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Construction of a Spatio-Temporal Information Infrastructure based on

the Catalogue of Fossil Hominids Database



The control group is in charge of development of a research resource information infrastructure that
can provide an effective platform for the research on the drama of replacement as a whole. The
remains of fossilized humans and other finds from the period of the replacement drama are closely
associated with important spatio-temporal information such as position and era. In this infrastructure
construction project, we aim to design and implement a spatio-temporal information infrastructure that
allows handling such information on maps and/or chronological tables. Survey reports, papers, and
other forms of literature and materials that provide concrete descriptions of fossilized remains of
human and other finds are already available. Thus, in the process of constructing the information
infrastructure, we intend to develop a set of integrated services that can link between the

spatio-temporal information and bibliographical information in a consistent manner.

Targets in FY2010
* Develop integrated services that allow browsing papers, reports, and other related information
based on the Catalogue of Fossil Hominids Database" that is currently made available by the
Research Institute, Kochi University of Technology.
* Exploit the Globalbase” architecture to design and implement a geographic information
system allowing registration of bibliographical information.
* Convert bibliographical information related to several fossilized human remains to electronic

form, register the information in the system and make a test installation.

Targets in FY2011

¢ Upgrade and expand the bibliographical information framework and release the system
constructed in 2010 to the public at the same time.

e Promote cooperation with the National Institute of Informatics' CiNii® service and other
existing information services, such that the literature articles become available on the Web in
full text.

* Work toward design and implementation of an associative search function that allows
retrieving various data related to fossilized human remains in a cross-sectoral manner,
utilizing the associative search engine GETAssoc”.

e Start research and development of a spatio-temporal information visualization/browsing
system and study spatio-temporal axis design suited for delivering information on fossilized
human remains.

e Attempt implementation of a system that allows tracing events related to the drama of

replacement on the spatio-temporal axis at will.
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Yoshihiro Nishiaki
The University Museum, University of Tokyo

Archaeological evidence of learning in the Palaeolithic records

Learning is a fundamental process of cultural transmission and invention among the human societies.
Therefore, it is one of the key elements to be investigated for understanding ways and changes of
cultural adaptation of particular prehistoric societies as well. The research project AO1 aims to
characterize learning behaviors of the Neanderthals and the Early Modern Humans with the aid of
pertinent archaeological records of the Middle and the Upper Palaeolithic. Focusing on the records of
stone tool manufacturing, which are considered to be the most relevant evidence of the prehistoric
learning, the project explores differences in learning behaviors between these two types of hominids,
and then discusses how the differences contributed to their eventual replacement. In this paper, the
outline of the research strategies will be presented. It consists of a review of the previous studies on
learning of the Palaeolithic societies and a presentation of the analytical methods to reach the goals of

the project.
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Hirofumi Kato
Center for Ainu & Indigenous Studies, Hokkaido University

Colonial behavior to the North: the significant in the evolutionary and learning

Northern Eurasia including Siberia is one of the significant areas where we can see can traces of
remains of both species: Neanderthals and H. sapiens. Comparing site location and adaptation
strategies of the two species in this area is very important to consider the background of replacement.
The living area for Neanderthals in northern Eurasia had been very limited. It can be expected that this
was deeply related with their adaptive behavior and learning activities. In contrast, H. sapiens has been
shown to have expanded rapidly to lat. 70°N. after they began to migrate into this area. This report
presents the differences of geographical distribution between Neanderthals and H. sapiens and tries to

consider the context of the emergence of ‘Modern behavior’ in this area.
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Seiji Kadowaki (1) and Yasuhisa Kondo (2)
(1) The Nagoya University Museum
(2) The University Museum, University of Tokyo

Aims and methods of constructing the database of lithic industries

by Neanderthals and modern humans

Lithic artifacts usually constitute the major archaeological record at prehistoric sites. The large volume
of lithic collections can contribute to the study of prehistoric learning behaviors through the
examination of lithic industries. We aim to compare the patterns in the emergence, continuity, and
decline of lithic industries between Neanderthals and Modern Humans under the assumption that the
continuity of a certain lithic industry reflects the social learning behavior, while the change represents
the individual learning behavior. The results of this comparison base our assessment regarding the
difference in learning behaviors between Neanderthals and Modern Humans.

