it within a giver
context (Mandler, 2004).

Mandler’'s (2004) view is that the basiwét effects of Rosch, Mervis et al. (1976)
are limited to the identification procedurgmith & Medin, 1981) involved in object
categorization. Basic leveffects are not found for categzation when conceptual
understanding (access to core meaning)qgaired to complete a categorization task.

A further difficulty with the notion othe basic level comes from VanRullen and
Thorpe (2001) who showed that target deéte for superordinate level categorization
is much faster than would be expectediua basis of the previous findings of Rosch,
Mervis et al. (1976). Subjextin their experiment wergiven pictures from two
superordinate level categories (animaigl aneans of transportation). Pictures of
animals included different mammals as welbasls, fish, insects and reptiles. Means
of transportation included pictures of cars, trains, trucks, civil and military aircraft
boats, hot-air balloons and r@tk. The pictured objects were presented in natural
scenes. Subjects had to simply indicate Wwethe scene contained an instance of the
target category (animal or means of transportation). The results revealed remarka
fast reaction times. VanRullen and Thoi@€01) reached the conclusion that if the
delays in the motor pathways are taken extoount, the visual processing involved in
the successful completion of the tatlok around 150ms. Ithe context of the
differences in processing between basid auperordinate level categories mentioned
previously, VanRullen and Thorpe agsep. 666), “The surprisingly good
performance and very shagaction times obtained hecast doubt on the intuitive
idea that visual processing would requirbasic level identificadbn of the stimulus
before its potential superordinate levelegorization (Rosch, Mervis et al 1976).”

What is the function of the basic level? Why is there a level of categorization th¢
is more salient with regard to, foexample, perception (visual form) and
communication in terms ofrguistic output? For everydagxperience, basic level
categorization may be sufficient to support anderstanding of,ral interaction with,
the world around us. As the need for differkimds of knowledge changes, the level
at which we understanahd organize our knowledge may change as well.
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2.7 Graded Structure and Prototypes

The graded structure @ommon taxonomic categoriégefers, for example, to the
representativeness of exemd within a category (RoscBimpson & Miller, 1976).
When thinking of a chair, it is likely thahost people think of snething similar to a
desk chair rather than a rocking chair agghiwhair. In this case desk chair may seem
more representative or typical of the category thanratiances. The findings of
graded structure for categories are pedmeasvithin the categdration literature.
Murphy (2002) makes this point quite cleaffyhis kind of result is extremely robust.
In fact, if one compares diffent category members and doest find an effect of
typicality, it suggests thdhere is something wrong withor at least unusual about —
the experiment” (italics in original, p. 24Before discussing thgraded structure of
action categories, | will brfly mention three phenomena where the graded structure
of categories has been demonstrated: judgnwenistings of the representativeness of
category exemplars, judgments of categogmbership and production of exemplars
based on category labels.

2.7.1 Representativeness

Rosch (1975) carried out a series of experiséminvestigate the internal structure of
categories. In the first experiment, sheganted subjects with exemplars from 10
superordinate categories together with shperordinate labels (e.g. furniture, sport,
bird, etc.). Subjects were instructed to judge how good an example each exemplar v
of the superordinate category indicated thye label. The subject ratings of the
exemplars showed that exemplars varied in their representativeness. For examj
while a chair was rated as being a very gexample of furniture, a shelf was rated as
being less representative. If category examrgplvary in their representativeness, it
should affect the time it takes to madkecisions about category membership.

2.7.2 Judgments of Category Membership

The findings above suggesitat the structure of comon taxonomic categories is
graded with respect to the representatéss of the individual exemplars that are
included in the category. A further aspect of graded structure has to do with the exte
to which subjects view the category membership of different exemplars. In the
classic paper, Rips, Shoben and Smil®7@) let subjects viéy the category
membership of exemplars from differecategories. They founthat subjects were
quite fast at verifying the category memdidp of highly typical exemplars (e.g., a
robin is bird) and slower at verifyingygical exemplars (e.g., a chicken is a bird).

7| am restricting the initial discussion of gradstclicture to common taxonomic categories. Although
graded structure has also been demonstrated fdroadcategories (Barsalod983), the effect of
typicality as a determinant of graded structdiféers for ad hoc and common taxonomic categories
(Barsalou, 1985).
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Rips et al. (1973) also found a high cortiela between the typality of category
exemplars and the “distance” to the category label. In this case, distance w
measured by having subjects rate the painsisglarity between category exemplars.
The more typical an exemplar was of taegory, the more similar it was to other
highly typical exemplars and thereby “cldsés one another in psychological space.
Rosch (1975) also found that the highly representative (typical) exemplars wel
categorized faster than exempglavith low typicality ratings.

Judgments of category membership haleo been used to evaluate graded
structure in relation to the “borders” of cgteies. In this case, subjects were unsure
about the category to which an exempt@longed. For example, Hampton (1979)
found disagreemenbetweensubjects about the category membership of atypical
exemplars of the category. The results indicated that there was no clear divisii
between the borders of categories. Qiskey and Glucksberg (1978) also
demonstrated an inconsistenayithin subjects when the subjects were asked to
perform the same categorization task a feseks later. For atypal exemplars (olive
as a fruit), subjects were more inclinex change their minds from one session to
another in contrast to highly typical exemplafhis shows that typicality effects are
not simply a result of differences between individuals. These tpectsof typicality
(representativeness and deais about category membershiglthough related, have
been shown to represent two separatgchpalogical processesSee, for example,
Murphy and Ross (2005) for a discussion & thle of these two aspects in category-
based induction.

2.7.3 Exemplar Prod uction and Typicality

Exemplar production refers to the generation of category exemplars in response ti
category label, e.g.furniture. Battig and Montague (1969) obtained exemplar
production norms for 56 categories by asking subjectsrergée as many examples
as they could within 30 seconds for eaclthef 56 category labels (e.g., units of time,
four-footed animals, precious metals, birdkthing, fish, flowers, furniture, sports
and vegetables). The resulting data revedié@rent production frequencies for the
listed category exemplars. For exampl@bin” was listed by a \& majority of the
subjects in relation to the category labatdband pelican wadisted by few of the
subjects. Another finding was that exeamsl with high production frequencies were
also among the first items listed. These ltsgureceded the work of Rosch (1975) and
Rips et al. (1973) who dewaged the notion of typicalityin retrospect, however, the
production frequencies indicateguite clearly the typical of exemplars in the
various categories.

A more direct assessment of thdaten between typiciy and exemplar
production frequencies was performed by Hampton and Gardiner (1983). If sorr
category exemplars are more typical andehgrpotentially more salient in memory,
then the more typical exemplars should degroduced more frequently and prior to
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atypical exemplars in an exeraplisting task. In additioto typicality and production
frequency, Hampton and Gardin@983) included the variable of familiarity in order
to assess the relation between the thvadables. Subjects provided ratings of
typicality and familiarity for exemplarsdm 12 categories in the original Battig and
Montague study. Familiarity in this study svassessed by asking subjects to indicate
how familiar they were with the meanin§each word (exemplar). For the production
frequencies, additional subjeatere instructed to produegemplars in relation to the
12 category labels.

Regarding the relation between prodoetfrequency and typicality, Hampton and
Gardiner (1983) found a sificant inverse correlativ between typicality and
production frequency (-.63) whethe effect of familiarity was held constant. The
reason the correlation was inverse had towdth the fact that highly typical
exemplars were assigned to the low enthefrating scale. The important finding here
is that there was a cleantdency for highly typical exemats to be listé by subjects
in the exemplar production task. Atypical exgars were listed ks frequently by the
subjects'®

2.7.4 Prototypes and Determin ants of Graded Structure

The results from the above mentioned stedshow that the graded structure of
categories can be demonstrated by g&irof representativeness (goodness-of-
exemplar), judgments of category membgrsind exemplar production frequencies.
None of the above mentioned stesli however, addresses the isxfe what
determines the graded structuod common taxonomic categories such that some
exemplars of a category, in contrast to other exemplars, are deemed mc
representative of the category, are judgebealear members of the category and are
more frequently listed as exemplars of a category.

181 should point out that there are apparently different meanings attached to the notion of typicalit
Typicality appears to be used as a synonym for graded structure (Barsalou, 1985) but it is also used
measure of graded structure in e.g., typicality ratings (Hampton & Gardiner, 1983) and exempl
goodness ratings (Barsalou, 1985). The upshot of this is that typicality as a measurement c
sometimes be used to demonstrate the phenomertgpiadlity. | think this usage is problematic when
discussing the factors contributing to the graded structure of categories. | have tried to avoid referri
to graded structure as typicality and instead réfetypicality as a measurement or variable. | will
attempt to make clear when | use typicality to refer to something other than a measurement or varial
This is an issue that needs clarification in future work.

19 This issue is similar to the question of categooperence mentioned previously in the chapter.
Although category coherence andadgd structure are related.etmotion of category coherence
describes thgeneraltendency to classify certain objectstedonging to a specific category whereas
the notion of graded structure refers more specifically toveréation among category exemplars
according to their representatiwsms (or typicality) in relatiorto a specific common taxonomic
category.
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One influential idea about what determiriies graded structure of categories was
proposed by Rosch and Mervis (1975).céAing to them, different category
exemplars vary in their representativesidor typicality) orthe basis of theifamily
resemblancéo the other category exemplarsi@@a prototypical neresentation of the
category. The resemblance of exemplars toameher or to a category prototype is
assessed by the extent to which differer¢mplars within a category share similar
features and by the extent to which exempsarshare features with category
normembers. In this sense, highly tygi members will share many features
(properties or attributes) ith one another and sharewfeproperties with category
nonmembers. In contrast, atypical membeils share few features with one another
and share more features with categooymembers.

The notion of family resemblance is closely tied to the idea of a central instance
best example of a cateqy, i.e., a prototyp&’ Rosch (1978) summity describes the
notion of a prototype in théollowing way, “In short, praitypes appear to be just
those members of a category that mostece the redundancy structures of the
category as a whole” (p. 37A prototype consists o& summary of (weighted)
features that occur among exemplars th@ judged as being highly typical of a
category. In this sense, a prototype does not have tocbacete instance, i.e., an
instance that we have experienced. Aegaty prototype caalso reflect thecentral
tendencyof a category, where the central tendy represents the average value of
category instances (e.g., Hampton, 1979;sBlau, 1985). The central tendency of a
category can then be used to categoolziects by comparing them with the central
tendency (or family resemblance) of a category.

Central tendency appears, however, not to be the only determinant of grad
structure for common taxomic categories. Barsalou (1985) found that ideals and
frequency of instantiation also play a rélddeals are features ekemplars that have
to do with the specific goal(s) that might dssociated with a category. For example,
for vehicle subjects were asked to rate howadéfint each exemplar was as a means of
transportation. Frequency of instantiatiam the other hand, was measured by how
frequently subjects thought they encouateran exemplar as a member of the
category. One measurement of graded airecin Barsalou’s 1(985) investigations
was goodness of exemplar ratings. In conti@steals and frequency of instantiation,
Barsalou found that central tendency was npmetlictive of the grded structure in
common taxonomic categories. Ideals aretjfiency of instantiation, however, were

20 Not to be confused with prototype theory or processing models of categorization. See e.g., Hampt
(1995) for a specific model of prototype theory.

2L A further purpose of Barsalou’s study was to investigate potential differences between determinar
of graded structure for goal-defined and common taxonomic categories. | have restricted my discuss
of Barsalou’s results to common taxonomic categories. While acknowledging the role that goals mi
play in the graded structure of actions, it is not an issue that is addressed in this book.
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also significant predictors afraded structure. If central tendency plays a significant
role as a determinant of graded struefusn reasonable follow-up question is what
factors determine the central tendency of common taxonomic categories.

According to Barsalou (1985), theentral tendencies of common taxonomic
categories reflect the structure of thevieonment in the sense proposed by Rosch,
Mervis et al. (1976). Objects that are simifestructured accordmto their shape are
perceived as belonging to the same categdrobjects. The peeptual similarities
among objects provide a reliable basis for deieing the central tendency of object
categories and thereby determine the asgntativeness of category members and
category nomembers.

2.7.5 The Graded Structur e of Action Categories

Since natural actions have a spatiotempdoain, and this form can be used to
distinguish different actions from one anothiiis reasonable teuggest that actions
may be deemed more or less typical category on the basis of the perceptual
similarity among exemplars of action catdger The findings from Giese and Lappe
(2002) support the idea of action prototy@ad accompanying typicality gradients.

Giese and Lappe (2002) (see also Gie®®2) used a method of spatiotemporal
morphing to investigate the effects ofarying spatiotemoral patterns on
classification, ratings of naturalness andgment of optimal speed for the actions.
They used two sets of displays of biolog)i motion. The first set consisted of four
actions depicting different patterns tmfcomotion (running, walking, limping and
marching). These actions tend to be quite similar (SIM) in terms of theit
spatiotemporal patterns. The second sebof &ctions depicted actions that had quite
different (DIF) spatiotemporal patterf@alking, aerobicsknee bends and boxing).
The four actions from each set were ussdprototypes from which spatiotemporal
morphs were created between the actions. The morphed actions were created
applying a technique called “spatiotemporal morphable models” (STMMs) to genera
“new artificial biological movement patterns lipear combinationof prototypical
example movements” (p. 1848, italics in orig)ndlhe result of the application of the
technique was a metric linear space defibg the weights of the linear combination
of the trajectories of the prototypesspace-time. Within each set (SIM and DIF), the
metric linear space (Figure 2.3) containeda&®ions, including th four prototypes.
Given this technique, Giese and Lappe were able to determine the extent to which
spatiotemporal pattern of a specific mtype generalized to, for example, the
classification of the neighboring morphs.

When subjects were presented with the two sets of actions, Giese and Lap
(2002) found that the closer a morph wasa nearby prototype the greater its
probability was of being classified as thatototype. As the morphs were varied
according to the linear weights, subjects se@ro view the gradual change in the
perceptual similarity between the morphsl éime prototypes. Thikesult was obtained
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for both the SIM and DIF sets of actions. Despite the fact that subjects could class
the morphs from the DIF set actions asgeanore similar to a specific prototype, the
DIF morphs, in contrast to the SIMtsevere perceived as being unnatural.

Figure 2.322 A 2D representation of the 4D patterrmsp of motion morphsdm Giese and Lappe

(2002). The four prototypes of walking, limping, marching and running are represented by the four
letters W, L, M and R respectively. Each hexagon remtssan action in the metric space. The letters a,
b, c and d represent the combinations of different prototypes and weights. The lines represent morph
between two prototypes.

A further result regarding the classificatiof the actions concerned generalization
fields, which were defined by “the areatime pattern space rfavhich patterns are
classified as the same bhiological motjmercept” (Giese & Lippe, 2002; p. 1853). The
action of walking appeared to be more it@mto the other actions than they were
similar to one another ashown by significantly largegeneralization fields for
“walking” than for the other actions.

Perhaps the most interesting resulnir Giese and Lappe (2002) for the work
presented here has to do with the ratio§saturalness for morphs in relation the
prototypes from which they were genteéh The issue here was whether the linear
combinations of weights of the differeptototypes would leado morphs that are
viewed as gradually changing in natueds or whether subjecwould view the
spatiotemporal differences between morphs in a more discrete or categorical wz
indicating sharp borders betwetre different action prototypge This is also another
way of viewing the generalization fields thfe different prototype For the SIM set,
the results showed that tperceived naturalness for therphs was not significantly
lower than the perceived naturalness forgtwotypes. This indicates that there was a
gradual transition in naturalness for the morphs between the prototypes. Of particu

2 Reprinted fronVision Researgh42, Giese and Lappe, Measuremeigeneralization fields for the
recognition of biological motion, pp. 1847-1858, 2002, with permission from Elsevier.
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interest was the finding of a smooth integi@n between the actions of walking and
running and between running and marchingcantrast to these results for the SIM
set, the naturalness ratings for the DIF set revealed low naturalness ratings for 1
morphed patterns in relatido the prototypes. Combinirthe spatiotemporal patterns
of walking, aerobics, knee bends @uking led to unnatural looking actions.

The spatiotemporal properties of actiagise rise to the visal form of natural
actions. This visual form can be used ttedmine the similarity of actions. The extent
to which actions have a similar form camlicate categorical divisions between action
categories. What are the implications of this for determining a basic level for actio
categories? One previously mentioned défece between basic and subordinate level
categories concerns the greater similaritysalbordinate level objects relative to the
between-category similarity for basic level oligedf this also holds for categories of
natural actions, then the results from @iesd Lappe (2002) suggest that running and
walking might be regarded as subordadevel actions, where the category of
locomotionrepresents a basic level categoryrufining and walking represent basic
level actions, then we should see greater discontinuity degtwclassification
judgments for the morphs between thesedomst as well as greater differences
between ratings of naturalsefor the prototypes and th@rphs between them. This
result was not found. Giese and Lappe wals® surprised at i result given the
findings of previous research indicatingneore discrete phase transition between
running and walking (Diedrich & Warrenjted in Giese & Lappe, 2002; see also
Hoenkamp, 1978).

Some caution should be observed wheawilng conclusions about the basic level
of action categories on the basis of the ltsduiom Giese and Lappe’s (2002) results.
First, the actions used in the SIM seinsisted of runningwalking, marching and
limping. As actions of locomotion, the actions are very similar to one another
Marching and limping can reasonably be considered as mannemliafig In that
sense, it is not surprising that walkingdha large field of generalization. Jumping,
skipping, crawling and leaping are also arguably examples of locomotion. Th
question here concerns the extent to Whice perceived properties of the morphs
would be predicted on basis of the percdiygoperties of the prototypes for theses
instances ofocomotion In contrast to the actions in the SIM set, the actions in the
DIF set were very different from one anathé/hile boxing can be considered a social
action (Dittrich, 1993) and wailkg is an instance décomotion it is difficult to find
an appropriate category for aerobics andekbends. One suggestion is that they be
viewed as instances ekercise It should be pointed outdh Giese and Lappe (2002)
did not have the investigation of the struetwf hierarchical leMs for actions as a
specific purpose in their experiment.

The generalization fields indicaggaded structure for the categorylo€fomotion
Although each action was represented as a prototype in the metric space, there wi
much larger generalization field for watij than for the otheactions. More of the
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morphs between the prototypes were classified as instances of walking than
instances of the other actions. In otlesrds, the surrounding morphs were more
typical or representative of walking tharetbther actions. In this sense, walking could
be viewed as more prototypical lmicomotion Giese and Lappe (2002) suggest the
following explanation of their finding; “W&ing might be, in the metric defined by
the features extracted by the visual eyst more similar to most points of the
generated pattern space than the othetopypes” (p. 1853). In terms of central
tendency, the generalization field for wiallg indicates thatwalking has a higher
average similarity to the other actions than any other single action and its similarity -
the other actions of locomotion. However, &tier criterion of cenal tendency is an
action’s, or prototype’s, averaghssimilarity to contrast categories. For example, if
walking has a high average similarity to the other locomotion exemplars, then
should have a high averagdessimilarity to exemplars from the members of contrast
categories. This additional aspect of family resemblance was not included in Gie
and Lappe’s (2002) study.

2.8 Conceptual Spaces and Action Categories

A recent representational format faction categories has been proposed by
Gardenfors (20073° Based on his notion of conceptual spaces (Gardenfors, 2000
action categories can be represented as convex regions in a conceptual spi
According to Gardenfors (2007), “[@pnvexregion is characterized by the criterion
that for every pair of pointé, andv, in the region all points in betweenandv, are

also in the region” (p. 173). The implicati of this notion of convexity when applied
to action categories is that if two actions are categorized as exemplarssairtbe
category, and they occupy separate oimt a convex regn, then any action
exemplar occupying a space between theithbwe categorized as belonging to the
same category. It is important to note that this view takes the context of categorizati
into account by stipulating that the qualitymensions of actions determine the basis
for assigning properties tactions as well as deteimng the relations among the
properties. In this sense, different contepsrhaps defined by diffent goals or other
situational factors, will lead to the usé different quality dinensions and thereby
different regions of convexity. A furthecentral aspect of quality dimensions
according to Gardenfors (2000) is that they should be viewedeametrical
structures, and as such we can viglyects/actions as being psychologicallgser
(more similar) offurther from one another (less similar) in a vector spfce.

2 1t should be noted that an additional focus@ardenfors (2007) is on the representation of the
functional properties of objects. This is @t issue specifically addressed in this book.

24 The notion of convexity in Gardenfors (2000; 2007) is also apparent but not explicitly mentioned i
the computational model in Giese (2002). | shougb atate that the ideas of Gardenfors and Giese
were developed independently of one another.
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2.8.1 The Role of Forces

Regarding the quality dimensions of act$, Gardenfors (2007) proposes that action
representations are fundantally determined by théorcesthat generate them. The
basic idea here is that different forpatterns are involvedn the production of
different actions. Previous research on the relationship between the dynamics
human movement and the kinematic paethat arise a® result of dynamic
constraints of the human body show thatman observers are sensitive to the
underlying forces involved in human movemant even our interaction with objects
(Runeson & Frykholm, 1983; Pollick & Kourtz1998). Further support for the role of
forces in action perception comes fromdings on representational momentum when
people view static images of impfiehuman movement (e.g., Freyd, 1983, 1987;
Shiffrar & Freyd, 1993; Kourtzi & Shifir, 1999; Kourtzi & Kanwisher, 2000;
Verfaillie & Daems; 2002). For exangl Verfaillie and Daems (2002) found
significant long-term priming effects whesubjects were primed with a short
animated sequence of human movement andtéstaed with static images of possible
future postures which were consistent with the previously viewed movemer
sequence. This indicates that memaffects of human movement include the
dynamic properties associated with motion ¢@ists involved in the future positions
of the human body in time.

In terms of the basic componentsmtiened by Traneét al. (2003), thenanners
in which different actions are perforohereflect the differences between the
spatiotemporal trajectories bbdy parts. Variations in spalttrajectoriescan be used
to make coarse distinctions between @i as well as making more fine grained
distinctions. For example, Klatzky, Peglno, McCloskey and Lederman (1993)
presented subjects with verb phrases for arm- and hand-related actions that invo
objects (brush hair, chop onions, catch a,e@lmmer a nail, etc.). The subjects were
then given the task of rating the actions accordingffiector sizg Which limbs are
involved in the action?)amount of limb(How much of the limb(s) is(are) in motion
during the action?yamount of surface contact arélow much of the limb comes in
contact with some objectAjstance movedHow much does the limb move through
space as the action is performed@semblance to gragjf the hand was used, does it
grasp the object or operatdthout grasping?) andmount of force (How much force
is used in the action?). Correlations betw the ratings and a subsequent factor
analysis showed thdimb, distance andorce were highly correlated and that “nearly
80% of the variance was accounted for fagtors that seem to represent arm
movement/force and hand configuration” g87). This shows that spatial trajectory
as indicated by movement and force is a part of the knowledge subjects have ab
arm-related interactions witbbjects. In a second studilatzky et al. (1993) also
showed that this knowledge can be udmdsubjects to createategories of the
different arm-related actions. The catdgsrformed by the subjects reflected the
identified factors from the first studyindicating a clear division according to
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involvement of the arm or hand and the extenwhich the actions were related on the
dimensions of force, limb and distancerdeéved forces in am- and hand-related
actions contributed significantly to category distinctions as well as the creation ¢
action categories.

While forces constrain action prodiomn and recognition and may even be
perceptible properties of actis, this does not rule outgwiously mention influences
of body parts and the spatiotemporal patterns that arise from their movement. ,
Runeson and Frykholm (1983) suggest thmeir principle of the “Kinematic
Specification of Dynamics” (KSD), the kimtic patterns of human movement reflect
the dynamics that constraihase patterns. The upshot thisnthat both spatial and
temporal aspects of human actions conitguality dimensions within an action
space. (See, e.g., Thornton (2006) and Giese (2006) for brief reviews of temporal a
spatial manipulations of action sequeneesng point-light disfays of biological
motion.)

2.8.2 Action Spaces, Protot ypes and Graded Structure

If one adopts the notion of conceptual spaesonvex regions in a vector space, then
the previously mentioned findings of gradstlucture and prototypes for categories
are to be expected (Gardenfors, 2007). Regarding the domain of colors, Gardenfi
asserts, “For example, if colour concepi® identified with convex subsets of the
colour space, the central points of thesgions would be the most prototypical
examples of the colour” (p. 176). Although \eow relatively lss about the quality
dimensions that characterize action spaeesl the ways in which the quality
dimensions can be combined to create ephel spaces for actions, the previously
mentioned results from Giese and Lap{@®02) strongly suggest that a metric
representation of action categories captures important psychological findings. F
example, the naturalness ratings of #etion morphsprovided by subjects could be
reliably predicted on the basis of the naturalness ratings ofagtion prototypeand

the respective weight of the prototype time linear combination (Giese & Lappe,
2002). This shows that the convexity of the action space represented by action morj
that lie between the action prototypes ieed in the naturalness ratings provided
by the subjects.

Further support for the representation of actions according to a psychologic
space comes from Pollick, Fidopiatis andaéen (2001) where they recorded the
movements of different kinds of tennis ses\(flat, topspin andlice). The vectors
representing the different motions of body pags well as the nais racket and ball,
were calculated on the basis of pointsélted to the body of the person performing
the different serves. The average movement associated with each kind of serve as\
as the grand average for all three kinds of serves were also derived from tl
movement data. In this caske grand average of the three kinds of serves represente
the prototype for a tennis serve. By using the difference between the movement fol
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specific kind of serve and the grand averd&slick et al. were able to produce spatial
exaggerations for each kind of tennis sefiflee main questions in their study were
whether increasing exagg#ions would show a c@sponding accuracy in
categorization judgments and whether tharying exaggerations would lead to
differences in dissimilarity judgments such that the differences would be reflected
the structure of an obtained 3-D psychological space. With the exception of the sli
serve, the results showed that categtiongudgments improved as the exaggerations
moved further away from ¢éhgrand average. For thessiimilarity judgments, the
results showed that increasing the spatiabgerations in the movements resulted in a
corresponding difference in the distanoetween the movements in psychological
space.

While the results from Pollick (2004) andlik et al. (2001) bowed that a radial
structure of the psychological space for tlierent tennis servesould be obtained,
the results also showed that the styleaggerations lead to better categorization
performance than the style prototypes.e3é results indicate that categorization
performance is not always facilitated by proximity to a category prototype. It appeal
that spatially exaggerating the specifimvements of an &éon in a directionaway
from the central tendencies of other similar actions can increase the spatiotempao
distinctiveness of thatction and thereby make it easiedistinguish it from the other
similar actions, i.e, tennis serves. In linih the findings from Murphy and Brownell
(1985), small differences between exemplaray be the basis on which subordinate
exemplars are distinguished from one another. When these differences &
exaggerated, they lead to greater disitvemess for subordinate level exemplars. In
this case, exaggerated exemplars of dglibate level categories will be more
distinctive in relation to other subordinatvel exemplars that share features with
members of contrast categories. Recognitibsubordinate level exemplars is made
more difficult due to the fact that they ynahare certain properties with members of
contrast categories. For example, different kindsané may be more confusable than
different kinds ofvehicles See Goldstone (1996) for more findings regarding this
issue.

The results from Pollick et al. (2008hould not be understood to mean that
spatiotemporal exaggerations will benefit the categorization of actions for all suc
categories. The Pollick et al. resultse asomewhat limited in terms of their
generalizability to other potential levels a category hierarchy for actions. The
different tennis serves were very simikmd the subjects who viewed the displays
were classified as intermediate levelayers. The effect of spatiotemporal
exaggerations may vary as a functions&fll level among players or even among
expert observers of the gam® player with a very higtskill level may not benefit
from the exaggerations to the same exterd aevice or an intermediate level player.
As previously mentioned, level of expertise affects the ability to categorize
objects/actions on a finer grainkdel (Tanaka & Taylor, 1991).
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On the basis of the above mentionfiadings, it appears that a geometric
representation of actions defined by the idistances betweextions is reflected
in behavioral measures oftegorization. Given the saliespatiotemporal aspects of
dynamic human movement, it seems reasondlaliea geometric representation of the
domain of human actions could be extedido action categories beyond the ones
investigated in the previougudies. If the psychologitarganization of other action
categories can be captured by the psychologlisthnce in a geometric space, then
perhaps this will be reflected in the meri&dicon as well. This issue will be explored
in the next chapter.

2.9 Summary

The visual shape of actions appearsbt a highly predictive feature of action
categories. Part of this predictive qualityté visual appearance of actions appears to
be tied to the production dluman movement. This indiest one important difference
between human action percegptiand the perception ofg¢hmotion of objects. Human
movements signal social interaction wées object motion may or may not signal
functional interaction. In the case of artifadtee movement of partof objects signals
functional interaction.

In regards to the issue of whether actimmcepts constitute a different “kind” of
concept (Medin et al., 2000) in contrast dbject concepts, results from Shiffrar,
Lichtey and Heptulla-Chatterjee (1997) suggest that action perception and obje
motion perception may depend on different motion integration mechanisms. Th
processing difference is one criterion riened by Medin et al. for distinguishing
between kinds of concepts.

It is surprising that theris little mentiorof action categorieamong the myriad of
research on concepts and categorizationidRearticles (e.g., Medin et al., 2000) and
books on concepts and categatian are remarkably sileabout action concepts. The
obvious question is: why is this so? One obvimeson is that there is little research
done on action concepts. The follow-up questiahésn: why is thereso little research
on action concepts? Actions are difficto study. They are dynamic and easily
confounded with other variables. A related reason has to do with the fact that actio
are relational in nature. Théyclude information about l&tions between objects, i.e.,

a human and another human, or a human ansbgatt. The major point here is that
we know relatively little about action condemmnd categories ithemselves, and we
know even less about the relation betwaetion concepts and how they may differ
from, or be similar to, other kind$ concepts (Medin et al., 2000).

To what extent is action recognitioarsstrained by the psychological organization
of action categories according to hierarahitevels, basic level effects and graded
structure? Action recognition will likelybe influenced by other structural and
functional factors, but the purpose heretasfirst gain some understanding about
action categories in relation to classical findings in the categorization literature.
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realize, however, that the “classicahdings” have been subjected to important
qualifications regarding the multiple functions of concepts (Solomon, Medin &
Lynch, 1999).

Several findings (Dittrich, 1999) point tthe role of higher level categorical
knowledge in the perception and recogmitiof actions, for example, findings
indicating that action categories hageaded structure (Giese & Lappe, 2002),
prototypes (Giese & Lappe, 2002; Pollick at, 2001) and hierarchical levels of
organization (Dittrich, 1993). There is noesffic evidence, however, for basic level
effects in action categoriestt@ugh there is some evident@t can be interpreted as
an indication of such effects.

A further aspect of the higher level knedge associated with action perception is
the idea that categorickhowledge may be reflected in a multi-dimensional space
where the psychological distance between actiamsbe used to see clusters of action
categories, which may indicate categorioedaks between different kinds of actions.
Given the extent that the spatiotempadahensions of actions indicate perceptual
salient qualities of actions and their dynamdnstraints, it may be the case that the
psychological organization of action categsris stable across different languages
and cultures.



Chapter 3 - Hierarchical Structure of Action Categorie$”

In addition to recognizing obgts, a significant aspect ofir daily activity involves
perceiving and recognizing the actions ather individuals. Not only do we see
certain things as CUPS, BOOKS, DOGSARS, APPLES, etc., but we also see
various patterns of movement abliRNING, WALKING, JUMPING, THROWING,
etc. Furthermore, the ability to recogniz¢i@s and events would seem to be a basic
cognitive function given the fact that wive in an environment that is largely
dynamic with respect to our own movementthin it, including interactions with
objects and people, and with respect tomanception of the movements of others and
their interactions witlother people and objects.

Much of the research dealing withetltonnection between what we see and the
subsequent lexicalization of our perceptt concept hierarchies has been mainly
addressed from the perspective ofe tlobject-noun relatiohdp. The primary
categorical domains that have been investid have been those dealing with natural
kinds and artifacts. (See M@ and Smith (1984) and Més and Rosch (1981) and
Komatsu (1992) for reviews of relevantethries.) Dittrich (1993) presented results
concerning the categorization of actidresed on biological motion sequences.

A widely held assumption in accounts of categorization is the relation betwee
exemplars and their superordinates and pleaple have access to this relation in the
context of categorization stuad. If presented with a supedinate concept, subjects
have no difficulty producing exemplars in relatito it. This type otask can be used
to investigate the tation between different levelsf a concept hierarchy, e.g.,
superordinate => basic level, and basic lexelsubordinate. In th sense, one gains
insight concerning the kinds of exempldiat are produced in relation to a given
superordinate. The work reported here is intended to extend the research on act

% This chapter has been previous published as: HemP. E. (1996). Frequency, ordinal position and
semantic distance as measures of cross+alltstability and hierarchies for action verb&cta
Psychologica91, 39-66.
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categories from the perspective of the lexitains generated by subjects when given
a description of a generalufgerordinate) concept based perceptual criteria for the
basic level.

Given the previous work on object categorization and the cognitive primacy ¢
basic level categories and the significant paeception plays in the formation of such
categories (e.g., Rosch et dl976), it may very well be the case that basic level
perceptual criteria can be applied to, aske a general domain of action categories. If
there is some middle level for action categories that is similar to the middle level fc
object categories in terms of what gives rise to them, then onklwexpect a similar
basis for perception in determining thigddle level in the ancept hierarchy. The
strategy here is to give selofs the general perceptual criteria and have them list the
actions that meet the criteria. Theseians then are interpreted as being good
candidates for the basic level.

I must emphasize that in the sense thattdisk used here is a categorization task,
it is quite different from giving subjects ¢ain action sequences and asking them to
identify the sequences (identification tagk) asking them to véy that an action
belongs to a previously presented wordttdenotes a given ooept (verification
task). The difference is roughthis: in the stdies reported heré¢he direction of the
task is from general perceptual critetia specific lexical concepts, whereas the
perhaps more typical method used irtegarization studies involves going from
specific perceptual input in the form of Emage of some kind to lexical concepts that
name the presented objects or actions. Baotthods have their kues in the attempt
to empirically establish a hi@rchical structure for actiocategories. The hope is that
the two methods will independently conveea similar lexical structure for action
naming.

This chapter presents normative dedmcerning the sponse frequenciésfor a
general class of actions. In an action tigttask, response frequencies were generated
by a native English speaking group and iveaSwedish speaking group. The results
indicate that the general perceptual criteria for the basic level can be applied to acti
categories and the varying response fregi@sndemonstrate graded structure within
the general class of actions. While the masgjdient verbs are those that might best be

% | will use the term response frequency throughout the remainder of the paper to refer to the to
number of times a given item occurs across subjects on a free listing task as used by Battig ¢
Montague (1969). Other people have referred to this measure differently; associative frequen
(Hampton & Gardiner, 1983); item dominance (Mervis et al., 1976); production frequency (Malt &
Smith, 1982) and output dominance (Barsalou, 1985). There are two reasons for my choice of the te
response frequency over the others. (1) It is the term that seems to be closest to the original Battig
Montague usage, and (2) it seems to be the most parsimonious description of the dependent mea:
i.e., the individual subjects were simply providing responses with respect to a given task. Furthermo
the subsequent tallies of the responses were fnetegeand not tallies of dominances per se, although

dominance could be used as a descriptioth@farying degrees of response frequency.
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considered as basic level, the subordinafebese basic level verbs occur much less
frequently and much later on in the lists.drder to establiska further measure of
basic levelness, the distrition of the response frequees between the two language
groups were compared in order to deteemihe cross-cultural/linguistic stability of
the most frequently listed actions. The@amt of agreement bgeen the two groups
suggests a high degree of stability acrossléimguages for the most frequently listed
actions. In addition to the response fregties, multidimensionascaling solutions
based on the ordinal structure of the listseyeerformed in order to answer questions
concerning the semantic groupings of therds in the lists and the cross-cultural
stability of these groupings as well as the oNetability of the rsponse frequencies.

Concerning the usage of the terms “concept” and “category,” | will be loosely
following Medin’s (1989) distinctio that a concept is an idézat includesll that is
characteristically associatedith it and that a category s partitioning or class to
which some assertion or set of assertionight apply (cf. chapter 2). | will refer to
concepts as that which becomes lexieiin the form of nouns and verbs.

3.1 The Basic Level: Cognitive Primacy and Perception

A salient finding in categorization researchhis cognitive primacy of the basic level
as compared to the superordinate and slibate levels of cagorization (Rosch,
Mervis et al., 1976; Rosch, 1978; MurpBy Smith, 1982). The basic level is the
primary level at which category differentiation reflects thdure divisions of
attribute clusters found in the environment.

One important constraining factor in thequisition and formatin of categories is
perception, and on the basic level this istipatarly so. Rosch, Mervis et al. (1976),
Rosch (1978), Neisser1987), Mervis and Crisafi(1982), and Tversky and
Hemenway (1984) express a general consetigt there are twoanique properties of
the basic level: (1) Members of basic levelegmries are similar in overall shape and
(2) similar with respect to our interactiowith them, i.e., they have similar functions
as in the case of artifacts. Mervis (198&fers to these two properties as constituting
the "shape/function principle.” Accordinglmuch of categorization, but by no means
all, is a result of the application of this principle. The shape/function principle is
largely perceptually driven in the sensattithe visual shape of an object can be
obtained by looking at it. Function, onethother hand, may not be so readily
analyzable with regard toerception. However, although ormeay not be able to tell
what the function of an object is by loaki at it, some insight concerning function
can be gained by interacting with the obj@icby watching someoradse interact with
it. From the perspective of these resultsyould seem that perception ought to be an
appropriate starting point from which to irstiggate whether or not action verbs can be
generated on the basispdrceptual criteria.
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3.2 Action Categories and Biological Motion

Using perceptual criteria to get subjetts generate lists of actions will only be
effective if there is a class of actionswibich such perceptual criteria apply. Actions
of bodily movement seem to be such assl As Miller andlohnson-Laird (1976) put
it:
Not only are verbs of motion ontogenetically primary, but their meanings have a strong
perceptual basis — a correlation that can hardly be coincidental. When someone cogitates
or acquiesces or experiences it is not clear just what perceptible signals of those

“activities” he will transmit, but when he rums jumps or climbs there is little question.
(p. 527)

Furthermore, there is reason to believat $uch actions are meptually basic in
that they can be recognized quickly, though smimuch on the basis of context as on
the pattern of movement tie parts of the body. A primexample of this perceptual
basis can be found in the work obhansson (1973; 197%nd his colleagues
(Kozlowski & Cutting, 1977; Cutting, 1981; Runeson & Frykholm, 1983). Johanssot
(1973) describes a study in which he plasetll lights on the joints of a person who
performed various actions. The subjects in this study were readily able to discern
number of biological motions, e.g., running, cycling, climbing, and dancing, by
simply viewing the resulting flow patterns dfe lights. The demonstration of this
patch-light technique has éwinteresting ramificationdor the categorization of
actions. In one sense, the patch-ligigures contain very little contextual
information. But in another sense, theyntain a great deal &dnematic and dynamic
information in the flow patterns of tHeghts. Secondly, subjects were very good at
recognizing a given action on the basis of only viewing a few frames from the motio
sequences. The results of Johansson and his colleagues suggest that perceptual cr
may also provide a basis for action categori@he patch-light technique will be
described in further detail in chapter 4.)

