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RNMH Project Series

This Research Report Series will provide information in real time on ongoing research
in the RNMH Project 2010-2014. The volumes in this series will address the content
of all research conducted by members of this project. In line with the project research
strategy, the series will present (1) individual research outcomes in the various fields
involved in the project, including archaeology, paleoanthropology, cultural anthropol-
ogy, mathematical biology, human population genetics, isotope and computer sciences,
geomorphology, developmental psychology, neurosciences, and biomechanics; and (2)
comprehensive research models integrating these individual research outcomes. Thus,
this series will emphatically not simply be a discipline-segmented collection of informa-
tion, but rather will aim to provide multidisciplinary coverage under the overarching con-
cept of learning strategies. By reporting on tests of the currently available hypotheses,
offering new perspectives on the process of replacement of Neanderthals by modern
humans and the origins of modern humans, and creating a more universal system of
knowledge, we are confident that this series will constitute a major academic contribu-
tion. The series will also include monographs and edited collections focusing on specific

problem-oriented topics, in a multidisciplinary mode where possible.
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We are involved in a five-year (2010-2014) research
project entitled “Replacement of Neanderthals by
Modern Humans: Testing Evolutionary Models

of Learning”(RNMH), funded by the Ministry of
Education, Culture, Sports, Science, and Technology
(Grant-in-Aid for Scientific Research on Innovative
Areas, Grant No. 22101001).

Modern humans appeared in Africa about 200,000
years ago and, as they later spread across Eurasia,
encountered indigenous Neanderthal populations. The
two species coexisted until 30,000 years ago or perhaps
even later, but the Neanderthals eventually went extinct.
A number of current hypotheses address the possible
mechanics of the replacement of Neanderthals by
modern humans, and there has been extensive debate as
to whether or not the presence of the latter accelerated
the extinction of the former.

The RNMH project is a large-scale multidisciplinary
study of the replacement of Neanderthals by modern
Homo sapiens. The study implements an innovative
framework structured around the contrast between the
success of modern human societies in solving survival
strategy problems, and the failure of Neanderthal
societies to do so. We attribute this divergence between
the two societies to a difference in learning abilities

between the two populations. Thus, we propose

a working hypothesis (hereafter called the “learning
hypothesis”), which explains the replacement in terms
of differences in learning capacity; we are subjecting this
hypothesis to various empirical tests.

In the present age of rapid advances in science,
we are often dazzled by novelty, tending to focus our
attention on practical, immediately usable scientific
developments and technological advancements.
However, there are more motivations for modern
humans’ intellectual pursuits than simply achieving
convenience in our everyday lives. One of humans’
more abstract goals, learning about the varied forms of
existence we have experienced during our evolution,
is of longstanding importance: important clues to an
understanding of our future may lie hidden in our past.

What are we? Various approaches to this question
come to mind. One is to investigate, through the
numerous fossils of now-extinct hominids, how those
hominids lived their lives. This should afford us some
understanding of the paths by which we have come to
be who we are today. Among those fossil hominids,
there is much to be learned from the Neanderthals in
particular, since they and the Denisovans (of whom we
know little yet) were the two last populations on Earth
before modern man took over. We cannot satisfactorily

discuss our present-day nature without taking the



Neanderthals’ existence into consideration.

In any discussion of the relationship between the
Neanderthals and us, the modern humans, we must not
forget the drama of replacement through which the fate
of those two populations was decided. In the end, the
Neanderthals disappeared as an independent archaic
population, while our ancestors, modern Homo sapiens,
survived, eventually dominating the entire Earth. What
actually took place in that relatively recent replacement
drama, and how the fates of the two populations were
determined are still among the great mysteries; steps
towards their solution are being taken in the RNMH
project.

This new publication of the RNMH project series,
marking the anniversary of the launch of the project,
serves two purposes. The first is to present the design
and methodologies of the research project and the
expected research outcomes. The second, more specific,
purpose is to bring together outstanding scholars and
researchers from different fields to share wisdoms with
the project members, and to invite related field scholars
to share the most recent advances on the subject of
replacement of the Neanderthals by modern humans,
from the perspectives of the various fields encompassed
by the project: archaeology, cultural and physical

anthropology, human genetics, isotope and computer

sciences, geomorphology, developmental psychology,
neurosciences, biomechanics, and paleontology.