The onset of this research requires the collection and organization of a great deal of data on lithic
industries in Africa and western Eurasia, where the replacement of Neanderthals with Modern Humans
took place. In order to facilitate this initial task, we introduce the working system, in which multiple

researchers can concurrently access and build a master database through internet.
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Department of Cultural Anthropology, Kobe Gakuin University

Play, Learning, and Hunter-Gatherers
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Hunting gathering life was the most fundamental subsistence mode throughout human evolution.
However, after the start of agriculture about 10,000 years ago the number of hunter-gatherers has
decreased drastically, leaving only 0.01% of total population on the earth in the middle of 20th century.
And now, most of them live in sedentary residence, adopting subsistence methods in addition to
hunting and gathering. But, even among such "ex-hunter-gatherers there still remains the essence of
hunting and gathering life in their lifestyle, way of thinking, relationships among people and social
institutions.

AO02 team will conduct fieldwork on hunter-gatherer groups as follows: (1) Pygmy groups of the
tropical rain forest of central Africa, (2) Bushman groups of dried savanna of south Africa, (3)
Aborigines of north and central part of Australia, and (4) Inuit groups of northern Canada.

We will get understanding of the characteristics of learning behavior of hunter-gathers. Particularly
we will focus on children how they learn traditional culture and create new one. Many researchers say
that there is no teaching activities among hunter-gatherers. Children learn by seeing and imitating.
Culture is transmitted through "imitative learning" which is considered to have brought such a rapid
human cultural evolution (Tomasello 1999). However, it is not yet clear where, when, and how
children's imitative learning takes place. And it is necessary to make clear how imitative learning is
incorporated into the natural development of children. Play and play groups make the most important
learning environment for children. So, we will search into the relationships between play and learning

to understand the distinct learning behavior of Homo sapiens.
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Sachiko Kubota
Graduate School of Intercultural Studies, Kobe University

Age group of Aboriginal Children — The case in Arnhem Land, Australia

Yolung, the Aboriginal group living at the far north of the continent, called Arnhem Land did not
experience the colonization until the 20th century and continued their hunting and gathering mobile
life style until then. In Yolung area, the Methodist mission set up the settlement in 1942. Since then,
Yolung people stated live sedentary at a settlement utilizing the modern resources and cash
commodities. At the same time though, they continue to keep customary kinship tie, hunting and
gathering mode of life and traditional ritual and mythological belief. Aboriginal Children are now
enrolled in the school system, but at the same time they are brought up among the very intimate
extended kin-network, gaining knowledge about environment through hunting and gathering, and
learning to take part in the various rituals. The role of age-group among Yolung society is especially
important when you focus on the children. They do not get any basic discipline by their adult members,
but they gradually learn expected behavior among them. You’ll find that their way of learning is
basically by watching and imitating. In this project, I will analyze the learning and imitating behavior

of children among age group to see the practical function of them for ‘adaptation’.
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Eiko Yamagami
Department of Cultural Anthropology, Kobe Gakuin University

The research of developmental psychology on learning behavior

- Cognition and creativity through the psychological expressive technique -

The resources of children themselves, on which learning behavior is based, may either be developed or
suppressed depending on the environment they are raised in. It is possible that the difference between
hunter-gatherer societies and industrialized societies affects the eye-perception and motor cognition
system of children. On the other hand, there may be some other perception areas, which are not
affected by the difference between the societies. Moreover, learning behavior involves the possibility
of developing creativity based on cognition and mimicry. I will investigate cognition and creativity
through “the test survey” by Fujioka (1974) who advocated “spiritual anthropology”. Though he
applied the Rorschach technique and the Tree Test, I am going to use not only psychological tests but
also another expressive method, like collage. Simple psychological tests look like games for children.
In particular, making collage is play for them, cutting and pasting with scissors and glue, though
collage can be one kind of psychological expressive technique, using “ready-made” (Moritani 1990)
materials like photos. I am going to explore how children deal with the task on cognition and creativity
through the play process and the outcome, while new materials are offered. Moreover, I will make a
survey about “the transitional object” (Winnicott, D.W. 1964), which is the primal point of play and
creativity on developmental psychology, by means of a questionnaire for parents. In conclusion, I will
comprehensively discuss cognition and creativity through the cultural difference, “the transitional

object” and the outcome of psychological expressive technique.
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Kaoru Imamura
Nagoya Gakuin University

Interaction and play among /Gui and //Gana children

This study aims to clarify the characteristics of interactions among /Gui and //Gana children, of the
southern African Kalahari hunter-gatherers. I focused on the two types of children’s play; “melon
dance” which was mainly played by girls, and “throwing sticks” which was played by boys.