Regarding the issue of context sensitivity mentioned above, it should be added 1
the sake of clarity that context sensitivitgs been demonstrated for action categories
(Vallacher & Wegner, 1987). It may even the case that such categories are even
more context sensitiviman object categories. The suggeshere is simply that there
may be a group of actions that is muchsleontext sensitive than other kinds of
actions and that this may depend on therexie which sociaketting and perception
mutually constrain the catedgmaition of actions. Although is not the case that what
distinguishes a certain group of actions frother actions in a concept hierarchy is
only the degree of perceptual salience, pdiceseems to be one unequivocal factor
in the formation of action categories amédle level in an action concept hierarchy.
It seems quite likely that the function of certain actions, i.e., the fulfilling of some
goal, in a social setting is also portant. This is in accordance with the
similarity/function principe mentioned above. Evidence of the convergence of
operations on some middle level of the @spt hierarchy is also needed in order to
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principally establish a basic level for act®o The method and analyses described here
present a step in this direction.

The idea that there are basic level action categories is not noWgbrhen, Fire
and Dangerous Thingtakoff (1987) asserts, “We i@ basic level concepts for
actions and properties as well. Actions likeaning, walking, eating, drinkinggtc.,
are basic level, whereamoving andingesting are superordinate, while kinds of
walking and drinking, saygmblingandslurping, are subordinate” (pp. 270-271). The
studies below are intended to investigatesthclaims by examining the responses of
subjects in relation to a free listing task for actions.

3.3 Study 1: Response Freque ncies for Action Categories
(American Sample)

In this experiment, a free listing task very similar to the one used by Battig an
Montague (1969) is used. In their akic however, they included 56 different
categories, whereas the present experimeas only one very general superordinate
category. A number of predictions can be made on the basis of the findings ai
reasoning presented above. First, if subjeces given perceptual criteria for action
categories and asked to generate lists astuprtb the general perceptual criteria,
subjects should be able to interpret sk as meaningful in the sense that the
perceptual criteria apply to actions anway similar to the object categories from
which they were taken. Secondly, certain types of verh&udy phrases should occur
more often than others (graded structuegher than being evenly distributed among
the lists. A further predictiors that the verbs will be sitar to the ones mentioned by
Lakoff (1987) and Miller andohnson-Laird (1976). It certdy seems plausible that
subject lists would contain varying respoffi@guencies of actiowords and that high
frequencies would be obtained feerbs that denote actions likeating, walking,
running, jumping, etc. more so than other more context dependent actiois ik

a car, teaching, going to a restauramtc. Finally, if high frequency is taken as an
indication of basic levelness, subordinasé®uld occur at much lower frequencies.
And with regard to their ordinal positions, verbs with high frequencies, assumin
varied distribution, should aldme the ones thatour earlier on in the word lists. That
is, the cognitive primacy of the basic level should also be revealed in terms of tt
ordinal positions of the verbs inlagion to subordinate level verbs.

3.3.1 Methods

3.3.1.1Subjects

A total of 119 American English native egking Hope College undergraduates from
five psychology classes voluntedrg0 minutes of their time tparticipate as subjects.
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3.3.1.2Materials

The subjects were given a sheet of papith wstructions written at the top. Below
the instructions, and on threverse side of the sheet, wenumbered blanks for the
subjects to fill in during the timed writing session.

3.3.1.3Instructions

Writing the instructions for the generation task posed a problem. On the one hand, |
instructions had to be easy understand. For example, ddnot want to have to go
into an explanation about what the basieeles and how there might be basic level
actions. On the other hand, the instroiet had to be meaningful and somehow
constrain list generation to d¢hrealm of actions that meertain perceptual criteria.
The perceptual criteria used in the instions were adopted from Mervis and Rosch
(1981) who point out tlee special properties of thesialevel for objects. The first
property is that a person uses similartonocactions for interacting with category
members. The second property is theilsimoverall shapes shared by category
members, and the third property is a mental image whichretect the entire
category. Since the first property is coefihto actions in # service of object
function, the criterion “ease of recognition” svased instead in order to maintain the
generality of the perceptual criteria. The property that a mental image can reflect t
entire category may be viewed as a resfithe similar overall shipes of objects. The
second and third properties sgetherefore combined inta single mental imagery
criterion. The resulting instructions pegged to the subjects were as follows:

The purpose of this session is to collect verbs that name various actions.
You are simply to write down, on the numbered blanks below, words or
phrases that names various actions. It is important though that the words or
phrases name actions that involve some kindaifily activity that can
easily be recognized when seen and can be visualized as a mental image.

You will be given five minutes to write down as many words or phrases
as possible that name different aos of bodily activity. Please write
neatly. Thank you for your participation. If you have any questions, | will
answer them now, but do not mention any possible examples of actions.
You can begin when | say “Please begin.”

3.3.1.4Procedure

After all the subjects reoegd a copy of the instructions and numbered blanks, an
experimenter read the instructions out loud.Nbjects in any dhe five classes had
any questions.

3.3.2 Results and Discussion

First, words were scored as the samthéfy were orthographically identical or only
varied according to tense. Subjects appetodthve little difficulty in understanding
the nature of the task. The mean nundferords or phrases per list was 36.36, SD =
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10.91, median = 35. The minimum and maximiemgths of the lists were 14 and 72.
A total of 920 differentvords were produced.

In the following analyses of the subjdists, two dependent measures are used.
The total frequency (TF) for each word icdies the total number of times a word
appeared across the 119 different lisSitke second measure is the mean ordinal
position (MOP) and represents the averagetinal position of a word across all the
lists on which the word appeared. See Appendix A for the list of words that have a T
of 3 or more.

The TFs presented in Appendix A confithe general hypothesis of an uneven
distribution of response frequencies fottiae words (graded structure), i.e., some
words are more salient examples of bodilyivaty than other words. This finding is
somewhat trivial when understood in thentext of Barsalou’s (1987) statement that
“every category observed so far has beem# to have gradedrstture.” Therefore,
the graded structure found here is emception to the geral finding. More
interesting, however, is ¢h finding that the wordshat received the highest
frequencies tend to belong to the classaction words mentioned by Lakoff (1987)
and Miller and Johanson-lrdi (1976). That is, wosllike RUNNING, JUMPING,
SWIMMING, WALKING and EATING occurrd more often than more context
dependent words like TEACHING, AKING, WRITING A LETTER, EATING
BREAKFAST and ARGUING. The superamite category, as defined by the
perceptual criteria, correspondell to the kinds of verbthat denote the perceptually
salient actions used inugties of biological motion.

In reporting the coefficients for sometbe correlation analyses that follow, | will
use both the Pearsanand Spearmams. The reason for repting both is due to
different views concerning the kinds of analytiest can be used in regard to different
scales of measuremefitWhereas the measure TF is based on a nominal scale, th
MOP is base on an ordinal scale, and sdlifferences may arise as a result of the
kinds of analyses that can be performed gitree nature of the ates (Stevens, 1951).
Another reason for reporting thois that the results presented below are discussed ir
the context of previous work where the Pearsonvas used exclusively. All
probabilities associated with the correlati@ms two-tailed. Thessessments of levels
of significance for the Spearmagare based on GlasserdaWinter's recommended t
test as cited in Nijsse (1988).

The correlation for the relation betwefaquency and ordinal position reveals a
strong trend for the most frequent itemsatso appear early on ihe subjects’ lists.
The words included in this correlation had'’ of 20 or more. Ashe TF increases,
the MOP tends to decrease, Pearson -.70,p " .0001 (s = -.54,p ” .001). It
appears that there are a few dominant items in memory that get written down first, a

" see Cliff (1993) for a discussion.
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they seem to be the best examples ofgieeral superordinate category as indicated
by the significant trend.

3.3.2.1The Relation Between the Basiand Subordinate Level Iltems

A qualitative perusal of the Battig and Montague data not only reveals a relatic
between a given superordinate and the basic level items subsumed by it but it a
reveals a relation between some of thedbesiel items and their subordinates. While
there is a striking tendency for basic leitems to have a relatively high frequency
(and a relatively low rank posith where it is shown in their data), subordinate level
items had a lower frequency (and a highank order). As an example, for the
superordinate category A KITCHEN UTENSIthe most frequently mentioned item
was KNIFE. The subordinate items, or kindknives, occurring in the lists included,
PAIRING KNIFE, CARVING KNIFE, BUTCHER KNIFE, BREAD KNIFE,
BUTTER KNIFE, and CAKE KNIFE. Anotheexample is that of AN ARTICLE OF
FURNITURE. While the basic level itemHAIR was the most frequent, subordinates
occurred less often and had a highank position on the lists. The subordinates
included were LOUNGE CHAIR, EASYHAIR, ROCKING CHAIR, ARMCHAIR,
HIGH CHAIR, DESK CHAR, DINNING-ROOM CHAIR,DORM CHAIR, LAWN
CHAIR, and RECLINING CHAIR.

Results very similar tchbse found in the Battig anddvitague data appear in the
verb data. Presented below are 4 frequeligted verbs and thesubordinates. The
frequencies (TF) are reported first follodvby the mean ordinglositions (MOP). A
confirmation of the hierarchical relatidretween the verbs was obtained by checking
the relations via WordNet™ (version 1.4)lexical database that shows encodings of
the hierarchical relationsetween synonym groups. Thisas obtained by having the
program list the particular ways of RUNNG, for example. And although there are
different senses of RUNNING, | chose thesethat seemed to best match the nature
of the task given to the subjects. Thense and its definition according to the
WordNet™ database are also given.

Running (115: 4.37) (Sense 19, move by rumg)i => jogging (39: 11.87), sprinting
(9: 13.89), trotting (5: 16.20)

Walking (99: 7.32) (Sense 3, walk, go on fofatpt, leg it, hoof, hoof it) => hiking (9:
19.11), sauntering (6: 19), strolling (&7), pacing (4: 25), hobbling (3: 18.67),
limping (3: 32), marching (2: 24), ambling (1: 28), tiptoeing (1: 31), moon walking (1:
22), moseying (1: 6), staggering (1: 13), strutting (1: 26), swaggering (1: 6), stumblin
(6: 17.83)

Jumping (92: 7.61) (Sense 4, jump, leap, bound, spring) => hopping (32: 8.47
leaping (18: 18.67), skippin@®1: 7.54), bounding (2: 17), hopping on one foot (1: 9)

Talking (56: 13.71) (Sense 4, talk, speak, utter, mouth, verbalize, verbify; ("She talk
a lot about her childhood.”) => yelling (387.50), screaming (24: 21.21), whispering
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(17: 24.94), speaking (14: 19.56houting (11: 25), arguing (2: 12), saying (2: 33.5),
preaching (2: 31), articulating (1: 4), dissing (1: 52), mumbling (1: 21), remarking
(1: 30), responding (1: 13), stutieg (1: 34), telling (1: 25)

It does not appear to be the case, however, that all such basic level items that h
a high frequency also subsume a group of dlibates that have a lower frequency. It
may be that some basic level categories malaively few subordinates. Or it may be
the case that access to the subordinates is coostrained in terms of the context that
would give rise to them. For example, difat ways of walking and talking may be
much more prominent in terms of our ndedexicalize them wéreas different ways
of running and jumping are less prominent.

3.3.2.2The Instability of Graded Structure

Another aspect of the dathat deserves comment iBat there are only 5 verbs
mentioned by more than half of thabgects (RUNNING, WALKING, JUMPING,
SWIMMING and SKIPPING). This relative lack of uniformity across subjects
indicates a wide disparity between indivals concerning the relation between the
superordinate and its exemplars. Apadnirthe 5 verbs, subjects do not seem to
access similar semantic or categorical domaingelation to the general perceptual
criteria. Another way of puttig it is that the generalratture of the category of
actions that are viewed as being subsumethbyperceptual criteria is unstable from
subject to subject. This instability, hovesy is strikingly similar to the lack of
uniformity in the categories in the Battand Montague norms where the average
number of items that are mentioned by mibren half of the 442 subjects for each of
the 56 categories is 3.96ee also the relési for production datén Barsalou (1987))
An additional measure of graded struetis typicality. And although no typicality
ratings were gathered here, one could ekpbat the lack of agreement between
subjects would correspond to the correlations mentioned by Barsalou (1987) whe
intersubject agreement in typicality ratingathered in numerous experiments hovers
around .50.

A few things must be kept in mind wh discussing the instability of graded
structure as indicated by ffeency data. In one sense grad#dcture is by definition
an indication of the instability of categosstructure between dividuals. That is,
varying frequencies for the different itermlicate graded structure and instability.
Some words are listed more often than rgthin another senskpwever, the relation
between graded structure and instabilign be viewed as separate notions. For
example, if there were no overlap betwées words on any of thsubject lists, where
all words had a frequency of 1, then thisuld indicate complete instability and no
graded structure what-so-ever. Regarding the other extreme where all words we
listed by all subjects, one would then haveituation of complete stability and no
graded structure. To the extent that grastedcture is a function of stability regarding
frequency data and assuming a quantitative measurement of graded structure, one
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say that as stability increases from 0, theral$e an increase in graded structure to a
point where graded structure begins to dase given a continued increase in stability
to the extreme where there is completabdity and no graded structure. This,
however, is not the case with typicality ameasure of graded structure because every
subject contributes a rating to every stimuliesn. In this case graded structure is a
function of the mean typicality ratings for @am, and instability is viewed as a lack
of agreement between subjects for a givemité/ith typicality ratings, one can still
have graded structure even if all subjecteagn all typicality ratings, but then there
would be no instability. There will also lgraded structure even if subjects are in
wide disagreement about their respectiypicality ratings. In the first case,
frequency, the two notions are dependent on one another, whereas in the second c
typicality, they ardreated independently.

Although the frequency data presented loare be viewed asdicating instability
as well as graded structure, one must reamgthat stability is ab present. Briefly,
Barsalou (1987) proposed an explanation efdgd structure and stability effects that
rests on a distinction between context-ipgledent and context-dependent information
and various determinants of gradedusture, e.g., goals, central tendency and
frequency of instantiation. Associateditiw concepts are twadlifferent kinds of
information. Whereas context-independénformation is necessarily linked to a
concept and is activated regardless different contexts, context-dependent
information is only activated given an appriate context. According to his theory,
the extent to which people share contextépendent information should give rise to
similar concepts in a superordinate->bdsicel listing task like the one used above.
The instability, on the other hand, can be acted for by the fact that individuals’
concepts can vary according to the context-dependent information that may |
accessed given their understanding of the gmkby the fact that not all individuals
share the exact same kind ohtext-independent information.

3.4 Study 2: Response Freque ncies for Action Categories
(Swedish Sample)

The Battig and Montague (196%equencies were collectemt the Universities of
Maryland and lllinois. There were 270 sebfs from Maryland and 172 from lllinois
who were given 56 category labels and asked to write down as many items as tt
could within 30 seconds for a given category. Battig and Montague compute
correlation coefficients in order to determitie, in this case, “geographical stability
of the response frequencies for the Mamg and lllinois samples.” The results
revealed strong evidence for geographbility. Forty-nineof the 56 categories
had a correlation coefficient greater than .90.

Using British subjects, Hampton and Gaet (1983) collected normative data for
12 of the categories used by Battig andrithgue. One purpose of the study was to
see if there was any cross-culturalrison between the two populations. The
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resulting comparisons between the respdrespiencies for the 12 categories revealed
coefficients that ranged from a low of .&& FISH to a high of .91 for WEAPONS.
The mean coefficient for the 12 categoness .76, indicating thahe categories are
rather stable across the two groups, batdyerent enough to warrant the collection
of separate norms for use with British subjects.

The minimization of cross-cultural differees in categorization is an additional
aspect of basic level categories (Me#liBarsalou, 1987; Rosch, 1973). The extent to
which the basic level is grounded in perception and by constraints that span t
boundaries of cultural differences and contedsitive variables ought to be revealed
by the stability of the categories across culamd language. The second study of this
chapter was conducted in order to investigtite stability of tB action categories
across language (and culture). The stabilityrrefibto here is that which needs to be
accounted for due to ¢hfact that there exists soragreement between the subjects,
otherwise there would have been no gradidcture. The hypothesis is that similar
categories and response frequencies shoutetaapfor the same task used in the
previous experiment witlsubjects from a differentocintry who speak a different
language. If the verbs with the highest frequencies generated in the first experime
have the quality of being pramily perceptually based indgrsense that the pattern of
bodily movement is sufficient for recogioin and categorization and that actions
categorized on the basis of this inforroatare common actions that humans perform,
then one would expect a high degree afssrcultural stabilityA group of Swedish
students was given a transtatiof the instructions useidr the American group. The
results from this group were comparedateample taken from the American group.
The two groups were compared to sessiihilar action words are also the most
frequent for the Swedish group and to sethdir ordinal positions were similar as
well.

Admittedly, the best test of cross-cultural stability would be to compare twc
groups that are more different than ones useme. The “best test,” however, is not
always the most realistic. The main mador choosing Swedish as the comparison
language is that, next to English, it is tmdy language that | speak fluently enough to
do the kind of semantic comparisopsesented here. Andven though the two
cultures are quite similar, the comparisons sthte seen in the context of the British
English and American English comparisansthe Hampton experiments mentioned
above. The two kinds of English are obviouslgser to one another than American
English and Swedish. If the results of thenparisons in this experiment are similar
to the Hampton results, then there is reasdretieve that the notion of stability is just
that much stronger.
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3.4.1 Method

3.4.1.1Subjects

Thirty-nine  Swedish speaking undergratki students from an introductory
psychology course volunteered 10 minutethefr time to participate as subjects.

3.4.1.2Materials
The materials were the same as described in Experiment 1A.

3.4.1.3Instructions
The English instructions were translated into Swedish.

3.4.1.4Procedure

The procedure was the same as in Expent 1A. One student, however, had a
question concerning the nature of the @i referred to in the instructions. The
experimenter re-read the portion of the rinstions describing #h general class of
actions that were to be listed and instrudtesl subject to writelown the actions that
best seemed to fit that general deswip The subjects were tested in one group.

3.4.2 Results and Discussion

For the English speaking sample, 39 subjects from the group of 119 were randon
selected to be used in the Swedishishgcomparisons. The mean number of words
per list for the English group was 37.13, S[10.58. The minimum and maximum list
lengths were 25 and 72 respectively. Asthe first study, the TF and MOP for all
words were calculated across all the listseSehmeasures were then compared with
the same measures from the larger sanmpteder to determine the representativeness
of the smaller sample. This was done for words with a frequency of 20 or more in tt
larger sample. The coefficient foretltorrelation between the TFs was .86;.0001
(rs=.89, p”.001), which shows that the smaller séarip representate of the larger
sample with regard to thdistribution of frequenciesThe correlation between the
MOPs for the two samples was somewhat lower, .85,p ” .0001 (s = .79,p ”
.001). This indicates that word position isdestable than the distribution of response
frequencies across the two groups. As i@ #malysis for the large sample above, a
coefficient was calculated for the cortda between TF and MOP in the smaller
sample. The coefficient for this correlatifor words that had a TF of 10 or more was
-.63,p ”.0001 (s =-.46,p " .01). As in the large samplthere is a sigficant trend

of decreasing ordinal piti®n as the TF increases.

3.4.2.1The Relation Between the Basiand Subordinate Level ltems

For the Swedish speaking sample, the maanber of words per list was 41.56, SD =
12.62. The minimum and maximum list lengths were 20 and 67 respectively. ,
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comparison of the list length means foe tBwedish and English samples showed no
significant difference, F(1,76) = 2.88,> .05. Subjects in both groups generated the
same average number of words per list. Ahatwo English samples, there is a trend
in the Swedish results for words with the higthieequency to alsbe listed earliest in
the lists. The coefficient for this correlati (for words with a fsquency of 9 or more)
was -.69,p " .0001 (s = -.60,p " .001). The reason for including words with a
frequency of 9 or more for the Swedishmgde was to have approximately the same
number of data points in the correlation.

For the Swedish sample, there is also a similar relation between basic level actic
and their subordinates withgard to frequency and ordingosition. Listed below are
the Swedish basic level actions and thebbadinates. For these groups, there is some
corroborating evidence fronViberg (1992) for the basic level and subordinate
relations between the locomotion verbsldiional support was gained by informally
asking native speakers to confirm the grogpi Approximate English translations
follow the Swedish words. The TFs and MOPs are also presented in parentheses.

Springa (Running) (35:7.09) =>ogga (jogging) (10:15.70)I6pa (sprinting)
(3:10.67), kuta (running energetically) (2:24), mila (running a 10k race) (1:29)

Ga (walking) (29:9.62) => promenera (stroliin (5:17.8), vandra (hiking) (2:9.5),
lunka (walking at a leisurely pace, “moseg?) (2:38), hasa (staggering about) (2:27),
spatsera (sauntering) (1:14), marchdraarching) (1:15), flanera (strolling or
wandering aimlessly) (1:6)

Hoppa (jumping) (32:5.31) => skutta (skipm or taking small hopping kind of steps)
(2:7.5), hoppa rep (jumping rope) (L:Boppa hack (jumping hurdles) (1:4)

Prata (talking) (12:19.83) => tala (speaking w@lking) (7:24.43), skrika (screaming)
(13:24.92), viska (whispering(3:29), ropa (shouting) (22), gnalla (complaining,
whining) (1:30), argumentera (arguin@}16), diskutera (discussing) (1:27)

Some exceptions to the general trend that subordinates typically have a low
frequency and a higher ordinal positior dound in the groups. Where this occurs,
however, the frequency is very low and eefs the fact that one or two subjects
accessed these words first. This is nat tiase though with PRATA. In that group,
SKRIKA was listed by one more subjecathPRATA, but the MOP was quite a bit
higher. The gist of the datio tend to show, however ahthe patterns for the group
of 39 Swedish speaking selfs and the English group mentioned above are quite
similar.

3.4.2.2Swedish and American English Comparisons

In the following analyses, the stability of the action categories was determined on tl
basis of correlations between the tlemguage samples. One problem with doing
these analyses is the matching of the semantic similarity of the verbs for the tv
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languages. Within the context of the tB@ and Montague study, comparisons
between the Maryland and lllinois samples could be done on the basis of tt
orthographic form of the words. For exal®, in the category of A FOUR-FOOTED
ANIMAL, the occurrence of the word DEER among the lists for the Maryland
subjects was assumed to have the same meaning as DEER in the lllinois samj
There was no question of any kind of regional difference in meaning between the tv
orthographically identical items. For thmurrent analyses, there can be no such
matching of items based on orthographicikirty. Instead, the words need to be
matched according to their semantic similarity. Appendix B contains the list of thi
matched words and their respective TFs B@Ps. The list show/that 30 pairs of
words could be closely matched according to their meanings. For example, ti
Swedish word SPRINGA has the same semartntent as the English word RUN.
They refer to the same kind of pattevh bodily activity. There were, however, a
number of words that did not match up quste well. In these cases, the semantic
domain of a word in one language wasthmatched by including the domains of two
or more words from the other languadéhe semantic domain of PUSHING, for
example, has no single Swedish equimtiléA group of four Swedish words was
needed in order to match the semantic @ionof PUSHING. As an example of the
other kind of relationship, the Swedish wdrRIDA means to ride on an animal of
some kind. It is not, however, used to referitting in a vehicleTypically, it is used

in the sense of HORSEBACK RIDING @&®IDING A HORSE. The English word
RIDING was included in the group becaiisean also mean HORSEBACK RIDING.

According to the first analysis, stability a function of the degree of agreement
between the TFs for the words that occurred 10 or more times in both lists. Tt
correlation between the TFs for the twaongdes resulted in a coefficient of .64,”
.0001 ¢s= .51,p ”.01). Comparing the ordinal positions of the verbs in this sample
also revealed a significant correlations .50,p " .005 ¢s= .44,p " .01). Discarding
the 8 cases where more than one word was included in matching semantic dome
revealed an improvement in the sigéh of the correlations, for the TFs= .70,p ”

.001 ¢s=.54,p ".01) and for the MOPs= .61,p ”.0005 (5= .56,p " .01).

These results indicate a significant and rather large degree of stability across 1
two groups. This finding should be evaie@d in the context of the Hampton and
Gardiner (1983) findings mentioned above. Although none of the categories the
dealt specifically with actions, the resporigsjuency correlations of .64 and .70 are
not much less than the mean of .76 forabeelations between ¢hl2 categories used
for the British and American groups. The stability found here, however, is no
unequivocally robust. The change from one culture and language to another has
diminishing effect on the ability of the categoriesAs noted by Hampton and
Gardiner (1983), "[A]ssociative frequency miag expected to reflect local differences
in language use and item familiarity.” lowld, however, be argued that given this
effect, there remains a relatiyénigh degree of stability.
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Multidimensional Scaling Analyses

The ordinal positions of the words on the gabig lists can be viewed as indicating
the semantic organization or associatfatterns between wordé.should be clear
about the fact that the mean ordinal positismot itself a distance measure. It is
rather the case that the ordinal positions lsarused to derive distances between the
list items. As subjects think of words, ttesk can be seen as free association in the
sense that words with similar meaning wéhd to prime other words that share the
same semantic domain. By going through #ubjects' lists, the different ordinal
distances between commonly shared verbspaas determined and used to construct
proximity matrices. The matrices were thesed as input data in a multidimensional
scaling program in order to get a multidinrs@mal spatial interpretation of the ordinal
structures inherent in ¢hlists for the two groups.

The basis for obtaining proximity dateased on ordinal position can be found in
the work of Roger Shepard. According toephard (1962a, b), the structure of ordinal
scale data is roughly isomorphic to metrigoaxs which allow the ordinal data to be
monotonically transformed to ainterval scale. Given thiscale, the items can be
given the interpretation of occurring inpaychological space in terms of a Euclidean
metric. At this point it becomes meaningfol discuss the distances between various
items in the space. On the basis of these distances, one can then talk about
dimensions that structure the space as well as information about the groupings t
occur within it. It is in this sense thatetiproximity data obtained from the original
lists can be used to reflect the psychological distances between the various items.

The notion of cross-cultural stability as defined as a function of the amount
agreement between the derived distances fosliared verb meanings in the two lists
is much stronger than the notion of crasdtural stability based on frequency alone.
The correlations mentioned above only retya small subset of the possible pairs of
words that the two lists have in commd&ADS, on the other hand, provides distance
measures between all possible pairs of words by taking their ordinal proximities int
account. The main purpose of the following gsek is to determine the extent to
which the English and Swedish groups agneth respect to the derived distances
between semantically similar verb paiFar example, the derived distances between
RUN-WALK, RUN-JUMP, RUN-SWIM, WALK-JUMP, WALK-SWIM, JUMP-
SWIM will be compared to the derivedistances for their semantically similar
Swedish counterparts. It is this much figeained measure of cultal stability that is
being tested for below, and to my kredge, this methodonstitutes a novel
approach to measuring sustability. For the correlations below, only the Peanson
will be reported since the distance measure represents a ratio scale.

The process of selecting the wordsbi® included in the English and Swedish
proximity matrices was simply done by takialy the verbswith a frequency of 8 or
more from the English list and then tagithe verbs with similar meaning from the
Swedish list. One important limitation in selecting the English—Swedish verb pair
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was that verbs with very low frequenciesuld not be included because this would
result in too many missing values in theximity matrices. | did, however, try to
include as many common verbs as posgiblen the limitation. The resulting lists, 37
verbs each, are slightly different fromethists in Appendix B for the frequency
correlations. (An asterisk next to the items in Appendix B indicates they wer:
included in the MDS analyses.) The ordirtistances also indirectly reflect the
influence of some of the otheerbs not included here. iBhis due to the fact the
ordinal positions of the verbs are a resulth@ intervening ordinal positions of verbs
that are not included in this sample.

The next step was to construct a mafixall possible pairings (37(37-1)/2 = 666)
for the separate English and Swedish litsr all such pairs and for all 39 subject
lists, the absolute ordinal distance betwelka pairs was determined. Finally, the
ordinal distances for all the pairs wereeeaged across subjects to obtain a mean
ordinal distance for the item pairs according to formula 1.

@ 1di/n,
whered, equals the absolute ordinal distance between a given verb pair,eapls

the number of times that a verb pair ated across subjects. Due to the varying
frequencies of the individual verbs, the frencies of verb pairs also varied a lot. It
should be noted that some of the verb pairs did not occur on any of the lists. The
were left as missing data in the matrix eTiumber of missing values in the matrix for
the Swedish verbs was 47, whereas in the English matrix, the number was 8. T
resulting proximity matrices were then subjected to nonmetric multidimensiona
scaling. The statistical package SVYAT™ was used to scale the data.

The first attempt at evaluating the cross cultural stability between the two sets
data was carried out by ctee English and Swedish matricies for the 37 verbs that
they had in common. MDS solutions indBnensions were then produced and the
resulting interpoint distances for all possiblerb pairs were saved in separate files.
The interpoint distances were used to determine the extent to which the respect
semantic spaces for the two groups weneilar. For example, the distance between
the English pair RUN-JUMP was comparedhwthe semantically equivalent Swedish
pair SPRINGA-HOPPA. All 666 matched ipga were included in the correlation
analysis. A Pearsonrevealed no significant colegion between the two groupss
.044. Based on the mean ordinal distantiesre was no indication of cross cultural
stability between the semantic spafmsthe 37 matched verb pairs.

One reason for the lack of agreement rbaythat formula (1)s not an adequate
measure of the association strength betweervdnious verb pair&iven the fact that
many of the mean ordinal distances laased on relativellow frequenciesn) for the
word pairs and are greatly influenced by extreme valdgsthiey tend to lead to
unrepresentative rank orders in the data.example, in the English data, the distance
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between the pair RUN-CHEW (8.75) &horter than the distance between RUN-
SWIM (11.00), where RUN-CHEW has a ©F8 (SD = 4.59), and RUN-SWIM has a
TF of 24 (SD = 9.55) The SDhasdicate a large influence ektreme values for the pair
RUN-SWIM. Whether or not this influee can be regarded as “undue” depends on
the position one takes withgeect to how much weiglshould be given to the two
measures that reflect association streniggh, (1) the frequency with which a given
verb pair occurs across the subjects’ letsl (2) the ordinal proximity between the
two verbs. This would not be an isstmwever, if frequency and ordinal distance
were perfectly correlated, which they aret. Since the corrdiian between the two
groups is stronger when TF is used than when MOP is used, | chose to reassess
stability between the groups by giving moreight to the frequencies as shown in
formula (2).

n
Ld, |/n
@
n

A second set of MDS analyses was cargatlusing the “weighted” mean ordinal
distances between all possiplairs of the 37 verbs sharbg the English and Swedish
lists as described above. MDS solutions from 1 to 5 dimensions were obtained for t
English and Swedish “weighted” proximy data. The stress and proportion of
explained variance @values as a function of dimenpsi for the English verb ordinal
distance matrix are presented in Table 3.1.

As for the analyses based on the proximities using the “unweighted” mean ordin
distances, the 3-dimensional solutions obtained here wileseas the basis for the
following analyses. The main reason foingsthe 3-dimensional solution has to do
with the fact that correlations using @istes obtained from dimensional solutions
did not improve the coefficients despite tteduced stress and increase in explained
variance associated with the 4-dimensios@lutions. In additiona number of other
starting configurations were tried without leading to any improvements in the values.
will also avoid interpretations about whatialities the dimensions might represent.
This is due to the difficulty of interpreting the dimensions in a way that makes an
sense with respect to the spatial solutions. For the interested reader, the 3-dimensic
solutions for the English data are presented in Appendix C.

As in the first attempt at evaluating the general agreement between the 3-
solutions for the English and Swedish data, the derived distances for all possible ve
pairs of the 37 shared verbs were subjetdeal Pearson Product moment correlation.
In contrast to the first attempt, a coanigon of the derivedistances based on the
“weighted” means showed a significardrrelation betweethe two groups;, = .32,p
" .0001. This should be viewed in contrastthe results obtained for the proximity
matrices based strictly on the “unweighted” mean ordinal distances where there w
virtually no correlation present. The corredetj however, is not very strong. It only
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accounts for roughly 10 percenit the shared variance between the derived distances
for the two groups. In additioto error in accounting for the remaining 90 percent of
the variance, it is undoubtedllye case that there a large amount ofariation due to
strictly cultural and indivdual differences. Within the context of the correlations
above where TF and MOP were used in seépararrelations, it is10t so surprising
that the much more sensitive measure used here results in a lower coefficient.

Table 3.1. Stress and’Rs a function of number of dimensions for multidimensional scaling
solutions for American English verbs.

Dimensions
1 2 3 4 5
English
Stress .456 293 .209 147 120
R2 .36 .52 .64 .78 .82
Swedish
Stress 447 .283 .210 157 127
R? .39 .56 .64 74 .78

According to the 3-D solutions for thenglish and Swedish proximity matrices,
there was a tendency for two groups of vedisluster together. The first group has to
do with motion/location verbs like RUNJUMP, WALK, SWIM, JOG, etc. The
second group is comprised of verbs that hiavdo with vocal or mouth actions such
as TALK, LAUGH, CRY, SING, SCREAM, et For the motion/location verbs there
is some corroborating evidence for tigeouping of these verbs from two very
different sources. Dittricil993) used biological motiadisplays of running, going up
stairs, leaping, and jumping as exemplafdocomotory actions. The recognition of
these biological motions was juxtaposedhwthe recognition of various social and
instrumental actions. Relevant to the dission here was the finding that subjects
were significantly better at recognizing theogp of locomotory actions than either
the social or instrumental actions. To#her source of evidence comes from Fisher,
Gleitman, and Gleitman (1991) where they d¢nrgted verb triadthat were presented
to subjects in a similarity judgementska The classes of verbs used in their
experiments were selected in order t@resent broad semantic distinctions, for
example, perception/cognition verbs (loadee, listen), motion/location verbs (run,
jump, throw, crawl, walk), and symmetrical verbs (meet, marry, match, join). On th
basis of an overlapping cluster analysigey found a distinct tendency for the
motion/location verbs to beudtered together. For theogip of vocal actions, | do not
know of any other evidence thattiggests such a grouping.
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In addition to the trend towards a groupisfgthe vocal and matin verbs where they
are relatively close to one ahet, a stronger tesf their relation toone another in the
context of cross cultural stability would bedee if their distances to one another are
similar in the context of therespective distances to alktiother words in the sample
of 37. The notion here is thitis not just the distances between the motion and mouth
verbs per se that is importamre but their distances to omeother as a result of their
distances to all the other words. If the two samples differ with regard to the distanc
between the motion and vocal verbs and &l ather verbs, then there will be little
agreement between the Swedish motion and mouth verbs and their semantice
similar English counterparts. While it may not be the case that the semantic spaces
the English and Swedish verbs agree more than is reflected by the correlation above
may be the case that there are subgroughensemantic spaces that are in greater
agreement in the context of all the verbs.

In the following analysis, the motion verbs were chosen to represent actions tr
were largely restricted to bodily movemenhe 9 bodily movement verbs selected for
comparison between the English and Swedish solutions were: RUN, WALK, JUMF
SWIM, DANCE, SIT, JOG, STAND, and WME. The distances between all possible
pairings of these verbs were taken fromltbieof the 666 distancdsr all pairings of
the 37 verbs. A correlation between the English and Swedish distances revealet
significant and much strongerdagon for this group of verbs than for the whole group
of 37,r = .66,p ” .0001. In contrast to this resudt correlation between the distances
for a group of 9 randomly selected verbs from the group of 37 resulted in a muc
lower coefficienty = .29,p > .05. The verbs included in this comparison were SWIM,
TALK, SLEEP, CRY, SIT, JOG, HUG, ROLL, and DRINK.

A similar analysis of the verbs for vocal or mouth actions was conducted with th
following 8 words: TALK, LAUGH, CRY, KISS, SMILE, SING, SCREAM, and
SNEEZE. Somewhat surprising was the strerajtthe correlatiorfor the interpoint
distances between all possible pairing of these verbs,.75, p ”. 0001. This
indicates that, as for the motion verbs, thera large degree of cross cultural stability
for the spatial solutions of these verbs gitleair distances to all of the other verbs.
As a control, a group of 8 verbs was ranoselected, and the correlation between
the interpoint distances for this groups resulted in a coefficient 0p.31,10. The
verbs in this sample were: SWIM, WRE, THROW, EAT, CRY, HUG, STAND, and
PAINT.

In characterizing the resultf the correlations basesh the interpoint distances
between the verbs, there remains a significant amount of cross cultural stabili
between the commonly shared verbs includeithénanalyses when frequency is given
more weight than the ordinal configuiati of the verbs. Although the magnitude of
the correlation is weaker than when TiklaMOP were tested separately, this should
be viewed in the context of the greasemsitivity of the MDS based analyses. The
correlations involving the tweubgroups point towards a more substantial stability for
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the verbs in those groupsnd to the extent that these verbs, with the exception of
JOG perhaps, can be considered basic level concepts, they appear to be simil;
organized in the network of commonly skaiverbs between the Swedish and English
groups.

3.5 General Discussion and Conclusions

First of all, the findings presented hesbould be viewed in the context of an
important assumption that stems fromeyous work in categorization. This
assumption concerns the hierarchicalatien among conceptsGiven that this
hierarchical relation exists, one can reasonably assume that it can be accessec
subjects when presented with an apprderigask. In contrast to verification and
identification tasks where subjects categorize stimuli in relation to a given level in
concept hierarchy, the task used hemsessed the hierarchicrelation between
general perceptual criteria as appliedatdions and its subsystion categories in a
top-down fashion. The general criteria che seen as denoting a very general
superordinate for a wide range of actiony] that when presented with the free listing
task, subjects had no difficulty of genengtiaction verbs in relation to it. In a sense
similar to the findings of Rosch, Mervis &t (1976) for objectsactions have a visual
shape. This shape is largely formed by nesats having to do with the pattern of
movement of body parts ratherath social context and goalBhis is not to say that
these factors play no role in action categorization, but rather that there is a domain
action categories for which peptual criteria can reasomabe applied and can serve
as a basis from which to list those an8 without apparentonflict with social
context and goals.

The lists of verbs provided two besineasures- response frequency and mean
ordinal position- that were ad to investigate which vestindicate a basic level for
actions and the degree to which the verlese stable across Swedish and English.
Within the context of the British-Amian frequency correlations for object
categories, the Swedish-American correlatigikect a significant amount of stability.
Recall that the mean corrétan between the 12 object cateigs used in the Hampton
and Gardiner (1983) study and the same 12 categories from Battig and Montag
(1969) resulted in a coeffient of .76 for the frequende Given the fact that the
correlations presented here deal withicarctcategories and that the superordinate
description by which subjects generated their lists was more general than tl
superordinates used in Hampton and Gardiner, the coefficient of .64 for the ve
correlations, including semantic domaitemposed of more than one verb, is
strikingly high. The reason for comparirige results here with the Hampton and
Gardiner results is that it appears to be d¢mly such correlation available that uses
response frequency as a measifreross cultural stability.