The fate of the Neanderthals seems to have been
the subject of only isolated research in the past, and the
RNMH project is working to bring together as many
disciplines as possible so as to be able to draw
a comprehensive scenario of the evolution and dispersal
of modern humans on the Earth. With the participation
of our colleagues from different fields, working in multi-
and trans-disciplinary teams, we will undoubtedly be
inspired to pursue our endeavors further, and even more
intently.

I am greatly indebted to one person in particular
for this publication. Ofer Bar-Yosef gave me critical
but constructive comments on the earlier drafts; this
valuable input greatly improved the book.

We are pleased to acknowledge the Japanese
Ministry of Education, Culture, Science, and Technology
for their interest in our project and for their financial

support.

January 7, 2012

Takeru Akazawa
Project Leader

Professor of Anthropology
Kochi University of Technology
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lllustrations: The Gibraltar 1 Neanderthal child (left) and a modern
human child (right). (Reconstructed by Christoph PE. Zollikofer,
University of Zurich.)
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RNMH Project 2010-2014

The RNMH project is unique in its focus on learning
abilities in the search for an explanation of the
replacement phenomenon. It will have a strong impact
on the replacement problem and on the design of
research in this field. The research strategy itself is
original in that it will integrate specialized knowledge
accumulated in various disciplines (archaeology,
paleoanthropology, cultural anthropology, population
biology, human genetics, isotope and computer
sciences, geomorphology, developmental psychology,
neurosciences, biomechanics, and paleontology,

etc.), not simply as a discipline-segmented collection
of information, but under the overarching concept

of learning abilities. Providing tests of the currently
available hypotheses, creating a more universal system
of knowledge, and offering a new development in
debate the origins of modern humans, this project will

make a major academic contribution.

Neanderthals

Objective of the RNMH Project
In this research, we set out to interpret the replacement
drama, which began in Africa with the emergence
of archaic Homo sapiens some 50,000 years ago and
progressively advanced throughout the world and
replaced a society that failed to resolve issues of strategic
importance to their existence by a society that succeeded
in doing so. We will investigate the differences between
the two societies from the perspective of learning
capacity and learned behaviors, and will then work to
empirically validate the learning hypothesis that the
replacement occurred as a result of the difference in
learning capacity between archaic and modern humans,
and that the social and cultural divides were caused by
these differences that determined the outcome.

The learning hypothesis is significant in that that it
seeks the concrete evidence concerning the replacement

in qualitative differences in learning capacity, and not

Modern humans

Integration

Interpreting theoretical rationals
for learning abilities evolution

Empirical validation o
L learning abilities hypoth

Interpreting morphological evidence
of Neanderthal-modern human
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Cognitive neurosciel
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Clarifying evidence of Neanderthal-modern human
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in quantitative differences in the capacity to adapt
to changes in external conditions. The qualitative
differences are reflected in the prehistoric record: the
archaic Neanderthal society protected their traditional
culture, while modern humans created new cultures in
response to changes in both the external and internal
conditions. The conflict of interests, behavior, social
organization and technology, between the two societies,
in spite of a low degree of interbreeding, ultimately
determined the outcome.
The central goal of this research is to verify the
validity of the learning hypothesis. Specifically,
we will conduct the following studies within an
interdisciplinary research framework based on
new perspectives and methods brought forward by
researchers from the humanities, biology, and science
and engineering.
(1) Empirically demonstrate that differences existed
between archaic and modern humans in terms of
learning capacity and learned behaviors.
(2) Theoretically deduce and empirically
demonstrate the circumstances that led to the
Neanderthal-Moderns differences in learning
capacity and learned behaviors.
(3) Establish that differences in learning capacity
and learned behaviors existed between archaic and
modern humans, by providing anatomical proof of
differences in the configuration of the neural basis
in the brains of the two populations.
The overarching aim of the research is to interconnect
the results of research foci (1) to (3), and to
comprehensively test the learning hypothesis through
multidisciplinary research. We will furthermore attempt
to discern, from the perspective of learning capacity,
how and under what circumstances modern Homo
sapiens acquired their unique high intelligence and
modern behavioral patterns. We aim to establish a new
empirical evolutionary model that will provide a broad
view of the kinds of existence humankind went through

during its evolution.