Both games are played in groups. In both games, children do not compete with each other. They
form a line one behind another, and after the first child plays, the following child repeat smoothly the
previous child’s behaviors.

They repeat but not mimic. Even the child who participate in first time can do play. The goal of the
play is already shared by them and they cooperate each other to realize the goal.

This is very similar to the adults’ cooperation in daily life.
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Tadashi Koyama
Faculty of Humanities and Sciences, Kobe Gakuin University

Child Development in Early Symbolic Play

We focused cognitive development related to early symbolic play in infancy. Early social cognition
is reflected in their symbolic play, especially in their doll play and related to the development of
Theory of mind. Role play develops parallel with sharing symbolization with play partners.
Organization of child's daily experiences and internalization these experiences relate to the early
symbolic play. And the development of cognition of others relates symbolic play. Symbolic plays are
related to child's intentionality to real life. This intentionality is connected with sharing symbolization
with others. Organization of child's daily experience, internalization of these experiences, and
cognition of other's mind are enhanced in early symbolic play. We will prove the cognitive ability

which is enhanced in child symbolic play.
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Keiichi Omura

Graduate School of Language and Culture, Osaka University

Learning Process of Inuit Children — The Case in Nunavut Territory, Canada

Canadian Inuit societies have experienced great socio-cultural changes in the process of assimilation
and integration into the nation-state of Canada and the capitalist world system since sedentarisation in
the 1960’s. They have been integrated through school education, medical services, welfare,
legislation, and currency systems. Fur trading, the sale of carvings and wage labour have also
promoted dependency on the capitalist world system. Moreover, the influence of Western culture
through mass media has significantly changed their culture. As a result of these socio-cultural changes,
on the surface it may appear difficult to find ‘traditional’ cultural elements in their modern life way.
However, Inuit societies have coped with assimilation and integration by preserving some ‘traditional’
characteristics of their socio-cultural systems, such as principles of social organisation, language,
intimate relationships with their ‘land’ (nuna) through subsistence activities, ‘traditional ecological

knowledge’ and world-view. In this project, I am going to carry out participant-observation field
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research at Kugaaruk in Nunavut Territory, Canada, in order to explore how Inuit children learn the
knowledge necessary for the Inuit way of life, such as subsistence techniques, traditional ecological

knowledge, Inuktitut (Inuit language), and so on, in their daily life.

It
KB EBRR S« AR

EZI—REREERDOT L bOERE 2T

RIERTIE, FFHBRERAD OF £ DRERE ] OFBINFTEIC OV THE T 5, S &1
HIT 7 U Oh A — 2 RERFEBOBRHEREKRICEDL T, BV IR EROO &
OTHD, WMEEIT, NVOEEEE, FRHROF ¥ 7 FRARLITBNT, £ 1 F42h
20 NIOFESLHIZET IR EZIT o7, METEL LTI, "o Ebeh
DEFYOHTOBEBLE, ROWCHERADOA V¥ Ea—EHuni,

ZOMEDOH T, BSHBHDOFEONBEINTZ, /o, FEBLBIZL > THIE S D5
PRI & DEZETRE AN BHER E%hfwto;h%@TE%@%J®%%iﬁﬁt5%
DTHoTZB, FEBLBIIWV OB RTIZ, 20X ) REEEREICHbEE2 b b
DEFEVIZEBNTHRT TWe, FEBTHLRBLEROITEIZMREM, WEL, £/, BHD
D H & OIEE) ALk, ZHIT T 2EICHB VT, FFHEREEEICH & IV EFEn T\ D TR
M) PEEREHZ > TWLHEEXDBND, £, FELTHBRMHIDE~LFLOA T
SHRZRRT 5, W ONOBENELNT,

2% 3k

BIFRE

2010 [FRDO/N &2 N B =) Tob: FFRREROF &b ORIKERE] UL FER R 240 HAR
=.