If doubts still loom as to thdegree of stability betwedime most frequent verbs in
the English and Swedish samples, the more sensitive measure of the interpc
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distances for both groups provides diddial evidence in it§avor. Although the
overall correlation for thé66 interpoint distances fadhe 37 verbs was relatively
small, .32, the correlations for the motiamasocal actions weneuch larger, .66 and
.75 respectively. My claim here is that this is evidence of a shared semant
organization between English and Swedishjscts for these verbs in relation to the
other verbs that were inded in the MDS analyses.

Concerning the issue of the hierarchical status of theractincluded in the
analyses presented above, there is also evidence to support the claim of an exis
basic level=>subordinate level relation fotians. If basic level action categories can
be accessed via perceptualtesia and are usually access first in contrast to
subordinate level actions, thehis relation shoul reveal itself when using a free
listing task, for example. This was showrb®the case for both English and Swedish
lists. Whereas verbs like RUN, JUMP, WALKnd TALK were listed often and early
on, their respective subordinates were gdheliated less often and later on in the
subjects’ lists. These results mirrored simbasic level=>subordinate relations in the
Battig and Montague data.

For the verb results, it is unlikely that tlefect is an artifactiue to the nature of
the instructions in the sense that theyofed basic level verbsver subordinate level
verbs by emphasizing perceplucriteria. It does not seem to be the case that
subordinate level actionseatess “perceptual” than bia level actions. MARCHING,
as a subordinate to WALKING, for examplegs distinct visual properties in the way
in which one’s legs and arms move in relatiorone another. If this is the case, then
one is led to the further question of ttedation between “perceptual shape” and its
role in determining the basic leveln other words, Wy are MARCHING and
TIPTOEING subordinate antVALKING basic level? Suffie it to say here that
“perceptual shape” is most certainly ilepted in the formation of many concept
hierarchies, and, as such, it is a validriable to manipulate or measure when
investigating basic level effects. In the aaxttof the claims made here, the perceptual
criteria were not manipulated or measured, but used to get subjects to list AN
actions that seemed to match the genéeskription. The explanation for WHY the
lists were structured the way they were has to do with the ways in which semant
memory and the lexicon are structured wilgard to, for example, “category utility”
(Corter & Gluck, 1992) and the linguistic mmunity. The perceptual criteria were
simply intended to induce the subjects'damp” a portion of their semantic memory
onto a sheet of paper.

Finally, | should clarify the claims thatim not making. First, | am not claiming a
cross cultural stability for all basic ldveoncepts. And | anmot making the weaker
claim that all basic level concepts are irdmly stable betweeimdividuals within a
culture. First of all, there ia lack of uniformity between the individual lists for both
Swedish and English groupss shown by the distribath of the frequencies.
Secondly, out of all the vesHisted by the subjects, only a small portion of them were
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included in the stability analyses. bwH, there are major differences between
individuals and culires that have theiplanations in numerousctors, which | will

not go into here. The claim that | do wanntake concerns thesue of whether there
are any factors according to which these differences are minimized. To this issue
want to reply, YES, with the reservation that the domains for which the difference
are minimized are possibly rather few, at least in the context of action categorie
Being able to say, however, precisaVHAT those factors are and HOW they
minimize the differences is much more difficthan simply saying that they exist on
the basis of the results. Although | will refrain from a precise description of the
factors, | will offer a general suggestion as to what they might be.

Given the assertion that the two culturdiscussed here are very close to one
another, it is not so surprising that verbs like WRITING, READING, DRIVING, and,
to certain extent, BIKING occur frequently the lists. This may also be due to the
fact that college students served as subjects. But among a large portion of t
remaining verbs that were used in the $Bnalyses, one sees verbs denoting actions
that have to do with fundamental ways in which people move, and interact with the
surroundings, as in KICKING, THR®ING, EATING, HITTING, LIFTING,
DRINKING for examples of the latter. 8hg a similar line, the vocal and facial
actions indicate basic ways of comnuating and expressing emotion. The one
exception here is SNEEZING, which is yetdstinct action that involves a very
salient “visual shape.”

The two factors that | propose as playia significant role in minimizing cultural
and individual differencesre (1) the physicatonstraints (invaents) involved in
human motion, and (2) the frequency withigthpeople engage in certain actions or
see other people performing thethis proposal is not neim the sense that physical
(dynamic) invariants have been suggested as an explanation as to why people ar¢
good at recognizing actions in point-ligidisplays and that “frequency of
instantiation” plays a strongole in predicting gradedstructure in categories
(Barsalou, 1985). The relation between thetdrs is one of unidirectional dependency
where the notion of physical invariantsti®e more primitive of the two. Whereas it
seems reasonable that physical constraioisidvhave a bearing on how frequently an
action occurs, the opposite depemciedoes not seem plausible.

As to the issue of HOW the above mtiened factors minimize the differences,
one has to consider the extent to whathtural and individual circumstances, i.e.,
context, can limit the occurrence of a givaction. For example, while KICKING and
THROWING may be limited by the extentwdiich various spontig activities involve
these actions, RUNNING, WALKING, TALKING, etc. are not likely limited to the
same extent. Physical invariants in hunaation are quite constaacross individuals
and cultures. These invariants and frequenofeactions minimize the differences by
determining the range of actions that dam performed in conjunction with the
cultural and individual limitations that affetite frequencies ahe range of actions.
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Insofar as certain actions are fundametdahuman activity and face few cultural
limitations, | propose there wilbe a strong tendency for this to be reflected in the
lexicon. While the range of actions that dam performed is nearly infinite, cultural
and linguistic communities place limits on both frequencies and “how an action she

be called” (cf., Brown, 1958).
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APPENDIX A

Total Frequency (TF) and Mean OrdinalsRimn (MOP) for American English Action
Verbs and Phrases.

Item TF  MOP Item TF MOP Item TF MOP
running 115 4.37 dressing 21 23.38  seeing 10 13.60
walking 99 7.32 biking 21 15.81 squatting 10 21.40
jumping 92 7.61 chewing 20 15.85 galloping 10 11.00
swimming 65 13.94 crawling 20 16.65 acting 10 19.50
skipping 61 7.54 shaking 20 22.15 riding 10 23.60
writing 56 20.45 drawing 19 28.47 riding a bike 10 24.20
talking 56 13.71 skiing 19 19.37 tying shoes 9 26.11
eating 55 17.60 moving 19 16.21 sprinting 9 13.89
sleeping 54 17.03 swinging 19 20.11 working 9 23.78
throwing 53 16.43 exercising 18 18.22 brushing hair 9 18.00
sitting 48 15.81 leaping 18 18.67 sliding 9 21.89
kicking 47 15.45 looking 17 25.82 shooting 9 26.56
hitting 46 15.63 Aing 17 15.41 squeezing 9 24.89
crying 46 18.35 carrying 17 22.00 tapping 9 18.89
dancing 46 19.96 whispering 17 24.94 biting 9 19.11
laughing a4 16.96 tripping 16 19.44 twitching 9 20.11
smiling 43 19.49 ghting 15 15.73 bouncing 9 16.11
standing 40 14.48 cleaning 15 29.67 yawning 9 18.78
jogging 39 11.87 watching 15 24.53 grasping 9 19.22
driving 38 19.05 twisting 15 23.47 poking 9 24.11
yelling 38 17.50 speaking 14 19.50 hiking 9 19.11
falling 37 18.89 cooking 14 24.64 taking 9 25.00
blinking 35 15.20 spinning 14 26.21 itching 9 14.55
pushing 34 21.00 brushing teeth 13 16.46  giving 8 27.25
lifting 33 19.61 holding 13 22.62 whistling 8 21.50
drinking 32 21.00 brushing 13 24.69 shing 8 19.25
hopping 32 8.47 staring 13 29.46 nodding 8 15.75
kissing 30 22.60 winking 13 22.31 shopping 8 25.38
singing 30 17.43 wiggling 13 22.08 cutting 8 30.63
pulling 30 22.33 laying 12 23.67 typing 8 27.38
reading 28 22.75 grabbing 12 22.00 pointing 8 14.13
catching 27 21.78 washing 12 33.58 tossing 8 25.88
waving 27 18.11 slapping 12 23.50 standing up 8 12.50
scratching 26 20.35  showering 12 26.25 shoving 8 23.75
touching 25 15.36 kneeling 12 22.08 squinting 8 14.88
hugging 25 25.88 studying 12 22.42 breaking 8 35.50
playing 25 19.04 snoring 11 28.73 skating 8 15.63
punching 24 17.67 Aexing 11 20.09 hearing 7 14.43
screaming 24 21.21  spitting 11 21.27 killing 7 19.57
sneezing 24 15.71  leaning 11 22.73 breathing 7 10.14
coughing 23 19.04 shouting 11 25.00 pinching 7 22.57
rolling 22 22.46 reaching 11 20.46 swallowing 7 27.711
bending 22 18.27 clapping 11 17.09 sniffing 7 19.14
stretching 22 19.59 rubbing 11 26.82 dropping 7 21.86
diving 22 22.46 turning 11 17.55 sitting down 7 12.71
frowning 22 22.50 closing 11 29.27 bending over 6 18.83
climbing 21 19.24 opening 11 29.73 twirling 6 32.50
painting 21 32.48 smelling 10 19.00 stopping 6 19.00
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APPENDIX A (continued)

sculpting
pounding
sledding
bathing
snapping
sweating
giggling
feeling
snapping-
Agers
smoking
stumbling
resting
driving a car
dribbling
urinating
Apping
shivering
listening
grimacing
playing an
instrument
petting
trotting
comb hair
tasting
choking
riding a horse
strolling
calling
sewing
stepping
laying down
slipping
destroying
stomping
licking
blowing
sucking
relaxing
pacing
crossing legs
lying down
going to the
bathroom
shaving
stealing
tumbling
helping
setting
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47.17
39.50
28.67
23.00
18.83
17.67
15.67
23.33

17.00

19.00

17.83
25.17

23.17
19.67
18.33
17.67
19.33
19.80
31.00

25.00
26.40
16.20

23.60
18.00
19.80

22.60
17.00
33.80
37.80

17.40
27.00
33.20
31.80
23.60
12.40
24.50
21.50
24.00
25.00

17.25
19.50

24.75
34.25
43.00
18.75
32.50
36.75

scribbling
combing
sweeping
coloring
shaking head
pouting
caressing
making love
praying
picking up
extending
scraping
burping
buying
cracking
rowing
hiding
puking
tapping foot
digging
asking
swaying
beating
washing face
throwing a ball
thinking
having sex
wiggling toes
blowing nose
picking nose
putting
hammering
surqg
smirking
juggling
making a st
lie down
cracking-
knuckles
stabbing
contracting
vacuuming
sketching
teaching
spiking
rotating
gazing
wiggling-
agers
raising arm(s)
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40.50
39.25
31.00
33.00
20.75
27.75
13.25
19.50
26.50
24.50
23.00
24.25
29.25
30.00
24.75
19.50
35.00
23.75
20.00
28.50
23.75
25.75
36.25
17.75
9.33
15.33
12.33
23.67
26.67
18.33
29.00
39.00
39.67
24.00
31.67
26.33
24.67

18.67
29.00
26.00
29.33
26.67
43.67
32.33
25.00
34.67

20.67
8.00

squirming
sighing
Acking
sitting up
pasting
baking
sailing
scrubbing
turning around
waking up
grinning
pouring
banging
picking
smacking
puckering
opening door
farting
counting
attacking
lifting weights
vomiting
limping
lie
hobbling
closing eyes
&geting
bowing
going
training
receiving
passing
shuf Ag
doing jumping
jacks
undressing
nodding your
head
crouching
paddling
using
hurting
selling
tearing
screwing
doing a
cartwheel
playing sports
somersaulting

W wWPww [, w®PWWWEw® g ww®wdWwg,w®wow®ww

w
w

W W Ww Wy W

w w

3

14.00
27.67
18.00
28.67
34.33
38.67
31.00
34.33
23.00
23.00
23.33
29.67
36.67
18.00
21.33
32.00
21.33
26.00
27.33
17.00
24.67
13.67
32.00
12.67
18.67
22.33
27.33
23.33
22.00
33.33
34.33
24.67
19.67

16.33
32.00

13.67
20.33
32.00

28.67
25.00
24.00
14.67
14.00

11.33
17.33
29.00
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APPENDIX B
VERB Pairs: English — Swedish
Item — English TF MOP Item — Swedish TF MOP
1. running* 38 4.08 springa* 35 7.04
2. walking* 30 6.83 ga* 29 9.62
3. jumping* 27 7.48 hoppa* 32 5.31
4. hopping 10 11.60 skutta 2 7.50
5. swimming* 24 12.42 simma* 23 13.04
6. talking* 22 12.14 prata* 19 22.13
tala
7. writing* 21 21.95 skriva* 29 15.14
8. sleeping* 20 18.05 sova* 16 15.06
9. throwing* 19 12.84 kasta* 7 19.86
10. eating* 19 17.68 ata* 24 13.17
11. laughing* 17 14.94 skratta* 20 18.65
12. dancing* 17 21.65 dansa* 18 17.28
13. crying* 17 17.65 grata* 19 23.11
14. kicking* 16 14.44 sparka* 4 24.50
15. falling* 15 21.00 falla 7 17.50
trilla*
16. pushing 14 22.00 putta 10 28.67
knuffa(s)
kdra
trycka
17. sitting* 14 19.14 sitta* 17 18.88
18. kissing* 13 27.23 pussas* 18 25.50
kyssa(s)
19. hitting*
punching 24 15.18 sl&* 15 22.60
20. smiling* 13 17.77 le* 9 20.56
21. lifting* 12 12.67 lyfta* 7 23.86
22. jogging* 12 9.33 jogga* 10 15.70
23. driving* 12 19.25 kora 16 19.84
kora bil*
24. pulling 11 24.64 draga 4 33.75
25. screaming* 9 20.44 skrika* 13 24.92
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APPENDIX B (continued)

26. reading* 11 19.82 lasa* 13 15.23
27. hugging* 10 29.30 krama(s)* 15 24.33
28. climbing* 10 20.60 klattra* 6 24.67
29. standing* 10 17.50 Sta* 9 18.00
30. rolling* 10 23.90 rulla* 5 26.80
31. singing* 10 19.10 sjunga* 14 22.86

32. catching 10 18.60 fanga 1 10.00

33. riding a bike

biking* 11 23.79 cykla* 24 9.83
34. drinking* 9 28.44 dricka* 15 19.13
35. making love 1 27.00 alska 21 19.10
36. painting* 8 30.75 mala* 13 25.69
37. drawing* 8 26.13 rita* 10 17.60

38. riding a horse

horseback riding
riding 4 22.00 rida 10 11.20

* = Words included in the|
MDS analyses

Additional words included
the MDS analyses

flying 9 19.33 flyga 6 19.17
blinking 8 13.63 blinka 7 21.00
sheezing 8 14.63 nysa 4 30.00
waving 8 20.75 vinka 8 19.75
diving 8 18.13 dyka 9 17.44
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APPENDIX C
Three-dimensional MDS solutions based on the ordinal proximities for 37 English
verbs.
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APPENDIX C (continued)
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Chapter 4 - Biological Maion and The Point-Light
Technique®®

4.1 Overview

This chapter presents a brief review of tihevelopment of the point-light technique
for creating displays of humébiological motion. | willalso present the method used
to construct the biologicaiotion displays used in ¢hexperiments presented in
chapters 5 and 7. Althoughethtechnique of creating th&timuli for the different
experiments varied somewhat, the basithod was the same. A further purpose of
the chapter is to present the techniqua aseful tool for studying action perception.

The biological motion stinluused in the experiments presented in chapters 5 and
7 were created in the early 90s. At that time, available computer hardware and
software put severe limitations on the wsfetechniques that are now much more
developed and less expensive. Despite thigdiion, the technique used to create the
stimuli still has its advant&g in the context of currem¢chnological developments.
These advantages will be addressed in this chapter.

When viewing common actions in naturaltsgs, objects used in actions as well
as the surroundings (physical and socialimich the actions take place provide a
viewer with cues about thetaans. In other words, the context can act as an effective
constraint for recognizing trections of others. The majadvantage of the point-light
technique is that it isolatehe motion cues of the actidrom the contextual factors,
since the latter are not visible. This, howewloes not mean that contextual factors
cannot be ‘seen’ by the viewer. This appereontradiction can be explained by the
fact that some contextual factors can tcphysically constrain the spatiotemporal
properties of human motion. To the exteris thccurs, a viewer may be able to see
this in the flow patterns of the patcheslights. For example, the weight of a lifted
box places biomechanical constraints loow a person lifts the box (Runeson &

% Section 4.4 was presented at the following workshop: Primacy of Action: An advanced inter-
disciplinary workshop, Manchester, England, 1993.
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Frykholm, 1981, 1983). Further examples adf thre walking in dep snow, or on ice
where the structure of the supporting aad for walking constrains how a person
traverses such surfaces.

The point-light technique represents ayvaseful tool for removing the explicit
form cues of the human body as well as theadijthat may be used in carrying out a
specific action. The point-light technigudlows researchers to isolate the dynamic
properties of the human body by removingaher cues (e.g., explicit form, color,
texture, etc.) that may guide action percaptiThis does not mean that form is not
perceived or that form processing is fotolved in action perception (Beintema &
Lappe, 2001).

The point-light technique has also beepplied to emotion perception (e.g.,
Atkinson, Dittrich, Gemmell & Young, 2004; Dittrich, Trocianko, Lea & Morgan,
1996). Other animals are also sensitivethte coherent pattern of motion of other
individuals depicted in poidtght displays. For exampleortical cells in non-human
primates are sensitive to the directionaoficulation in a point-light walker (Puce &
Perrett, 2003 for a review). Blake (1993) haoalhown that cats reliably discriminate
point-light displays of cat motion from different kinds of motieased foils including
phase-scrambled motion. This ability, however, was not restricted to conspecifics. T
cats were also able to discriminate a humpaimt-light walker from a scrambled foil.
Pigeons are also sensitive point-light displays of pecking and walking (Dittrich,
Lea, Barrett & Gurr, 1998).

4.2 Techniques for Creating Displays of Biological Motion

There are a number of currbnavailable techniques for eating point-light displays

of biological motion. For a review of thechniques, see Dekeyser, Verfaillie and
Vanrie (2002). (See also Thon (2006) for a more in-deptbview of tke point-light
technique and its role as a research itodhe area of biological motion processing.)
Before presenting the technique used in the experiments for this book, | will briefl
describe two broad approaches to consingcpoint-light stimli. The purpose is to
place the technique that | have used initthe context of currently available
techniques.

Since Johansson (1973) first used the plightt technique as a research tool to
demonstrate the visual salience of huraation based on the perceptual grouping of
the motion of 13 moving dots, researchdrave performed many experiments to
investigate this incredible ability of theésual system. Thornton (2006) estimates that
over 500 published articles have been inspingthe Johansson pailight technique.
The phenomenon of biological motion perep has spawned a research field that
seeks to understand how the visual systeable to see meaningful motion (actions)
in the mere movement of 13 dots attactethe joints and head of a human body.
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4.2.1 Video-Based Techniques

Johansson (1973) originallystiussed two different techniegifor creating point-light
displays. The first method used small flashlightbs attached to the joints of an actor
dressed in tight fitting clothing. In a darleehroom, the actor performed a number of
actions, which were recorded using a 16 film camera. The apparent disadvantage
of this method was the cumbersome attaattnoé the power supply to the flashlight
bulbs. With more modern motion capture techniques, thizisonger a problem.
Johansson (1973) employed a second tecknighiere he used reflective material
attached to the joints. This allowed the actor to move more freely and naturally. Whe
a light source was directed towards theomawearing the reflective patches, the
motion of the patches coulde isolated by adjusting the contrast and brightness
controls on a video monitor. | will refer tbis technique as “patch-light” instead of
“point-light.”

There are some (important) differendestween the patch-light and point-light
displays. Patches can potentially conyesm information if they cover enough area
around the joints of a human actor. Thegn also convey information about the
direction of the light source. The extetd which people may actually use this
information in the visual processing opatch-light displays has not been
systematically investigated. It is, however, possible that the additional forn
information facilitates the recognition of a human figure. Therefore, if action
recognition of patch-light dispys relies on the visual gecessing of human form as
well as motion information, patch-light disgs may facilitate recognition to some
extent.

The use of small light sources (LEDsreflective material) while recording often
leads to artifacts of occlusion. For examplethe orientation of the actor or a body
limb changes while filming, the light source will not show up in the recording. In
order to remedy this occlusiartifact when using reflecter material, it is necessary
to wrap the material arourttie joints of the body. Theemaining occlusion effects
will therefore be due to limbs passing in front of other limbs.

Depending on their size, the LEDs can lmemccluded by simple rotation of the
axis of a local limb. For example, if an LE®placed on the wrist adjacent to the top
of the hand, a rotation of the lower agan lead to a disapprance of the LED
despite the fact that the wriss still visible toan observer. This kind of ‘unnatural
occlusion’ should be distingsiied from occlusion effestrising from whole body in-
depth rotation and occlusion resulting frdimbs passing in front of other limbs in
naturally defined movement.

The use of video recordings has a nembf advantages and disadvantages. One
significant advantage is the cost of teehnique. With a standard video camera and
access to standard video editing softwarachpight displays of biological motion
can easily be created and displayed. A furtfittrantage is that thange of actions is
not restricted to recomdg actions within a limited area (cf. motion capture
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techniques). The front-end time it takes to create the displays is also relatively short
comparison to other techniques that demamnghore extensive investment in set-up
time.

A major limitation of direct video recordingpwever, has to do with the ability to
manipulate the individual patches, or growgfgatches in order to investigate, e.g.,
various spatial parameters involved in th&ual processing dfiological motion. The
key difficulty is in isolating or extractinthe motion vectors of the patches/points in
order to exert control oveheir placement in a displayhere is, however, a method
for overcoming this disadvantage to somé&ak Photo editing software can be used
to select the patches and then deleteothler information. Thepatches can then be
individually manipulated tacreate different spatial cagfirations such as creating
dynamic masking elements. The disadvantageisfmethod, however, is that it can
be quite time consuming if there is no ategive to frame-by-frame editing. A further
limitation is that the display is 2D. In orderabtain displays ofiifferent orientations,
the same action needs to be recorded again from a different orientation or multig
cameras need to be used when an action is performed.

The relative advantages and disadvardagfedirect video écording for creating
displays of biological motion depend on thgecific issues being investigated. For
example, Runeson and Frykholm (1981) usedphtch-light technique in their study
of estimations of the weights of liftedoxes. Dittrich (1993) investigated action
identification, and Aktinson et al. (2004xplored emotion perception. Recently,
Loula, Prasad, Harber and Shiffrar (20@Bed this technique to address potential
differences when we view our own actioc@mpared to our ability to recognize the
same actions performed by other individuals.

A variation of the direct video ecording technique involves using video
recordings of actions in “natural” settings pre-existing filmed sequences of human
movement, i.e., sporting events, children pigy etc. By using sindard video editing
capabilities available on many standard paters, it is possible to manually overlay
point-lights on the joints adiny moving creature (or objeahd then simply save the
point-light files as a video sequence (Mather & West, 1993). The obvious advantay
to this technique is that it is possible doeate displays dbiological motion using
actions from natural settings. It is alsospible to extract the 2D coordinates of the
points to create files that only contain information about the spatial coordinates of tt
patches (Grossman & Blake, 2002). A jaradrawback, however, is that this
technique requires frame-by-frame placemermiahts to the origial video sequence.

A further consequence is that it is difficult to assign the point to the exact same joi
position for every frame, which can lead lazal jitter in the displays. There are,
however, methods for smoothing thajéctories (Giese & Lappe, 2002).
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4.2.2 Motion Capture

One major general advantage of the npdight techniquein studying action
perception is the ability tsolate motion information &m information about object
form as well as contextual informati@bout the physical angbcial surroundings in
which actions are performed. However, otive motion information is extracted, its
systematic use in experiments of actiorbi@togical motion pereption is constrained
by the recording technique. As previousiyentioned, video-based recordings
typically lack the flexibility of directly manipulating the spatial coordinates of the
markers, especially in 3 dimensions.

In contrast to video-based recorgs, motion capture technigques allow an
experimenter to work directly with the 3fdordinates of the point-light markers. The
basic technique of motion capture systentigseon cameras or other kinds of sensors
that detect the signals transmitted frorarkers placed on the body of a human actor.
The number of sensors as well as their placement in a recording space can v
somewhat. Unlike Johansson’'s (1973) hi@que where flashlight bulbs were
connected to a power source via wires, nmoget of the actor using a modern motion
capture system is not constrained by wattached to the markers placed on the actor.
Therangeof movements, however, is constradl by the 3D recording space in which
the recording sensors are arranged. Actions that require large spaces such as
skating, skiing, swinging, climbing, ettherefore can be difficult to capture.

Once the motion coordinates of the markers are captured and stored, they can
temporally and spatially mmépulated to create diffen¢ viewpoints, temporal
variations as well as combinations of th@twor example, manipulations of temporal
(e.g., Cutting et al., 1988ylather et al., 1992; Thorntoat al., 1998) and spatial
variables (e.g., Bertenth@& Pinto, 1994; Dittrich, 1993Mather, Radford &West,
1992; Thornton, Rensink & Sffriar, 2002) reveal the importance of these factors for,
e.g., judgments of identity, judgments of diien of articulation ad figure detection.
For specific details regarding these fimgls, see Thornton (2006). One disadvantage
of this flexibility of motion capture systesnis that software nst be developed to
make use of the information. Some roatirfor manipulating the 3D coordinates may
be available in prepackaged animatioritvgare, but some customization may be
needed depending on the specific mardpahs needed for an experiment.

Although motion capture systems capture tfaturalness and subtleties of human
movement and allow for greater fledity in systematically manipulating
spatiotemporal parameters in displays of biological motion, there are some drawbac
For example, the issue of occlusion arisesva ways. Firstly, occlusion artifacts can
arise due to the fact that body and limb tiotzs block the reflected light from some
markers. The result of this occlusion ledmisnissing coordinate data for some aspects
of human movement. In this case, camargles need to be adjusted to the specific
movements so as not to loose too muidta. A second occlusion issue is the
recording of marker coordinates in 3 dimiens, which leads to coordinate data that
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includesmarker coordinates for naturally ocdng occlusions. Irother words, when
the 3D coordinates of the markers are pthyack, the point-ligfs associated with
natural occlusions will still be visibleDekeyser et al. (2002) have, however,
developed a method to rectify this problem.

An additional potential drawback of mimn capture systems is their cost, which
can run into the tens of thousands of dslldMotion capture sysins typically require
dedicated lab space as well.glnort, the initial set-uprtie for motion capture systems
can be quite extensive. Once the motion a&psystem is up and running, additional
time is needed in order to learn and/or costze software applications that create and
display the point-light stimuli.

The techniques of direct video redimg using reflective patches and motion
capture systems require an actor to wearkers of some kind. Since the recorded
actions are produced for the purpose aording action stimuli, they may not be
entirely representative of human movement in natural settings. The ultimate goal
studying action perception is tlability to systematicallynvestigate various factors
that influence human movement as wellaasion recognition in rtaral settings. In
this regard, development of the tedue for recording human movement should
include techniques for manipulating video nefings of actions that occur in natural
settings. Thornton (2006) sleribes such a technique for studying gender recognition.

As the study of action pegption develops, it will likelyoe the case that a greater
emphasis may be placed on the social factors involved. This may create difficulties
using any motion capture todlsat restrict human movemeas well as the interaction
between humans. It may also be the cds# we might want to extract motion
information from subjects who do not kndhat their movements are being filmed.
The major point here is to suggest thation perception should move towards more
naturalistic situations where unobtrusive techniques are needed to isolate humr
movement.

One disadvantage of the patch-lightieique has been discussed by Berry, Kean,
Misovich and Baron (1991) regarding thele of motion inthe area of social
perception. Since the pattight displays involve weamg the appropriate patches
and, hence, people are aware of being filntleid may have an unwanted effect on the
subsequent social interaction between individuals oupg. A less intrusive method
of capturing the motion in social interactiproposed by Berry et al. is to video film
social interaction without any patches and then use tiieoshef quantizing the video
sequences. This method effectively reducessthuctural information in the sequences
while preserving the inherent motion, and the experimental results are similar to tho
of the patch-light technique. @n the concerns raised timeir article, the quantizing
technique has the advantage of capturindionofrom social interaction where the
actors can be unknowingly filmed.

Currently, there are two developmerttsat emphasize greater flexibility in
creating and manipulating human motion stiimThe first has to do with using
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motion capture data to animate solid-bodydeis, in order to more fully understand
the interaction between form and motioresuThe other development has to do with
creating editing routines aralgorithms for video recordgs taken from naturalistic
situations.

As a technique for isolating motion imfoation from form information of the
human body and the surrounding environtnerideo recording remains a cost
effective and experimentally valid alterivat to other techniques. If one, however,
needs to spatially manipulate the poilights or manipulate their appearance
(Ahlstrém, Blake & Ahlstrom, 1997), thendeo recording will not be appropriate.

4.3 Comparison Between Point-light Displays and Whole
Body Motion

One reason for the interest piint-light displays of lilogical motion has to do with
the fact that people (and other animals) can see the actions of others representec
the coherent motion of just 13 dots on a paier screen. In ewadting the usefulness

of point-light display for stdying action recognition, the question arises as to what
extent action recognition performance differs for point-light displays and whole bod
motion. One might expect a large diffecenbetween point-light displays and whole
body motion. In the latter casiere is an abundance of information about human and
object form. If static form cues in poihigtht displays are drastically reduced, how
does behavioral performance with point-lighsplays differ from displays where the
whole body is present? A lated question concerns difemces in processing as
revealed by neuroimaging stedi One difficulty in addressing potential performance
differences between point-light and whole body displaythésuse of different tasks
and procedures in different studies.

Results from Grossman and Blake (2089w for example that activation levels
for point-light displays and whole bodie®es not differ in the posterior superior
temporal sulcus (pSTS). Both whole bodasd the 12 points of light were equally
effective in activating pST3n this study, a 1-back $& was used. Subjects were
instructed to push a button whenever thereevgequential repetiths of an action, a
kind of matching task. Grossman and BI§RB802) used a numbef different point-
light actions, e.g., running, kicking, juimg and throwing. In addition to actions,
subjects also viewed stationaryages of bodies, faces and objects.

The results from Beauchamp, Lee,xHp and Martin (2003) showed, however,
somewhat different results regarding thetivation of pSTS when viewing human
videos and human point-lightisplays. Videos of fully illuminated human bodies
elicited greater activation in pSTS than digman point-light displays. The task used
in this study was different from the one used in Grossman and Blake (2002
Beauchamp et al. presented sait$ with videos of actiongumping jack, stair climb,
jogging, soccer kick, etc.) and moving toolhe task was a twakernative forced-
choice task where subjeatscided if the stimulusomtained a human or a tool.
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Using behavioral measures, Thomasd Jordan (2001) adihed performance
differences in audiovisual speech perception for fully illuminated video displays an
point-light displays. While point-light displays produced sufficient cues for
audiovisual speech recognition, viewinghfuilluminated faces led to significantly
better recognition. In contrast to spegmrception, Hill, Jinno and Johnston (2003)
explored differences in point-light and fully illuminated facial motion when subjects
were given a sex-judgment task. The fullyminated facial motion was created by a
motion capture system and then using therdinates to animate an average face. Hill
et al. found similar levels of performance fall view solid bodyfaces and point-light
faces.

Dittrich et al. (1996) showed that subjects were sensitive to the emotion convey:
in point-light displays of human dancadicating that motion cues alone are sufficient
to convey emotion in dance. Dittrich at. also found a difference between fully
illuminated dance and point-light displays. While subjects could reliably identify
different emotions in point-light disgys, emotion identification with fully
illuminated dancers was significantly better. Aktinson et al. (2004) further addresse
the issue of emotion identification in point-light displays and fully illuminated
displays in a series of studies and obtairesiilts generally consistent with previous
findings from Dittrich et al. (1996).

The previously mentioned work of Geesind Poggio (2003) also showed that a
simulation of their model demonstrates generalization from the recognition of full
body action to the recognition of actions (kiag) depicted as point-light figures.
Once the system is trained on full-body motidnis also sensitive to point-light
displays. This was the case for processing in the motionwpgthbut not for
processing in the form pathway.

4.4 Creating Patch-light Displays of Biological Motion

This section describes the chosen techniqguereating the biological motion stimuli
for the experiments reported in chapteandl 7. The basic techipie originates from

Johansson’s (1973) patch-ligtgchnique. Given the avdike resources at the time,
this method was more economically féses, although quitéabor intensive.

4.4.1 Recording Patch-light Actions

One human actor (male) was dressed in tight fitting dark clothing, and a band
reflective material (width = 20 mm) was apped around the major joints of his body
and around the upper portion of his head. Tesulted in 12 patches of reflective

material. (The total here is 12 becausegadtof 2 markers for the hips, one band was
wrapped around the hip area.) The matevia wrapped around the joints in order to
avoid occlusion artifacts mentioned previously. | sdaukention that the use of only

one actor could potentig lead to biases in the displays. At the time these stimuli
were created, however, manual digitaltiedi of many action sequences performed by
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two actors was far too time consuming.Hbosld also be pointed out that the purpose
of the experiments was to investigate the categorization of actions. In this sen:
including different actors would only likely lead to variatsoin the local trajectories
of the patches, not the more global rontipatterns. There are some results that
suggest that small variatioms local motion trajectoriebave little impact on action
identification and detection. For examplgittrich (1993) included a condition where
the reflective patches were placed betweenjdints on an actor. The results showed
that reliable identification of actions withis inter-joint conditbn did not differ from
the standard condition where the patches \&xee directly on th@ints of the actor.
Visual identification of actions is appargntobust to variations of patch placement
on an actor. Giese and PoggR0(Q3) also assert that amportant aspect of action
recognition is the ability to generalize assothe identity of the actor. They report
(Giese & Poggio, 2002) that simulatiobased on their model show clear action
recognition generalization ovelifferent actors performing ¢hsame action. The gist
here is that the evidence suggests that even if oneiaaiged to @ate the patch-
light displays in the experiments reportedthis book there is lite risk that action
identification or recognition will besignificantly influenced by the minor
idiosyncratic movements of that person.

The initial recording of actions for trexperiments presented in chapter 5 were
based on the objectives of eaphg the graded structure attion categoes as well
as investigating the extent to which ttegegorization decisionsvithin and between)
of subjects are affected by the perceptuallaiity of action exemplars. With this in
mind, | recorded a number of action exeanplfrom different action categories. In
chapter 5, | will discuss the choice of theegmtries and exemplars. A selected list of
recorded actions is presented in Table 4.1.

The actions were recorded with a staddédeo camera (Pal) with a light source
attached to the camera to illuminate the adme of the first issues to contend with
when using the direct viderecording technique is the angle at which to film the
action sequences. It is not likely the casat the same in-depth viewing angle is the
most advantageous for all action categorgg even exemplars within the same
category. A further difficulty is the fact that an action seweecan involve the
rotation of the body. For example, dargi climbing a rope and throwing involve
some body rotation. The guiding principle atimpwhen recording the actions was to
maintain an acceptable trade-off betwele number of visile patches and the
perceived speed of the patches. In otherds, the perceived speed of the patches
around the wrists of an actor is infleenby the viewing angle. For example, the
perceived speed of the wrigatches would be faster @ viewing a throwing action
from a sagittal view than from a frontal viettempts were made to set the recording
angle so that both visibilitgf patches and their perceived speed remained high. As fa
as determining the most advantageouswpioint for viewing point-light displays,
Bradshaw et al (1999, as cited by Thorntd@05) obtained results showing the best
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performance for a ¥% view. A similar recording angle was used for most of the actior
listed in Table 4.1.

Table 4.1.Recorded patch-light action exemplars according to action category.

Category Exemplars Category Exemplars
Catching Pulling &
X over the shoulder pushing X pushing a cart
X to the side (waist high) X shoving a cart
X over the head (near head level) X pulling a cart
X straight on (abdomen level)
Running X sprinting
Climbing X onto a table X jogging
X up a ladder X sideways
X up arope X backwards
X up stairs (side view) X in place
X up stairs (front view) X skipping
Crawling X on hands and knees Walking X normal
X “army” crawl X with a limp
X “seal” crawl X fast walk
X backwards
Jumping X straight up in the air X sideways
X standing long jump X “crab” walk
X stride jump X hands even w/ ipsilateral legs
X hopping X high-step walk
X jumping rope
X onto a table Throwing X overhand with a football
X down from a table X overhand with a baseball
X jumping jacks X sidearm
X lateral toss
Kicking X punt X underhand
X soccer style X soccer throw-in
X toe kick X shooting a basket
X heel kick X lob
X side kick (karate) X drop
X front kick (karate)
Waving X simple hand wave
X whole arm wave
X both arms (over head)
X ‘“come here” wave
X ‘“get back” wave




Chapter 4 — Biological Motion and The Point-Light Technique 95

Exceptions to the %1 view include juing rope and performing jumping jacks,
where the extent of the up-and-down motiorthef arms was best captured with a full
frontal view. It should, however, be pointed out that caaviewpoints for different
actions should be further investigated.

A further methodological ficulty concerns the time frame for different action
sequences. Some actions are cyclical, egking and running. Others are more non-
cyclical, e.g., throwing and kicking. In attempt to standardize the duration of the
sequences, | selected a reference framecthradtituted the “middle” of an action. For
walking, the “middle” part of the walking cycle was deemed as the point at which on
leg of the walker produced the most occlusisnit past in front of the other leg. For
throwing and kicking, the “middle” was deenh as the release point or point of
contact with the ball. Créiag the digitized sequenceben proceeded from this
middle point out to the remaining framesvard the beginning and end of the action
sequences. The issue of howcreate temporally standdzdd action sequences is a
difficult issue. It may be the case that soawtions require more time to execute. In
my choice of action sequences, | tried tteseactions that could be performed and
recognized fairly quickly.

4.4.2 Digitizing and Editing

Once the sequences were recorded, these wieen digitized frame-by-frame on a
Macintosh ci. All subsequent editing wasalarried out on the same computer. The
digitizing technology at the timdid not allow for a more automated digitizing of the
sequence®’ Since this process was labor inteesil digitized about 3 seconds from
each recorded sequence, which resulted pragimately 75 digitized still images for
each action (based on the Palnstard of 25 interlaced imeg per second). | recorded
a total of 60 actions, whictesulted in roughly 4,500 digred images for all action
seguences.

The process of isolating the reflectipatches from the rest of the image was
carried out by creating an editing routiime Photoshop®. The basic stages of the
editing routine are presented in Figurd.4The first step involved increasing the
contrast settings and decreasing the bnigbs in the images. Images were then
converted to black and white. The human fegwas selected and cut out from the rest
of the image. The reflective patches were then selected using the pixel selecting ti
and then the remainder of the image was deleted. Finally, the white patches we
converted to black against a white background.