Academic Background of the RNMH Project
Knowledge about the paths of human evolution has
expanded dramatically as a result of advancements in
genetic studies in the latter half of the 20th century.
One excellent example of this advancement is the
settlement of the issue of the origin of modern humans,
which had been a highly controversial issue throughout

scientific history. As a result, the idea that modern Homo

sapiens are directly related genealogically to all archaic
humans (i.e., that modern humans evolved from the
Neanderthals) was rejected, and the “Out of Africa”
(Cann et al. 1987; Krings et al. 1997, 2000), is now the
accepted evolutionary model.
According to this model, all modern humans have
a single common origin in Africa 200,000 years ago.
However, this resolution only gave rise to a flurry of new
questions, one of which is the issue is the replacement
of the archaic Neanderthals by modern Homo sapiens.
What determined the fate of these societies? This
question was hotly debated among archaeologists,
anthropologists, and geneticists around the world, and
is currently seen as the greatest remaining mystery in the
discussion concerning the origin of modern human.
In recent years, a number of models explaining
the causes of the replacement were published, and are
now being put to the empirical test. They include the
following:
(1) The “Environment hypothesis,” attributes the
replacement to inter-population differences in the
ability to adapt to the surrounding natural and
social conditions during the replacement period. In
particular it was facing the slow advance of archaic
Homo sapiens from Africa some 200,000 years ago,
arriving in Western Asia ca. 110,000 years ago and
only by 55/50,000 years crossing to southern Asia
and ca. 50,000 began their move from the Middle
East into Europe (van Andel, Davies eds. 2003; van
Andel, Davies, Weninger 2003; Finlayson, Carrion
2008; Stringer et al. 2008).
(2) The “Survival strategy hypothesis,” that
proposed the inter-population differences in
technical, economic, social and other systems were
the causes of the replacement (Adler et al. 2008;
Joris, Adler 2008; Shea 2007, 2008).
(3) The “Livelihood hypothesis” which emphasizes
the difference between the livelihood strategies of
the two populations (Bocherens et al. 2001, 2005;
Pettitt et al. 2000, 2003; Richards, Trinkaus 2009).
(4) The “Neural changes hypothesis” that focus on
the language function, or the lack thereof, as the
cause of the replacement (Klein 1998; Klein, Edgar
2002).
(5) “Mixed Blood hypothesis,” which assumes
that interbreeding took place between the two
populations (Duarte et al. 1999; Zilhao, d’Errico
1999).
All the above models and the studies that generated
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them contributed to the steady accumulation of data
supporting the occurrence of the replacement. They
determined when, where, and how the replacement
progressed, and from diverse angles provided an outline
of the mutual influences between the archaic society
and the modern society. Indeed, the description of the
replacement drama has grown ever more articulate.
However, almost all past studies examined cases

from the Eurasian continent, and as yet no global

and comprehensive explanatory model has emerged.
This research therefore aims to describe the entire
replacement process, when African modern humans
began their move out and progressed throughout

the Eurasian continent, in a comprehensive manner,
in order to clarify the causes from an overarching

perspective.

Characteristics of the RNMH Project

In order to attain its overall goal we created an entirely
new research paradigm involving interdisciplinary
collaboration, new perspectives and methods brought
forward by scholars from the humanities, biology,
science and engineering. Until now the standard
practice was to carry such targeted research by separate
disciplines such as archaeology, paleoanthropology, and
genetics. This project takes the novel approach through
broad collaboration involving cultural anthropology,
genetics, psychology, biomechanics, precision machine
engineering, brain science, paleoneurology and other
fields.

Moreover, instead of simply bringing these
disciplines together under a mechanistic framework,
we will coordinate and interact among us to develop
working hypotheses in each research domain,
using the topic as an organic connection among
disciplines to verify the learning hypothesis from
a comprehensive perspective. This type of approach has
no precedent in previous studies of the replacement
drama. Our collaborative research is likely not only
to impact on future studies in this area, but also to
generate significant spillover effects as a model for
interdisciplinary research.

Learning capacity is the basis of cultural evolution
and supports the prosperity of humans in today’s
living world. This research offers a unique approach
to the study of human's learning capacity and learning
behaviors, and in that we will (1) seek an understanding
of evolution based on physical evidence rooted in

archaeological materials; (2) generate descriptions and

assessments of actual practice through field studies on
extant hunter-gatherer societies; and (3) organically
link the above two approaches in an attempt to
comprehensively characterize the learning behavior.