Kamei, Nobutaka

2005 Play among Baka children in Cameroon. In: Hewlett, Barry S. and Michael E. Lamb eds.
Hunter-gatherer childhoods: Evolutionary, developmental & cultural perspectives. 343-359. New

Brunswick, NJ: Transaction Publishers.

Nobutaka Kamei

Faculty of Human Sciences, Osaka International University
Play and learning of children of Pygmy groups, the hunter-gatherers

I show the case study of the "ethnography of children of the Baka hunter-gatherers." Baka, one of
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the Pygmy groups, is an ethnic group of hunter-gatherers living in the tropical rain forests in the
Southeastern part of the Republic of Cameroon, Central Africa. I conducted field research on Baka
children in their settlements, their forest camps, schools and related sites for about one year and a half.
As the research methods, participant observation among Baka children's groups and everyday
interviews were adopted.

As the results, 85 kinds of play were observed. Subsistence activities, hunting, gathering etc.,
organized by children were also frequently observed. Although the results of these "subsistence
activities" were very little, they were always satisfied and continued these playful activities in
children's groups. "Playfulness" originally included in hunting and gathering activities can be
considered to have an essential role for the motivation of children to imitate and modify adults'
behaviors and to organize and conduct their daily activities. Some observations also suggest the
process of the socialization of children to the division of labor by gender.

Reference:

Kamei, Nobutaka

2010 Little "hunters" in the forest: Ethnography of hunter-gatherer children. Kyoto: Kyoto University
Press. (In Japanese)

Kamei, Nobutaka

2005 Play among Baka children in Cameroon. In: Hewlett, Barry S. and Michael E. Lamb eds.
Hunter-gatherer childhoods: Evolutionary, developmental & cultural perspectives. 343-359. New

Brunswick, NJ: Transaction Publishers.
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Kenichi Aoki
Graduate School of Science, University of Tokyo

Evolution of learning strategies and rates of cultural evolution

The SE (social-learner-explorer) strategy is a composite learning strategy involving the initial
acquisition of a preexisting behavior by social learning, followed by its modification by individual
learning to improve the fit to the environment. Arguably, it is the learning strategy that supports
cumulative culture in humans. We obtain the conditions for the SE strategy to evolve in a
one-dimensional stepping-stone model which simulates the range expansion of humans (the
environment is uniform within but differs among habitats). In particular, we focus on the timing of
social learning, individual learning, and migration within the life cycle. Moreover, we take into
consideration the possibility of “surfing” at the wave front.

In order to study the relation between modes of social transmission and cultural evolutionary rates,
we adapt the Moran model of population genetics to obtain the fixation probability of an innovation.
Using this approach, we for example evaluate the claim made by some archaeologists that
one-to-many transmission, such as may occur when lithic technology is taught by one expert to many

novices, will accelerate cultural evolution.
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Kohkichi Kawasaki
Faculty of Culture and Information Science, Doshisha University

Reaction-diffusion model for evolution of learning in heterogeneous environment

Evolutionary models of learning have yielded conditions for the evolution of learning abilities
(especially individual learning) in a temporally variable environment. When range expansion occurs in
a spatially heterogeneous environment, organisms at the front of the range experience virtual temporal
changes of the environment, suggesting that analogous conditions can be obtained in this case for the
evolution of learning abilities. We formulate and analyze mathematical models of the evolution of
learning using reaction-diffusion equations to clarify the effects of range expansion on the evolution of
learning. Toward this end, we draw on our experience in mathematical research on the growth and

dispersal of biological organisms using reaction-diffusion equations. This research will be conducted
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in close collaboration with Wakano, who will model the learning process. In the current fiscal year, we
will formulate a prototype model assuming spatial uniformity, and based on the results of this model
proceed to formulate and analyze a model of range expansion in a spatially heterogeneous
environment. Moreover, possibly during this year and certainly in the following years, we will, in
addition to random migration (simple diffusion), incorporate directed movements toward favorable
habitats (advection), a phenomenon which likely applies to Neandertals. Based on analyses of these
reaction-diffusion models, we will evaluate the effects of range expansion on the evolution of learning
abilities. Kawasaki will focus on the mathematical modeling and analysis of the nonlinear
migration/dispersal term, as well as the development of a computer simulation program and its
implementation. Wakano will contribute to the formulation of the models by proposing models of the

learning process and also participate in the analysis of the models.
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Joe Yuichiro Wakano
Institute for Advanced Study of Mathematical Sciences, Meiji University