2 The digitizer used at the time was able to digitize “on-the-fly,” but it conveniently skipped some
frames in order to keep up with the real-time videquence. There were alsmme problems with the
digitizer’s ability to lock on to the image signal, which resulted in some lost frames for the actiol
sequences. Consequently, | reduced the captured frame rate to 20 images per second.
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4.4.3 Reanimation

Because each film sequence was digitized edittd as a series of still images, the
images had to be reanimated. Thisswdone by importing the images into,
MacroMind Director ®, a program used teate animated displays. At this point, the
animations contained a lot of jitter duette placement of the displays on the screen.
Motion jitter was smoothed by correcting thiecement of the images in relation to
previous images. The original recordimgas also used as reference by which to
compare the reanimated sequence. The animation software could also be used
manipulate the displays in naus ways. For example, thsplays could be rotated
and resized. It was also possible to @eitnamic masks based on the trajectories of
the individual patches in the phttight figure (Cutting et al., 1988).

A B C

Figure 4.1. The three panels show the same image taken from a sequence of a person climbing uf
rope. Panel A shows the digitized image. Some stralcfeatures are readilgentifiable. Panel B is

the result of changing the contrast and brightness settings. Panel C shows the figure cut out from t
rest of the image and converted to black on white. figures in the panels are all the same size.

4.4.4 Software for Presenti ng the Displays and Running
Experiments

Given the lack of software for running dynamic stimuli in experimental settings at the
time, we decided to produce our own. Christian Balkenius created DotPlayer t
display the patch-light sequences as welktafect data from experiments. The basic
functions of the program allowed a userintort a series of images (PICS) from a
file database and foosition the images dine computer screen. An experiment could
be fairly easily set up using standard Itrfieatures, e.g., inter-stimulus intervals,
fixation points, primes, etc. One impant function of the program, however,
concerned manipulation of the display ratel the inclusion of every image included

in the image sequence. Unlike other progsatasigned to run dynamic displays at the
time, this program maintained the integrity of the displays by making sure it showe!
each full frame. As a program for runningperiments, DotPlayer was also able to
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randomize stimulus presentation and logpanses, includingeaction time, from a
standard Macintosh keyboard. Of coutkere are now numerous powerful software
packages that allow a user to create mdiffgrent kinds of experiments that use a
variety of different stimuli and stimuli formats.

4.5 Future Developments in Techniques for Studying Action
Recognition
Given the recent advances in hardware and software as well as increasing rese:
interest, the creation of point-light displays has become more accessible. There
also currently publicly available point-light databases where researchers can downla
stimuli for use in experiments or demonstrations. Ma, Paterson and Pollick (200t
have developed a library of 4080 humaovements based on motion capture data.
An important purpose of the library is toopide stimuli that can be used to study the
sources of variability in huem movements. It contairactions from 30 individuals
performing kicking, throwing, knocking and lifiij actions. It also contains actions
that express affective styles (sadgey, happy, and neutral). The access to motion
capture data also allows action to bewed from different viewpoints. Another
feature of the library is that solid body wsll as point-light displays can be created
from the motion capture data. The data requimevever, specific software (Character
Studio) to view the displays.

Vanrie and Verfaillie (2004) createmh accessible library of 22 actions using
motion capture. Each action is viewable fréndifferent viewpoints, which allows for
the systematic investigation of viewpointpgedence. In contrast to the Ma et al.
(2006) library, the actions in the Vanrie avidrfaillie library wererecorded using the
same actor. One nice feature of this libreryhe format. All actions are available in
.avi-format, which makes them relative yas display. It shoul be noted, however,
that there is no natural occlusion (@xplicit depth cues) in these files.

Shipley and Brumberg (2005) used arkealess motion capture technique based
on extracting the 2D coordinates ofethjoints of human and some nonhuman
movements. Over 90 point-light display® ancluded in the library. While the library
includes downloads of low image quality Qktime movies, it also includes data files
of the 2D coordinates for each action adlvas software for running the files. In
contrast to the actions ithe library of Vanrie and Verfaillie (2004}he actions
created by Shipley are not available freystematically different viewpoints.

Point-light techniques repsent an effective methodrfsolating motion cues in
human actions. As Thornton (2006) mentions, however, developing a bett
understanding of how we perceive the actions of otmelismost likely involve
investigating not only motion cues but tinéeraction between motion and form cues.
In this regard, it iSmportant to note that Thorntd@006) discusses the development
of techniques for looking more closely tae interaction between form and motion
cues using actions recorded in a naturairenment. An example of such a technique
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is used in Vuong, Hof, Bulthoff and Thaon (2006) where they superimposed video
recorded target sequences on distracter segse A central question in their research
concerned the ability of subjects to detecperson walking (tget) in static and
dynamic modes of presentation. The resuitsaged a clear benefibr target detection

if the walker was presented as a dynamic target. Future work in this area needs
more precisely address the natof dynamic information antthe role of form cues in
segmenting objects from oneather in natural scenes.



Chapter 5 - Action Categories: Graded Structure,
Prototypes and Context Effectd

For object categories, itppears that a radial struceé around a salient prototype
reflects an important aspect a category’s psychologicarganization. Converging
evidence for (proto)typicality effects with various categorical domains has been
obtained with a number of different maess, e.g., instance dominance, category
dominance, goodness of exemplar ratingsrd/item frequency, familiarity and
reaction time (RT) in theontext of speeded verifitan tasks (Komatsu, 1992).
Perhaps the most salient and robust relahtipnbetween these different measures is
the typicality-RT effect. When subjec are given the task of rating the
representativeness of variousitegory exemplars (different kinds of vehicles) in
relation to a higher-level category label (VEHLE), this variable serves as a reliable
predictor for the time it takes subjedts correctly verify CATEGORY—[exemplar]
relations, e.g., VEHICLE-[car]Subjects verify the categorelations containing the
more representative exemplars faster thakations containing less representative
exemplars® Casey (1992), for example, fourthat typicality, as measured by
goodness-of-exemplar ratings, was the besadictor of verification-RT foryes
responses among the other variablestdimsee dominance, word frequency and
category dominance) in the experiments regmbthere. The gistf these findings is
that in addition to the prevalence dfe typicality-RT effect within different
experimental paradigms (Rosch & Mervis, 198tlis also unique th regard to other
variables that are correlatedth verification response time.

In addition to the finding that verification RT varies as a function of typicality for
theyes(true) responses, a context effect has heend to occur among theo (false)

%0 portions of this chapter appear in Hemeren (1997).

%1 See, however, Murphy and Brownell (1995) for exceptions to this finding when highly atypical
exemplars are used.
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responses (McCloskey & Glucksberg, 1979)tHa course of correctly responding to
true items, e.g., ‘A robin is a bird," subjects are also given the task of correct
responding to false item pairs, which can vary in thmrceptual relatedness
according to form. An example of amrelated falsétem pair would be 'A chair is a
bird," in contrast to #orm relatedfalse item pair, e.g., ‘A bat is a bird." The context
effect occurs when subjects respond significantly faster tathelatedfalse items
than to therelated false items. Like the typicality-RT effect, the context effect has
been well replicated, for examplethne work of Casey and Heath (1989).

In chapter 2, | presented previousdings suggesting that action categories are
similarly organized according to a radialustture around a central representation, i.e.,
prototype. If this is the case, then we nsag similar effects of typicality and context
(perceptual similarity) on category veriftean times for actions. In relation to the
general thesis of this book.elpurpose of the experimentstims chapter is to further
investigate the categorical knowledge associated with human action perception. Mc
specifically, the first experinme in this chapter attempts further our understanding
of the psychological organitian of action categories by kisg subjectso rate the
typicality of action exemplari® relation to a previously presented category label. This
will be done for correct category-exemplar sequences, e.g., WALKING (targe
category). [marching] as well as for incorrecategory-exemplar pairings where the
exemplar comes from a contrastategory, e.g., THROWING (contrast
category). [marching]. Evidence for the gradedustture of action categories will be
obtained if subjects provideftérent typicality ratings for action exemplars from the
same category, e.g., WALKING[marching] vs. WALKING: [limping]. In
addition, the first experiment will investigathe extent to which subjects view actions
as being typical of contrast categories. The extent to which an action exemplar
viewed as being at least somewhat ¢gpiof a contrast category depends on the
perceptual similarity between an actioremplar and the representation (prototype)
for a contrast category. Another likely facterthe extent to which a viewer is sure
about what he/she sees. If, for exampleretis some doubt abathie identification of
an action exemplar, subjects may view #Hwion as being somewhat typical of a
contrast category that is perceptuallyngar to the target category, e.g., WAVING
and THROWING. If, on the other hand, an action exemplar is distinct in the sense th
there is little doubt about ¢hidentification of the actionit should have less of a
chance as being rated as somewhat typpfeh contrast category, even when the
contrast category may be perceptuailyilar to the target category.

The purpose of the second experimentoisnvestigate the e¢ent to which the
possible radial structure of the actioneggries is revealed by a speeded category
verification task. According tthe typicality-RT &ect found for object categories, the
time it takes to verify the category membépsbf an action exemplar is correlated
with the judged typicality othe exemplar. If, when presed with a category label, a
prototype representation is accessed ferdategory, then category verification of a
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following action exemplar ofhat category will depend ahe similarity between the
prototype and the action exemplar. Actioreeplars that are more similar to the
accessed prototype, i.e., more typical, wilMeeified faster than more atypical action
exemplars.

An additional issue in regard to the category verification task is the extent t
which the perceptual similarity of instances freontrast categories will influence
the time it takes to verify that an actiexemplar is/is not a member of a certain
category. Similar to the reasoning abofer typicality judgments, the more
perceptually similar an action exemplarts members of a contrast category the
longer it should take to verify that it i©t a member of the contrast category.

In contrast to the task of judging tgplity, the category verification task assesses
judgments of category membership. It magyy well be the case that people can see
actions from contrast categaias being somewhat typical of the contrast category (a
kicking instance does not belong to théegary of running, but it may nonetheless be
viewed as an atypical instee of running, e.g., dribblingsoccer ball). The point here
is that the fact that an atypical action migktseen as somewhat typical of a contrast
category does not necessarily mean that the subject views ihesiber or instance
of the contrast category. This issueingportant to keep in mind because while
perceptual similarity is an importantadtor in determining the typicality and
membership of category exemplars, there may be other aspects of concept
knowledge that also play a role in judgmteof typicality and category membership.

5.1 Experiment 1: Typicality Ratings %

Although typicality effects havéeen found for a wide rang#f stimulus material
(Barsalou, 1987), it appearsaththe context effect haseén largely restricted to
natural kind and artifact categoriessbd on instance dominance norms, as for
example, collected by Battig and Montadd®69). The purpose of this experiment is
to gather typicality (goodness-exemplar) ratings for a nurabof different actions in
relation to a previously presented categtalyel. The strategy here, in contrast to
presenting words that denote categeremplarsis to present subjects with patch-
light displays depictingrzarious ways of KICKING,RUNNING, THROWING and
WAVING. Even if subjects do not know what the different ways are called, they
should still be able to regnize a soccer-throw-in as an instance of THROWING. If
they succeed in this task, they should also be able to provide a rating as to how typi
it is of the category THROWING. Two issues will be investigated in this experiment

32 It should be noted that the presentation of the experiments does not match the chronological orde
which the experiments were carried out. Experiniet this chapter was actually carried out before
experiment 1. The reason for presenting the experiments in the present order is that this order reflec
better conceptual ordering of the experiments in relation to the theoretical issues mentioned in chayf
2.
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1) the extent to which judgments of tgality reveal graded structure for 4 action
categories and 2) the extent to whichi@ttexemplars of relatively low typicality
might also might be viewed as being at least somewhat typical of contrast categor
that are perceptually similar to the actiexemplars. The obtained typicality rating
will then be compared with the verificati-RT data in the following experiment in
order to assess the relation between the two variables in the context of a typicality-F
effect.

5.1.1 Method

5.1.1.1Subjects

Twenty-four native Swedish-speaking students (11 females, 13 males) from Lur
University participated in the experiment (mean age = 24). All subjects had normal
corrected-to-normal vision and received oompensation for participating in the
experiment.

5.1.1.2Materials and Design

Twenty actions were filmed as patcbht displays. The actions correspond to 5
different ways of KICKING, RUNNING,THROWING, and WAVING. The list of
selected action exemplars is presented ible®.1. Since there ipreviously little
specific research on the cognitive organization of actategories, the choice of
action categories and action exemplars witach category was based partly on the
results from response frequencies and medimalr positions presented in Chapter 3.
As a first step in conductingmpirical studies in action @gorization, | chose actions
that were listed quite often and occurnedatively early in the subjects’ lists. A
further criterion was to choose action catég®ithat had a clegrerceptual salience
either in whole body movement or in thestitict movement o& body limb. It was
necessary to choose action categories where different afgerforming the actions
(subordinate action exemplars) would beleatst intuitively somewhat familiar and
could be filmed as patch-light displays.igallowed the creation of actions exemplars
that reflected different manners of perfong an action. A further aspect that
influenced the choice of action categowas the issue of relatedness. While
RUNNING and KICKING are perceptualkglated via leg motion, THROWING and
WAVING are perceptually related via arm tium. Perceptual relatedness can give
rise to a context effect when subjecte asked to verify the categorical relation
between a previously presented catedabel and an action exemplar that does
belong to the category but is perceptuaiiyilar by use of body pato a prototype
(or template) activated by first being presented as a category label. This effect will |
investigated in exp. 2.

Finally, the different ways of performirtge actions were selected on the basis of
an 'intuitive' understanding of how they migtifer with regardto representativeness
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for each one of the categories but yet be diagsas belonging to that category. Since
the primary purpose of this first experiment is to investigate the graded structure
four different action categosse | selected five actiorthat | thought might differ in
regard to their typicality. The one possibtounter example tthis constraint is
skipping. | was unsure whether or not s$ would regard it as running or not.
Skipping could be viewed as a kind of hopjump as well as a kind of running
motion.

Table 5.1Action categories and action exemplars used in experiments 1 and 2.

Action categories

Kicking Running Throwing Waving
heel-kick sprint throw-in arm
karate-kick backwards side-toss both arms
Action exemplars  punt in place sidearm come here
soccer-kick sideways overhand get back
toe-kick skip underhand hand

The patch-light displays were creatasing the method described in Chapter 4.
The displays were edited to remove #lation motion. Hence, the actions were
presented as if the camera were following dictions across a surface. Each of the 20
action sequences consisted of 15 framése starting and ending points for the
kicking and throwing actions were determihby locating frames for the point of
release for the throwing actions and the pointontact for the &icking actions that
involved kicking a ball. For these actionse thoint of release dnpoint of contact
frames served as the middle point of each sequence. The total of 15 frames was t
obtained by selecting 7 frames prior to the middle point afrdries following the
middle point. For the karate kicks, theddlie points were defined as the point at
which the kicking leg makes a maximal extension for that kind of kick. Seven frame
prior to and following the middle points wetleen included t@reate each 15-frame
sequence. Frame selection for the differgaving actions was determined by finding
the 15 frames that included the largpsttion of waving motion. For the running
actions, the 15-frame sequences were safleat order to include as much of a
complete cycle as possible. In this casgefined a cycle as the interval in which the
body moves between two similar support phateshe case of # sprinting action,
however, the sequence is approximately 2 é&sashort of a complete cycle. Figure 5.1
contains the starting, middle and ending feanfor one action from each of the action
categories used in this experiment. Not the lines connecting the patches were not
visible during the experiment. The lines areganted here in order to better illustrate
the human figure in the static frames.
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Throwing
(overhand)

Waving
(hand)

Kicking
(punt)

Running
(sprint)

Figure 5.1. Examples of the patch-light stimuli used in experiment 1. The letters A, B and C
refer to the beginning, middle and end frameseetyely. The lines connecting the patches are
for illustrative purposes only and were not included in the experiment.
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The stimulus displays were presentedan Apple 6100/66 power PC. DotPlayer was
used to present the stimand record subject respons@he patch-light sequences
were centered in the display and presented at a rate of 20 frames-per-second
subtended a visual angle of approximately 6 tdn7height. The duration of each
patch-light action sequence was 750ms.

The experiment includes 3 independeatiables; Category-exemplar agreement
(matching and nonmatching), Action cgoey (KICKING, RUNNING, THROWING,
and WAVING) and Action exemplar (5 diffent exemplars per action category). The
Exemplar variable is nested within Action category for the matching level of the
Category-exemplar agreement variabler #@ nonmatching level, however, action
exemplars are crossed with the differerticaccategory labels to create all possible
combinations of action category labels and action exemplars. This creates
nonsymmetrical design whereetle are only 20 possible mbinations of matching,
action category and exemplar levels (Jedble 5.1), whereathere are 60 possible
combinations of nonmatching, actioategory, and exemplar levels.

5.1.1.3Procedure

Three blocks of 20nonmatchingtrials were constructed to include all possible
nonmatchingcombinations of the categonblels and actions (Table 5.2).

Every subject participated in 3 consecutive sessions separated by a short bre
Each session consisted of viewing &tatchingtrials and one block of 2@Gon-—
matchingtrials. Over the course of the 3 sessions, each subject viewed each block
nonmatching trials once and viewed the matching trials 3 times each. Since there w
6 possible orders in which subjectsutd view the nonmatching trials, a block
randomization schedule was prepared foroatlers of presentation. Subjects were
randomly assigned to the differteblock orders such thaach nonmatching block of
occurred an equal number tifnes (4) for the experiment as a whole. Trials within
each session were presented in a random order.

Table 5.2. Construction of blocks for nonmatching trials.

Blocks of nonmatching trials

Block 1 Block 2 Block 3
THROWING : kicking THROWING : running THROWING : waving
KICKING : running KICKING : waving KICKING : throwing
RUNNING : waving RUNNING : throwing RUNNING : kicking

WAVING : throwing WAVING : kicking WAVING : running
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The category labels and actions wpresented in a cagery(WORD)-exemplar
order, e.g., KICKING—kicking exemplar. The time line of the trials was as follows:
fixation point (1000ms)—ISI (500ms)—cgtey label (2000ms)-ISI (500ms)-—action
exemplar (750ms). The category labels #relaction instances were both centered on
the fixation point. The action exemplar cdunly be viewed once. There was no way
to repeat a given trial.

A modified Likert scaldbased on Kalish (1995) waseasas a reference for the
typicality ratings (see Figure 5.2). By usitigs Likert scale, subjects were given the

--How characteristic, represetite, good as an example--

not at all absolutely
typical  alittle somewhat alot typical

L= [ E L s ] 2 = L

Figure 5.2.Modified Likert scale based on Kalish (1995).

option of rating typicality in absolute terms. This was done to minimize a potentia
bias towards giving gradetypicality ratings. The scale was visible to the subjects
throughout the experiment. It was printed paper and taped on the bottom of the

computer screen.

Subjects were tested individually and were seated so that viewing distance w
approximately 70cm to the computer screEhney were informed about the sequence
of stimuli in the trials. They were also instted to read the category label quietly to
themselves and then make a judgmentoalow characteristic, typical, good as an
example the different actions were in relation to the preceding category label. Tt
subjects responded by pressing the key enkiyboard that corresponded to their
rating according to the scale in front of thefime 'not at all typical' and 'absolutely
typical' keys were represented by colored w@p¢he keys directlyo the left and right
of the number 1 key and the number 7 kegpectively, on a Swedish keyboard. Trials
were self-paced in the sentbat proceeding to the netxtal required a response from
the subject®

3 In addition to the task of providing typicality ratings, subjects were also instructed to provide
judgments of category membership, e.g., how gofocthember an action exemplar was in relation to
the presented category label. This was done tessdbe extent to which judgments of typicality and
category membership are dissocialdice this issue is not a focus of the book, | will not present any
data for judgments of category membership. In seofnprocedure, judgments category membership
always followed typicality ratings.
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Prior to the test trials, the subjects were acquainted with the task by having the
participate in a practice session consisting®tfrials. The stimuli used in the practice
trials were not used in the test trials.

5.1.2 Results and Discussion

Since the first issue in this experiment baglo with the graded structure of action
categories for instances where typicalityjusiged in relation to relevant category
labels, results for those triagdse presented first. Results the nonmatching trials and
their comparison to the results for the matcttimgs will follow. In short, the results
are presented in two sections, imatching and nonmatching trials.

5.1.2.1Matching Trials

The 3 typicality ratings for thenatching trials from each subject were averaged to
form a mean for each subject and actexemplar. Table 5.3 presents the mean
typicality ratings for thematching conditions for the fivaction exemplars in each
action category. For all action categoriegdpears that the different action exemplars
differ to some extent in their typicalitAnalyses of each action category will be
presented below. One other point to notice about the general pattern of results is
fact that the typicalityatings are all rather high, i.all above 4, which indicates that
all action exemplars were judged at least ssha typical in reldon to the relevant
category labels. This result could reflecbias (possibly a demand characteristic) to
judge all actions as being somewhat typiotla given category. This explanation,
however, seems unlikely given the datafionmatching trials, which were randomly
interspersed with the matching trials éach session. As will be discussed below,
subjects did in fact ugee full range of the Likert scale in their judgments.

Separate repeated measures anabfsiariance (single factor) (ANOVAS) were
carried out for each category. The main pafitinterest was whether or not there
were significant differences among theean typicality ratings for the action
exemplars within each category and notettler the categories differed from one
another. Following the detection of an malésignificant difference among the means,
10 post-hoc pairwise comparisons betweaka different subordinate level action
exemplars were carried out in order to detghich means were different from each
other. The reason for these comparisons wagéoif there were any 3 actions within
each category that would constitute relative high, medium and low actions ¢
typicality. The pairwise comparisons are adjusted for Type | error by a Bonferror
adjustment, which put the alpha level ofgnificance at .005 for all such
comparisons?

% The reported results are based on the univariate tests unless otherwise noted.



108 Chapter 5 — Graded Structure, Prototypes and Context Effects

Table 5.3.Mean typicality ratings (Typ.) and standaeViations (SD) for action exemplars in
relation to an action category label.

Action category

label
Kicking Typ. Running Typ.  Throwing  Typ. Waving Typ.
Action  soccer 7.67 sprint 7.87 overhand 7.18 hand 7.76
exemplar (6) (5) (1.2) (:6)
punt 7.60 skip 5.01 throw-in 6.75 botharms 531
(.8) (2.1) 1.1 (1.8)

toe-kick 7.25 backwards 4.29 side arm 6.64 get back 5.22
(.9) (2.1) 1.4) 1.7)

karate 6.56 sideways 4.31 underhand 594 come here 4.61

(1.5) (2.1) (1.5) (2.1)
heel-kick 4.83 in place 4.03 side toss 5.83 arm 4.29
(1.9) (2.2) (1.2) (2.0

Kicking. The results for the kicking category ealed an overall significant effect of
action exemplarsH(4,92) = 34.99, MSE = .95, partigk = .603,p < .0001]. The
pairwise comparisons (Bonferroni adjustmept< .005) show that the typicality
ratings for SOCCER were significantly greathan for KARATE, and the typicality
ratings for KARATE were significaty greater than for HEEL-KICK H(1,23) =
17.36, MSE = 1.71, partidK = .430;F(1,23) = 26.92, MSE = 2.64, parti#l = .539,
respectively]. These results indicate adgd structure for the KICKING category
with SOCCER, KARATE and HEEL-KICK corsponding to levels of high, medium
and low typicality respectively.

Running. The effect of subordinate levelction was also significant for the
RUNNING category [f4,92) = 41.34, MSE = 1.47, parti&dl = .643,p < .0001]. The
results of the pairwise comparisonglicate that SPRINTING was rated as more
typical than SKIPPING, whit was rated as more typidhan running SIDEWAYS
[F(1,23) = 39.64, MSE = 4.96, parti#&l = .6330;F(1,23) = 12.89, MSE = .89, partial
K =.359 respectively]. As in the KICKING @&gory above, there is a clear typicality
gradient among the action exemplars.

Throwing. The subordinate level action effasts significantfor the THROWING
exemplars, f(4,92) = 7.11, MSE = 1.09, partidk = .236,p < .0001]. Unlike the
previous results for KICKING and RUNNINGhe pairwise comparisons show only a
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two-tiered typicality gradiet that reached significance in the context of the
Bonferroni adjustment. OVERHAND was ratad more typical than SIDE TOSS and
UNDERHAND [F(1,23) = 16.31, MSE = 2.67, partidd = .415;F(1,23) = 13.39,
MSE = 2.74, partialK = .368 respectively]. THROW-IN was also more typical than
SIDE TOSS F(1,23) = 14.47, MSE = 1.39, partidd = .386]. No other post-hoc
comparisons reached significance adowy to the Bonferroni adjustment.

Waving Differences between the WAVING exemplars were signific&i,p2) =
28.24, MSE = 1.59, partiaK = .551,p < .0001]. The paired comparisons indicate
only that HAND is significantly more typical than the other WAVING exemplars, all
ps < .005.

For the action categories in this studythree-tiered difference between the rated
typicality for action exemlars was found for KICKINGand RUNNING, while only a
two-tiered difference was found for ROWING and WAVING. Similar to object
categories, these results suggest thatafoestricted domain and number, typicality
ratings for actions show graded struetuhis, however, should not be surprising
given previous findings abotte robustness ofpicality effects for a broad range of
categorical domains (Murphy, 2002). Indeadfinding showing no graded structure
for action categories would have been more remarkable.

5.1.2.2Nonmatching Trials

The nonmatching items were constructed by presenting all action exemplars in tt
context of thenonmatching(contrast) category labels, e.g., THROWING-running
exemplars. The mean typicality ratings ftne nonmatching trials are presented in
Table 5.4% In all but 5 of the 60 conditions, mean typicality ratings were less than 1
Subjects frequently used the option of “noaktypical” on the modied Likert scale.
Mean typicality ratings greater than 1 were obtained for the following actior
exemplars:arm (4.58),come hereg(3.33) andget back(1.29) in the context of the
THROWING category label, andidearm (1.50) andoverhand (1.12) under the
WAVING category label.

It appears that subjects were categoiiicdheir typicality ratings of action
exemplars when initially presented with@trast category label. Relative to the other
action exemplars within agction category, some actions received a low typicality

% All responses of “not at all typal” were given a value of zero. The basic idea is that if an action
exemplar is “not at all typical” it has zero typita in relation to the contrast category. Given the
extent of subject agreement for ugithe “not at all typical” alternate; there is virtually no variance
associated with the means, which rules out evaluating differences between the means using analysi
variance and makes the reporting of standard deviations uninformative. This, however, does not m
that the data are uninterpretable. The fact that there was very little variance shows that subj
agreement regarding the typicality of action exemplars in relation to contrast category labels was ve
high.
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rating during the matching trials (abovBespite this difference, subjects weist
inclined to rate the action as being tadiof a contrasting action category. The
exceptions to this trend were restrictectbion exemplars thatere perceptually
related, e.g. waving and throwing. Kickiagd running actions wegadso perceptually
related in relation to leg avement, but did not exceed @am typicality rating of 1
when presented in the context aktated contrast category label.

Despite this result, all mean typicalitgtings for running and kicking exemplars
when presented in the context of a tedhcontrast categoriabel (KICKING or
RUNNING) were greater tha@, indicating that categgrelatedness may contribute
to increased typicality for exemplars frazontrast categories. Ehresult appears to
be noticeably weaker when running and kigkexemplars were preceded by category
labels for non-related categories, .e. §HROWING and WAVING. This issue of
relatedness will be specifically addressed in experiment 2.

Although not specifically tested in thiggeriment, the results can be related to the
issue of basic level actions mt@®ned in chapter 3. Thelgmt difference in typicality
ratings for matching and nonmatching trileds some support to previous findings
for object categories where objects categorized at the basic level are maximally mor
distinct from one another than objects categorized at the subordinate level. Given th
few exceptions in the nonmatching trials, salg viewed most of the actions as “not
at all typical” of the contrast categdgbels. This suggests that the chosen action
categories reside on a basic lewean action category hierarchy.

The last point to address before moving on to the next experiment is to offer ¢
explanation of why 5 actions receivegpicality ratings greer than 1 in the
nonmatching trials. Recall the resultsorfr Pollick et al. (2001) showing that
categorization judgments improved as thaggerations moved further away from the
grand average. For the disdianity judgments in their eperiment, the results showed
that increasing the spatial exaggerations in the mews resulted in a corresponding
difference in the distance between the movements in psychological space. The pc
here is that the confusability of action exemplars with a contrast category is both
function of judged typicality and distinctivess. While an action (arm wave) is given
a low typicality rating (4.29) relative to the other waving exemplars, it may not be a
distinctive in terms of its spatiotemporaltesn as other waving exemplars (get back).
This may explain why the arm wave was véelvas being more typical of throwing
than the get back wave (or even battms) despite no sigigant difference in
typicality between the actions in relation to the waving label.
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Table 5.4.Mean typicality ratings for action exemplars in relation torgrasting action category label. Note: Boldface type is uséighlight means greater than 1. Mean
typicality ratings greater than 1 are highlighted in bold-faced text.

Contrasting category label

Exemplar heel- karate
kick
17 .37
Exemplar throw- side
in toss
.00 .00
Exemplar heel- karate
kick
A7 21
Exemplar heel- karate
kick

.08 .04

punt  soccer toeeki sprint
.08 .08 .33 .29
side overhand underhand sprint
arm
42 0 .08 .29
punt  soccer toe-kick throw-in
.54 3 .29 .08
punt soccer toeeki sprint
.00 .08 .04 .04

Throwing

backwards in sideways
place

0 .00 .25

Kicking

backwards insideways
place

.25 .54 .29

Running

side toss side overhand
arm

.00 .04 .04

Waving

backwards in  sideways
place

.04 .04 .04

skip

.25

skip

.79

underhand

.00

skip

.04

arm

4.58

in

arm

.00

arm

.00

bothcome get back
arms here
.08 3.38 1.29

bothcome get back

arms here

.04 .00 .00

botttome  get back
arms here

.00 .00 .00

throw- side side overhand
toss arm
.62 1.50 1.12

.92

hand

.29

hand

.00

hand

.00

underhand

.79
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5.2 Experiment 2: Category Verification

The purpose of this experiment was to stigate the structure of action categories
with regard to the time it takes subjectsvaify whether or not an exemplar belongs
to a previously presented category accordimga category label. If the typicality
ratings in the previous experiment arlde verification reaction times in this
experiment are a function of the same psscé.e., judging the similarity between an
exemplar and a category prototype, then they should be highly correlated.

In addition to this typicality-RT effectctions that are perceptually similar but
categorically different shoullbad to longer verification times when presented in the
context of a perceptually related but categorically diffié category label. As
mentioned at the beginning of this chapter, this effect is well established for obje
categories (McCloskey & Glucksrg, 1979; Casey & Heath, 1989).

For the action categories used in these two experiments, KICKING ani
RUNNING are perceptually similar in reghto the locus of motion centering on the
legs, and THROWING and WAWG are similar in regard to the motion of the arms.
The results from experiment 1 showed thaiction exemplars were judged as being at
least somewhat typical of a contrast catggdhis finding was restricted to 3 waving
exemplars and 2 throwing exemplars. Itswaso the case that running and kicking
exemplars were viewed by some subjectbeing “a little” typical of perceptually
related contrast categories, i.e., KIBKs and RUNNING respectively. Using a
speeded verification task in conjunctiomith repeated measures of the same
condition, the current experiment may be mseasitive to the effects of relatedness
than the previous experiment where judgns of typicality were more coarsely
measured. If this is the case, then we ghgek context effectsifthese categories as
well.

If category verification oin action exemplar is carried out by accessing an actior
prototype for the action category label, theghly typical actionshould be verified
faster than less typical actions. This should result in thealfyi-RT effect. Along
similar lines, less typical actions may alsbare more properties (spatiotemporal
pattern) with a prototype from a contrast category, which will result in longer
verification times and/or mme verification “errors.”

The action categories can also be \adwfrom the perspective of functional
similarity. Although perceptually differenKICKING and THROWING, for example,
are functionally related in the context pfopelling an object (Schank & Abelson,
1977). Given the nature of the stimuli, oneuld expect the perceptual similarity of
the different motions to affect verifitan-RT for related categories along this
dimension. The notion that these action categamay be related in terms of the goal
of performing a certain movement is less appa This experiment is also intended to
address this issue of functionalatedness between action categories.
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5.2.1 Method

5.2.1.1Subjects

Twenty-one native Swedish-speaking stide (12 male, 9 female) from Lund
University participated in the experiment (mean age = 24). All subjects had normal
corrected-to-normal vision and received compensation for participating in the
experiment. No subjects in this experimpatticipated in the previous experiment.

5.2.1.2Materials and Design

The patch-light displays and trial consttioq, including stimulus duration, used in
the previous experiment were also usedhis experiment. DotPlayer was used to
present and record response times to gdaast millisecond. The trials were presented
using an Apple lici.

Three blocks of trials were construttior this experiment. The primary purpose
of the three blocks was to crea series of trials thabuald be repeated a number of
times (5) in order to obtain stable reaatitimes, i.e., reduced error variance, for the
verification task. Recall, as iexperiment 1, that in constto the 20 matching trials
there were 60 possible paringé nonmatching trials. Fothe experiment reported
here, these 60 pairings were divided into 3 separate groups such that each bl
consisted of 20yes-trials and 2Mo-trials, i.e. parings of action exemplars with
contrast categories. The 3@s-trials were the same for each block and consisted o
trials where the action exemplar matchee fineviously presendecategory label, as
in experiment 1. Thao-trials however, were diffent for each block. Theo-trials
were also further divided into 1@lated versus 1Qunrelatedconditions. Table 5.5
contains the blocking pattern for time-trials. For blocks 2and 3, relatedness was
defined by theperceptualsimilarity between an action exemplar and a prototypical
action that might be accessed by a contrastatggory label. For example, the waving
exemplars may be perceptually related forototype for the THROWING category in
terms of body part motion, i.e., arm mowent. Recall that there was some evidence
of this in experiment 1. Similarly, kickg exemplars might be meptually similar to
a prototype for the RUNNING category in terms of the movement of the legs. I
contrast to theelated no-trials, kicking exemplars are perceptuallgrelatedto a
prototype for the WAVING category. If this ia fact the case, then according to the
context effect, it should take subjects longer to verdiated category-exemplar
conditions than unrelatechtegory-exemplar conditions.

While perceptualsimilarity determined the relatedness conditions in blocks 2 and
3, relatedness for block 1 waketermined on the basis &inctional relatedness.
Throwing and kicking may involve different body patist may be functionally
similar in the sense of propelling an objdétthis information is used in category
verification, then it may taksubjects longer to verify # kicking exemplars do not
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belong to the category of THROWING than fbem to verify thatunning instances
do not belong to the category of WAVING.

Table 5.5 Relatedness conditionsdttrials) for Experiment 2. Category labels are in capital letters. The arrc
indicates the direction of verification. Category labelsre presented first, followed by either related o

unrelated false exemplar actions.

Block Related Conditions

Unrelated Conditions

1 THROWING : kicking
KICKING : throwing

2 RUNNING : kicking
WAVING : throwing

3 KICKING : running
THROWING : waving

WAVING : running
RUNNING : waving

THROWING : running
KICKING : waving

WAVING : kicking
RUNNING : throwing

The resulting design for administering thetrials is a 3 (block, between groups)
X 4 (action category label/prime, within) x 5 (action exemplars nested within the
category label/primes) design, resulting in total of 60 conditions.
The design for administering tlyestrials is much simpler due to the fact that there
are no conditions for contrasting the categgeerification of action exemplars with
other categories than the “correct” ones. In this case the design is a 4 (action category,
within groups) x 5 (action exemplars nested within each category) design.

5.2.1.3Procedure

Each participant was randomly assignedot® of the three blocks of trials. Upon
arrival to the experiment room, subject®re given some information about the
general nature of the task and that theguld be viewing patch-light displays of
biological motion. Subjects were then taley would first see a fixation point in the
center of the computer screen and thevoed that denoted an action category would
appear. Subjects were instructed to $ijeread the word. Following the presentation
of the word, an action exemplar in the foofma patch-light disipy would appear, and
subjects were instructed to verify whatt@ not they thoughthe action exemplar
belonged to the previouslgresented action category. &lsubjects were asked to
respond as quickly as possible while keepémgprs to a minimum. They were also
shown the appropriate @snse keys on the keyboard.

The subjects responded by pushing eitherrtght or left arrow key on the key
board with the appropriate index fingegince the “yes” and “no” responses were
balanced for handedness, haflthe right-handed subjeats=8) used their right index
finger for the “yes” response, and the othdf fr&=8) used their left index finger. Key
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presses were also semi-balanced for the left-handed subjects (n=5). Three left-han
subjects used their left index finger forey’ response, and two used their right index
finger.

Reaction time was measured from theedrsf the action exemplar portrayed in
the patch-light display to when a key press was made. The correctness of the k
presses was recorded malhuhy the experimenter.

Subjects were seated appimately 65-70cm from the agputer screen, and this
distance was maintained throughout the expertirteach participant participated in 5
consecutive sessions consisting of the shtoek of trials. There was a short break
between sessions. Trials within the le@and session were presented randomly.

A series of practice trials preceded thst teials to familiarize subjects with the
nature of the task. No stimuli used in the practice trials were included in the test tria
The subjects were not given any feedback.

5.2.2 Results and Discussion

Following the advice of Shoben (1982), the untransformed reaction times were used
the analyses presented here. The correadtien times for each subject and condition
across the 5 sessions were averaged to form a mean RT for that subject and condit
While the cell means for most of the subjects and conditions were based on at leas
correct reaction times, 12 cells containedr2ewer correct redion times. Four cells
were empty and were replaced with the mean for the condition across subjects. 1
cell means for conditions containing onlyd 2 reaction times were calculated using
those values. Similar to the analyses @& thsults in the previous experiment, the
analyses here are divided into separate analyses fgetheancho-trials. The mean
reaction times for thgestrials as a function of categolabel and action exemplar are
presented in Table 5.6.

Prior to presenting the quantitative atyses, a qualitative perusal of the
verification means for the different amti exemplars within each action category
indicates that they are diffent, although less so for tilerowing exemplars. Subjects
seem to respond faster and with fewer mrfor some action exemplars compared to
other action exemplars within each category.

A point worth noting is the sizable errotedor some of the action exemplars. It
appears that some action exemplars wereeadeas borderline cases in relation to the
presented category label. In these cases, subjects may not be committing errors i
strict sense, but rather imditing that an action exempldid not belong to the action
category. An indication of th is the obtained correlation coefficient for the relation
between speed and accuracy .75 [F(1,18) = 22.95p < .001]. This positive and
high coefficient indicates that longer verification timee dkely due to the relative
difficulty of making a categorizatiodecision for the action exemplars.
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Table 5.6 Mean verification RTs (in msec), standard d&en (SD) and error rates (percent) for the
yes-trials in Experiment 2 as a function of category label and action exemplar. Action exemplars are
listed in the same order as the typicalitymngs in Table 5.3 for easier comparison.