This research also aims to arrive at an understanding
of the actual conditions of the distinctly human
learning behavior, “learning while playing and creating
through playing,” as well as the impacts of the social
and natural environments and brain functions that
support and generate this behavior. Thus, for the
learning and educational environments in today’s
communities this research will have a great social
significance in that it will lay an improved, evolutionary
foundations, regarding present and future issues of
learning and education. Although the research results
will not be sufficient to establish practical responses
to real-life issues, the elucidation of a realistic picture
of the evolution of learning behaviors and teaching
methods is expected to have a ripple effect, providing
a clearer understanding of our current conditions and
serving as a foundation for future work.

In this research project, historical materials relevant
to the research will necessarily be perceived, interpreted,
and studied in a manner reaching beyond the confines
of conventional practices; this interdisciplinary
collaboration will lead to the generation of a new
research area.

For example, the research is expected to (1) initiate
new archaeological research that will elevate the
significance of archaeological materials from mere
sources of basic historical reference to materials for
the reconstructing the reality of behavioral evolution
and the learned behavior of humans; (2) cultivate
high-precision fossil restoration research grounded in
scientific procedures based on fossil restoration tasks
that have until now been implemented on an arbitrary
basis; (3) apply engineering knowledge to various
humanities studies to produce new scientific knowledge
and to stimulate humanities researches to create even
more objective and universal values; and (4) chart a
course toward the establishment of a new empirical
model of human evolution through the creation of
a new knowledge system that brings together the
traditional expertise of the individual sciences and the
knowledge accumulated in brain and other advanced
sciences. Through the achievement of the above effects,
we will ultimately contribute to fostering a new type of
young researchers able to lead the next generation of

science and society.
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Research Objectives

Learning is a fundamental process of cultural
transmission and invention among human societies.
Therefore, it is one of the key elements to be

investigated for an understanding of the cultural

adaptation processes of particular prehistoric societies.
A01 aims to characterize the 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 stone tool
manufacturing, often called ‘reduction sequences’

or ‘operational sequences’, are considered as direct
evidence of prehistoric learning, this project will
explore differences in learning behaviors between the
two hominid groups, and will then discuss how those
differences contributed to the Neanderthals” eventual

replacement.

Research Methods

The research will consist of the following set of analyses:

analysis of the archaeological evidence indicative of
past learning behaviors at selected sites of the Middle
and Upper Palaeolithic; analysis of the diachronic and
geographic variability of Middle and Upper Palaeolithic
industries; analysis of the learning processes of lithic

manufacturing through replicative experiments.

Research Proposal for 2010-2011

Research Objectives
The major objective of the present year is to initiate
preliminary research of the three major subjects

mentioned above.

Research Methods

(1) Identification of learning behavior in the
archaeological records will be performed with the field
data from selected sites as well as an extensive overview
of the literature;

(2) Database of the Middle and Upper Palaeolithic
industries will be constructed to provide a basis for
understanding the patterns in the invention and the
continuity of particular cultural elements;

(3) Experimental research will be conducted to explore
the learning processes in stone tool manufacturing by

modern knappers.
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Research Objectives
A02 will study the learning behavior of modern
humans, drawing on research on hunter-gatherer
children and their daily learning activities. Particularly
we will focus on play groups of children so as to
analyze and understand the characteristics of human
learning practice. In collaboration with developmental
psychology, ethnographic fieldwork and experimental
research will be conducted among children of various
present day hunter-gatherers or former hunter-gatherers.

Hunter-gatherer lifeways and children are the two
main foci of our research; the former centers on the
fundamental subsistence mode throughout human
evolution, and an understanding of the basic learning
characteristics required for modern humans in order to
survive as hunter-gatherers. In addition it is critical to
concentrate on the learning behaviors of children and
children’s play groups since childhood is this is the time
of most active period for learning by individuals as well
as and play groups until the introduction of modern
school education.

Finally, within a theoretical framework, we
will work to obtain an evolutional perspective on
the development of cognitive abilities and on the
characteristics of learning behavior among Homo sapiens,
two factors in the humans’ rapid social and cultural

evolution.