Model of evolution of learning ability based on reaction-diffusion equations

Change of habitat due to migration or range expansion can be considered as a driving force of
evolution of learning ability. A merit of modeling based on reaction-diffusion equations is potential
possibility allowing us to apply known mathematical results to analyze the model. Especially, there
exist plenty of mathematical results on traveling wave solutions, which might provide a deep
understanding of the model behavior. To use these mathematical results, we first need to study the
simplest case in detail. The research will be promoted in collaboration with Kawasaki. In the first year,
we construct a model assuming spatial uniformity. Preliminary work has revealed the existence of
travelling wave solutions with interesting behavior. With this model as a basis, we initiate the
formulation and analysis of models of range expansion in a spatially heterogeneous environment. In
the following years and possibly during the current year, in addition to random migration (simple
diffusion), we incorporate aggregation toward favorable habitats (directional diffusion), a phenomenon
which likely applies to Neandertals. The results of these analyses are used to clarify the effects of
range expansion on the evolution of learning abilities. Wakano proposes and studies a model with
various kinds of learning strategies, based on his experience about the modeling researches of this
topic. With collaboration with Aoki, we deduce a hypothesis about evolution of Homo sapiens from
the result of our models. On the other hand, Kawasaki applies his knowledge about mathematics of
reaction-diffusion equations to study a model with non-linear migration term and a model with

spatially heterogeneous environment.
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Ryosuke Kimura
Transdisciplinary Research Organization for Subtropical and Island Studies
University of the Ryukyus

Range expansion patterns of modern humans inferred from the genome diversity

In our planned research team, we theoretically study the conditions under which learning abilities will
evolve, focusing on the role of environmental changes during range expansion. As a basis of the
research, we need to understand how modern humans have expanded the area of habitat. The purpose
of this research is to obtain the knowledge of human range expansion and migration by “population
genomics.” Using the genome diversity data that have recently been accumulated due to the
development of DNA technology, the allele frequency spectra in populations, indices of linkage
disequilibrium between polymorphic sites, etc. are calculated as statistics. Then, assuming range
expansion, we perform coalescent simulations of genome variations in which population size,
migration rate, the timing of population splits, etc. are varied, and estimate these parameters for actual
populations by fitting the statistics between simulation and actual data. Furthermore, based on the
results from these simulations, we evaluate the speed of the human range expansion and the size of

migrating populations, and discuss their relations with carrying capacity and population pressure.
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Minoru Yoneda
Graduate School of Integrated Biosciences, University of Tokyo

Re-evaluation of temporal and spatial distribution of Neanderthal and AMH and
the dispersal of modern behavior from chronological point of view

Goals:

The replacement of Neanderthal populations by AMH in Europe has been discussed by the precise
review of age determinations at key sites, and the detailed reconstruction of the paleoclimate and
paleoecosystems, while such research has not been conducted in other regions where modern human --
our species, Homo sapiens -- actually evolved. In this study, we focus on the regions of Africa and
West Asia, from where little information evaluated in light of the modern scenario of human evolution,

in order to investigate what happened to Neanderthals and AMH by precisely reconstructing the
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distribution of these two species in the detailed timescale proposed for this project.
Methods:

We will produce a series of new distribution maps of Neanderthal and AMH settlements using more
precise datasets of absolute dating by reviewing sampling, preparation, measurement technology,
evaluation diagenetic effects (postmortem chemical alterations), and data processing. The evaluated
age information will be summarized in maps using GIS (Geographical Information System) methods

to reconstruct detailed maps of hominin distribution.
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Ayako Abe-Ouchi
Atmosphere and Ocean Research Institute, University of Tokyo

Temporal and Spatial paleoclimatic variations and the Human Evolution
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Goals:

In order to illustrate temporal change in environments to which Neanderthal and AMS had faced
during their evolution, a series of reconstructed climatic distributions will be created for every ten
thousand year period from 200 to 30 ka by using the global climate simulation model. The simulation
study using the global climate model will be conducted to illustrate the distribution of paleoclimate in
the period from 60 to 30 ka during this fiscal year. First, the global map at a resolution of 200 km will
be reconstructed, that will become the basal information for the informative GIS system. By
integrating the information of the absolute dates and the continuous environmental data to the system,
specific temporal and spatial regions will be selected for detailed reconstruction and the required
resolution of time and space for these detailed maps will also be discussed.