Action category label

Kicking Running Throwing Waving
Action exemplar soccer sprint overhand hand
RT 781 678 835 800
SD (234) (200) (323) (244)
Error % 3 1 5 3
punt skip throw-in both arms
RT 869 912 875 884
SD (260) (517) (225) (297)
Error % 10 7 5 7
toe-kick backwards side arm get back
RT 803 936 850 1005
SD (255) (291) (263) (414)
Error% 6 14 4 7
karate sideways underhand come here
RT 838 932 900 869
SD (250) (347) (266) (296)
Error % 10 9 5 9
heel-kick in place side toss arm
RT 1003 1023 921 938
SD (317) (381) (370) (616)
Error % 20 26 9 8

5.2.2.1  Typicality-RT Effect

The pattern of results for the verificatidimes indicates graded structure for the
action categories used in this experiment. As a test of the relationship between |
obtained typicality ratings from the previoagperiment and the verification times in
this experiment, these two measures weelus a correlation analysis. The results
for this typicality-RT effect are presented in Figure 5.3.
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The results show a significant correlatioetween rated typic&i and verification
reaction timer = —.82, F(1,18) = 35.64p < .0001]. Indeed, typididy seems to be an
excellent predictor of the time it takeswerify category membership for the actions
used in this study. The more typical antion exemplar is rated in relation to a
“correct” category label, the less time takes to correctly verify category
membership. In the next section, tes-trials for each exemplare evaluated with
regard to the existence of a typicalgsadient within each action category.

5.2.2.2Yes-trials

The purpose of the analysis of the yes-trialto assess the extent to which category
verification times differ for the different iosn exemplars within each action category.
The typicality-RT effect suggests that these two véemlare related. The purpose
here, however, is to assess whether orsignificant differeces occur among the
different action exemplars, as theyddifor the typicality ratings. Significant
differences among the action exemplars woalso further evidence for a radial
(prototype) structure for the action ogteies used in the two experiments.

Each of the 21 subjects responded to ediche 20 conditions for the yes-trials. A
3(Block, between groups) x 4(Action tégory, within groups x 5(Subordinate
Exemplars, nested within groups) ANOVA svaarried out primarilyo test whether
the main effects of Block, Action Categoayd their interaction were significant. If
the main effect of Block and the Block x Action Category interaction fail to reach
significance, then this would indicate thage ttifferent subjects ieach block did not
lead to different verification reaction timaad that the verification reaction times for
the different action categories did not vasya function of the fferent blocks. There
was no reason to suspect that the main effeblock or the inteaction between block
and action category would be significant.

The reason for using the different blod¢ied to do with manipulating the no-trials.
The analysis of testing for the main effeftblock and the interaction between block
and action category was performed to ralg these effects and to then allow for
collapsing across the block variable in artte perform a per-category analysis. The
results showed that the main effectsBébck, Action Category and their interaction
failed to reach significance [Block(2,18) = 1.10, n.s.; Action Categorf, < 1;
interactionF < 1]. Given these results, separate one-way repeated measure ANOVA
collapsed across Block, were performed the results for the different action
exemplars from each category. As in Experiment 1, a Bonferroni adjustment was us
to assess the significance of the post{baicwise comparisons at the .005 level.
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Figure 5.3 Scatterplot for the relation between mean typicality ratings from Exp. 1 and
mean verification reaction times from Exp. 2.

Kicking.®® Results for the KICKING category shed an overall effect between the
means for the different action exemplaf$4[,80) = 17.73MSE = 9,002, partialK =
470, p < .00001]. Pairwise comparisons ugsim Bonferroni adjustment further
showed that SOCCER was verified faster than PUR{1,R0) = 10.60,MSE =
15,220, partialK = .346] and HEEL F(1,20) = 50.92MSE = 20,219, partialK =
.718]. PUNT was also vdied faster than HEEL [@,20) = 20.66 MSE = 18,183,
partial K = .508]. These results are similartte typicality ratingsobtained in the
previous experiment where SOCCER wasegi the highest typality rating and
HEEL was given the lowest typicality ratinghe category verification data show that
these differences are also significant.eTdifference between the results for the
typicality ratings and the verification times was while PUNT occupied the positior
between SOCCER and HEEL in the typicaligpults, KARATE occupied the middle
position in the verification results.

% Reported F-values are based on univariatdyaes. The sphericity assumption is fulfilled.
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Running.®’ For this category, there were also differences among the nte@ni’0) =
9.76, MSE = 35,896, partiaK = .328,p < .00001]. The only significant pairwise
comparisons revealed that SPRINT wastda than BACKWARDS, IN PLACE and
SIDEWAYS [F(1,20) = 46.05, MSE = 30,220, parti&d = .697;F(1,20) = 38.84,
MSE = 64,464, partiaK = .660;F(1,20) = 24.28, MSE = 55,087, parti&l = .548,
respectively]. While SPRINT was verified significantly faster than SKIPPING at the
standard significance level of .05, itddhot reach significance according to the
Bonferroni adjustmentq(1,20) = 7.70, MSE = 149,223, partikl = .278]. In contrast

to the results for the typicality ratingsetherification results only show a two-tiered
relation between the diffent RUNNING exemplars.

Throwing. The analysis here failed to shamy overall difference among the means
[F(4,80) = 1.97, n.s. Although the verificatioreams show a similar pattern to the

means for the typicality ratings, no two-tidrstructure could be demonstrated, as was
found for the typicality ratings.

Waving® Results for the WAVING exemplarevealed an overall effecE(4,17) =
9.12, partialK = .682,p = .0004]. HAND was verified sigficantly faster than GET
BACK [F(1,20) = 17.75MSE = 49,780, partialk = .470]. No other comparisons
reached significance. A two-tiered structwas also found for the typicality ratings.
For the typicality ratingshowever, HAND was found to diffesignificantly from the
other WAVING actions, whereas HAND waslgriound to differ significantly from
GET BACK in the category verification task.

While the results from the typicalifgT correlation showa strong relationship
between typicality judgmest and verification RT, sigficant differences in
verification RT between the differerdction exemplars for each category only
partially confirm the radial structure dhe categories. The category for kicking
actions showed a three-tiered structumed verification ofdifferent running and
waving actions showed a two-tieredrusture, whereas the action exemplars
comprising the kicking category showetb difference in mtotypicality. One
important factor that might explain theffdrences between the results for typicality
and verification has to do witthe number of subjects. larger number of subjects
would likely lead to less error variance. Tétandard deviations in Table 5.5 are quite
large. The different subjects appear t@ctedifferently to the verification task.
Increasing the number of subjects or exposing the same number of subjects to multi

%" Reported F-values are based on univariate aesly3espite the unfulfilled assumption of sphericity,
the different epsilon based corrections do not differ from the results based on the assumption
sphericity.

% Since the sphericity assumption was not met, thglteefrom the multivariatanalyses (Pillai’s trace)
are reported here.
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runs of the same conditions would likelgad to less error variance. A further
discussion of these results will be presented in Chapter 8.

5.2.2.3No-trials and Context Effect

Analyses of theo-trials are intended to assess tffeas of functionhand perceptual
relatedness, i.e., a contexfeet. Recall that in additioto the yes-trials, where the
action exemplars reasonably belongedh® action category signified by the word
label, subjects were also presented withtrials in which action exemplars came
from contrasting action categes. The results for theo-trials are presented in Table
5.7. The means for the reldteonditions in each bloctend to be higher than the
means for the unrelated conditions. This suggitt there is som@milarity between
the action exemplars and tleetion representation or qiotype for the contrast
category and that this similarity contribat® the longer reaction times when subjects
had to verify that an action exemplaas not a member of the preceding action
category.

Block 1 in Table 5.7 contains actionb&ds and action exemplars that can be
considered functionally similar. Throwirand kicking actions, #iough perceptually
different body parts are useate functionally similar in regard to propelling an object.
The activation of this information may s some hesitation when attempting to
verify that a specific kickingction is NOT an instance of throwing. In order to assess
the effect of relatedness etitwo related conditions wes®mbined to form one mean
and then compared to the mean of tive means for the unrelated conditions. The
ANOVA for used for this analysis, a 2 (related and unrelated) x 10 (action exemplar
nested within relatedness) repeated measANOVA, revealed a significant effect of
relatednessf(1,6) = 11.94, MSE = 12395, parti#l = .666,p = .014]*° It took more
time for subjects to verify the category meerdhip of action exemplars in the related
condition (mean = 753 ms) than action exemplars in the unrelated condition (mean
688 ms). Further interpretation of the résuwill be preseted in the general
discussion section below.

Blocks 2 and 3 show a similar pattesh results for the dated and unrelated
conditions. A 2 (related andnrelated) x 10 (action erplars, nested within
relatedness) repeated measures ANOVA performed on the block 2 data showed t
subjects took significantly more time to verify the category membership of actior
exemplars in the related condition (mean981 ms) compared to the unrelated
condition (mean = 893 msl-(1,6) = 8.05, MSE = 28798, parti&d = .617,p = .036].

For block 3, however, the differencetleen the related (@an = 1052 ms) and
unrelated (mean = 908 ms) catwhs was not significantH(1,6) = 2.54, MSE =
316848, partial K = .298,p = .162]. It is noteworthy that the relatively large

3 Since there are no interpretations of the nestetbf or the interaction effect that pertain to the
hypotheses being tested here, | vefrain from reporting those results.
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difference between the means was not signifizahtock 3. This is quite likely due to
the relatively large standard deviations. Diesghat fact that each subject viewed each
category label and action exemplar 5 timéhe® means for each such condition still
contained a large amount of error variation.

Table 5.7. Mean reaction time in milliseconds (RT), staddfeviation (SD) and total errors (Errors)
for related and nonrelated conditiome-rials) for Experiment 2. Blk = Block. Category labels are
in capital letters. The arrow indicates the directidnverification. Category labels were presented
first, followed by either related or unrelated false exemplar actions.

Blk  Related Conditions RT SD Errors Unrelated Conditions RT SD Errors
THROWING : WAVING :

1 IHR 744 164 1 / 682 107 2
kicking running
KICKING : 762 141 10 RUNNING: 694 124 2
throwing waving

2 RUNNING - 893 235 9  [HROWING: 847 269 3
kicking running
WAVING 1020 331 17  KICKING - 849 246 4
throwing waving

3 KICKING - 1040 389 14  WAVING : 884 256 3
running kicking
THROWING 1063 457 33  RUNNING : 932 322 6
waving throwing

Another general trend ia noticeable difference in the errors for related and
unrelated conditions. With the exception of theROWING : kicking condition,
related conditions appear to lead to more errors. Indeed, overall error rates differ
significantly, t(10) = 2.4,p = .037. There also appedrs be a linear trend between
reaction time and error rate. As subjects take more time to verify the catego
membership of an action exemplar, they &tsa to make more errors; or rather judge
those actions as perhaps belonging to reshtcategories. The coefficient (Pearspn
for the correlation between reaction timed error rate confirmed the trends .76
[t(11) = 3.72p = .004].

5.3 General Discussion and Conclusions

The results from thexperiments in this chapter supptie view thatsubjects used
high-level categorical knowledge in judgirie typicality of action exemplars in
relation to category labelsxd when given a speeded aaiey verification task. The
results also show an effect of perugg relatedness indicating access to the
spatiotemporal visual shape of actions presented as point-light displays.

Action concepts contain informatiorabout characteristic or prototypical
spatiotemporal patterns dfological motion. This inforration can be used to judge
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the typicality of action exemplars and to kmgudgments of category verification in
relation to previously presented actioneggiry labels. Indeed, results from both
experiments demonstrate a radial strucfareaction concepts. Similar to established
effects for object categorig€asey, 1992) the resultssalshow a high correlation
between judgments of typiily and category verificabin (typicality-RT effect),
which indicates that they rely either on Banprocesses or on diffent processes that
are similarly affected by the same underlyaagegorical structure for the investigated
action categories. In order to investigate tkisue further, it would be necessary to
construct an experiment thgpecifically testd for a dissociation between judgments
of typicality and category verification. This is an issue for future research and will nc
be further investigated here.

The second set of resulteals with context effects @Sey & Heath, 1989) where
subjects were presented wighcategory word and antam exemplar that did not
belong to the category represented by the wbhase ‘false’ trials were investigated
in both the typicality rating>@eriment and the verificativexperiment. Results from
the ‘false’ (non-matching) tria in the typicality ratig experiment showed that
subjects consistently gave very low typigatatings to the non-matching exemplars.
Exceptions to this pattern occurred forvivey exemplars when presented with the
throwing label and for throwing exemplanghen presented witthe waving label.
This context effect was also apparent in the data for the non-matching trials from tl
verification experiment. Verification timesr non-matching category-exemplar trials
were slower when the category and moatching exemplars were perceptually
similar compared to when they were perceptually dissimilar. This appeared also to
the case for running and throwing exemplarghi@ context of contrasting category
labels, THROWING and RUNNING respectively.

The context effect suggests that acticategorization can be affected by the
similarity of the spatiotemporal form @fn action exemplar ta category prototype.
Subjects appear to have access to a praatgpresentation (template) for a category
when presented with a label for that catey. It also appearthat the prototype
representation has a spatiotemporal forchgihat the perceptual relatedness between
the prototype representation of a costraategory label and the viewed action
exemplar results in significantly longeaion times in a speeded verification task.

Regarding the results for the functionally related categories and action exempla
e.g., KICKING-throwing and THROWING-klking, in relation to the functionally
(and perceptually) unrelatedonditions, the fact thatategory verification took
significantly longer for the functionally related conditions than for the unrelated
conditions needs qualificatiofn contrast to the reactiotimes for the perceptually
related conditions, the reaction times for the functionally related conditions wer
noticeably faster. This was also the casetf® unrelated conditions in block 1 as
compared to the other una¢ééd conditions in block® and 3. Therefore, the
significant difference in bldc 1 should be interpreted thi caution, it may be an
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artifact. The pattern of difference arisibgtween perceptuallselated and unrelated
conditions in blocks 2 and Bowever, indicate a more ratile effect of perceptual
relatedness.

There has been little previous researorestigating the categorization of actions
and the role that action category stumet might play inaction recognition.
Recognizing and understanding the actions of others may be due, at least in part
having access to action meaning in therfof knowledge about action categories,
i.e., groups of similar kinematic patternshefman motion. In his Interactive Encoding
Model, Dittrich (1999) suggestsahsemantic coding might last involve the ability
to make category discriminations. He ablguates typicality and related effects as
being consistent with the conceptually @rivprocessing of biological motion. Results
from the experiments in this chapterdicate that subjects have access to the
kinematic templates (prototypes) of varication categories and appear to use that
information to make typicality judgments and to verify the category membership o
different action exemplars.

Despite very little previous research about the structure of action categorie
several researchers have referred to the cateomture of actions as an explanation
for some obtained results. This suggestsrtbed for research d¢ime categorization of
actions. The extent of the correlation between RT and typicality was quite larg
Together with the context effect, the tyality-RT effect suggests that action and
object categories are similarly structured.

The following two chapters address furthgsues about the properties of action
representations and processes involved in the recogmwititiological motion. The
next chapter more specifically looks pievious experimentalindings about the
extent to which biological motion pegption involves low level or high level
processing and the extent to which the visual processing of biological motion |
orientation specific. In adddn, the role of attentionnd its interaction with motion
orientation will be discussed. The purposeraiking these issues is to gain more
knowledge about how humanseaable to recogme the actions of others. A further
purpose of the next chapter is to provide thader with the neceary theoretical and
empirical background for the experiment in chapter 7.






Chapter 6 - Biological Motion: Levels of Processing and
Orientation Specificity

An important feature of the visual prosex of the dynamic human gestalt in point
light displays is the “automatic” nature thfe perceptions. As Johansson (1973) points
out, “... we have found that seems to be a highly meatical, automatic type of
visual data treatment that is most impot.” While Johanss’s use of the term
“automatic” points more to the early processevolved in establishing hierarchies of
locally rigid perceptual unitghere is a case to be made for the automatic processing
of biological motion at a higher cognitidevel under favorable circumstances, i.e.,
given an appropriate taskRhenomenally, Johansson’s mwlemonstrations point to
the immediateness and vividness of viewinghptight displays otiological motion.
Observers are fast and accurate in thanidications when not disrupted by dynamic
masking. They appear to have direct actesa level of meaning or semantic level
representation that facilitates the identifica and recognition oéctions depicted in
the point-light displays.

Findings from the experiments in theepious chapters support the notion that
people have access to and use categoricel knowledge (i.e., how action categories
are structured hierarchicallgnd in relation to an aot prototype) when they produce
verbs that name natural actions and wtiezy make typicality judgments and engage
in category verification. The purpose ofisthchapter and the next is to further
investigate the structure of action categoeed the role that categorical information
might play in our ability torecognize the actionsf others. More sifically, this
chapter consists of a literatureview relevant to the empirical issues that will be
investigated in the next chapter. Consetlye this chapter will describe previous
research findings about the extent toickhaccurate biological motion perception
depends on the (vertical) oriatibn of the point-light diplay and the level(s) of
processing involved. A furthdassue concerns the role thiaigh-level, or semantic
level, knowledge plays in the perception afman actions presented as patch-light
displays of biological motion. Could it the case that highatel knowledge about
differences and similarities between different actions is implicitly, or incidentally,
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involved in simple perceptual tasks thuat not require that knowledge? The issue of
categorization remains a central topic in tthapter, but it does so within the context
of investigating effects of the orientatiofi the biological motion displays. However,
before discussing issues ofi@rtation specific processingwill discuss distinctions
between different kinds of swial processing that are relevant to the perception of
biological motion.

The ability to correctly idntify the actions of othelisnportantly relies on being
able to distinguish betweaddifferentdynamic configurations of theame body parts.

To what extent is biological motion meption determined by viewing just a few key
dots? This kind of processing is alsdereed to as local motion processing. In
contrast, one can also ask what role perceptual access to the whole dynamic disg
plays in being able to perceive differentians in the point-lightdisplays. This kind

of processing is often referred to as glaiation processing. Bere discussing these
alternative processing accounts of biologigetion, a discussion of terminology is
needed. The terms “global” and “local” haveen used to describe different processes
involved in being able to see the actions enésd in point-light diplays of biological
motion (e.g., Bertenthal & Pinto, 199Zhornton, Pinto & Shiffrar, 1998). There
appears, however, to be no clear consemegarding the distation between global
and local processes. To make matterssep “global” and “local” seem to be
synonymous with, or at least not obvioudifferent from, other existing terms.
“Global” processing can easibye understood d#olistic” or “configural” processing.
Likewise, “local” processing seems sinmildo analytic, part- or feature-based
processing. In addition to ése terms, the distinction between levels of processing,
i.e., low vs. high-level and bottom-up veptdown, is likely toco-occur with the
global-local distinction.

Firstly, it should be said right away thke different kinds of visual processing of
biological motion are task dependent. Fxample, results from Lange and Lappe
(2007) showed that the task of detecting fdxeng direction of a point-light walker
required spatial information, not temporal information. However, if the task was t¢
determine thewalking direction, then both spatial and temporal information were
important. It is also likely the case thaettask of detecting whether or not a human
point-light figure is embedded in a dynammask of moving dots requires being able
to see the whole human figure or gestalt.ta other hand, being able to distinguish
between different kinds of tennis servesg(SChapter 2) requirdseing able to see
local changes in the motion tife arms. There are, howeysome helpful attempts at
empirically distinguishing between local and global processing, which will be
presented below.

6.1 Hierarchical Structure of the Human Body

Attempts to understand the visual praiag of biological motion have used a
strategy of trying to isolat different sources (levels) of information and then
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systematically manipulating one sourceiletholding other sources of information
constant. The sources included contributiéresn low-level or local feature based
processing on the one hand and more globatonfigural processing on the other.
However, rather than offering a striccdotomy between local and global processing,
Reed, Stone and McGoldrick (2006) (aReed, Stone, Grubb and McGoldrick, 2006)
suggest aonfigural processing continuurixamples illustrating the different points
along the continuum are not restricted bmlogical motion. At one end of the
continuum, we find object recognition whictrdely relies on the processing of local
parts or features. Specifiocal object featurgse.g., parts, can bargely diagnostic
for identifying objects like houses arwhrs (Biederman, 1987; Gauthier & Tarr,
2002). At this far end of the continuum, there is very little, if any, configural
processing (cf. Boucart & Humphreys, 1992} the other end of the continuum,
processing can be characterized as compléigtic, and thereby configural, in the
sense that processing is based on accetsriplate-like unparsed wholéese., as in
face recognition (e.g., Farah, Wilson, Drain and Tanaka, 1998).

Between the two endpoints on the dgafal processingcontinuum, varying
degrees of configural procesgican occur. The processingfioét-order information
for example, involves determining the basjmatial relations beteen relevant parts.
Let us take the human face as example to illustrate first-order information. The
chin isbelowthe mouth, the mouth &lowthe nose, and the eyes are located slightly
abovethe nose. Reed, Stone and McGiakl (2006) suggest further thatructural
information about the face includes not just fimder information but first-order
information as it relates to theerarchical organizatiorof object parts in relation to
the overall object. Structural hieraraal information, therefore, is viewed as more
configural than first-ordeinformation. Another kind ofiisual processing is based on
second-order relational informatiorin the case of face recognition, second-order
relational information refers to specific rilee distances between the hierarchically
organized different parts of the faceg.j.the distance between the eyes and the
distance between the nose ahd mouth. Humans seemlie sensitive to changes in
the second-order relational informationhaman faces. (For extended discussions of
configural processing in face recognitisae for example Boutsen and Humphreys,
2003; Calder and Jansen, 2005; Caaeyl Diamond, 1994; Diamond and Carey,
1986; Leder and Carbon, 2006; Mayrle Grand and Mondloch, 2002.)

Similar to the human face, perceptiortlod human body can also be characterized
in terms of different kinds configurgdrocessing. Marr andlishihara (1978), for
example, described the structural hiehgr of the human body in their 3D model
representation. According tihis model, the human body (and other animal bodies)
can be represented according to the redatiwrangement of the component axes of
body parts (first-order information) in relation to the principle axis of the human body
as a whole (structural harchy). The following quote from Bosbach, Knoblich, Reed,
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Cole and Prinz (2006, p. 2951) relategyious findings from experiments on the
perception of body postures to the Marr and Nishihara idea:
The processing of configural relations obady posture seems tely on the structural
hierarchy of body parts, not on the isolatedpthemselves. Structural hierarchy refers to
the organization of isolated body parts in terms of the overall object and the spatial
relationship of each part reledi to each other (cf. Mar,982). For instance, bodies are
recognized not only by thedt that the shoulder and arms are below the head but also
from the fact that the shoulder and armsiara particular position relative to the overall
structure of the body, that is, they are alwagtached to the sanpart of the trunk and
above the feet. (p. 2951)

The findings from Reed, Stone, Grubbagt (2006) support this idea of a body
representation or body schema that issctibed as a hierahical topological
representation. The body representatioocupies a place between first-order
configural processing and the holisticopessing end of the continuum. Evidence
strongly suggests that configural processing is central to both face recognition and t
recognition of human body postures (Re8tbne, Bozova & Tanaka, 2003; Reed,
Stone & McGoldrick, 2006).

Local body-part motion alone is not seféint to create the impression of human
body form. Limb symmetry and other infoation that indicates the hierarchical
organization of the human body around a principle axis of the body torso seems to
critical for, at least, re@mizing the form of the humasody. For recognizing specific
actions, a possibly more demanding task, deast a more specific task, information
about the relative nested motion ofef@rchically organized body parts may be
needed. Reed et al. (2006) maintain thatvisual recognition oftatic body postures
and dynamic bodies share similar demandsamfigural information. A viewer needs
information about the hierarchical orgaaiion of the human body. (See Casile and
Giese (2005) and Thurman and Grossn2008) for results showing an exception to
this.)

While acknowledging the lack of clarigoncerning the distinction between local
and global processing, Pinto and Shiffrh®99), for example, offer a description that
captures important aspects of the distimatiLocal processes/mechanisms are limited
in the features that figure in the procegsiThey are also limited in respect to the
spatial extent over which information is integrated, and they take place relatively ear
on in visual processing. Global processing, the other hand, isiore sensitive to
changes that occur over adar spatial extent, perhaps on the level of a delineated
whole object. Feature changes that affeet interpretation of a whole object will be
registered by global prosses/mechanisms. In the seaof biological motion
perception, the different nest motion of body parts give can rise to distinctly
different actions such as walking or cbing. More local processes might be needed
to detect minor differences in the mowent of an arm or hand in the case of
distinguishing between different ways tfrowing or waving.Pinto and Shiffrar
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(1999) suggest that the recognition of hunzations in point-light displays is an
example of category-specific processing.

6.2 Role of Form and Motion Cues

Displays of biological miion differ from both static displays of faces and body
postures by the addition of a critical temporal, or dynamic, component. Point-ligr
displays of biological motin also differ from face and body posture recognition by
the fact that they contain relatively lé@tiform information. There is no explicit
information about the contour of the humlody. This, however, does not prevent
subjects from possibly extracting body sture from the motion of the dots. The
visual processing of point-light displays requires thmmttaneous) tracking of points
over time where the points of light havdfelient velocities and are connected in a
way that strongly suggests a coherent whdlhere is no visible body contour by
which to perceptually group the moving points of light.

Reed, Stone and McGoldrick (200¢). 244)) state that “A configural
representation of the bodya how its parts relate tthe whole-body hierarchy in
terms of structure and biomechanics conssrahe interpretations of the point-light
movements.” Here, they introduce the notioraaflobal analysis. What is the nature
of a global analysis in relation to configural processing or a configural representatiot
They mention (p. 244) that “the visual s3rst performs a globahtegrationof motion
signals over time and space to create a representation of body configuration.”
biological motion perception, this means thfare are some visual processes that are
sensitive to spatial and temporal dgafal information of the human body.

Pyles, Garcia, Hoffman & Grossman (20@i3cuss their findings in relation to
the possible role of dynamic templates action recognition. They constructed
dynamic ‘Creatures’ that had bodies with @utated joints andauld therefore move
within their environment. One criticalftBrence between Creatures and human bodies
was the fact that different Creatures liiterentbody configurations, while different
humans have thsamebody configuration. While #h human body configuration and
its various motions are very familiar to,ube Creature configuration and motion is
unfamiliar. Subjects viewed fully illumated and point-light versions of the
movement of the Creatures and someilfamactions performed by human body, e.g.,
kicking, jumping and throwing. Two resultseaof interest here. Firstly, when point-
light Creature movements and familiar hammactions were masked with scrambled
motion, subjects showed little tolerance for the scrambled motion when it occurre
together with Creature movemis. Subjects were more tolerant of the scrambled
motion when it occurred together with the familiar human actions. This indicates th:
access to high-level, global information #everely impaired for the Creature
movements compared to the human actions.

Recent research has attempted to deterrthe respective roles that form and
motion information play in biological math perception. The importance of form, or
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body-based, information has been emphasized in the findings of, e.g., Lange a
Lappe (2006) and Beintema and Lappe (2002)kdntrast to this view, others have
asserted the critical role that local motjgays in the perception of biological motion
(e.g., Casile & Giese, 2005; Giese, 2006; Giese & Poggio, 2003; Thurman «
Grossman, 2008). In order to clarify tip®tential respective kes of form- and
motion-based information, | will briefly deribe these two approaches. (For further
details, see Giese (2006) for a tmagh overview of the different modeling
approaches used in motion recognition.)

Beintema and Lappe (2002) created a plight walker inwhich the dots were
randomly positioned for each frame of therdight sequence between the joints of
the body instead of being placed directly oe jiints. This effectively ruled out any
kind of processing that attempted to trable motion of an indidual point-light
(local motion) to gain informéon about limb movement, i.efprm-from-motion It
did not, however, rule out visual processingtitould use the point-light positions
associated with each sequence frame to eradbrm template, which could then be
temporally integrated to createnaotion-from-formdynamic template. Even on the
basis of the impoverished motion displayshjects could accurately discriminate the
direction of articulation of @oint-light walker. As further support for the primary role
of form-based information, Lange anddme (2006, 2007) alsoreated a neurally
plausible model based on their previous firgdi as well as the findings of others. The
model uses template matching global, configural forminformation and explicitly
has as one of its assumptions that “lgadal motion may be inferred from form
analysiswithout local motion processing” (Lang& Lappe, 2006; p. 2896, italics
added). The performance of the modeltchad data obtained from psychophysical
and neuroscientific experiments (Langeorg & Lappe, 2006; ti & Hiraki, 2006).
These results indicate that biologiaalotion perception catbe accomplished by
global form analysis.

The previously mentioned model (chap®rof Giese and Poggio (2003) differs
from Lange and Lappe’s model to the extdat it emphasized the role of both form-
and motion-based information, and it is alserarchical, i.e., recognition is built up
from a hierarchy of neural feature det@st Most important, hogwver, is the finding
that subjects could reliably identify a hampoint-light walkeron the basis of the
opponent motion of the wrists and ank{€asile & Giese, 2005; Troje & Westhoff,
2006). This was demonstrated by constructingritical features stimulus that only
included local opponent motion, i.e., thausoidal and antiphase components of the
wrists and ankles. Motion vectors for thé@t dots were completely random. Casile
and Giese (2005) also showed that oppomesiion information is similar for both
normal (whole body) and point-lig stimuli, which might explain to some extent why
the recognition of actions using whole body siingeneralizes to pat-light displays.

According to the recent findings ofhurman and Grossman (2008), local
opponent motion of the extremities, i.e., wrists and ankles, is most important fc
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discriminating point-light dislays of biological motion.This was in contrast to
velocity considerationsra apparent body structure. ddriminating jumping jacks
from walking appears to rely crucialyn the opponent motion of, for example, the
ankles. The fact that thedmdings suggest an importantle for local information
calls into question the role that configural information might still play in the
perception of biological motion. Howeverhurman and Grossman (2008) state the
following (p. 9): “ It has been suggested thaghly familiar complex patterns such as
this could make up a “vocabulary” abrts, for which we may develop dynamic
templates (Cavanagh, Labianca & Timwmn, 2001). ... Biological motion would
therefore be an ideal candidate for thpstative dynamic templates.” In other words,
the findings of a critical e for local opponent motion do not rule out a role for more
configural processing.

Thurman and Grossman explicitly assert thady postureas such is unlikely to
play a critical role in discriminating poitight animations. In my opinion this should
be interpreted to mean thethtic body posture with no motion information is unlikely
to play a critical role. So, iaddition to the findings o critical role for local motion
opponent information in discrimination tasks,could be the case that some action
representations in the formf dynamic templates may be involved in more fine-
grained visual distinctionsetween, for example, differekicking actions. Casile and
Giese (2005) state that other, perhaps nzmehisticated, tasks like distinguishing
between the genders of polight walkers or determining the emotional content in a
point-light may require additioh&nformation. They alsouggest that there is likely a
role to be played by higher level cognitive representations. For example, Giese a
Poggio (2003) also discuss the notion of ptgpes. In their model, representations
are stored as two-dimensional prototypical patterfsuaian movement. Their model
is also consistent with data obtained from psychophysical and neuroscientif
experiments.

Although it appears that the/o sides of this debate agree on the question (What
is the relative importance of motion- and form-based information in the visua
processing of point-light disays of biological motion?)they disagree about the
answer. Whereas Lange and Lappe (2006) asiph the role of global form analysis,
Casile and Giese (2005) emphasize tée of local opponent motion of the
extremities. Could it be that both sides are to some degree correct? Blake and Shifi
(2007) draw the conclusion thladth form and motion haugeen demonstrated to play
important roles in the perception of humaction. Findings from neuroscience also
indicate the integration of motion and folinformation in perceiving the actions of
others. For example, numerous studiesehahown consistent activation of the
posterior superior temporal sulcus (pSTen observing point-light displays of
meaningful actions. There is general consseribat the pSTS igarticularly involved
in the integration of motion and form. Tleeare of course othdrain areas involved
in the visual processing of biological mai e.g., premotor cortex (Saygin et al.,
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2004). See Grossman (2006) foreview of the area. Ehrelation to neuroscience
will be described in a later section.

6.3 Temporal Aspects of the Action Representation

Other researchers have also considettegl role that more configural dynamic
processing plays in biologal motion perception. Access global motion patterns has
also been described in terms of “sgsit (Cavanagh, Labianca & Thonton, 2001).
Sprites are attention-based visual routinesd to recognize familiar motion patterns.
Given the familiarity of the actions portrey in studies of biological motion, action
recognition seems to be facilitated by a stbmotion pattern that matches the global
motion pattern of the input. This suggesttthction recognition imediated in a top-
down fashion by dynamic representation$ the human form. Research on
representational momentum also suppdtis claim by showing that subjects
represent the possible dynarpaths of human motion inipming studies (e.g., Freyd,
1983, 1987; Kourtzi & Shiffrar, 1999; Verfailli& Daems, 2002). @nsistent with the
behavioral studies on representationahmatum, Kourtzi and Kanwisher (2000) also
showed that there was sige#int cortical activity in mion sensitive areas in the
brain when subjects viewed a static iragf an athlete getting ready to throw a
discus. This indicates that motion infornaatiis stored and activated together with
structural properties dhe visual stimulus.

As further evidence of the dynamic ngponent of the action representation,
Verfaillie, De Troy and Van Rensbergen (1994) sought to determine the extent
which changes in biological motion displays were detected across saccadic e
movements. Since visual information liargely suppressed during saccadic eye
movements, some presaccadic information tbase retained in order to maintain a
coherent experience of motion across saccadedaillie et al. (1994) showed that
subjects were relatively poor at detectingtpascadic forward shifts of a point-light
walker when those shifts occurred duringaacade and the shifts were consistent with
the expected forward trajectory of the mtelight walker. Howeer, subjects were
better at detecting backward shifts underdgame conditions. Verfaillie et al. (1994)
reason that the visual system can anticiplagestep-cycle position of the point-light
walker across saccades. So, when the anticipated step-cycle positasigtent with
presaccadic forward shifts, they were mdaifficult to detect because they were
expected. Backward shifts wanaexpecte@dnd thereforeasierto detect.

The temporal aspects of biological nootiperception are not restricted to the
visible stimulus, but rather extend past tinel@oint of the visual stimulus to include
information about the movement of the bodyifai$ were to continue in motion. In
another series of experiments that invedtd the anticipatory visual processing of
actions, Verfaillie and Daems (2002) letbgects view whole-body (i.e., not point-
light) animations of human actions during a priming phase. In one condition following
the priming phase, subjects were presgtntéth a static body posture that was a
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continuation of the animation in the primyi phase, but was not previously seen. The
task was then to indicate whether ot the static body pose was possible or
impossible. The results showed that sulsjgesponded faster when the static body
posture was a continuation of the animatgaviously viewed in the priming phase
compared to a static body posture that was not previously primed. The results frc
this study support the hypothesis that human actiooeption engages anticipatory
processing which in turn appears to relg the temporal aspects of the action
representation.

Recent results from Graf et al. (20073@lindicate that teporal aspects, i.e.,
future body posture, are important featucésthe action represéation. Indeed, it
appears as if the motor system alsforiims perception about the changes in the
relative position of body parts as a givetiatis performed or observed. Our ability
to perform certain actions allows us to simulate the actions in real-time. Graf et ¢
(2007) let subjects view 9 diffent actions (e.g., thromy a ball, waving both arms,
lifting something from the floor, etc.) presented as point-light displays. Critical to the
experiment was the fact that a portiortled point-light sequence was occluded. There
were 3 different occluder durations, 100,M80 ms and 700 ms. In addition, there
were also 3 different moweent gaps, also 100 ms, 400 ms and 700 ms. This allowe(
for the independent maniftlon of occluder duratioand movement gap. Normally
if a movement is occluded, the durationtbé occlusion matclsethe portion of the
movement that was occluded, and thestfirame of the sequence following the
occlusion contains a posturthat the viewer would mmally see as a natural
continuation of the action sequence indiag¢ely following the occlusion. By
independently manipulating occlusion duoatiand movement gap, it was possible to
occlude a point-light sequence for 100 ms and then show the position of the body a
would have been if 700 ms had passed instéd®0 ms. In this c&s the occlusion is
too short and the sequencepepars to jump ahead in time. If action perception
involves real-time simulations of observadtions, then subjects should make the
fewest errors when occlusion duration andvement gap are in agreement, i.e., both
are 100 ms, 400 ms or 700 ms. The tasktHiersubjects was to decide whether the
posture of the point-light actor immediately following the occlusion was a
continuation of the action in the same ori¢iotaor a different orientation. The results
showed that subjects indeed made theefd errors when azlusion duration and
movement gap were in agreement, aretéhwas a significant linear trend showing
that error rate increased with incregpidistance between occlusion duration and
movement gap.

People appear to predict the immedifateire body postures of familiar actions.
This finding of reliable action prediction supf®the role of aatin representations in
real-time simulation of external eventtSee also Wilson (2006) for an extended
discussion of the role of a human body enarl@t covert imitation.) Further evidence
of the internalized temporal, or dynamic, nature of the action representation com



134 Chapter6—- /HYHOV RI 3URFHVVLQJ DQG 2ULHQWDWLRQ 6SHF

from experiments on motor imageryeahnrod (2006) for example discusses the
occurrence of Fitt's law in mentally execdtenovements. Fitt's law states that the
time it takes to point to a target objesta function of target size and distance.
Subjects apparently internalize the maigion of physical constraints in the
environment and the physical constraiiof the human body. Many of the physical
constraints that shape the visual appearance and the internal representation of hui
movements have also been documenteidgupoint-light displays. Runeson and
Frykholm (1983) for example, demonstrated that subjects are sensitive to tt
dynamics that constrain the motion patteimghe point-light déplays. Subjects in
their studies could reliablgletect the various weights ah unseen box lifted by the
point-light actor. The length of a throw cduhlso be determined on the basis of the
pattern of motion of the thrower. Even thender of adults and ithren were detected
with reliable accuracy. More remarkable whg finding that subjects were able to
“see” deception. When the point-light actor was instructed to try and make a lifted bc
look heavier than itactually was, subjects coulsee that this was the case and
therefore could perceive the intention to deeeThey were also able to estimate the
faked weight of the box.

Within the context of the discussiobaut the configural mrcessing of biological
motion, a question arises as to how to ahterize the temporal psct of configural
processing. What kind of dynamic informati could be considered as configural
information along the temporal dimeasP Is there such a thing as dynamic
configural processing/informati@ It could be the case that distinctions between first-,
second-, and third-order motion indicate differéevels of confjural processing for
displays of motion. Garcia and Grossma&0Q8) investigated throle of different
levels of motion processing Iriological motion perceptin. They specifically looked
at the role that first-, second-, and third-order motion information play. While first-
order motion can be obtained by small changes in luminance across space, secc
order motion requires differences in relatoantrast or texture across space. So, even
when two areas have the samarageluminance, motion can be perceived if there
are sufficiently large contrast changes hestw the areas. Our ility to track third-
order motion depends, however, on more higielleontrast perception. In this case,
third-order motion mechanisms use attemtio track contrastiependent movement.
According to Garcia and Grossman (2008), it is this kinthofion perception that is
necessary but not sufficient for biologicabtion perception. Access to some kind of
form information, i.e., structure from motioalso seems to be required, and this in
turn appears to require attention.