Research Methods

The research will consist of the following activities:

1. Observation of children’s activities in play groups

among hunter-gatherer societies to study the following
phenomena:
(1) Activities of children in play groups.
(2) Process of learning technology, craftsmanship
and knowledge.
(3) Innovation of new traditions and their diffusion
among contemporary generations.
(4) Relationship between teaching and learning
behavior.
2. A comparative study, in collaboration with
developmental psychology, of children in hunter-
gatherer societies and modernized societies, for an
understanding of the following items:
(1) Characteristics of learning behavior including
creativity in hunter-gatherer societies.
(2) Characteristics of development and learning in
hunter-gatherer societies.
(3) Influences by the hunter-gatherer environments
on learning behaviors and the development of
cognitive abilities.
3. A broad comparative study of ethnographic literature
on hunter-gatherers living in various natural and social
environments, so as to elucidate the following items:
(1) Range of variation in life mode and learning
behavior.
(2) Changes in play and play groups among
children.
(3) Relationships between environmental changes

and the appearance of creativity.

Efe children and their
mother in a camp (photo
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4. A theoretical study bringing together relevant findings
of related disciplines such as primatology and cognitive
sciences, to achieve the following:
(1) Theoretical perspective on the evolution of
learning abilities in the course of human evolution
(2) Basis for discussion of the differences in learning

abilities between Neanderthal and Homo sapiens

Research Proposal for 2010-2011

Research Objectives

1. A preliminary study of the general conditions for
fieldwork will be conducted in each related field in
preparation for intensive fieldwork.

2. Theoretical frameworks will be established by
examining basic concepts, methodology, and shared
research aims.

3. A specific research plan for field surveys in
cooperation with developmental psychology will be
examined.

4. The project for building a theoretical perspective
concerning play and the evolution of human learning
behavior will begin in the form of interdisciplinary

workshops.

Research Methods

1. Local academic institutes and governments will be
visited to discuss the research plan and to establish
cooperative relationships. Along with the gathering
information on children’s play, ethnobotanical and
ethnozoological information will also be collected
towards an understanding of the transmission of
traditional knowledge and innovation for new

knowledge.

2. In workshops on the “Project for a theoretical
perspective concerning play and the evolution of
human learning behavior” the following topics and
items will be examined:
(1) concepts of play,
(2) a classification of play,
(3) the significance of comparative studies of play,
(4) relationships between play and actual
subsistence activities (e.g. play hunting, play
gathering),
(5) the meaning of creativity and artistic motivation
in forms such as song and dance,
(6) the evolution of play from that of non-human
primates to that of modern humans.
3. To study the appearance of creativity during the
development of children, psychological experiments
will be contrived modifying popular creativity tests such
as those devised by Guilford. Tentative experiments on
creativity in Japanese children will be conducted.
4. Literature will be collected on learning behavior
and play and children’s activities in hunter-gatherer
societies, and also on changes in the natural and social

environments of hunter-gatherers.



Research on Evolutionary Models of
Human Learning Abilities

Research Organization

Team Leader
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Kohkichi Kawasaki
Mathematical Biology, Faculty of Culture and Information Science,
Doshisha University
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Research Objectives

We will provide theoretical support for the “learning
hypothesis,” which proposes that the replacement

of Neanderthals (Homo neanderthalensis) by humans
(H. sapiens) can be attributed to innate differences in
learning abilities between the two hominid species.
Towards this goal, we will use evolutionary models

to deduce the conditions under which abilities
supportive of social learning (e.g. learning from others
by imitation, teaching) and/or individual learning
(e.g. learning by oneself by trial-and-error, “creativity”)
evolve as adaptations to a changing environment.
With reference to data on climate change and other
environmental variables supplied by B02, we will then
attempt to explain why these abilities evolved to a high
level in modern humans but presumably did not in
Neanderthals.

Furthermore, with the expectation that differences
in learning capacities should be most directly reflected
in differences in cultural evolutionary rate, we will
examine whether such a causal relation can be
discerned in the archaeological record provided by
AO1. A complementary goal is to identify the genes
contributing to the highly-developed learning abilities
of humans, based on statistical analyses of molecular
population genetic data, and to locate possible
region(s) of the brain where these genes are expressed,
with reference to the functional map of present-day
humans provided by C02. In addition, we will use

both evolutionary models and molecular population
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genetic data to investigate the pattern, speed, and routes
of range expansion of humans within and outside of
Africa.

Research Methods

We will describe and analyze mathematical models
dealing with the effects of environmental change

on the evolution of social learning and individual
learning abilities. In particular, we will study stepping-
stone models (habitats are arranged like beads on a
necklace, see for example Aoki & Nakahashi 2008,
Theoretical Population Biology 74, 356-368) and reaction-
diffusion models (habitats are distributed continuously,
Shigesada & Kawasaki 1997 Biological Invasions, Oxford
University Press) incorporating spatial environmental
heterogeneity, and will derive the conditions for the
evolution of learning abilities (especially individual
learning abilities) during range expansion into an
environmentally heterogeneous world.