Methods:

The distribution of paleoclimate will calculated for the period from 60 to 30 ka. Because many
drastic changes such as Dansgaard-Oeschger cycles occurred in this period, we will reconstruct three
different phases; (1) the Last Glacial Maxima at 20 ka, (2) Warm phase and (3) Cool phase of this
fluctuated period. The first reconstruction will be calculated in the resolution of 200 km. In order to
evaluate our methodology, our reconstruction will be carefully compared with European maps

previously reported. Some geochemical proxies will also be investigated for evaluation of climatic

evaluation.
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Takashi Oguchi
Center for Spatial Information Science, University of Tokyo

Integration and utilization of paleoenvironmental and archaeological data using GIS

Goals:

An information system that can integrate the following four types of data will be developed using
GIS: 1) age data on human occupation (Neanderthals and AMH), 2) archaeological evidence of
modern behavior, 3) the global reconstruction of climate, and 4) point data on environmental proxies
extracted from geological cores. Additionally, selected sets of archaeological data collected through
project AO1 as well as fundamental geographical data such as digital elevation modes, river systems
and modern administrative boundaries will be loaded to the GIS.

Methods:

A PC server will be set up to store these data. Then a map server with GIS to distribute information
via the Internet to members of the project will be set up with appropriate map projection systems and
cartographic expressions. In order to improve the accuracy of paleoclimatic reconstruction, modern
satellite data showing flora will be compared with climatic variables such as temperature and
precipitation using the GIS. By using these systems, the relationship between environmental change
and human behavior will be examined from a statistical point of view. This investigation will also
extract differences in behavioral adaptations of Neanderthals and AMH against that of environmental
change. These outcomes will be necessary to test and to help crystallize the theoretical hypothesis
provided by project BO1. They will also facilitate discussion with project AO1 to understand human

adaptations through technical innovations.
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Yusuke Yokoyama
Atmosphere and Ocean Research Institute, The University of Tokyo

Methods and perspectives of environmental reconstruction during
the marine oxygen isotope stages 4 and 3 based on geological proxies

Goals:

A systematic literature search will be conduct for paleoenvironmental data, mainly in the regions of
Europe and west Asia in the period from 60 to 30 ka. Geochemical proxies will be evaluated in light of
environmental reconstruction including the ecological setting (climate, fauna, vegetation, etc.) for
Neanderthals and AMH.

Methods:

Some fundamental proxies for ocean and surface environment (i.e. oxygen isotopes in foraminfera
and carbonates, trace elements, isotopic change in organic matters) will be collected from journal
articles (Nature, Science, Quaternary Science Reviews, Quaternary Research, Palaeogeography
Palaeoclimatology Palaeoecology, Global and Planetary Changes, Paleoceanography, GEOLOGY).
In this FY2010, we mainly focus on the regions in West Asia and Africa in the period from 60 to 30 ka,
which will provide data for evaluate the reconstructed distribution of paleoclimate. The protocol for
quality control of paleoenvironmental proxies will be established with our international committee

members.
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N. Ogihara(1), H. Suzuki(2), T. Michikawa(2), O. Kondo(3), H. Ishida(4)
(1)Faculty of Science and Technology, Keio University
(2)Research Center for Advanced Science and Technology, University of Tokyo
(3) Graduate School of Science, University of Tokyo
(4) Faculty of Medicine, University of the Ryukyus

Development of reconstruction methods of fossil crania based on
three-dimensional surface modeling technique

Fossil crania have often undergone fragmentation and plastic deformation due to compaction.
Conventionally, assembly of isolated fragments into the original antemortem position and removal of
deformation are manually performed by skilled expert anthropologists. However, to investigate
differences in learning ability between Neandertals and early modern humans based on cranial
morphology, it is essential to develop new engineering methods to realize more objective, precise, and
reproducible reconstructions of the cranial fossils.