6.4 Configural Processing and the Inversion Effect

When unmasked displays of biological nootiare viewed in an upright orientation,
the depicted actions are easily aggnized. They seem to pop out. There is
phenomenally direct access to a global, s¢imdevel of representation. An effective
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method of disturbing the caerical/semantic processing bfological motion is to
turn them upside down, i.énvert them. There is a wehlof converging behavioral
and neuroscientific results that demoatdr impaired recognition, identification,
detection and priming when displays lmiblogical motion are viewed upside down
(inverted) (e.g., Ahlstrom et al., 1997; Bertenthal & Pinto, 1994; Daems & Verfaillie,
1999; Dittrich, 1993; Grossman & Blake, 2Q®avlova & Sokolov2000; Shiffrar &
Pinto, 2002; Sumi, 1984; Troje, 2003). THeeet of changing the viewing orientation
for point-light displays can be defined ascomparative difficulty in recognizing,
identifying or detecting point-light displays of humaections that differ from a
previously viewed orientation or differ from some eBtdied canonical orientation.
In addition to this inversion effect, lr studies have demonstrated orientation
specificity in-depth. Using short-ternpriming, Verfallie (1993, 2000) found
significantly more priming focongruent in-depth displays (right and left facing point-
light walkers) than for incongent displays that differed itmeir in-depth orientation.
Olofsson, Nyberg and Nilsson, (1997) aibed similar results using a long-term
priming paradigm. Subjects were signifidgnbetter at naming previously seen
displays depicting various actions if theémped action had the same left-right in-depth
orientation. Long- and short-term primingpear to lead to siar results of view
dependence for in-depth orientations.

In contrast to in-depth m@ulations of point-light didpys, where separately left-
facing and right facing disays are easily recognized, & a display is inverted,
subjects have difficulty recognizing or nargithe action depicted in the display. The
theoretical significance of this inversion eff has to do with the fact that inverted
displays contain the same hierarchical el information as upright displays. The
same local pair-wise relatiorand their relations to a principal axis of organization
occur in inverted and upright display3he performance differences between
perceiving upright andnverted displays indicate different processing mechanisms,
and therefore by systematilgainvestigating performage differences under varying
experimental conditions, we may gain het insight into ot understanding of the
factors that influence our keen ability torpeive the actions afthers. A crucial step
in understanding the ability of humans toidjly perceive the actions depicted in
point-light displays is fiding out under what conditiorthis ability fails, and the
inversion effect has functioned as kind lidnchmark for demonstrating difference
between local and global/configural processi@tpbal processing seems to be critical
to perceiving upright displays, and the inversion effect occurs due to a lack of glob
processing. (See, however, Chang andjer'(2008), who show that local motion
processing can also give rise the inversion effect.) The following results from
various experiments demonstrate the robustoggiss effect and the conclusions that
can be drawn from it about differences in visual processing.

In one of earliest studies demonstrating the inversioaceffSumi (1984) let
subjects view inverted walhg and running sequences. Tiejority of subjects who
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reported seeing a human figure failed dee it as inverted. They reported arm
movements for the legs and leg moveraeior the arms. Other responses included
non-human elastic forms indicative of Aogid motion and mechanical changes.
These results suggest that human perception of biological motion is sensitive to t
image plane orientation of the displays. Of particular importance is the fact th¢
subjects apparently were able to see local motion in terms of the motion of arms
legs but failed to get “thevhole gestalt.” A number of studies since then have
systematically investaged this phenomenon.

Behavioral data from Ditich (1993) showed a cleamersion effect for most of
the actions included in that study. Subjeetsility to recognizehe different actions
was severely impaired when the actiovere shown up-side down. However, it was
not the case that recognition was completely disrupted. Dancing, for example, hac
recognition rate of 61% when it was viewp-side down compared to 87% in the
upright condition. Using a detection taskertenthal and Pinto (1994) showed that
subjects were unable to detact inverted point-light walker when it was embedded in
a mask of randomly positioned dots that haslghme local trajectories as the dots in
the target point-light walker. For upright walkers, detection was significantly above
chance. In this case, when the local motiafetitories of the point-light walker were
duplicated by the randomly placed mamkielements, local motion processing was
effectively prevented. Bertenthal and Birf. 994) reasoned that if subjects, however,
were still able to detect thgoint-light target when it weadynamically masked, then it
would follow logically that visual preessing occurred on a more global level.

In order to more systematically intiggte the extent to which the perceptual
stability of point-light displays is affectda) rotation in the image plane, Pavlova and
Sokolov (2000, exp. 1) let subjects viewm@n-masked point-light walker. The walker
was presented first as inverted and thremementally rotated 30 degrees until it was
completely upright. Subjects were instructied indicate when they experienced a
change in interpretation of the display. If a perceptual stimulus gives rise to mar
different interpretations, then the stimulusuisstable relative to a stimulus that does
not give rise to many different interprétans. The results from this experiment
showed that a 90 degree orientation foe thoint-light walker led to the most
interpretations. When the display wasmetely inverted, i.e., 180 degrees, there
were still relatively many interpretations relative to when the display was presente
upright. In addition to this finding, Pasta and Sokolov (2002, exp. 4) used a long-
term priming paradigm to investigate pidde priming effed as a function of
different orientations. They found only pring effects for upright or near to upright
(0-45¢ point-light walkers, where an uprigbtime display had a priming effect on
both identical upright walkerand on walkers rotated ¢fom upright, suggesting
that a “... priming effect in biological motion gartly independent of the relative
orientation of priming and primed disgi (Paviova & Sokolov, 2000, p. 897). There
was no pronounced priming effect for masked congruent inverted displays, i.e.,
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masked inverted point-light walker did nptime a masked inverted walker in a
detection task. Further findings from VRava and Sokolov (2003) indicated that
informing subjects about the inverted orientation of soon-to-be-presented stimuli d
not lead to better recogroti performance when compared to subjects who did not
receive that information. The results suggest that the inversion effect can not |
diminished through the top-down influence of prior informatibod the orientation

of the stimuli.

In an investigation of the visual hkadtlity of point-light walkers, Vanrie,
Dekeyser and Verfaillie (2004) found thathgects were much more biased towards
seeing arupright point-light walker as being oriented towards the viewer, i.e., the
subjects, than oriented awéym the viewer. This occurredespite the fact that no
explicit depth cues were available to specifynique visual interpretation. However,
for the inverted point-light walker, no such visuddias occurred. Subjects reported
seeing a point-light walkemating the viewer about 50% tife time. This visual bias
difference between upright aim/erted point-light walkersuggests that in relation to
an upright walker, the inverted walkersdipts the processing such that no stable
perceptual interpretation abotlte facing direction of #hwalker occurred. Although
Vanrie et al. (2004) stop shasf describing the mechanisms that explain the results,
they seem to suggest that global processimyirscto a larger extent for upright than
for inverted point-light wikers. Thornton, Vuong anBulthoff (2003) suggest that
complex motion perception, resolving perceptoistability, may be mediated by top-
down access to stored dynamic template® fidte of the templates is to understand
the meaning of the stimulwgthin the contexbf previous experience and knowledge.

Results from Loula et al. (2005) shovatipeople are more sensitive to their own
movements than the movements of stramg&xpressive actions like boxing and
dancing carry specific information about the individual performing the action, and ar
subsequently recognize better than actitbrad are more “common” like running and
walking. The recognition of actions in inved displays is not gater than chance and
shows that there is little, if any, processing of configural inédiom in the inverted
displays.

Ikeda, Blake and Watanabe (2005)pvide further evidence for the role of
configural processing in peeiving upright and inveed biological motion. They
found that our ability to digtguish coherent displays @fological motion (kicking,
jumping, walking, running and throwinghkall) from scrambled displays depends on
where the biological motion stimulus appearshia visual fieldVisual processing for
upright displays was very sensitive to changes in stimulus position away from fove
vision, despite compensating changes in spatial scaling. For example, changes i
degrees of eccentricity from central visited to a relatively large decrease in
performance. It was also found that the inversion effect depended on stimul
eccentricity. The ability to distinguish beten coherent and scrambled biological
motion displays was better for upright digfdacompared to inverted displays for
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foveal vision. However, when the upright and inverted displays weesented at the
12 degree periphery, there was no such adganfor the upright displays. For this
condition, there was no invéos effect. This, however, wawt due to the fact that
subjects had a difficult time seeing the motion of the dots. Ikeda et al. (2005) repc
that subjects were able sze dot motion in nearllaf the conditons. Instead, it
appears that visual procasgiof biological motion in theeriphery lacks the capacity
to perceptually group the moving dots irtoherent meaningful percepts. They also
conclude, somewhat speculatively, that thgults point towards the use of an active
top-down processing strategyathhas access to storecpmesentations of different
kinds of actions.

Recent studies using normal control subjects and subjects with amBiyrpia
been carried out to determine the extent to which there may be processing differen:
for upright and inverted poidight displays. In one ofhese studies, Neri, Luu and
Levi (2007) investigated the extent to which global form processing might be reduce
in amblyopic subjects. In ordéw isolate the global form-bed processing, Neri et al.
(2007) rendered the local mati trajectories of the poilight display uninformative
by masking them with dots that had the same trajectories. Subjects were then giv
the task of discriminating b&een a target (a cohergmbint-light action) and a non-
target (a scrambled version thfe coherent point-light sion). This ensured that the
only difference between the targets and temgets was the global form information
in the targets. Targets and ntamgets were also presenteither upright or inverted.
Subjects separately viewed the stimulith their amblyopic eye and their non-
amblyopic eye. The results showed thhe inversion effect occurred for the
amblyopic eyes as well as for the non-amblyopic eyes, even though performance v
diminished for both upright and invertedsgiays for the amblyopic eyes. On the basis
of these results, Neri et al. (2007) ntain that visual processing in amblyopic
subjects includes iatt global form-based processirihey also use the term ‘high-
level to refer to léer stages in the motion processing hierardtey suggest, in line
with previous descriptions, that ‘high-level’ refers to processing that attempts t
retrieve structure from motion. The terim intended in a broad sense to include
motion processing that takesapé after optic flow extractipand after the processing
of local information occurring in translati and rotation pattern¥hey conclude that
access to stored ‘high-level’ upright tiom patterns is preserved in amblyopic
subjects. Inverting the poifight displays disrupts thiginal recognition stage of
visual motion processing.

40 Thompson et al. (2008, p. 1) describe amblyopia as “a developmental disorder of the visual syst
caused by ocular abnormalities early in life. Whilegsuy or optical correction of refractive errors can
often address the initial cause of the amblyopia (e.g., strabismus), once amblyopia has developed, ¢
interventions cannot restore visual function since soph itself is a cortical deficit.” Furthermore,
they add that visual processing defiagtur in striate ahextra striate areas.
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The inversion effect might not, howevér limited to the lack of global form-
based processing in inved displays. Thompson, dje, Hansen & Hess (2008)
suggest that there might bel@ast two separate inversionexts, one that is the result
of visual access to the global form-basefrimation in the point-light stimulus and
the other that is the result wisual access to local motion information. In order to test
this idea, Thompson et akq08) created two sets ofotmgical motion displays. One
display preserved the global form-basedormation by masking local motion
information of a coherent point-light walker with a dynamic mask, and the othe
display preserved local motion informati by scrambling the otherwise coherent
global pattern of the dots but yet retainig motion trajectories of each individual
dot. Thompson et al. (2008) let amblyopic g view the different displays and try
to discriminate the walking direction dfe coherent (preserved global form) and
scrambled (preserved local motion) poight walkers. The results confirmed the
previous findings from Nerét al. (2007) but also showed that the inversion effect
could be obtained for the local motiatisplays for both amblyopic and control
subjects. The inversion effedtowever, was larger for the scrambled displays in the
amblyopic subjects compared to the consalbjects, suggesting that amblyopic eyes
have more difficulty seeing the global foimthe coherent display. Thompson et al.
(2008) view their redts as supporting previous fimdis (e.g., Casile & Giese, 2005;
Troje & Westhoff, 2006) showing that localotion information can play a role in
biological motion processing.

6.4.1 Visual Learning and the Inversion Effect

Although it is certainly the casthat the visual perceptiasf point-light stimuli is
disrupted when they are inverted, some results show that subjects are able to lear
visually process inverted stimuli succedigfunder some conditions. For example, the
results from the studies of Pinto arfhiffrar (1999) showed that detection
performance for inverted displays, althouighpaired, was signifiaatly better than
chance. Furthermore, in a series of experits that addressed the issue of learning
arbitrary and biological motion, Hiris, Krebeck, Edmoiagsl Stout (2005) found that
significant learning could oceuor inverted biological mion stimuli, but learning
was limited to a specific circumstance. Whseibjects were given the task of detecting
inverted stimuli, and detection could baccessfully performed by only focusing on
the motion of a few dots, the results showikdt the detection of inverted stimuli
reached performance levels that were ilsimto the upright stimuli. Critically,
however, when subjects were required te asmore global processing strategy in
order to determine the whether or not the bottord top halves of the point-light
target were moving coherently, performance for the inverted stimuli was severe
reduced to levels similar to the visual pessing of arbitrary stimuli. These results are
consistent with the previously mentioned sasdihat suggest thgtobal processing is
severely impaired for the inverted point-light displays.
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Relevant to the issue of learning obloigical motion, Jastorff, Kourtzi and Giese
(2006, exp. 2) let subjects view 2 kinds pfint-light displays. One kind of display
consisted of movements that were eagigrceived as being human-like. These
movements were created by morphing ket two “real” actions, e.g., running and
marching. The other kind of displagonsisted of non-human-like artificial
movements. The movements, however, were coarsely matched to the structure of
human-like displays. The purpose of the experit was to investigate the extent to
which learning human-like and non-human-like movements may differ. It could be th
case that learning mechanisms may be more sensitive to human-like stimuli than nc
human-like stimuli. Learning was assebsey interleaving traiing phases with
subsequent test phases. In the test phagbggcts had to state whether or not a second
stimulus matched the first one. A furtheranipulation in the experiment was the
orientation of the stimuli during training amekting. During training, the stimuli were
rotated by 90 degrees (i.e., not complete inversion) in the image plane. The stimuli
the test phases were showntire “usual” upright oriemttion. The issue addressed
with this manipulation was the extent which discrimination performance would
“carry over” from the rotated training phase to the upright test phases. The resu
showed that while subjects were ableléarn the rotated stimuli, there was no
performance generalization from the rothatstimuli in the training phase to the
upright displays in the test phase. Thias true for both the human-like and non-
human-like stimuli. The visual experigm of a point-light movement from one
perspective or orientation does not seematilifate the visual mrcessing of a point-
light movement from another perspectivestddf et al. (2006) also showed that fast
discrimination learning for articulated pilight movements depended on access to
information about the underlying skeletof the human actorDiscrimination was
much more difficult when that informatiomas spatially scrambled and therefore not
available to visual processing.

6.4.2 Brain Activity a nd the Inversion Effect

Recent data using fMRI shows that thecatited movement diuman bodies leads

to significant activation of the posterior superior temporal sulcus (pSTS) and to i
important role in biological motion perception (e.g., Grossman, Battelli & Pascaul
Leone, 2005; Peelen, Wiggett, & Downing006; Peuskens, Vanrie, Verfaillie &
Orban, 2005; Pyles et al., 2007; Vaina&8oss, 2004; Vaina, Solomon, Chowdhury,
Sinha & Belliveau, 2001). When it comes to processing upright point-light displays ¢
biological motion, the pSTS (lgely right hemisphere, but also bilateral) seems to be
particularly critical. For example, Peelen al. (2006) let subjects view 4 kinds of
stimuli: solid whole body figures, point-light actions, faces and scrambled point-ligh
controls. One of the important contributioimsthis study concerned the dissociation
between different posterior cortical are#tsat become activated by point-light
displays. While the extrastriate body a(E®8A) and the ‘fusifom body area’ (FBA),
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appear to respond to the presence ofdhm of the human body, the pSTS appears to
integrate bodymovementinformation over time. Pylest al. (2007) also obtained
fMRI data while subjects viewed fully illuminated and point-light “Creature”
movements and human actions. “Creatures!’ dnrdiculated jointgonnected to a body
which allowed them to move through theinvironment. The advantage of creating
these kinds of creatures wittody configurations that wegece-wise rigid was that
point-light animations of @Gature movement could beeated in a way similar to
human point-light displays. The majdatifference between Creature and human
movement was the different body sttures. Blood oxygenation level dependent
(BOLD) signal changes were measured whkabjects viewed fully illuminated and
point-light stimuli. The results showed gsificantly higher levebf activation for the
familiar human actions than for the Creature movements, even when subjects h
previously given the Creature movemenighhiatings of animacy. It appears that the
pSTS is selectively sensitive to familianeaningful human action. These results
support the previously mentioned hypothesggmrding the role of high level dynamic
motion templates that represent the undegdystructure and predictable motion of the
ways in which humans move. Given previgasults showing thahverted biological
motion displays are more difficult to idifiy, recognize and dect under various
circumstances, what role might processinghim pSTS play in ouability to perceive
the actions in inverted point-light displays?

In an fMRI study, Grossman and Bla@901) had subjects vieupright, inverted
point-light displays depicting various aat@ Scrambled point-light displays were
also viewed as a baseline condition. Thenpbight displays wee not masked. A 1-
back task was used during the scanningueaces. For this task, subjects were to
respond when the current stimulus was fa&h to the immediately preceding one.
The results showed significant BOLD resiges in 6 of their 8 subjects for the
inverted point-light displays in pSTS coemed to the scrambled displays. Activation
in pSTS was also significantly greater for upright displays than for inverted ani
scrambled displays. These results suggesthiea¢ is some level of visual processing
in the pSTS that supports therception of inverted dispta. Verbal reports from the
subjects in Grossman and Blake (2001) ¢atk that some point-light actions were
recognized as being presented upside-ddBiwen the fact thaa critical difference
between the scrambled and inverted displagd to do with the absence or presence
of a coherent form, it seems reasonableléom that some ofhe processing of the
inverted displays was related to the cohefenin of the inverted displays. So, there
may be enough global form processingtpport the level of performance observed
for the inverted displays in the 1-batksk, but not enough teeach the level of
performance observed for the upright displays.

In a further attempt to understand théerthat pSTS plays in the perception of
biological motion, Grossman et al. (2006%ed repetitive transcranial magnetic
stimulation (rTMS) to temporarily disturprocessing within the pSTS in the right
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hemisphere and then measure the peréorce of biological motion processing.
Subjects in this experimentexved different point-light aains, i.e., kicking, walking,
throwing etc. The point-lighactions were prestad upright and inverted. Scrambled
versions of the actions were also creatwd presented to the subjects. All stimuli
were embedded in a dynamic mask to reduce the occurrence of ceiling effects.
should be noted here that there were fenvasking elements for the inverted displays
since the perception of inverted displaysriere difficult. The task for the subjects
was to indicate which displays contairtté non-scrambled and scrambled point-light
actions. The results showed that performaguréer to the administration of rTMS was
similar for upright and invertedlisplays, which was largely due to the fact that the
inverted displays contained fewer mimgk elements. When, however, performance
was measured during the time frame favgassing disruption due to rTMS over the
pSTS, performancdecreasedsignificantly for the upright displays compared to the
results prior to administration of rTMS. Fthe inverted displays, there was no such
reduction in performance. It should also mmentioned that rTMS applied to area
MT+/V5 in the left hemisphere, anotherotion sensitive area for more low level
motion, did not have an effect on performance for upright or inverted displays.
Processing in the pSTS is apparentlycessary for the configural processing of
upright displays. For the inverted displattsere appear to be some other processing
mechanisms that are either outside the p8T®ere not suffi@ntly disrupted by the
applied magnetic stimulation.

Using magnetoencephalography (ME@avlova, Lutzenberger, Sokolov and
Birbaumer, (2004) had subjects performi-dack repetition task when viewing an
unmasked upright and invertpoint-light walker. Despiteeporting inverted as being
more difficult, subjects were equally accuratethis task for inverted and upright
displays. Moreover, viewing inverted iptlight walkers significantly increased
gamma-band (25-30 Hz) MEG over the odeipareas. They conclude that the
discrimination between uprighinverted and scrambled sglays is “likely to be
accomplished at relatively early staged, cortical processing.” Evoked gamma
enhancements reached a maximum at 10(aftes stimulus onset. Consistent with
previous findings of an inveion effect, the behavioralata showed that subjects
found the upright point-light displays momeeaningful in the sense that the upright
walker was rated as highlyivid, whereas the invest displays received a
significantly lower vividness tang. Paviova et al. (2004naintain that the early
gamma band response registered by uprigtitiaverted displays serves to dissociate
the spatial coherence in these displays from the spatially scrambled displays. La
(130 ms and 170 ms) increases in gantmaad response for the upright displays
compared to the inverted displays were foimthe right temporal lobe. Pavlova et al.
(2004) assert that these inases that were obtained yribr the upright displays
reflected neural processing involved gaining access to the meaningful structure
when viewing those displays. So, it maythe case that while there is some level or
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degree of visual processing of coherenttioro in inverted displays, there is no
successful matching to stored dynamic tkdgs. Early activation indicates this
coherent form motion processing and lateivation indicates access to meaning, i.e.,
identification, recognition, etc.

Jokisch, Daum, Suchan, and Troje (2005¢d event related moitials (ERPS) to
assess the level of corticattivation associated with esving upright, inverted and
scrambled biological motion. Subjects wereegi the task of pressing one key if they
saw a point-light walker that was either igit or inverted and another key if the
walker was scrambled. The results indicateat upright display$ed to greater peak
amplitude for the N170 component (peak amplitude within 150-200 ms latenc
window) than for the inverted shlays. They intemet the activity assmated with this
early component as reflecting processing diffees for upright and inverted displays,
i.e., the inversion effect. In addition to tHisarly” component, Jokish et al. (2005)
also found significantly greater amplitudetire N300 component for the upright and
inverted walker than for the scramblegmlay. They suggest that the N300 reflects
the top-down processing that is neededriter to potentially re$ee visual ambiguity
and illusory conjnctions. This kind of processing tisought to beassociated with
making more fine grained ayaks between for examplebsuwdinate level objects or
actions. Jokish et al. (200¥5yiefly discuss their results in the context of the results
from Pavlova et al. (2004)nd suggest that they are accordance with one another.
The occurrence of timing differencestiveen the gamma activity and the ERP-
components in the two studieslikely due to the diffenet recording techniques and
analysis methods.

Jokish et al. (2005) relate their findis to the global processing of upright
displays and pop-out phenomena that reqadeess to high-levelortical areas. They
suggest that Hochstein and Ahissar’'s (20B2Vverse Hierarchy Theory (RHT) is a
fitting theoretical framework from which to explain their data. The short latency of the
N170 component is consistent with the féstdforward processing associated with
the pop-out effect. Much of the previouslgscribed evidence ingdites that upright
point-light displays are quitk processed as holistic dgmic gestalts, and subjects
have early access to the categorical information, or meaning, of the stimuli. This wh
Hochstein and Ahissar (20023l “vision at a glance.” The later component, N300 is
conjectured to reflect thep-down processing that is needdin order to potentially
resolve visual ambiguity and illusory conjtions. This kind of processing is thought
to be associated with making more fine grained analyses between for examj
subordinate level objects actions. Hochstein and Ahisg@002) refer to this kind of
processing as “vision with scrutiny.” Thelation between the visual processing of
biological motion and the theoretical framork of RHT will be discussed further
below.
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6.5 Levels of Processing and Attention

The distinction between locaind configural processing &f course related to the
distinction between low-ral high-level processing respieely. These distinctions
also have their counterparts in termsattention processes where active attention is
associated with top-down conceptuallyven processing and more passive attention
is associated with bottom-up or stimuldsven attention (Thornton et al., 2002).
Moreover, bottom-up, stimulus driven, atien occurs early on in visual processing
whereas top-down, conceptually driven, msging occurs relatively late in visual
processing.

A further aspect of the global processiof biological motion is the role that
attention plays. The ability to see depictations in point-lightlisplays of biological
motion appears to require attiem. Thornton et al. (2002) g&ed subjects using a dual
task paradigm to assess the attentional demands in viewingtdighbi walker. The
primary task involved detéog the in-depth dection of the walker whereas the
secondary task involved determining orierttatchanges for four rectangles that were
displayed in the same dynamic mask as thetgight walker. The git of their results
revealed that performance on the secondask was significantly reduced as the
inter-stimulus interval (1Sl) increased betweba static frames of the sequence and as
a function of type of dynamic mask (randemscrambled). Thdifference between a
random mask and a scrambled mask isithatrandom mask, the motion/trajectories
of the individual masking elements and thepatial organization are random whereas
in a scrambled mask, the motion of the individual masking elements matches tl
individual elements in the point-lightrgget. So the difference between the motion
pattern of the point-light target and the scrambled mask is that the scrambled mas}
spatially scrambled, i.e., it does not shang spatial coherence with the target. When
the point-light target walkers were psgately masked by random and scrambled
masks, there was a significantly greatetuction in performancassociated with the
secondary task when the walker was shawa scrambled mask as compared to a
random mask. Attention seems to play a noleprocessing didpys of biological
motion, and more attention is required whte displays are masked by scrambled
elements.

It is important here to understand maecifically what Thornton et al. (2002)
are claiming. They discuss the role aiftive and passive motion processing in the
perception of biological main. Passive motion processimmydescribed in terms of
low-level processing which takes place edrlythe visual pathway. This low-level
processing is also more automatic in the sense that it places relatively less demanc
attentional resources, as can be demonstiaeithe intact performance of low-level
processing when a secondary task is introduced. Active motion processing, on t
other hand, is characterized as high-leVelis more susceptible to the attentional
demands created by a seconde@sk. Active motion processing is also described as
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exhibiting a top-down level influence onwedevel tasks or processes and requires
more attention.

When it comes to viewing point-lighdisplays withoutattention demanding
secondary tasks, the processing is moreiy@dsw-level and automatic. A shift from
this level of processing to more active gessing can occur if an attention demanding
secondary task is introduced. The resultsnfrThornton et al. (2002) show that “the
human visual system can prdei such efficient processinga at least two separate
routes — a passive, automatic system thaffected only slightly by the withdrawal of
attention (baseline, randomask performance, experimehtand 2), and a top-down,
active system that is much more deperiden the availability of attentional
resources.” (p. 851) | will retn to this distintion shortly. In conclusion, there seems
to be a wealth of evidence suggestingttthe perception obiological motion in
point-light displays is based on access tadal, holistic high-level representation of
human motion. Results from Battelli, @magh and Thornton (2003) showed that
parietal patients with intaébw-motion processing mechiams had severe difficulties
in a visual search task of biological nwtidisplays. The obvious interpretation is that
more high-level visual processing is nesaay for biological motion perception. The
high-level visual processing referred to hier@udes attention based integration of the
different moving dots into a coherentpbhl percept, a kind of dynamic gestalt.

In a further series of experimenthornton and Vuong (2004) extended their
investigation of the respective roles of battap and top-down effects and attentional
processing. Using a flanker paradigm, tlodyained results that showed an influence
of passive bottom-up processing. Subjects welckto view a centrally located point-
light walker and to report the direction wwhich the figure appeared to walk, either
left or right. For some of the trials, however, the central target was surrounded, i.¢
flanked, by 4 other point-light vileers that could either be walking to the left or to the
right. This created situationghere the direction of the fi&kers could be congruent or
incongruent with the central target. Thegjor issue was the extent to which the
flankers would influence the time it took sebfs to report the walking direction of
the central target. It is iportant to mention that sudgts were told to ignore the
flanker stimuli. The gist of the results widmt it took subjects significantly longer to
report the walking direction of the cealrtarget when it was surrounded by
incongruent flankers, i.e., point-light walls walking in an oppde direction than
when it was presented alone and wihiemvas surrounded by congruent flankers.
Subjects apparently incidentalprocessed the flankers to the extent that they had &
negative influence on determining the watkdirection of the central target.

According to Thornton and Vuong (2004), theidental processg is achieved in
a passive, bottom-up fashion. But insteddottom-up processes being involved in
local processing, the results suggestieat bottom-up processing was involved in
accessing the global motion of the flanker stimuli. This was demonstrated in anoth
experiment where Thornton and Vuong (20@4g¢ated scrambled versions of the
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flankers, which had the effeof disrupting the global ntiwn but preserved the local
trajectories of the different walking dirémts. Under these conditions, there was no
performance difference between congruemd incongruent conditions for the
scrambled flankers, whereas for the “nornfidhkers, the negative influence from the
incongruent flankers was régated. This shows thatdrbottom-up passive processing
that leads to incidental pressing of the flanker stimuli occurs when visual processing
has access to global motion but not when access is limited to local motion processil
In this case, global motion processing @atur in the absence of more active and
top-down controlled processing.

The gist of this research is that attention seems necessary for biological motit
perception. The further question is what kofdattention is neasary. The previously
mentioned results from Thornton and hidleagues indicate thaat least passive
attention is necessary. It is important to note, however, that attentional demands w
be a function of the visual task. It should also be pointgdhat the results from the
experiments mentioned above haweeib limited to displays using ampright point-
light walker. The role of attention in thegmessing of inverted siplays of biological
motion is largely unstudied.

Many of the previously mentioned fimdjs on biological motion perception point
towardsearly access to a global holistligh-level of processing, which is where
semantic information is accessed. The semamfticmation in these cases has to with
the ability to makesategory judgments between badsieel categories. The suggestion
that access is early and hitgvel seems somewhat comtietory if one takes the
‘standard’ starting point thédw-level processes occur early and high-level processes
occur late in visual perception.

Along with Jokish, et al(2005), | suggest that Hostein and Ahissar’'s (2002)
Reverse Hierarchy Theory (RHT) could functias a useful framework from which to
gain further insights abodhe levels of processing iniological motion perception.
According to RHT, explicit perceptiois characterized by conscious access to
recognition and identification. The reverse mataf the visual proessing hierarchy is
indicated by the idea thabnscious visual perceptidreginsat high cortical areas via
initial feedforward mechanisms that piititly follow a bottom-up hierarchical
pathway. Top-down, or revershierarchy processing occuedter initial explicit
perception and is characterizby the operations deedback mechanisms in order to
make fine grained perceptual discrintinas like precise object/feature location,
retinal size and color as well as componaotion. The further claim of RHT is that
explicit high-level perception is wheregasic level category judgments are made.
Hochstein and Ahissar term this level oftiml explicit perception as ‘vision at a
glance,” and it also reflects the activity lafge receptive fields dfigh cortical areas
and spread attention of initial perception. At the other (low-level) end of the
processing continuum, ‘vision with scnyf involves focused attention and the
activation of small receptive fields in loweortical areas. In contrast to previous
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ways of describing the tgmoral aspects of visual @essing where high-level
processing is deemed ‘late’ and low-lepebcessing deemed ‘early’, Hochstein and
Ahissar claim thahigh-level processingccursearly andlow-level processingccurs
late.

The idea here is that the visual quabfybiological motionperception for upright
displays is pop-out like, and this indicates global processing as well as quick access
semantic level representations. Consisteith Hochstein and Ahissar (2002), the
perception of inverted displa could be characterized as an example of illusory
conjunctions. There is some anecdotlidence to suggesthat people have
difficulties in creating proper conjunctionsf the individual points of light. So
perception of inverted displays could bédst demonstrate the effects of top-down
processing in the sense that the default visl@ upright orientation and this creates
false conjunctions in the peeption of inverted displays. As Hochstein and Ahissar
(2002) say,

Thus, initial object recognition incorporates a priori “assumptions” influenced by
experience. These features of initial high-lexislon are a natural and direct out come of
the receptive field properties of object-related neurons. (...) Thus vision with scrutiny is
required to unbind initial incorrect conjunctions and revise vision at a glance when
unexpected conjunctions are mestin the scene.” (p. 796)

As Hochstein and Ahissar (2002) indieatRHT (Reverse Hierarchy Theory)
predicts that when attention is focused dotw specific low-level cortical activity,
default high-level detection may be nepromised, and parallel activity may go
unnoticed.” This line of reasoning is corsi®t with the reasoningn Shiffrar et al.
(1997) where they show that global processe involved in thperception of upright
biological motion displays across aperturesthat this global processing is impaired
when inverted biological motion displayseariewed across apertures. Their findings
show that global processing is associated with viewing uprighliagisiand that local
processing is associated witlewing inverted displays.

6.6 Summary and Further Empi rical Issues to be Studied

The previously reviewed research suggesiat action recognition is mediated by
access to a cognitive representation of thegeized action. According to this view, a
dynamic template of the recognized actiserves as a reference from which to
compare the visual input of observingother person performing an action. For
example, Daprati, Wriessnegger and Lacquaniti (2007) asserthih observational
learning of different actions relies on the rgiruction and development of such a
dynamic template. Orientation differencés the image plane make configural
processing difficult. Access, however, to a dynamic action template is disrupted t
image plane rotation, and differently orted point-light walkrs by 90 degrees or
more are unable to prime one anotfavlova & Sokolov, 2000). Not even prior
knowledge about display inveosi is sufficient to offset the negative effects of the
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different orientations (Pavlov& Sokolov, 2003). A centraksue to be explored in the
next chapter concerns the relationship leemvdisplay orientation in the image plane
and access to semantic information about dlgtion category that is carried by a
dynamic action template.

In addition to the previously mentioned findings that th&uai processing of
upright point-light displays includes asseto semantic information or meaning,
similar findings have been obtained by Bart and Humphreys (1992) in the area of
object identification. In a series of éxperiments, Boucadnd Humphreys (1992)
investigated the relationship between visglabal processing and access to semantic
level information. The major issue was whet or not automatiaccess to semantic
information occurs as a resuoit the global processing ofifaliar objects. The objects
in their experiment were taken from two stgdinate level categories, i.e., 6 vehicles
and 6 animals. In their experiments, sutjagere presented with a reference object,
e.g., a sailboat. This reference object was@nted as an outline drawing with a clear
contour. The contour included informatioboait characteristiparts of the object,
e.g., wheels for some of the vehicles angsléor the animalsShortly after viewing
the reference object, a pair of fragmemhtobjects was presented. Fragmentation
consisted of breaks in the contour inforraati At this point, the subjects indicated
which of the two fragmented objects nfad the reference obfeaccording to the
global shape of the @drts. The important maniptian in terms of the present
research was the semantic relatedness degtvihe distractor in each pair and the
reference object. Half of the distractors (which did not have the same global shape
the reference object) were semantically teddato the reference object, i.e., came from
the same superordinate category. The other half of the distractors were semantic:
unrelated to the reference object. In addition to this manipulation for familial
nameable objects, Boucart and Humphreys included nonnameable objects, which w
distorted versions of the familiar objects. These nonnameable objects had the sa
global shape as their nameable versions,thetfragmented contour elements were
rotated such that the colinearity of the ederis was disturbed, which in turn led to
severe naming difficulty. The logic of the experiments was as follows. If semantir
level information is accessed in the tasknwdtching for global shape, then subjects
should take more time and make more emdren semantically related distractors are
present than for semantically unrelatedtrdictors when presented with nameable
stimuli. For nonnameable stimuli, this difference should not occur because subjec
are unable to access semantic level infaimnaabout the identity of the presented
object pairs. If subjects amgnable to name the stimuli, then there should be no
interference from semantic relatedness.

The results showed that subjects lmdomatic access to semantic information
about object identification when they are riegd to attend t@lobal physical shape
defined by the orientation of the object'simaxis. When subjects in the experiments
were given the task of simply attending to the global shapardus objects, their
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matching performance was affected by Heenantic relatedness a simultaneously
presented distractor. The effect of set@relatedness was only found for nameable
objects. When nonnameable objects weredusio effects of semantic relatedness
were obtained. Boucart and Humphreys (1982804) conclude, “The results of the
present series of experiments, however, stiwat semantic information can interfere
with responses made on the basis of early visual codes.” Hence, there is evidence
the area of object identifian that global shape cannbé attended without object
identification. In addition to the manipulation of “nameableness,” Boucart anc
Humphreys included a manipulatithat is critical to thexperiment presented in the
next chapter. As a further method of mipulating access to semantic information,
they inverted the objectslnverting the objects would disrupt semantic level
processing and should therefore avoid angasdic interferencevhen deciding which
fragmented objects had the same global slaapihe reference object. This is indeed
what was found. It is important to noteattBoucart and Humphreyassert that access
to the global shape of the objects occurgmwithe objects are presented in an upright
orientation and that this automaticallgabs to semantic level processing, i.e.,
information about object categories.

Given the inversion effect in the peption of biologicalmotion processing, a
similar line of reasoning can be used mwdstigate access to semantic (high-level)
processing of point-light dispya of different kinds of aatins. If subjects view upright
displays, then they should also have asc® semantic/category level information
about the different actions, i.e., the actimmne from differentaction categories.
When viewing inverted actions, on the athieand, previous research suggests that
access to semantic level information ideatst disrupted and therefore should prevent
any ability to categoricallyistinguish between the actiodgpicted in the different
displays.

Results from Grill-Spector and Kanwisher (2005) also support the notion that th
ability to distinguishbetween basic level object cateigsroccurs quickly and early on
in visual processing. Subjedtstheir experiments viewed mt images at 5 different
exposure durations of 17, 33, 50, @d 167 ms. The images were masked
immediately following presentation. Three separate tasks were to be carried out. F
the objectdetectiontask, subjects were instructedsionply indicatewhether or not a
grey-scaled photograpbontained an object. For the objecategorization task,
subjects were instructed to categorize thedbin the picture at the basic level (e.g.,
car, house, and flower). The third task vaéso a categorization task (within category
identification), but hee subjects had tadentify objects on a subordinate level of
classification (e.g., kind of car). The purposf the experiments was to see if the
visual detection of objectsrecedes perceptual categorization. A further purpose was
to investigate the extent to which objeet® categorized on a coarser level (basic)
before being identified “at a finer grain,”ge, subordinate level. If reaction time and
accuracy differ for the different tasks,ethit would seem that the different tasks
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require different processing times. Suchdifference could also be interpreted as
involving different mechanisms for the different tasks.

The results from Grill-Spector and #aisher (2005) revealed no significant
differences between object tdetion and categorization (basic level). There were,
however, significant differences betweenedtion and categorization on the one hand
and identification on the other. The iddictition task resultedn generally longer
reaction times and lower accuracy when coregdo detection and categorization. On
the basis of the results, Grill-SpectandaKanwisher (p. 159) assert that “object
detection and categorization performance are based on the same percepi
analyzers.” Humans appear to have early sg£te semantic level information in the
form of basic levebbject categorization.

In the research presented here, whilet directly assessing the differences
between active and passivepessing, the active-passivetitiction can be applied to
the perception of upright andverted displays of biologal motion. Viewing upright
oriented point-light displays of familiaactions under ‘normal’ viewing conditions
(without increasing ISls, or using apeds or dynamic masks) may only require
passive processing, whereas viewing invedisglays will require active processing.
So viewing upright displays will plackess demand on attentional resources than
viewing inverted displgs. | think this way of interpting the privileged processing of
biological motion in terms of speed and aemy demonstrated in previous studies
best captures the data from a theoretmaiht of view. Whenpeople view upright
point-light displays of bialgical motion, they are gairg quick (early) automatic
access to high-level semantic represemstiof global motion patterns for human
actions, perhaps as motion pattern neur@@®se & Poggio, 2003) or as sprites
(Cavanagh, et al., 2001). With regard te ttole of attention] am not taking the
position that the perception biological motion can be sucgsful without recourse to
attention. The view presentbére, and in line with Revardierarchy Theory, is that
it is rather spread attention, not focal atitem that is needed tperceive biological
motion under standard or normal viewing conditions.