Moreover, we will review the special features
of range expansion of humans relative to that of
other biological species including Neanderthals and
H. erectus, in order to add precision to the above
evolutionary models. This we will do from the
standpoints of mathematical ecology and molecular
population genetics, focusing on such factors as
aggregation toward favorable environments or invasion
of inhospitable environments, density-dependent
migration, and changes in migration rate per se.

By juxtaposing the results obtained from the
above theoretical studies with quantitative data on
environmental variability (e.g., between habitats)
provided by B02, we will suggest reasons why learning
abilities only evolved to a high level in humans.

Using gene-culture coevolutionary models that
incorporate both the evolution of learning abilities and
cultural transmission, we will clarify the process by
which novel technology created by individual learning
may spread culturally through social learning. This will
permit us to predict and interpret the spatio-temporal
distribution of modern behavior (Upper Paleolithic
tools, ornaments, art). Furthermore, we will study the
relationship between learning abilities and cultural
evolutionary rates. For example, we will 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, accelerates
cultural evolution (Aoki et al. 2011).

We will conduct statistical analyses of genome

diversity in present-day humans to estimate changes
in population size as well as the pattern and routes of
expansion range in H. sapiens. In addition, we will use
genome data from the chimpanzee, the Neanderthals
(a draft sequence has recently become available),

and present-day humans to statistically identify (by
observing selective sweep and ratio of synonymous/
non-synonymous substitutions) the genes subject

to natural selection in the human lineage, and to
obtain estimates of the time, place and magnitude of
these selective events. In particular, by investigating
the signature of natural selection on genes that are
expressed in the brain and the nervous system, we will
identify the genes contributing to advanced individual
learning ability in humans, the existence of which is
both a premise for and a prediction of the evolutionary

models.

Research Proposal for 2010-2011

Research Objectives

Determine the conditions for the evolution of the

SLE (social-learner-explorer) strategy. This learning
strategy is supportive of cumulative cultural attributes.
Formulate and perform initial analyses of a reaction-
diffusion model for the evolution of learning abilities.
Estimate the pattern, speed, and routes of expansion
ranges of Homo sapiens by statistical analyses of

molecular population genetic data.

Research Methods
The SLE 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 fit to the
environment. We will obtain the conditions for the SLE
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 will focus on the timing
of social learning, individual learning, and migration
within the human life cycle (Figure 1). Moreover, we
will take into consideration the possibility of “surfing”
at the wave front.

We will use reaction-diffusion models to determine
the pattern and speed of range expansion when
individual learners and social learners compete in

spatially uniform or heterogeneous environments.
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Analysis of the island model shows that the SLE strategy can evolve only
when migration occurs after social learning and before individual learning
(O) (Aoki 2010 Evolution). Le., if migration occurs between islands with
different environments either before social learning (x) or after individual
learning (x), the SLE strategy cannot evolve.

Social learners that
have acquired adaptive
behavior

01 (viability = 1)

Individual learners that
always acquire

0.01 adaptive behavior

by trial-and-error
(viability = 1-¢)

log (density)

Travelling wave

[ Socialleaiershak =P (moves at constant speed

0.001 : intaining w:
have acquired maintaining wave form)

maladaptive behavior
(viability = 1-s

1e-04
7800 7850 7900 7950 8000 8050 8100 8150 8200

Spatial coordinate

Figure 2
Snapshot after sufficient time has elapsed from initial invasion, showing
range expansion toward the right.
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Figure 3

A stepping-stone model simulation. Blue circles indicate subpopulations.
Arrows (orange, red, green) indicate movement of people. Subpopulations
joined by orange double-headed arrows form one local community.

Red and green unidirectional arrows indicate colonization of an empty
site. Parameters include number and size of subpopulations within a

local community, migration rate between subpopulations and local
communities, and timing of colonization.

Our preliminary work assuming spatial uniformity
has revealed the existence of travelling wave solutions
with interesting behavior (Figure 2). With this model
as a prototype, we will formulate and analyze models
of range expansion in a spatially heterogeneous
environment. Moreover, in addition to random
migration (simple diffusion), we will incorporate
aggregation toward favorable habitats (directional
diffusion), a phenomenon that likely applies to the
Neanderthals. The results of these analyses will be used
to clarify the effects of range expansion on the evolution
of learning abilities.