This year, we firstly specify functions of such reconstruction software. Then we start to develop

software and tentatively apply it to Amud 1 and Qafzeh 9 for evaluations and improvements of the
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proposed methods. We also start to acquire three-dimensional morphometrical data from modern

human cranial specimens with a CT scanner to create a cranial database that is indispensable for

reconstructions.
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Hiromas Suzuki(1), Naomichi Ogihara(2), Takashi Michikawa(1)

(1)Research Center for Advanced Science and Technology, University of Tokyo
(2)Faculty of Science and Technology, Keio University

A Segmentation Method for Decomposing Fossil Skull into Fragments based on
Structural Mechanics
In this study a method is proposed for decomposing a reconstructed fossil skull into its fragments. This
method is fundamentally important for accurate reconstruction of the skull as these fragments can be
used for correcting their deformation and also for examining assembly of the skull. It is difficult for
existing image segmentation methods to decompose between fragments without manual operation.

The proposed method is very unique to employ properties of structural mechanics for image

segmentation.
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0. Kondo(1), H. Ishida(2), N. Ogihara(3)
(1)Graduate School of Science, University of Tokyo
(2)Faculty of Medicine, University of the Ryukyus
(3)Faculty of Science and Technology, Keio University

Morphological descriptions of endocasts from Homo sapiens and Homo neanderthalensis

Cranial and endocast morphology of the fossil specimens should be described in their intact and
original situations before applying any new reconstructing methods using 3D modeling technology.
Such descriptive and comparative works generally follow previously accumulated knowledge about
the fossil human brains in paleoanthropology and also contribute to the assessment of the new
methods of reconstruction. We first touch Amud 1 and Qafzeh 9, whose CT images were already
segmented to 3D models. Their cranial and endocast morphology are described and compared with
those of the modern humans, whose data are additionally captured in 3D forms. A descriptive and

comparative method will be presented.
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Hiroki Tanabe
Department of Cerebral Research, National Institute for Physiological Sciences

Toward a functional mapping of learning in modern humans and
extrapolating the maps to the reconstructed skull images

To investigate the language-induced evolution of learning abilities based on neuro-archeological
approaches, it is necessary to analyze the neural substrates in the modern human brain of social and
individual learning abilities, including symbol manipulation, language acquisition, tool production,
and operational skills. To this end, we will make optimal use of non-invasive methods for the
determination of human brain functions: structural and functional MRI techniques (with high spatial
resolution) and electroencephalography (with high temporal resolution). Experiments will be started
after establishment of the procedures for functional brain mapping for social and individual learning
processes and analysis of mechanisms underlying brain functions.

In order to locate the areas mediating learning-related functions in the fossil brain, the anatomical
relationship between the cranial shape and the brain structure will be studied by conducting cranial
MRIs on modern human subjects. The findings will be used along with the preceding results to

determine reliable methods for reconstructing the functional regionalization of the fossil brain.
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Norihiro Sadato
Department of Cerebral Research, National Institute for Physiological Sciences

Neuroimaging approach to learning and creativity

Individual learning dynamics include a control process in which the agent adapts to the environment
through learning by trial-and-error so as to maximize the rewards it gives (reinforcement learning). To
clarify the neural substrates of reinforcement learning, a process shared with other species, our
experiments will employ a combination of functional brain imaging techniques and reinforcement
learning tasks that have already been established and verified in psychology. In addition, our research
will investigate the neural substrates of creativity, a feature believed to be specific to modern humans.
Tasks for measuring degrees of creativity will be generated based on the definition of creativity as the
production of unprecedented and useful (or influential) ideas in specific social environments. In
concrete terms, the model for the development of creativity will be established by incorporating social
rewards (approval and praise from others) into the reinforcement learning model, based on the thought

that creativity is O a result of reinforcement learning and O formed in a social context.
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Department of Intelligent Mechanical Systems Engineering, Kochi University of Technology

A comparison of body motions of stone tool making between skilled and
inexperienced subjects using 3D motion analysis

Imitative learning, which constitutes a major part of social learning skills, is specific to humans;
however, its neural substrates have not yet been fully elucidated. In particular, elucidating the basis of
imitative behaviors involves understanding sensory-motor integration, in other words the integration
between the perceived intent of actions (sensory component) and the actions themselves (motor
component). These features of imitative learning are likely to have different roles and be represented
in different brain areas. Functional brain imaging and quantitative behavioral measurement of the

skilled performer and naive learners will be used to discriminate between these components.
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