The claim here is that global, high-léypeocessing in the perception of biological
motion is characterized by (phenomenally) direct access to the categorical nature
the motion presented in a point-light displd)e categorical nature of the display is
the basic level action depicted in thesmlay. The next chapter describes an
experiment that directly tests the relatioipsbetween access to high-level semantic
information about action category and action orientation.



Chapter 7 - Automatic Activation of Category Information
and the Inversion effect in Displays of Biological Motiof

Behavioral and neuroscientifiresults from experimentsn the visual processing of
upright and inverted dispfa suggests differential eess to stored high-level
representations and/or diffeteprocessing mechanisms that mediate perception of
upright and inverted displays of biological motion. More specifically, findings from
experiments on biological rtion perception indicate thelfowing differences in the
visual processing of upright and inveriidplays. For upright (non-masked) displays,
visual processing:
X is fast and “automatic” (indicates papr) (Jokisch et al., 2005; Giese &
Poggio, 2003);
x involves high-level global processingiechanisms (Bertenthal & Pinto,
1994; Shiffrar et al., 1997);

X involves access to categorical information (Dittrich, 1993, Pinto & Shiffrar,
1999) and

X requires attention (Battelkt al., 2003; Thornton edl., 2002; Hirai et al.,
2005).

There is an apparent conflict between the first and last points in this list. While |
acknowledge the apparent conflitem not prepared to seathat they are necessarily
mutually exclusive. The conflict might bmore apparent than real. Recall that
Hochstein and Ahissar (2002) describe vision at a glancdileing spead attention
to capture the gist of scene or to detecectsj at a basic level of description. Spread

“L The experiment presented in this chapter wasezhoiit by Sigridur Palsdéttir who did her senior
thesis on the topics presented here. Many thanks to Sigridur for herMerkontents of this chapter

have been presented previously at 3 different conferences (Hemeren, 2003, 2005; Hemeren &
Palsdéttir, 2003): 26 European Conference on Visual Petiep Paris 2003; XII Conference of the
European Society of Cognitive Psychology, Granada, Spain 2003 and XXVII Annual Meeting of the
Cognitive Science Society, Stresa, Italy 2005.
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attention is thought to initily guide the initial feedfovard processing in visual
perception. In this sense, biological motion perceptian be both automatic and
require attention. | will discussithissue further in Chapter 7.

Concerning the relationship betweeplgdl processing mechanisms and access to
categorical information, results from objeetognition studies indicate that access to
the global shape oftatic objects automatically activates identification (Boucart &
Humphreys, 1992). Therefore, to the eattehat displays of biological motion
representdynamicobjects, information about the cgteical nature of the depicted
actions may be automatically accessedstial processing occurs on a global level.

In relation to the factors characterizinge throcessing of upright actions and for the
purpose of the work presented here, thisreevidence to suggeshat the visual
processing of inverted actions:

X is slower and indicatekess (if any) pop-out (@trich, 1993; Paviova &
Sokolov, 2000);

X impairs accurate high-level global pessing and appears to rely more on
local motion processing (Pavlova & Sokolov, 20B&to & Shifrar, 1999)
and

X impairs access to categal level information (Pinto & Shiffrar, 1999).

X There is no specific data dhe role of attention ithe visual processing of
inverted displays.

The central issue to be investigated ia &xperiment in this chapter concerns the
relationship between display orientation arnsual access to categorical information
associated with different dynamic action tdates. More specifidly, if categorical
information is automatically agtited, then effects of that information should be seen
to a greater extent for upright displays ttfaninverted displays. This follows from
the previously mentioned findings on thevénsion effect, which disrupts access to
configural/global information.n order to assess the extent to which categorical
information is used by subjects, different kinds of actions will have to be used ¢
stimuli. Much of the biological motion researshs used the point-light walker as the
primary stimulus. Relatively few studies have systematically investigated the potenti
differences between differemictions, or action categorieand the extent to which
effects of orientation spdaity may vary depending oaction category. Recall that
findings from Dittrich (1993) show that seujts’ ability to identify different point-
light actions was differently affected hipversion. For example, identifying the
actions ofboxing anddancingwas easier than identifying the actiongyoéetingand
threateningwhen they were presented upright. However, identification was easies
(although diminished) fodancing andgreeting when they were inverted, which
suggests that the inversion effect interacts with action category. Three patch-lig
actions (walking, climbing rope and jumpinacks) will be used in this experiment.
The choice of these actions will be further discussed in the materials section.
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The relationship between display orieidatand access to categorical information
will be investigated by determining the extent to which the visual processing of
patch-light action might facilitate, i.e., pranthe later visual processing of the same
or other patch-light actions. PavlovadaSokolov (2000) used a priming paradigm
where subjects viewed the unmasked prifor 10 seconds, and subjects were also
informed about the relatively different orientations for the priming and primed
displays. Recall that premis results from Pavlova and Sokolov (2000) showed that
prior exposure to amnmaskedupright point-light walker led to an increase in
detection performance only fonaskedupright point-light walkers. There was no
facilitation in detection performance when apright display preceded amverted
display. Prior exposure to an unmaskiederted display had no effect on later
detection of a maskedpright display, and had no effecn later detection of a
maskednverteddisplay.

The lack of a priming effect for inconggnt display orientations, i.e., upright-
inverted, inverted-uprightndicates for example that thésual processing of upright
oriented point-light displays does not fatite the visual processing of inverted
displays. It could be the case that thigming paradigm and the task of detecting a
point-light target within a dynamic masite not conducive to obtaining a priming
effect with incongruent primes and peoh point-light actions Given a different
method and task, it may be possible to absgime priming of incongruent displays.
There is, however, some evidence that sugdestt priming effects might be obtained
with inverted displays, especially whehe priming and primed displays are both
inverted, i.e., orientation congruent. Eiysthe inversion effect is about threlative
processing differences between upright and inverted pointdighlays. Although the
visual processing of invertedisplays is impaired relativeo upright displays, there
appears to still be some level of procegsihat occurs when subjects see inverted
displays (Grossman & Blake, 2001; Pavi®taal., 2004) and when subjects learn to
detect the presence of inverted point-lighrigets (Grossman at., 2005; Hiris et al.,
2005). Can this level of activation and pessing for inverted displays lead to
significant priming when inverted spplays are presented as primes?

In order to test for theffects of categorical informain and display orientation on
the visual processing of poitight displays, subjects wilbe exposed to repetition
priming. This will be in ontrast to the long-term primg paradigm that Pavlova and
Sokolov (2000) used. Effects ofiewing different pointight actions upright and
inverted on multiple occasions may leaddoilitation for the point-light displays that
immediately follow the priming displays, evermen the primed displays are inverted.
Despite the numerous articles on the inierseffect for pointight displays, there
seems to be no previous experiments Hate used a repetition priming paradigm.
Verfaillie (1993, 2000), however, used repeti priming to invetigate orientation
dependent processing for displays rotated ppthien this case, he used left and right
facing point-light walkers. Aurther manipulation includedifferences in direction of
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articulation for the walkers, i.e., eithéwrward or backward walking. The results
showed that congruently oriented in-deptisplays (both leftfacing or both right
facing) led to significantly more primg that than incongruent displays, which
supports previous findings of orientati@pecificity. However,there was still an
observable priming effect when right facinglkers preceded left facing walking and
vice versa (Verfaillie, 1993 exp. 6; 2000\ finding of significant recognition
performance for incongruently oriented point-light walkers was replicated by Troje
Westhoff and Lavrov (2005). Ginethe proven effectiveness$ the repetition priming
paradigm in Verfaillie (1993) | chose to use it as the methodological basis for th
experiment in this chapter and will referMerfaillie’s original work periodically. The
effectiveness of the paradigm was sholnits sensitivity. Only 6 subjects were
needed to obtain statistically reliable priming effects.

As for many experiments, the choice ofldas critical to the interpretation of the
results. What are subjects being askedicoand what kinds of cognitive processes are
supposedly needed to adequately perforntdkk? In this experiment, an orientation
decision task (Boucart et al., 200@)ll be used. The gist ahis task is to indicate
whether the patch-light actisequence is upright or inved. A crucial question here
concerns the extent to which the tasiuiees access to semant&vel (categorical)
information and whether or not that accessutomatic, i.e.access occurs without
conscious effort to obtain that informati Boucart et al.2000) showed that an
orientation decision task fabjects automatically activated semantic level processing
as revealed by significanttaation of cortical area 3{Brodmann), which according
to Boucart et al. has previous beeourid to be critically involved in object
identification.

In order to successfullgerform the orientation decision task, visual processing
requires at least the detection of some I¢oadtion or form based) configuration of
patches. The next step wduthen be to determine the orientation of the local
configuration. For example, éhllocal configuration of patches for the leg or arm of a
human figure might be detectesid then depending on itdaton to the rest of the
patches be judged to be eithgaright or inverted. In thisase, | want to leave open
the possibility that determining the oriembat of a display can be done without access
to global/configural informion, and therefore withoudccess to information about
high level knowledge of the action categomhis explanation would be consistent
with the explanation and findings fromaje and Westhoff (2006bout obtaining the
inversion effect on the basis Ideaotion patterns of the feet.

It may, however, also be the case thatdhientation decisiotask relies on access
to configural processing of the whotdbject, which in this case is a human body.
Since previous research hdmwn that configural processing disrupted for inverted
displays, subjects may have difficulty deténing the orientation of the displays.

It seems reasonable to assert that a cbrdecision about therientation of an
inverted display requires access to sadentifying information about the human
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body. This is supported by the previous Hssfrom Pinto andShiffrar (1999) who
found that subjects were alieidentify inverteddisplays as depiing a human body,
although subjects identified significantly margright displays than inverted displays.
It was also the case that when displays oplysisted of different subconfigurations of
the human body, detection did not differ framewing upright displays. This suggests
that even subconfigurations of the hunt@dy function as reliable indicators of the
global motion of the human body and actions performed by it.

By using different patch-ligt actions and presentingetin upright and inverted, it
will possible to assess the extent to which the orientation decision task leads to t
automatic activation of categorical inforn@ati If subjects are $er at determining
the orientation of an upright walking actiamen it is preceded by an upright walking
action compared to an uprigblimbing action, then it wuld appear that subjects are
making categorical distinctions between an action that primes itself and an action tr
is primed by another action. | should pomtt that | am not @iming that access to
categorical information is explicit. It is rather incidental or implicit since there is no
explicit recognition or identification prodere. It seems, however, reasonable to
suggest that automatic imgti@ccess to categeal information would be indicated if
a specific action is better at primingelisthan it is at priming other actions.

The occurrence of the inversion effectliis experiment shoulde seen in results
that show that automatic pticit access to categoricatformation for the upright
displays mentioned above will be disrupté inverted displays. In contrast to
upright displays, an inverted point-light ler will be no better at priming itself than
it will be at priming other actions, if in fathere is any significarevel of priming at
all. In general, orientation congruentirping and primed didpys should lead to
greater levels of priming than orientati incongruent priming and primed displays.
According to previous results from Pavh and Sokolov (2000jhere should be no
facilitation for the orientation decision taskhen the priming and primed displays
have different orientation3.he following methodological dails specify more clearly
how the experiment was constructed and carried out.

7.1 Method

7.1.1 Subjects

Eight students (4 females and 4 males) ftbm University of Skdvde participated in
the experiment. (Age: range 21-24 yral) subjects had norntaor corrected-to-
normal vision. One subject was familiar with the nature of the experiment whereas tl
other subjects were naive regiag the nature of the stimuli and that priming effects
would be investigated. Sevenbjects said they wereghit-handed. Subjects received
two tickets to the movie theatre as compensation for their participation. Subje:
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participation conformed to the ethical guides established by the Swedish Research
Council (2002)*?

7.1.2 Materials

7.1.2.1Apparatus

The stimuli were displayed on a Macintosh 17” (33 x 25 cm) monitor set to black an
white with a resolution of 832 x 624 pixetsd a refresh rate of 75Hz. Stimulus
presentation was controlled by a Macish 7100/66AV (66 MHz). A standard
Macintosh keyboard was used to register subject response. DotPlayer recorded sub
response and reaction time (ms)hna £ 4ms margin of error.

7.1.2.2Stimuli
Patch-light Actions

The basic technique for recording and manipugpthe patch-light stimuli used in this
experiment was described in Chapter 4. Heistion will describe the relevant details
needed to understand how the stimuli wesed in this specific experiment.

In addition to walking, two additionactions were includeth the experiment
(Fig. 7.1). Climbing a ropeand jumping jacks were d¢fuded to investigate the
generalizability of previous results using only a point-light walker. The previous
results referred to here concern the inimrseffect. It might be the case that the
inversion effect is a matter of degree which varies depending on the kind (category)
action shown. A point-light walker, foexample, exhibits dynamic symmetry, and
other actions are not quite so dynamicafynmetrical. Throwing, climbing up a rope
and waving are actions thate not as obviously dynamicallymmetrical as walking
or doing jumping jacks. Climbing up a roméso differs in regard to the surface
supporting the action. Whereas a hard surfageports walking, a rope is used to
support climbing. In addition to the 3 actions, 2 neutral stimuli were created t
establish a neutral baseline. The creatiothefneutral stimuli will be explained in the
next section.

The translation components in the watkand climbing displays were removed.
For the jumping jacks, there was no translational component. The figure performe
the jumping jacks without moving acrofise floor. For the patch-light walker, a
maximum of 10 patches were visible dwgithe sequence (Figure 7.1). These visible
patches were attached to the head, thiet shoulder, elbow and hip, both wrists, both
knees, and both ankles. While the patcbesthe elbow and the left shoulder were
always occluded, the patches on the kikle, knee and wrist were temporarily

2 The ethical guidelines are in Swedish, and ttiereace will therefore be indexed according to the
Swedish name for the Swedish research council, iyaiMetenskapsrédet. See the references for the
full reference.
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occluded during appropriate phases in the syete. The direction of articulation was
to the right of the viewer. The visual angfes the height and with of the patch-light
walker varied according to¢hvertical and horizontal éension of the body during the
action. The visual angle ftihe height ranged from 4.@Bo 4.59¢ and the visual angle
for the width ranged from 1.Go 2.17q

A whole action cycle of two steps washgleted in 26 frames, which at the speed
of 648 ms per step resulted in a naturaking version of a walkg person. At this
speed, the walker would complete 46 cycles per minute, which is in accordance wi
the normal walking speed of 30 to 70cl®s per minute (Imman, Ralson & Todd,
1981, cited in Pavlova & Sokolov, 2000). Of the three actitirispk the walker the
shortest time to complete an action cythe duration of the other actions was based
on that time and all actions were shown for 26 frames. The frame display rate was
to 20 frames-per-second, which resulted in a display duration of 1.3 seconds for e
action.

For the sequence of climbing up a roperéhwere no patches that were occluded
throughout the whole sequenceagiire 7.1). The patch that marked the hip and the
left shoulder were only visible for three framin the sequence. The orientation of the
patch-light climber differed somewhat from the patch-light walker. Though the patch
light walker faced the right at about §@he figure in the cliting sequence had more
of a three-quarter viewowards the right, about 4bThe reason for this was that this
orientation was thought to tmptimal in terms of being #bto reduce occlusion and
yet maintain access to velocity information along the horizontal and vertica
dimensions. The problem of deciding wtihe best orientation for each action is
difficult to solve without more systematinvestigation of the issue. The pragmatic
solution that was used in this experimaras to simply choosthe orientation that
seemed most perceptually advantageousémh specific action, the consequence of
which is that the three different actioméll be presented from three somewhat
different orientations. The visual size in terms of the uigwangle of the patch-light
display for climbing up a rope also variechieight and width. Thiaeight of the figure
varied between 3.6dand 5.18) and the width varied between 1@&nd 1.74y0f
viewing angle.

The action of doing jumping jacks was mrotated in depth. The jumping jack
figure was shown facing completely to tfrent, and 12 patches were fully visible
during the sequence (Figure 7.1). Given theiomoof the wrists and feet, as well as
their movement in relation to the majaxkis of elongation of the human body, the
fully frontal perspective was deemed to provide the view with the most informatiot
regarding the relative velocities of thenbs and their relative movement to one
another. The height and width of thamping jacks figure vaed also during the
sequence. The height of the figure varied between dafd 4.69) and the width
varied between 1.28and 4.48&pf viewing angle.
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Frame 1 Frame 5 Frame 9 Frame 13

Walking
upright

Walking
inverted

Jumping
jacks
upright

Jumping
jacks
inverted

Climbing
rope
upright

Climbing
rope
inverted

Figure 7.1 Frames from the three patch-light actions, upright and inverted, that
were used as stimuli in the experiment.
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All actions were also inverted such ttiagy had the same direction of articulation.
If the upright displays are simply rotdtd80 degrees, the spatialations are left-
right and up-down reversed réilee to the upright view. Onlshe positions of axes of
symmetry and the main axis of elongatiomaén the same. By flipping the display in
the sagittal plane, left-right spatial riétens are held constaritetween upright and
inverted displays. This also has the effe€tholding the diretion of articulation
constant. All other variables such as s@rel display duration were held constant
across the upright and inverted displays.

A further step was taken to prevent trecognition of the different actions by
simply discovering a unique pattern oretfirst frame of each sequence. Three
different starting points for each uprighttion sequence werelseted. The starting
points differed by 5 frames fromne another. It should bmentioned, however, that
the inverted displays had the sametitg points as the upright displays.

Neutral (baseline) Stimuli

Two neutral stimuli were cotrsicted as the basis from igh to measure any potential
facilitation of priming stimuli. The reasdor creating 2 neutral stimuli was to create
the same number of response alternativeshi® neutral stimuli afor the patch-light
actions (upright or invertedin this case, subjects will have to indicate which of the 2
neutral stimuli are presented argiven trial. The creation of the neutral stimuli in this
experiment was based on Verfaillie’s (192800) description othe methods he used
to create neutral stimuli for uge his repetition priming studies.

The neutral stimuli were composed bfpatches taken from the three different
patch-light actions (Figure 7.2). The rtieal midpoint of both neutral stimuli
consisted of 3 horizontally led up patches, which remathstationary throughout the
motion sequence. Two of the remaining 4 patches were vertically positioned above t
midpoint, and the other 2 patches weretigally placed below the midpoint. The
motion components of the neutral stimulere determined by the motion of the 2
pairs of patches above and below the midpoint. [dbal motion trajectories of these
pairs of patches were the same for both neutral stimuli.glidtel motion, however,
differed. For both stimuli, the patch ditgcabove the center patch in the midpoint
rotated back and forth between &#nd 310g(with Ogat 12 o’clock), and the patch
directly below the center patch rotated back and forth betweenqat®D2303 The
remaining two patches at the top and bottwrthe stimuli moved back and forth in a
straight pathway. A further pect of the local motion tregtories was the local motion
of the patches above and below the midpoint. The 2 patches in each pair moved in
same directiomelative to one anothebut as a pair, they did not always move in the
same directiomrelative to the other pairThis difference reflects the need for global
processing because visual processing ofi Ipatirs above and below the midpoint is
needed to distinguish the relative motion path differences between the patch pairs. |
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neutral stimulus N1, the pditgairs moved in opposite dations, whereas for neutral
stimulus N2, the patch pairs moved in the same direction (Figure 7.2).

Another way of describing the differenbetween N1 and N2 is to say that N2
was created by simply creating two top papmirs from each frame in Nland then
flipping one of the pairs and placing it umdée horizontal midpoint in each of the
frames. The end product of this proceduraipair of neutraktimuli that require
global processing and move in a partiallgidi way. The height and width of the 2
neutral stimuli was determined by calculatthg mean for the hgit and width of the
other patch-light displaysnd then determining the vialiangle based on a viewing
distance of 70 cm. The visual angle foe theight of the neutral stimuli was 4.§d
the width was 1.99 The height and width remad constant during the motion
sequence. The neutral stimuli completed and a half cycles during the 26 frame
duration. A cycle was defined as one complegeillation from left to right and back
again. As for the patch-lightctions, 3 different files with different starting points for
the neutral stimuli were also createdpi@vent the case where task performance is
merely a function of visual processing e first image in each sequence. The 3
different starting points faX1 and N2 were the same.

Neutral
stimulus
1

Neutral
stimulus
2

Figure 7.2.Frames from the sequence of the neutiiatuli. The arrows in the first frames
show the movement of the patches during the sequence. The three following frames show
the full extent of motion of the patches for each neutral stimulus.

7.1.3 Design and Procedure

The central experimental feature of the design of this priming experiment is th
creation of transitionthat consist of priming and prid patch-light action sequences.
The reaction time in milliseconds was measufor each transition. The gist of the
experimental design then isetlereation of the transitionsahwill reflect the issues
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being studied. To this end, the designtbé experiment includes 4 independent
variables. Two of these variables and their combnatihave to do with the
investigation of the inversioaeffect. These two variables apeientation congruence
and prime orientation Orientation congruence consistétwo levels: congruent and
incongruent. The priming and primed stimalre either oriertion congruent or
orientation incongruent. Primerientation consists alsof two levels: upright and
inverted. The priming stimulus is either ugrigr inverted. The crossing of these two
variables leads to the following combiimais of priming and primed displays:

X upright — upright : orientation congruent and priming display is upright,

X inverted — inverted: orientation congruent and priming display is inverted,

X upright — inverted: orientation incongruent amtiming display is upright,

X inverted — upright: orientation incongruent amtiming display is inverted.

The other 2 variables amimed action which has three levels, i.e., walking,
jumping rope and climbing up a rope, and #ution congruence variahle.e., the
same action either occurs as the priming and primed action or the action is primed
one of 2 remaining actions. Consequentlg, diction congruence vatile has 3 levels:
congruent, incongruent and incongrueiitere are two levels of incongruence
because an action can only be congruent itg#if, but it can be incongruent with the
other two actions. Table 7.1 shows the coratiams that constitute the conditions that
are constructed by crosgj the two variables.

When the variables in Table 7.1 asmssed with oriemation congruence and
prime congruence, the result is a 2x2x3x3 glesvhere all variables are manipulated
within groups. Therefore, there will be a total of 36 transition conditions in the
experiment.

Table 7.1 Combinations of the levels for the independent variables of action and action congruence.

Primed Action

Action congruence climbing rope jumping jacks walking
congruent climbing rope jumping jacks walking
incongruent jumping jacks climbing rope jumping jacks
incongruent walking walking climbing rope

Note: Each of the 9 cells represents a conditiorhfe kinds of priming - primed transitions in the
experiment.

Subjects participated individually ingessions. The sessions were distributed over
a period of 6 days, and no subject participateshore than one session per day. Prior
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to the first session, subjects were infornaddut the general natuand procedure of
the experiment. Subjects were told thhey would view 5 different patch-light
sequences in random order and that 3 efsiaquences represented actions performed
by a human actor (climbing up a ropeparson doing jumping jacks and walking).
Each action would be presented in an uprigfgentation and invéed. In addition to
the 3 human actions, 2 abstract, or néutpatch-light sequences would also be
presented. These sequences would kEsgmted many times throughout the five
sessions. When presented with a patch-liggjuence, subjects were instructed to
simply indicate whether they thought teequence was upright or inverted, i.e., a
serial two-choice reaction time task. Following the instructions, subjects completed
practice session to familiarize themselweish the task of making the correct key
presses. The stimuli in the practice sasswere the same as the stimuli in the
experiment. The experimenter was presiming the practice ssion to correct any
misunderstandings and to answer questions. Both speed and accuracy w
emphasized to the subjects. During the expent no response feedback was given to
the subjects.

Subjects were seated in a dimly lit roevith a viewing distnce of 70cm to the
computer screen. They weaitso told to maintain theiewing distance throughout the
different sessions. A measngi tape was provided so ththe subjects could check the
viewing distance at the start of each session and sub session. The stimuli wi
presented in the center of the computeeas and subjects were informed that the
stimuli would always be presented there. Following the subject response, a respon
stimulus interval (RSI) of 500 ms occurretlring which the display was white, i.e.,
the same color as the background for the patch-light stimuli.

Each of the 5 sessions was dividetbitwo sub-sessions, and each sub session
contained 6 blocks of trials. One block contained 144 trials where each actiol
orientation and neutral silay occurred 18 times. Each sub session therefore
contained 864 trials, and each session contained 1728 trials. A total of 8640 tri
were completed by each subject after theeSsions. Trials within blocks and block
order within each sub session were randomized for each subject.

Stimulus configurations appeared oneadime in a random order. Each motion
was viewable for up to a maximum of 130, after which followed a blank screen.
Subjects were to respond to each arctsequence by determining whether the
sequence was upright or inverted. For the rawtimuli, subjects were instructed to
distinguish between therby indicating whether theypaw N1 or N2. A subject
response that occurred before the end ofiotion sequence terminated the sequence
and started the RSI. Responses were indidayepressing eithehe left-arrow key or
the right-arrow key on the key board. Left-right key presse® weunter-balanced
across subjects. Half of tieeibjects (2 males and 2 females) pressed the right arrov
key for upright stimuli and the left arrokey for inverted stirali. This order was
reversed for the other 4 subjects. The kaspes for the neutral stimuli were counter-
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balanced within each of these groups. $ibjects that pressedethight arrow key for
upright stimuli were divided into twgroups where one group (one male and one
female) pressed the same key for the neutral stimulus N1, whereas the other grc
pressed the right arrow key for the neustimulus N2. This balancing was also
carried out for the other half of the sebjs. This counter balancing resulted in
subjects pressing the right arrow key as mimgs as the left arrow keys for correct
responses.

7.2 Results

The results are presented in two partsthia first part, an analysis of the reaction
times (RT) as a function of display oriatibn and type of action (walking, jumping
rope and jumping jacks) independent of potential priming will be presented. Th
purpose of this analysis is to see it is a difference between the upright and
inverted displays, which isxpected as an instance ottmversion effect. The other
purpose is to determine the extent to which RT differences occur for the differel
actions. Of particular interest is the potential interaction between display orientatic
and type of action. One ofdlreasons for the experiment was to gather data about th
extent to which orientation specific effeanight depend on the action category used
in the experiment. The second part of tesults section will analyze the potential
priming effects obtained in the experiment and will also include a description of ho
the neutral stimuli were used talculate the néral baseline.

Since this experiment flows the methods presentad Verfaillie’s (1993, 2000)
previous experiments, the initial treatment/sorting of the data will also follow suit witF
Verfaillie. For each participant, data frotihe first session and the first two blocks
from each subsequent session as well as the first five trials in each remaining blc
served as training and were excluded framy analyses. Incorrect responses from the
remaining 34,624 trials were eliminated. MeRlh and standard gtion were then
calculated for each participant. In addlitito the incorrect responses, RTs exceeding
the mean by three standard deviations were then excluded, leaving 93% of the dat:
the basis from which the following results have been determined.

7.2.1 Analysis of Reaction Times

The mean RTs in milliseconds for correcswaers and for each action and orientation
are presented in Table 7.1. The RTs shioat subjects respondéairly quickly. The
display duration of 1300 msas more than enough to make a reliable decision abou
the orientation of the displays. A repeatedasures analysis of variance (ANOVA)
with display orientation upright and inverted) and tan (climbing rope, jumping
jacks and walking) as the independent variables was performed on the data.

A look at the means indicates that sul§egobk more time to make the orientation
decision for inverted displays (M = 436 n®mpared to upright displays (M = 409
ms). This main effect of orientation was statistically significk(t,7) = 16.67, MSE
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= 525, partial K = .708,p = .005. It also appears thatain effect of action shows
some differences between the RTs for the oifiie€ actions. This main effect was also
statistically significantF(2,14) = 24.21, MSE = 76, partidd = .776,p < .0001. Post-
hoc Bonferroni adjusted comparisons fitve main effect of Action showed that
subjects responded significanflaster to jumping jackéM = 411 ms) than to both
climbing rope (M = 431)t(7) = 6.65,p = .001, and walking (M = 427)(7) = 4.21,p

= .012. The difference between climbirgpe and walking wasot significantt(7) =
1.71, p = .40. The interaction between oriation and action was not statistically
significant, F(2,14) = 1.08, MSE = 22p = .37. This lack of an interaction effect
shows that the effect of origation did not vary as a futien of the different actions.
All three action sequences (in this experiment) seem to be effected equally |
differences in orientation. Performance @ased to a similar extent for all actions
when they were presented in an inverted orientation.

Table 7.2.Mean reaction times in milliseconds to make an orientation decision as a function of actio
and orientation. Standard errmfmean are in parentheses.

Action
climbing rope jumping jacks walking
upright 418 (11) 398 (13) 413 (11)
Orientation
inverted 443 (12) 424 (13) 442 (11)

Even given the short reaction timesthg data, around ha#f second, and the
“simple” task of making an onation decision, subjects appear to at least be able tc
discriminate between jumping jacks aneé thther two actionsnaking a rudimentary
categorical discrimination. The results@lconfirm what many other studies have
shown, namely, an effect of orientati Even though the difference in RT was
significant, it was not large: 27 ms. Perhapis ihot so surprising that this difference
in RT is so small. The conjecture her¢hat the behavioral $k does not demand that
subjects make discriminations betweenattj a semantic or categorization task. The
only thing subjects had to do w/¢0 be able to determine whether or not a presentec
display was upright or invertedn orientation decision taék.

43 verfaillie (1993) used an object-decision task where his subjects made a decision about whether
display depicted a human or non-human walker and claimed that subjects did not need to interpret Ic
features or relative motion of the body parts and thereby avoided processing information about t
direction of articulation.
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7.2.2 Assessing Repetition Priming Effects

Priming in this experiment is defined #w effect of a stimulus, n-1, on the RT
(orientation decision) of a wctly following stimulus,n. Previous exposure to a
stimulus facilitates or inhibits later pros@#sy of same or similar stimuli. Priming
effects in this experiment were assessed by determining the effects of stimuli th
followed one another in quick successidfigure 7.3 presents the basic steps for
calculating the priming effects in this experiment.

FNeutral priming stimulus primed stimulus; (reaction time neutral baseline)

FPriming stimulus : primed stimulus (reaction timg same action and orientation are used| as
priming and primed stimulus)

FPriming stimulus : primed stimulug (reaction timg different action and/or orientation are
used as priming and primed stimulus)

Freaction time - reaction timg= priming effect of stimulus

Freaction time - reaction timg= priming effect of stimulys

Figure 7.3 Basic steps for calcutlag the priming effects.

Each action (climbing rope, jumping jacland walking) serveds both priming
and primed stimulus for each of the attaetions, resulting in 9 different action
transitions (action congruenceumsitions). There were aléour orientation transitions
for the priming and primed stimuli: uphgrupright, inverted-inverted, upright-
inverted and inverted-upright. The combioatiof these transition types results in 36
total transitions.

7.2.2.1Calculation of Baselines

In order to assess possible effects of primmfaseline needed to be established. As
mentioned previously, neutral priming stimwiére included in the experiment for just
this purpose. In order to obtain a sensitive assessment of priming effects, a basel
should take into consideration possible diéfeces between effecof the different
actions, effects of orientation, and diffeces in how subjects are instructed to
respond. Ideally, the same baseline could be used to examine the priming effe
associated with all conditions. It is rarelye case, however, that such an ideal
condition exists. The time it takes to made orientation decisn for the different
patch-light actions when they are precedsdthe neutral stimuli would be likely
affected by previous experienaad the kinds of responsestmeed to be made, i.e.,
key-press sequence.

The basic logic of calculating the basebnis based on the obtained RT to make
an orientation decision for an action whieris immediately preceded by one of the



166 Chapter 7 — Automatic Activation of Category Information

two neutral primes. However, in order to @ibtan appropriately sensitive baseline, it
may be necessary to take into accourdg #xtent to which possible differences
between the different actions, orientais and key-press sequences affecpRar to

any priming analyses. If, for example, amalysis reveals that subjects respond
differently (faster or slower) due to the different key-press sequences, then separ
baselines should be calculated based ondiffsrence. The same reasoning applies to
the different orientations and actions. Foamyple, we would expect the need for at
least two different baselines that reflect the differences between reacting to upright
inverted stimuli. It would be unfeasible &stablish a baseline for upright oriented
stimuli on the basis of responses to ingdrstimuli. Likewise, subjects may respond
differently to climbing a rope, jumping jacks and walking as primed stimuli even
though they are preceded by the same neutral stimuli. If this is the case, then -
baseline for the orientation decision for jumgpjacks will consist of only those trials
where jumping jacks was preceded by thetrad stimulus. Consequently, the baseline
for evaluating the priming effect when viewj an inverted patch-lig walker will be

the average time it takes a given subject to decide whether an inverted walker
invertedand when it is immediately preceded by a neutral stimalod when the
sequence of key-presses is the same.

One aspect to keep in mind when discustiegbaselines is that there is no bias or
methodological problem with calculating sepgaréaselines for eacfactor even if
there are no differences due to the abovatioeed factors. The only disadvantage is
that it would be unnecessary. Whereas, rfgilto calculate separate baselines when
there are in fact differences wouldsu#t in serious mébdological problems in
assessing appropriate primirgffects. In this case, priming, or the lack of it,
could/would quite likely be due to theadt that the baseline overestimates or
underestimates an eventual priming effect due to differences in the conditions unc
which the priming and primed responses occur.

The mean reaction times to make aremation decision when the actions are
immediately preceded by one of the neligtamuli are presented in Table 7.3.

Table 7.3. Mean reaction time in milliseconds for baseline stimuli as a function of Key Press, Actiol
and Orientation. Standard error in parentheses.

Same Key Press Different Key Press
Action Action
Orientation climb jumping walking Orientation climb jumping walking
rope jacks rope jacks
upright 438 (11) 424 (11) 433 (11) upright 431 (12)?1037) 430 (11)
inverted 488 (15) 457 (16) 469 (12) inverted 462 (10?143?’) 460 (12)
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A 2 (key-press: same-different) x 2 (oiti@tion: upright-invertepx 3 (action type:
climb rope, jumping jacks and walking)peated-measures ANG@GV/(univariate) was
carried out to examine the extent to whicharate baselines need to be calculated for
the different orientations, actions and asated key press sequences. The analysis
revealed significant main effects of key-press sequef(de?) = 6.69, MSE = 553 K
= .489,p = .036), orientationH(1,7) = 14.91, MSE = 2096K = .680,p =.006), and
action type E(2,14) = 11.78, MSE = 342K = .627,p = .001). Subjects responded
more slowly when key presses were theedor the neutral prime and primed action
than when they were different (451 ms. 439). Orientation etisions for upright
primed actions were faster than inver{d@7 ms vs. 463). Means for the main effect
of action were 455 ms for climbing a ropE3 ms for jumping jacks and 448 ms for
walking. No further a posteriori analysesre performed for the action types because
the purpose of the purpose of the analysis is simply to establish the potent
difference between the different actionseTihteraction between key-press sequence
and action was also significar#(@,14) = 5.72, MSE = 47, K= .450,p = .015). No
other interactions were significant.

Since all three main effects were sigzaht, 12 neutral babees reflecting these
effects were calculated for each particip&r each action 4 separate baselines were
calculated; 1) when key mses for neutral prime and primed actions were the same
and the primed actions were inverted, s¥me key-presses for neutral prime and
primed actions but the primed actions wepgight, 3) key-pressewere different for
neutral prime and primed actions and priraetions were inverted and 4) key-presses
were different for neutral prime and primadtions and primed actions were upright.
These baselines were then used to agkespriming effects presented below. More
specifically for example, the neutral baselfoe evaluating the priming of an upright
display of climbing a rope was the meaar (& specific subject) orientation decision
RT for an upright display of climbing a ropéhenit was immediately preceded by a
neutral stimulus. It also had to be theec#isat the sequence of key-presses was the
same for the neutral baseline @hd priming-primed transition.

7.2.2.2Priming Analyses™

The mean priming effect in milliseconds for each of the 36 transitions mentioned i
section 7.1.3 were calculated on the badighe steps mentiodein the previous
section. The results are presshin Figure 7.4. Firstly, #re are three clearly evident
trends in the data. The first is that theqgpears to be more priming for orientation
congruent transitions than forientation incongruent trarigins. This can be seen by
comparing the height of the bars for Panels A and B with the height of the ba
(despite the different sl for Panels C and D.

4 Many thanks to Julia Palmadéttir foogramming the macros that sorted the data.
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Figure 7.4. Mean priming effect for the orientation decision as a function of orientation congruence
prime orientation, primed action and action congeeererror bars represe®$% confidence intervals.

A star (*) represents a sigréint Bonferroni adjusted priminigvel difference between an action
priming itself and when it was primed by a different action.
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Another effect is the siitar levels of priming for ongruent upright transitions
(Panel A) as well as for congruent inesfttransitions (Panel B). Thirdly, there
appears to be differences in priming levies incongruent transitions, i.e., between
Panels C and D. Upright primes seem toabé& to prime inverted actions, whereas
inverted primes have little influence on the upright oriented actions.

In order to statistically assess the maffects and interactions, a 2 (Orientation
congruence: congruent vs. incongruent) x 2nfE orientation: upght vs. inverted) x
3 (primed action: climbing a rope vs.mping jacks vs. walking) x 3 (Action
congruence: same vs. differgnys. different) repeated measures ANOVA was
performed on the mean priming RTs for each of the 36 transitions. The designatio
differenty and differeng refer to the fact #t incongruent action combinations consist
of two categorically differenactions. See Table 7.1 fthe different combinations.
Since the main emphasis is on the poterntitierences between priming effects for
actions when they prime themselves and wihey are primed by different actions, it
is not necessary to specifjyne exact incongruent aatiocombinations in every
instance of the condition. Thenportant fact is that # incongruent combinations
consist of actions from different categories.

Main Effects

There was a main effect of orientatioongruence, i.e., significantly greater overall
priming for transitions of @ngruently oriented primingna primed actions than for
incongruently presented aat® (45 ms vs. 11 mdy(1,7) = 102.13MSE= 832, K =
.94, p <.0001. Priming levels for both conditis, however, were significantly greater
than zerot(143) = 22.06p < .0001 for congruent transitions at{ii43) = 6.05p <
.0001 for the incongruent transitions. Theimaffect of prime orientation was not
significant, F(1,7) = 3.73,MSE = 582, K = .35,p = .095. There was no priming
difference between transitions beginningith upright primes and transitions
beginning with inverted primes (31 ms uprigist 25 ms inverted). Priming levels in
both conditions, however, weragificant greater than zert{143) = 14.44p < .0001
for upright primes ant{143) = 9.65p < .0001 for the inverted primes.

There were also significant differences between the levels of priming for thi
different primed actions(2,14) = 4.75MSE = 327, K= .40,p = .027. The mean
overall levels of priming for the actionsere as follows: climbing a rope 32 ms,
jumping jacks 28 ms and walking 24 msori¢ of the post-hoc Bonferroni adjusted
multiple comparisons, however, reached significance. The main effect of actic
congruence was significarfg(2,14) = 12.73MSE = 309, K = .65,p = .001. This
effect tests for the priming difference tiveen transitions where the priming and
primed action are the same action (e.glkimg) and where the priming and primed
actions are different. Multiple post-hoc Bonferroni adjusted comparisons showed th
there was significantly greater priming whigne priming and primed actions were the
same than when they were diffat, same 35 ms vs. differgrts ms {(7) = 4.04p =
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.015) and same vs. differgn24 ms {(7) = 3.994,p= .017). There was no significant
difference between differentand differens. Interpreting the meaning of the main
effects is constrained by the possible interactions that the different variables enter in
The next section will present theadyses of the interaction effects.