We will conduct simulations of range expansion
in which parameters such as population size and the
timing of population splits are varied, and obtain
maximum likelihood estimates of these parameters
by fitting the expected genome diversity to actual data
for present-day humans. Furthermore, we will use the
results obtained from these simulations to evaluate the
relations among the size of migrating populations, gene
flow between parental and descendent populations,
environmental carrying capacity, and population

pressure.
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Reconstructing the Distribution of
Neanderthals and Modern Humans in Time and
Space in Relation to Past Climatic Changes
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Research Objectives

The primary goal of B02 is to reconstruct the
distribution of Anatomically Modern Humans (AMH)
and Neanderthals in time and space during the period
when they were contemporaneous, from 200 to 20ka
(the abbreviation ‘ka’ signifies thousands of years).

A second purpose is to reconstruct the environment

of the two populations, including climatic conditions
and ecological settings. Based on scientific evidence,

the relationship between their site distributions and the
pattern of environmental changes may reveal differences
between these two hominins in terms of their adaptive
responses to environmental changes. This comparison
will test the theoretical hypothesis of research project
BO1 using concrete geoscience evidence. To accomplish
this goal, we will concentrate our investigation on
environmental change during the period from 200 to
30ka and on the distribution of archaeological evidence
for modern human behavior, including innovative

techniques and symbolic expression.

Research Methods
In this project, we will conduct four independent
research sub-projects with the purpose of reconstructing
the distribution of AMH and Neanderthal sites and
migrations/movements, and early modern behavior in
light of environmental change in time and space. These
four interrelated research sub-projects will produce
concrete data that will serve to test the theoretical
predictions of BO1’s “Individual Learning Hypothesis.”
The following four research sub-projects comprise the
work of the B02 research group:

The replacement of Neanderthal populations
by AMH in Europe has been discussed by
employing age determinations at key sites, and the
detailed reconstruction of the paleoclimate and
paleoecosystems; such research has not been conducted
in other regions where modern humans—our species,
Homo sapiens--actually evolved. In this study, we will
focus on the regions of Africa and West Asia, from
where little information has been evaluated in light of
the modern scenario of human evolution, in order to
investigate what happened to the Neanderthals and
AMH by precisely reconstructing the distribution of
these two species in the detailed timescale proposed for
this project. We will produce a series of new distribution
maps of Neanderthal and AMH settlements using more
precise datasets of well-founded dates by reviewing

sampling, preparation, measurement technology,

evaluation of diagenetic effects (postmortem chemical
alterations), and data processing. The assessed age
information will be summarized in maps using GIS
(Geographical Information System) methods to
reconstruct detailed maps of hominin distribution.

In order to illustrate temporal changes of
environment faced by the Neanderthals and AMH
during their evolution, a series of reconstructed climatic
distribution maps will be created for every ten thousand
year period from 200 to 30ka, using a global climate
simulation model. This simulation model, established
by the University of Tokyo and the National Institute for
Environmental Studies (Tsukuba) for forecasting future
climatic change, will be applied to the reconstruction
of past global and regional climate. These results will
be linked to GIS maps that illustrate the distribution of
Neanderthal and AMH occupation and the emergence
of modern behavior, as well as to temporal sequence
data on ancient environments and ecosystems
recorded in geological sediment cores. Discussion
of the relationship between humans, climate, and
environmental settings will be based on these maps.

As a second step, various regions and periods will be
investigated to support more detailed discussions of the
evolution of learning ability of the two populations.

Some continuous environmental proxy data is
important for the reinforcement of the temporal
changes between reconstructed climatic distributions
through model simulations, because geochemical
proxies can suggest not only temporal changes in
environment at specific locations, but also some
rapid and/or local events. Even with the latest global
simulation models, it is still a challenging task
to illustrate rapid drastic climate changes such as
Dansgaard-Oeschger cycles and Heinrich events and
their effects on each region of the earth. Through the
combining of simulated climate distributions and
continuous data from a specific location, unique
environment and temporal changes will be described in
detail for this project, especially with respect to Africa
and East Eurasia during the 200 to 30ka period.