Interaction Effects

In an experiment with 4 independentriahles, there are 11 possible different
interaction effects. In what follows, | will restrict my presentation of the interaction
effects to the most theoretically relevant findings. Firs@ypf the 11 possible
different interaction effects were statistically significant. Two-way interactions will be
presented first, followed by 3-way intetimnis and then the 4-way interaction.

Despite the lack of a significant maéffect of prime orientation, the 2-way
interaction betweemrime orientationand orientation congruencevas significant,
F(1,7) =10.17,MSE = 1458, K = .59,p = .015. The effect of prime orientation
differed reliably as a function of the levead$ orientation congrence. The priming
difference was greater between upright ameerted primes when transitions were
orientation incongruenti.e., for Panels C and D. Uglit oriented primes led to an
overall priming effect of 21 ms comparedag@riming effect ofl ms for incongruent
transitions where the priming action was inverted. When an inverted action preced
an upright action, there was virtually noirping. This pattern was quite different
when priming and primed actions had thensaorientation. When transitions were
orientation congruentind the priming actions weregsented upright (Panel A), the
priming effect was 41 ms coraped to 50 ms for orientath congruent transitions and
inverted priming actions (Panel Byhere was considerable priming forientation
congruentactions for both upright and inverted primesr Bdentation incongruent
actions, it appears that upright actions camerinverted actions but inverted actions
could not prime upright actions. In contrast results from previous research, the
interaction here is quite different and shows both that inverted can prime inverted a
upright can prime invertegthensubjects are engaged in amentation decision task.

The interaction betweeprientation congruenceand primed actionwas not
significant, F<1. Priming for the differemgrimed actions, climbing rope, jumping
jacks and walking, did not vary as a functiof the levels of orientation congruence.
This means that thdifferencesin priming associated with the different actions
mentioned above for the main effect of primed action were the same regardless
whether the transitions were orientation congruent or orientation incongruent. All ¢
the three primed actions seem to beilgirty affected by orientation congruence
between priming and primed actions. There are no significant 2-way interactior
between primed actioand any other variable, and theill not be further discussed.

The interaction betweewrientation congruenceand action congruencewas
significant,F(2,14) = 27.82MSE= 272, K = .80,p = .00001. The effect of action
congruence varied as a function of the dédfe levels of orientation congruence.
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when priming and primed actions are at@ion congruent, acths are better at
priming themselves than when different actions are included in the priming-prime
transitions (means: same action 63 wss 37 ms and 36 ms for differgnand
differeng respectively). The means show a quiiféerent trend when the priming and
primed orientations are diffane same action 8 ms, differgntl2 ms, different 12

ms. This seems to show that subjeete able to make simple categorical
discriminations between same and differastions when the priming and primed
actions have the same orientation and thet ability disappears when priming and
primed actions have a different orientation.

As indicated by the significant interaction betwgeime orientationandaction
congruencefF(2,14) = 6.58MSE= 86, K =.48,p = .01, the difference between the
same and different actions in a primingrisition varies asufiction of whether the
primes were presented upright or invert¥dhen the primes were presented in an
upright orientation, there was considerabipre priming for same actions than for
different actions, (means: same 41 ms, differ@® ms and differept25 ms). When,
however, the primes were inverted, the#éerences were less (means same 30 ms,
differenty 23 ms and differept23 ms). It appears that similar to the interaction
between orientation and action congruend®as there is more priming for actions
when they prime themselves than wheaytiprime other actions, and this holds for
upright presented primes but is diminished when primes are inverted.

The significant interaction betwegprime orientation andaction congruence
significantly interacts also witbrientation congruengeF(2,14) = 5.57 MSE = 77,

K = .44,p = .017. This 3-way interaction idirectly relatel to the hypotheses
discussed at the beginning of this chagfer. orientation congruent transitions, there
appears to be a difference between uprigieisented primes and inverted primes.
When primes were presented uprigliie difference between actions priming
themselves (congruence) and when they erilifferent actions was greater than when
the primes were inverted. This is evident by comparing the results in Panel A with tt
results in Panel B in Figurg4. Five out of 6 possible sgparisons showed that there
was significantly more priming for actionsathprimed themselves compared to when
they were primed by other actions. Suljeseem to be able make categorical
distinctions to a greater extent when ttisplays are orientation congruent and the
primes are in an upright orientation. Foremtation congruent inverted displays, only
1 out of 6 comparisons was significant.

Another aspect of the interaction betwgaime orientation action congruence
andorientation congruence concerns the differences between priming for “same” ar
highest “different” for congruent uprightipres and congruent inverted primes, which
are 31 ms vs. 18 ms respectively. The patt#rresults for orientation incongruent
transitions (Panels C and D) ggite different. It appearthat subjects are unable to
make simple category discriminations wh#re transitions consist of orientation
incongruent displays, regardless of whetbenot the prime origations are upright
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or inverted. Differences beten priming for the same atite highest “different” for
upright oriented primes and inverted prinvgisen the orientations are incongruent are
-4 ms vs. -7 ms respectively. So, there apptmbe an effect of prime orientation for
congruent displays but not for incongruent displays. There is greater catego
discrimination in terms of priming differences when an upright display primes at
upright display than when an inverted dispfaimes an inverted display. This pattern
holds for orientation congruent displays but not for ogah incongruent displays,
as previously discussed withthe context of the interaction between orientation
congruence and action congruence.

The 3-way interaction betweemientation congruenceprimed actionandaction
congruence was also significar(4,28) = 6.28 MSE = 115, K = .47,p = .001.
Recall that theorientation congruencex action congruence interaction was
significant, which meant that subjects rereable to make simple categorical
discriminations only when the displays meorientation congrut. The addition of
primed actionas a significantly interacting variabiledicates that the ability to make
categorical discriminations when displaysre orientation congent depends on the
primed action. For example, the diffecenin priming for walking when it primes
itself and when the other actions prime iB&ms for the nearest different action. The
comparable differences for jumping jacknd climbing rope are 23 ms and 22 ms
respectively. This pattern of differences foe primed actions is quite different when
the transitions consisted arientation incongruent displays, where there are no
positive values for priming effects.

Lastly, it should be mentioned thateti-way interactiorbetween orientation
congruence, prime orientation, primegttion and action congruence was not
significant, F<1. The differences between priming as a function of orientation
congruence, primed action and action congruence did not differ according tf
different levels of prime orientation. Forientation congruent displays, upright and
inverted primes led to the sanpatterns of priming for the combinations of the
different actions and lel&of action congruence.

7.3 Discussion and Conclusions

Overall, the raw reaction times for both imeal and upright displays are somewhat
faster than the reaction times that Verfai(ll®93) obtained in his experiments, which
was around 500 ms. Verfaillie’sask was also differentf previous results from
recognition and priming studies using statigjects are comparedith the results
from the orientation decision about a dynardisplay, we find that the times are
roughly the same. For example, the resitisy Boucart and Huphreys (1992) show
that subjects are performing a matching tasing fragmented static object forms in
about 500 ms. VanRullen and Thorp20Q1) investigated trh-rapid visual
categorization for animals and means-ofiggortation and obtained reaction times of
approximately 367 ms. If the time for the neural processing of the motor commanc
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are subtracted from the reaction timeserttcorrect responses take about 150 ms,
which is also in line with the previolysmention ERP-data (Jokish et al., 2005).
Subjects performed the orientat decision task very quickl which suggests that it
requires relatively little cognite effort, although subjectlid report thathe task was
tiring after completing so many trials.

The results from this study demonstratse different aspects of the inversion
effect. Firstly, the raw reaction times to keaan orientation decision (Table 7.2)
showed that inverted display@ok more time. This woulbde expected on the basis of
results from previous studies mentionedGhapter 6. The other aspect, which is
unique to the findings for theepetition priming, showed &b subjects were sensitive
to differences between action categorieemwlan upright display primed an upright
display. When the prime was invertddpwever, there was little processing that
distinguished between the different actions. This is evident in the effect of actio
congruence in Panel A compared to Panel B. The pattern of priming effects in Par
B, however, is somewhat similar to the pattern in Panel A. Despite the lack ¢
significant differences between an action whignprimed itself and when it was
primed by the other two actions, there is aident trend in that direction, at least for
jumping jacks and walking. One explanatifor this finding is that subjects have
learned to see inverted displays during the many trialeerexperiment (Grossman,
Blake & Kim, 2004; Jastorff, Koutzi & Gge, 2002). Palmeri and Gauthier (2004)
documented significant learning of theiré@ble stimuli and suggested that object
(Greeble) identity may be automatically imated by expertise. As people become
experienced at visually discriminating objects, access to knowledge mediatin
identification becomes more automatic. Inapter 6 (6.4.1) | mentioned that Hiris et
al. (2005) found that significadearning could occur for urerted biological motion
stimuli when subjects were given the taslkdefecting inverted stimuli, and detection
could be successfully performed by onlgdsing on the motion of a few dots. This
ability was impaired when the taslkqréred a more global processing strategy.

There may be two different processes thatur when deciding whether or not the
stimulus is inverted or upright. The firsts mentioned previously, is that it may only
be necessary to visually process the patch-light figure asbpatt, i.e., a human
being. This may be what is j@ening to a large extent in tleverted orientation
congruent transitions (Panel B) and the orientation incongtrensitions in Panel C.
For the upright orientation congruent transigpthere is clear ewathce that there is
additional processing that has access tathien performed by the patch-light figure.
The evidence is in the significant 3-way interaction betwa@mtation congruence
prime orientatiorand action congruence

Given the many findings of orientaticspecificity of biobgical motion (e.g.,
Dittrich, 1993; Pavlova & Sokolov, 2000), tfiading of similar levels of priming for
Panel A and B of Figure 7.4 was unexpected. This is the first sduslyow that such
levels of priming can be obtained with inverted displays of biological motion.
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Another unexpected finding was theveé of priming associated with the
transitions in Panel C. Viewg an upright display led tsignificant levels of priming
for all but 2 of the incongruent transitions. This finding contradicts, to some exten
previous findings of orieation specificity. What asgé of processing upright
displays of biological maotin facilitates the orientain decision for an inverted
display? In beginning to answer this questia®, need to look at the results in Panel
D, where there is no priming effect. In this case, viewing an inverted prime was n
better than viewing a neutrptime. If learning can accotifor the priming effect in
Panel B, then learning clearly has not reatla level that leads to any processing
advantage for upright displays when thaye primed by an inverted display. The
priming effect in Panel C could be due an asymmetry in the activation of
information associated with an action. dh upright action leads to activation of
category information, which includes infoation about the human figure, then it may
also activate information about differenfesttations of the human body. Information
about possible different orientations thfe human body is not a part of visually
processing neutral stimuli. It does not appthat this information about the human
body has any effect on beinglalio distinguish betweedifferent kinds of actions.
There were no priming differences that ated when actions primed themselves in
comparison to when they were primed blgestactions. The upshot is that the upright
displays convey sufficiently enough infortizan about the possiblerientations of a
human figure to creata priming effect.

Along similar lines, the lack of a primg effect in Panel D could be due to the
relative differences for uprighinverted and neutral displays in activating information
about the possible orientations of a hunfignre. Viewing an inverted display does
not seem taufficientlyactivate information about thehar orientations of the human
figure such that priming would occur rfaupright displays. The neutral stimuli
contained no information about human bodles, that does not mean that inverted
displays do not contain any informatiabout human bodies. &tsignificant priming
effects in Panel B suggest that invertigplays convey some information about the
orientation of subsequent inverted displays, which indg&catprocessing advantage in
relation to the neutral primes. This @&dmittedly speculation and needs to be
systematically investigated. One way tdsting for the effects of learning on
incongruent priming would be to only present the priming stimuli one time during ¢
study phase and then test for possiiliming in a later test phase.

Previous findings suggest that high-level access to categorical information fc
inverted displays of biological motion is paired relative to upright displays. The
further claim here is that this access in turn is a result of limited configural or globs
level processing for invertetdisplays. Boucart and Humpys (1992) showed this to
be the case for static objects. Two majadictions were formulated to evaluate the
role of categorical informtan in biological motion percejon. First, if access to
categorical information is automatic, then sheuld see categorical effects in priming
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for a task that does not rerpi access to categorical imfoation. Secondly, if this
access is greater for upright than for inveretons, we should see greater effects of
action congruence for uprigtitan for inverted actions.

Taken together, the results show a cliederaction between display orientation
and access to categorical level information. The role of access to categorical le
information is supported by Giese and Podgi(2003) computational model of the
recognition of biological movement. Hidavel areas in the form and motion
pathways are selective for body shapes spetific human actions like walking and
running. Feedforward processing fronovler’ visual areas along the different
pathways activates motion pattern neurors Helectively encode motion patterns of
human movement. Results from simulatiafstheir model are consistent with the
categorical processing dffferent actions based on psychophysical data.

In addition to the theoretical andodeling framework proposed by Giese and
Poggio, the findings also suggest that thsual processing ofipright displays is
indicative of vision at a glare, whereas the processing lioated in viewing inverted
displays indicates vision with scrutinWithin the framework of Reverse Hierarchy
Theory (RHT), access to categorical level mifation for upright displays is fast and
automatic. This indicates that subjedisd early access to high-level stored
representations of human motion pattethat depicted specific actions.

In contrast to upright actions, oriatibn decisions fornverted actions took
significantly more time and led to relatively less categorical level priming. In terms o
RHT, this suggests that the feedforward nagitms involved in th visual processing
of inverted actions do not have the sameslef access to storegpresentations of
human motion patterns. Thenger processing time for inved displays could reflect
the operation of feedback megtisms that attempt to rebind local motion components
(e.g., local rigidity) into a lerarchical whole for the purposé identification. This is
not to say that inverted disgk cannot be reliably detected recognized. It is rather
a relative lack of access toategorical level inforntn that distinguishes the
processing of upright actiorfisom inverted actions.






Chapter 8 - Conclusions and Future Work

The purpose of this chapter is to put the ltesof the previous chapters into a larger
theoretical perspective and to discuss the implications of the results for future
research. | will also discuss methodological limitations of the research presented here
Before moving on to these important aspects, | will briefly discuss the main findings.

8.1 Main Findings

The general results from the empirical sasdfurther support the idea that action
concepts contain informain about the spatiatgporal dynamic form of actions, and
that this high level confiural information is used lyyeople to group action exemplars
and structure action categories. The redulis1 the experiments Chapters 3 and 5
represent converging evidence forototype effects for categories of natural actions.
When presented with the task of listing \&ethat name actionsahcould easily be
recognized when seen and ablle visualized as a mahimage, subjects produced
lists which, when analyzed, revealed a structure that supptirée notion of basic
level and subordinate leveltams. This was the case for both American English and
Swedish speaking samples. The relationship between basic level and subordinate lev:
actions indicates that action categoriesve graded struste around an action
prototype and that this cognitive organization is cross-linguistically similar.

The experiments in Chapter 5 wer@nducted independently of one another and
directly investigated the extent to whishbjects produced different typicality ratings
and verification times for diffent action exemplars inle¢ion to a category label.
Action exemplars were presented as pdigtt- displays of bblogical motion. The
results showed that typicality ratings canused as reliable pritiors of verification
reaction times. Even though the verificatioaktalid not explicitly require subjects to
determine the typicality of aaction exemplar, verificatioreaction times reflected the
prototype structure of acin categories. The spatiotemporal relatedness of action
exemplars led to a context effect. The ¢gedhe spatiotemporal relatedness between
an action exemplar and a corstraategory labethe longer it took subjects to respond
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in the verification task. Suégts also made more errors when action exemplars anc
contrast categories were perceptually relaté is important tonote, however, that
subjects were still able to make cleareggtrical distinctions between most action
exemplars and contrast category labels. Poist will be discussed in greater detail
shortly.
The results showing the categorical distions between actions appear to be in

conflict with the following claim of Vinson and Vigliocco (2002):

We discuss impairments and organization in terms of semantic fields rather than

categories, because category-level distimgi are far less clear for actions than for

objects; superordinate categdabels for actions are unclear, category boundaries among

actions are vague or nonexistent, and ‘category-specific’ impairments have not generally

been observed within the geakclass of actions. ‘Semantic field’ is thus used as a

general term to refer to groups of wordatthre organized accordgjrio meaning. (p.318,
footnote 1)

The results from the typicality and vediition studies in Chagr 5 indicate that
subjects can and do indeed make categoml ldistinctions. Recall that 55 out of 60
conditions of typicality judgments fonon-matching category labels and actions
resulted in values of less than 1. Thigant that most subjescwere judging the
actions as “not at all typical.” Furthermore, this was the case for actions that were
some extent perceptually similar, fexample, when determining how typical a
running action was of the category of kiogi The exception to this trend was when
running or waving instances were judgedbesng at least “somewhat typical” of
RUNNING or WAVING contrast categories. There may be a general difference
between the overall conceptual structurefouns and verbs, but the class of verbs
relating to natural actions might exhibit ctogties to object categories, and in this
sense exhibit relativelglear category boundaries.

Results from the repetition priming expeent in Chapter indicated that high
level configural information aabe implicitly activated, i.e., primed. This information
appears to be used to make category distins between different actions presented
as patch-light displays dfiological motion. Access to ¢hconfigural information,
however, is limited to upright oriented digps or requires learning in the case of
inverted displays. Previous findings of theentation specificity of biological motion
perception need to be sowigat revised given the rdssi showing that upright
displays can indeed prime inverted displays when subjects are instructed to make
decision about the display orientation. @ other hand, inverted displays do not
facilitate the orientationdecision for upright displays. The priming effects are
asymmetrical.

Recall that previous findings havlaosvn that although invsion significantly
disrupts visual processing bfological motion displays, itloes not always lead to a
complete lack of identification or regnition (Grossman & Blke, 2001; Pinto &
Shiffrar, 1999). The results of Grossmand Blake (2001) showed that viewing
inverted displays led to significant reductiorof brain activity compared to upright
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displays, but the activity levels associateith the viewing of inverted displays
remained significantly above levels assaamibivith viewing scrambled displays. How
does this result fit in with the obtained priming results from Chapter 7? No significar
levels of priming were obtained for theverted-upright (oentation incongruent)
transitions (Panel D, Figure 7.4). This doed mean that subjects were completely
unable to visually process tieverted displays. It simplgneans that inverted displays
had no more of a facilitating effect thanutral displays on the orientation decision
for the immediately following upright displays.

8.1.1 Disclaimers

The work here concerning the categdia of human actions has not focused on
finding the basic level for action categories. The emphasis has rather been «
investigating how we mightrganize our knowledge abailte actions of others. The
idea that there might be a basic levejuist one way of viewing how knowledge of
human actions might be catemgally organized. | doubt tha hierarchical view of
the organization of knowledge about humatioas in terms of superordinate, basic
and subordinate level categories will paius with a complete framework for
understanding how we organize our knowle@d®ut actions. But it is a valuable
starting point vith an established reseandtord of value for arting to look at issues
regarding the organization khowledge about human actions.

Furthermore, the experiments here hawg investigated the memory systems
involved in action perceptiort remains a possibility thatategorical effects are due
to the demands of current task and formaithin working memory, rather than being
structures in long-term memory. To nigowledge, however, no research within
biological motion processing has specificallydegbsed this issue. | think it is rather
the case that most researchers would a#s#rbiological motion perception relies on
access to information stored in long-termmmagey. For example, the highest level in
the Giese and Poggio (2008)odel includes complete motion sequences such as
walking, throwing, running, etc. The moti sequences are encoded by motion pattern
neurons. These motion pattern neurons seem to be good candidates for long-te
memories of natural actions.

8.2 Methodological Limitations

One methodological limitation Bato do with the number &fubjects, or number of
measurements that figured into the staidd analyses in the experiments. For
example, the cross-linguistic analyse<imapter 3 were based on 39 subjects in each
language group. The MDS analyses were based on all possible verb pairs for the
frequent verbs. However, just because a verb occurs frequently, does not mean th:
will frequently occurtogetherwith all other frequent verbs. Some vepairs, only
occurred infrequently, and some did not ocauall on the lists. This could lead to a
problem of interpretation for the Euclidearstdinces associated with those verb pairs.
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One way of dealing with this limitation & focus on the verb pairs that occurred
more frequently. The best method of dealinghwis limitation in faure studies is to
test about twice as many subjects in the tanguage groups. The effect of this will
be to decrease the error variance and plessiffects due to oligers. Why did | not
include more subjects in the studies? Qzwson was that | was able to obtain results
that were similar to the American English sample by only using 39 subjects in th
Swedish speaking group. A second reason hald twith the time that was required to
extract the total frequency data and obtain the data for the calculation of the me
ordinal positions as well as check each fig all possible verb combinations. This
procedure was very time consuming. Irder to make the data extraction more
efficient, the procedureshould be done on a computér.computer program could
easily register and sort datg frequency, mean ordinal ptisn and verb pair ordinal
distance. | will develop this idea below.

As mentioned in section 5.2.2.2, incregsthe number of subjects in the typicality
and verification experimentsauld have led to more st@bmeans for the different
conditions. The standard deviations foe therification reaction times were quite
large. This made it difficult to obtain adistically significant effects for small
differences between condition means.eThesults did in fact show a strong
relationship between typicality ratings anmdrification times in the typicality-RT
effect, but there was only artial statistical confirmatn of the prototype structure
that was obtained with theydicality ratings. In termsf null hypothesis testing,
increasing the number of subjects would likely lead to an increase in power ar
therefore increase the probability of rejegtin false null hypothesis. Despite the need
for greater power, there is reason to agbatta prototype struate could be obtained
for all four categories, i.erunning kicking throwing and waving Recall that the
typicality ratings led to a thestiered graded structure farnning andkicking and a
two-tiered graded structure fehrowing andwaving. However, in the verification
study, no significant differences were foundveen the different kicking exemplars,
and only a two-tiered gradestructure was found forunning The correlation
showing the typicality-RT effect shows however that typicality ratings and
verification RT are strongly related and thiey indicate a clear ptotype structure for
all of the action categories. The conclusion thaach here is that there is sufficient
data to support the hypieesis of a prototype structure for, at least, a limited domain of
action categories.

A further methodological limitation ithe limited number of action categories
used in the studies. The actions used lrerestituted basic kindsf natural actions
that are likely found in most cultures alathguage groups. It might be the case that
while prototype structures exist for thesads of actions, other, more cultural and
context determined, actions may not exhibdatptype effects. A question arises as to
the extent to which the current results apply to other kinds of action or actio
categories. The purpose of teperiments in this book has been to determine whethet
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or not prototype effects care obtained for action categories, which | think has been
shown. Indeed, an issue for further reseangfht be to determine possible limitations
of prototype effects for actn categories. The findings &fiese and Lappe (2002) and
the more recent findings of Giese, Thornton and Edelman (2008) are certain
consistent with the resslfrom my experiments.

8.3 Proposals for Future Research

When analyzing and discussitite experimental results from the previous chapters, a
number of follow-up questions and ideas fiorther experiments have arisen. In this
section, | will present some of those ideas and discuss their relevance for advanc
our knowledge of the perceptiaf biological motion. It ismportant to note that the
proposals vary in the extent to whicheyhare developed. Instead of providing
experimental details, the purpose is to ptindirections in which further research can
address some of the remaining issues. Thpgsals will also be discussed in relation
to language, categorizationgthe perception of actions.

8.3.1 Action Naming, the Basic le vel and Orientat ion Specificity

As mentioned in Chapter 2, objects tendbto identified at the basic level. When
people are presented with pictures of objeittsy tend to use the same labels for the
objects. Further converging evidence fobasic level for actiorcategories could be
obtained by letting subjects identify amti exemplars presented as point-light
displays. For example, the same @a$ from the typicalityand verification
experiments could be used in an idendfion experiment. The spoken name of the
actions would be recorded as well as the time taken to identify them. One predictic
of the identification phase would be thecarrence of verbal deriptions of the
actions as they become more “distant” frira prototype and perhaps more similar to
exemplars from contrast categories. Theremgimilar an action exemplar is to
exemplars from contrast categories, the more important it may be to identify th
action by lexically marking the closenesstbé exemplar to contrast categories. |
suspect, however, that there may be a gre@hdency for this to occur with action
categories that have similar spatiof@oral patterns (i8se & Lappe, 2002).

A further manipulation codlinclude the orientation dhe actions. The purpose of
the orientation manipulation would be tovestigate the extent to which action
naming might change due to the orientatif the action. Reclathat Sumi (1984)
originally reported tht some subjects were ablese a human body but failed to see
it as being upside down. Subjects descrittedmovements of arms and legs but also
failed to see any meaningful coherent lammaction. By including the orientation
manipulation together with the differerdction exemplars, it is possible to
systematically assess the effect of stimwdgntation on naming. Inverted displays
can serve as kind of benchmark againsttvimaming performance can be compared.
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8.3.1.1Long-term Priming

Results from the experiment in Chapter 7 showed that implicit activation o
categorical information about the actiofesd to a significantfacilitation of the
orientation decision time. A further issue concerns the extent to which this implici
activation would also facilitate an eigit categorization task. The orientation
decision did not require an explicit pEise about the category membership of the
action exemplars, and it is therefore diffictdtdraw any verifiable conclusions about
the effects of the activation of egfory knowledge on performance inaxplicit task.

If, however, subjects are givean explicit task such aaction identification, and
performance is facilitated by previous expestg actions, this would indicate that the
priming action activates categorical infortioa. A proposal for stdying the effect of
implicit processing ormexplicit responses would be é&xpose subjects to a humber of
actions, also presented as patch-light digpland then in a later test phase measure
the effect of previous exposure to thdi@ts by measuring explt identification
performance. This could be done byngsian old-new priming paradigm. The basic
gist here would be to construct the id&aéition phase such dh subjects would be
asked to identify actions that were previously presented in the study phase, i.e., the
actions, and identify actions that were n@vpously presented ithe study phase, i.e.,
new actions. If previous exposure tactions in the studyphase facilitates
identification, then significantly more @’ actions should bédentified than “new”
actions. Of course, counterbatamg would have to be used ensure that all actions
would appear an equal numbettiofes in the study and test phases.

In order to test the effects of orietitem on action identification and as a partial
replication of the results presented inaPter 7, orientation congruence could be
manipulated between the study and testsphaf the experiment. If categorical
information is activated during the study phasel it facilitates leer performance on
the identification task, then we should semiicantly better identification for upright
congruently presented actioms the study and test pées compared with action
identification for “new” actions in the teghase. This would replicate the pattern of
results shown in Panel A in Figure 7.4.rFoe condition where inverted actions are
presented in both the studgdatest phases, there is r@ago believe that no priming
effect would occur. If the lels of priming for the inverted-inverted transitions in
Panel B in Figure 7.4 are the result of learning over many trials, then just on
exposure to inverted displays in a study phaitlenot likely be sufficient to facilitate
the identification of actiondn the case of upright displa being presented in the
study phase and inverted displdyesng presented in the test phase, it may be the cas
that access to categorical information als@ags to inverted actions which will then
facilitate action identification for thenverted displays. Ifhowever, the obtained
priming effects in Panel C in Figure 7.4eadue to learning over many trials, there
should be no priming effect when subjects anly exposed to one presentation of the
actions in a study phase. Comnsig with the effects in P&l D in Figure 7.4, | would
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not expect any priming effects for invertadtions presented in the study phase and
then presented upright in the identificatipimase. With this proposed experiment, it is
possible to follow up the results from thepedition priming experiment and to test
further hypotheses about the effect of implicit access to categorical information c
explicit responses.

8.3.1.2Attention, Automatic Processing and Pop-Out

None of the experiments presented in tiosk have specifically investigated the role
of attention in the proasing of biological motion. Asnentioned in Chapter 6
(section 6.5), attention can plalfferent roles depending ahe level of processing
needed to complete a given task when viewing point-lightadisp The proposals in
this section present different ways ofilding on previous findings about attention
and biological motion processing.

The phenomenal visual exjence of viewing point-lightlisplay seems to have a
pop-out-like quality. This means that theheecent configural arrangement of the
motion of the dots in a point-light displdgads to a rather imediate impression of
the depicted action. Strictgpeaking, however, as a ploenenon of attention, pop-out
is something that occurs during visusdarch, and is relatively unaffected by the
number of co-occurring disttctors (e.g., Alssar & Hochstein2004; Hochstein &
Ahissar, 2002; Treisman & Gelade, 1980; Wolf & Horowitz, 2004). It should be
noted, howver, that different kinds of -ogcurring distractors can place different
attentional demand on the visual procegsof biological motion (Hunt & Halper,
2008). The “automatic” processing of displafdiological motion is also closely tied
to the notion of attention and means that relatively little attentional resources a
required to perform a given task. In tisiense then, object pop-out can be obtained
with minimal demands placed on attention. Intcast, visual search tasks that require
focused attention, i.e., conjunctive feausearches, do not lead to a pop-out-like
visual experience. Focused attentiorually involves a top-down driven control
process and is therefore a controlledcess rather than an automatic process.

Results from Thornton et al. (2003rovided an indication of automatic
processing of biological motion. When poiigHt displays were masked by randomly
moving points,’ performance on a secondary taskas relatively unaffected in
relation to a baseline task. However, wieescrambled mask was used, performance
on the secondary task dropped to chanael$e This indicates that the visual
processing of biological motion in the conteX a random mask is largely automatic.
For the scrambled masks, focused attention was apparently required to correc

% In a random mask, the positions of masking points are randomly determined. In addition, tt
trajectories of the randomly positioned points are @amdThis is in contrast to a scrambled mask in
which the trajectories of the randomly positioned pare copied from the target point-light figure.
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complete the task, which was why attentioresources could ndie spared for the
secondary task.

In order to further test for the pop-out-like quality of the visual processing of
biological motion, | suggestfarther manipulation of the ks of distractor elements
that are used to construct the scramlmessks (cf. Cutting et al., 1988; Hiris, 2007).
The scrambled masks used in previouteckon experiments have been created by
duplicating the individual trajecti@s of the points from th&rget point-light figure.

For example, if the target is a point-ligivalker, then the scrambled mask contains
moving points from the point-light walkel the scrambled mask is composed of
masking elements that come fradifferent (basic level) actions, detection may be
easier since there is even less motion overlap between the motion of the mask
elements and the target. Since the motionthe@fmasking elements still come from a
human actor, detection performance may not be as good as when the mask
elements are purely random. In additionrixing targets and masking elements from
different actions, the trajectories from tmelividual points of inveed displays could

be used to create scrambled masks. Ifrisiea of whole point-light figures disrupts
visual processing, then scrambling the dcépries of the individual inverted points
would likely lead to very little, if any, daction in detection ofn upright target
compared to detection of an upright tariged completely random mask. Detection of
a target in a completely random mask vebfulnction as a baseline control condition.

Another experiment using the visual search paradigm could be to include actiol
from different categories as targets amongadsors from contrastategories. Instead
of embedding the target in a dynamic male distractors would consist of whole
point-light figures (Thorrdn & Vuong, 2004). The idea herg that visual search
performance for a target action among diffeftggic level actionshould be achieved
with a higher degree of autoti@ty (quickness, accuracy amelatively low levels of
attention) than a visual search that recaitfee subject to deteattarget action among
subordinate level actions. Perhaps neutral stimuli of theé ksed in Chapter 7 could
be used as a baseline condition. Anothenimaation would be to include the factor
of orientation for the target as well ag ttlistractor agdns which coud be done with
the flanker-interference padigm used in Thorntoand Vuong (2004) where they
showed that upright displays are processmidentally in a flanking task. If, as |
claim, inverted displays impair access tmaatic level information, then it should be
the case that inference effects should bewstsinverted displays than with upright
displays. Predictions about the effectsooientation and action congruence depend
crucially on the task. Within this experimental setup, it is possible to use th
orientation decision task, i.e., to determimeether the target is upright or inverted.
Given this task, any interference due te flankers would likgl be the result of
incidental processing.
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8.3.1.3Cross-linguistic Studies of Lexcalized Action Categories

The cross-linguistic studies in Chapteprdvide a good empirical basis from which to
further investigate the potential similaritie$ semantic spacesr lexicalized action
verbs in different languages. In additiom looking at the relationships between
different frequencies for basic level andberdinate level verbs, | intend to focus
more on the extent to which similarly cér@sned human naturailctions are reflected
in the naming patterns of different languagBse recent findings of Malt et al. (2008)
support the view that despite differencedimguistic typology for expressing motion
events (Slobin, 2004) subjects tend to thee same categorical haming patterns for
instances of human locomotion, namelinming and walking. In this case, action
naming appears to reflect tisgructural discontinuity eveen walking and running.
This is consistent with an embodied languagespective. It is als@ line of research
that | and my colleagues have already betguexplore by recruiting subjects from
different language communities to createslist verbs according to the instructions in
Chapter 3°

As mentioned in Chapter 1, there is accumulating evidence showing that ol
understanding for verbs that name the actions of various body parts like arms, le
hands, etc. is highly correlatedth neural activity in pgmotor areas that correspond
to watching actions that involve tro®ody parts (Aziz-Zadeh, Wilson, Rizzolatti &
lacoboni, 2006; Tettamanti, Buccino, Saccuman et al., 2005). In this sense, t
semantic organization of verbs for concréiedily motions may be determined to
some extent by the somatotopic activatiometirons for the different body parts. The
important notion here is that multidimensional scaling (MDS) could perhaps be use
as a tool to (re)construct the relative disesin the somatotopic organization of the
body parts along the premotor cortex. Thisould not be taken to mean that the
linguistic data will tightlymatch the organization of neuns in the premotor cortex.
One reason this is likely not the case i itivolvement of othedifferently organized
cortical areas in action ideritiition, e.g., the STS, the premotor cortex (Saygin et al.,
2004; Tai, Scherfler, Books, Sawamoto &s@ello, 2004) and parietal areas (Battelli
et al.,, 2003). Support for an embodieshgaage perspective can be obtained by
finding a similar organization across diféat languages for the bodily motion verbs
and verbs for vocal and mouth movemententioned in Chapter 3. If a similar
organization exists across very differelanguages, it would further suggest a
common embodied basis for at least soméhefverbs that name natural actions.

As mentioned in the methodological linitms above, future work within this
area should include the despment of a computerized data gathering system. This
would allow for a more efficient collectioof data and subsequent analyses. With

46 Barbara Gawronska and | have extended thisareh to include Polisepeaking subjects, and,
together with Sofia Kasviki, we have gather verb data from Greek speaking subjects.
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more subjects, more fine-grained analyshsuld be possibleThese fined grained
analyses would include being able to speally determine thesemantic space for all
different kinds of kicking actions. Given thieitations of the number of subjects that
we have tested thus far, there is nobuwgh statistical material to do appropriate
analyses on this level.

In addition to the findings in Chapter 3, itaiso likely the case that there are other
significant patterns of semantic associations between the verbs. Preliminary rest
(Hemeren & Gawronska, 2007; Hemerenstiki & Gawronska,2008) show that
there is also a tendency amaosupjects to list actions thhelong to a theme or script
rather than according to a strict concemraichy. Previous findgs for this kind of
organization were discussed in Chapters@ction 2.4.2. With experiments of this
kind, we should be able to capture crbsguistic regularities in the semantic
organization of verbs for natural actions as well as capture smgeage and culture
specific aspects.

8.3.1.4The Role of Force Patterns

Given the role played by tHercesinvolved in actions, more experiments need to be
performed to investigate the effect thaffetient force patterneave on the prototype
structures of action categes (Gardenfors, personalramunication). If actions can

be represented in terms of dimensions @oaceptual space, then more research needs
to be done to find out what qualities are assed with the dimensions that structure
the space. One shortcoming of the MDS-studies mentioned abthwe fiact that we

do not know what the dimensions of the BH3olutions stand for. Another way of
investigating the conceptual spaceg fictions is to systematically vargnown
dimensions and let subjects make similajitsigments between pairs of actions based
on those dimensions. In this way, we shdwdable to examine clear category breaks
between continuously varying dimensions, which would also provide us with evidenc
regarding the existee of psychological boundaribgtween action cegories based
on, for example, force patterns.

8.4 Concluding Comments

Human self-generated motion isherently dynamic. Thémplications of this for
theories of action recognition, concept formation and categorization is that actic
identification necessarily involves understangdthe ways in which configurations of
the human body can change over time. A ctua$pect of this understanding has to
do with possessing knowledge about the ptalsand cultural/sociaconstraints that
limit the ways in which the body can move. @bas the physical constraints have to
do with the physical charactstics of the external emanment, e.g.gravity and
surface textures, and the biomechanicsoof human bodies, the cultural/social
constraints concern the kinds of movensetitat are accepted and encouraged in a
community.
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During a lifetime, we develop an expeetiat identifying the aiins of others. Our
visual experience is rich with example$ people acting indifferent ways. We
become experts at action perception. In @sttto the visual experience of observing
the actions of others, the perceptionanfr own actions is based on a completely
different point of view (Jacobs, Pinto &hiffrar, 2004; Jacob& Shiffrar, 2005). We
have a lot of visual experience at peragivihe actions others, and we have a lot of
experience at perceiving our own actiohsf the basis for the perceiving our own
actions is not so much visual as it is propeiptive or motor based. It also appears that
our perception of the actions of othersisally guided by having motoric schemas or
representations for the motion of our own body parts (de Vignemont, Tsakiris ¢
Haggard, 2006). Remarkably, howevhgving a mental motoric schentes not
depend on actually having the appropriate body part. For example, it is possible
develop appropriate motoric repeasations for a simple hand motianthout access
to an actual hand (Funk, Shiffrar & Brugg2605). This appears twe possible due to
the presence of phantom setii@s of congenitally missingrtibs. Despite the lack of
hands since birth, it is geible to experience vivid phtom postural and movement
sensations in them (Brugger, 2006). This striking example is additional evidence
the connection between the visual itiécation of observed actions and the
involvement of motor resonance with ourrowodies (e.g., Calvo-Mimo et al., 2006;

De Maeght & Prinz, 2004; Hari et al998; Jackson & Decety, 2004; Lozano et al.,
2008; Viviani, 2002) and the body’s role lenguage (e.g., Gibbs, 2003; Glenberg &
Kaschak, 2002; Yeh & Barsalou, 2006; Zwan & Taylor, 2006).

Thinking (including perception) relies on our ability to organize information, and
the organization of informath is achieved through the use of concepts to categorize
“objects” in our surrounding#\ction concepts allow us tihink about and understand
the actions of others in terms of intentiargl goals and in terms of our own abilities
to purposefully move about. Through the aation of motor imagery, action concepts
allow us to simulate dynamic situationsdathe potential consequences in them. To
the extent that language andmmunication also use concepts, then concepts appez
to be an important link between languagel thought. My goal has been to suggest
and empirically demonstrate a prototype atinee for action categories and the effect
this structure has on language via the gd@imaorganization of verbs for natural
actions. It has also been to show that implicit access to categorical information ci
affect the perceptual pressing involved in making aimple decision about the
orientation of an action. HEnefore, given the growing ehasis on, and development
of, interdisciplinary efforts in cognite science, the themes of language,
categorization and perception in this boofresent a contribution to those efforts.
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