An information system that can integrate the
following data will be developed for this project using
GIS: age data on human occupation (Neanderthals and
AMH), archaeological evidence of modern behavior,
global climate reconstruction, and point data on
environmental proxies extracted from geological
cores. Through the use of this system, the relationship

between environmental change and human behavior
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can be examined statistically. This investigation will
also extract differences in behavioral adaptations of
Neanderthals and AMH in relation to environmental
change. These outcomes will be necessary for the
testing the theoretical hypothesis provided by BO1.
They will also facilitate discussion with A01 towards an
understanding of human adaptation through technical

innovation.

Research Proposal for 2010-2011

Research Objectives

Data collection for the distribution of Neanderthal

and AMH populations and the dispersal of modern
behavior will be conducted first by the systematic
collection of all the radiometric dates from sites where
the archaeological evidence is directly related to modern
behavior. In 2010 the regions of Europe and western
Asia ka will be a prime focus for collection of dates
pertaining to the period from 60 to 30 because in

those regions and the extinction of the Neanderthals
and appearance of modern humans in best recorded.

In addition, recent reports on early modern human
behavior will be a target of this research. In the course
of this year, a critical evaluation of radiomectric ages
will be generated; this will be applied to other data sets
from Africa and Western Eurasia in the subsequent years

of the project.

(1) Reconstruction of paleoclimatic conditions at various
times

During this year a simulation study using the global
climate model will be conducted to elucidate the
distribution of paleoclimatic pattern in the period from
60 to 30ka. First, the current global climate map with

a resolution of 1:200km will be constructed; this
become the basal information for the informative GIS
system. Through the integration of the radiometric
dates and the continuous environmental datasets in
the system, specific temporal and spatial regions will
be selected for detailed climatic reconstruction. The
required time and space resolution of the detailed maps
will also be discussed.

(2) Collection of time-sequential environmental data

A systematic literature search will be conducted
regarding paleoenvironmental data, mainly in the
regions of Europe and west Asia in the period from

60 to 30ka. Geochemical proxies will be evaluated in

light of reconstruction of environmental parameters
including the ecological setting (climate, fauna,
vegetation, etc.) for Neanderthals and AMH.

(3) Creation of an informative system by GIS

Activities (1) to (3) above will provide a collection of
dates, a spatial reconstruction of climate distributions,
and the continuous environmental changes at different
times and spaces, all of which will be completely
integrated using GIS. Additionally, selected sets of
archaeological data collected in A01 will be loaded
into this GIS. First, a PC server will be set up to store
fundamental data such as digital elevation modes,
modern administrative boundaries and river systems;
then the data compiled through the three activities will
be integrated. Second, a map server for the distribution
of information to project members will be set up with
appropriate map projection systems and cartographic
expressions. In order to improve the accuracy of the
paleoclimatic reconstruction, modern satellite data
showing flora will be compared with climatic variables
such as temperature and precipitation, using the GIS.
The goal for 2010 is a presentation of the practical
visualization of ecological environments faced by

the Neanderthals and AMH, will be elucidated and
disseminated in scholarly seminars, meetings, reports,

and eventual publication.

Research Methods
During the course of this year, we will collect dating
data concerning sites with archaeological evidence
for Neanderthal and modern behaviors, as well as
site features. The data will be collected systematically
from West Asia and Africa for the period 60 to
30Kka. A literature search will cover major journals
including Nature, Science, and PNAS, and specialized
journals including Journal of Human Evolution, Journal
of Archaeological Science, Radiocarbon, Archaeometry,
Antiquity, Quaternary Science Review, Quaternary
International and International Journal of Osteoarchaeology.
Some literature databases such as Web of Science will
be used in the compilation of a comprehensive data
set. In collaboration with A01, data from site reports
and monographs will be examined. In order to qualify
the available data, a critical protocol will be established
in collaboration with our international committee
members.

The distribution of paleoclimates will be calculated
for the period from 60 to 30ka. Due to many drastic

climatic fluctuations such as the Dansgaard-Oeschger



cycles that occurred during this period, we will focus

on reconstructing three different phases; (1) the Last
Glacial Maxima at 20ka, (2) Warm phase and (3) Cool
phase of this fluctuating period. The first reconstruction
will be calculated in a resolution of 1:200km. In order
to evaluate our methodology, our reconstruction will be
carefully compared with previously reported European
maps. Some geochemical proxies will be also be
examined in order to enhance the climatic resolution.

Several fundamental proxies for oceans and
terrestrial environments (i.e. oxygen isotopes
in foraminfera and carbonates, trace elements,
isotopic change in organic matter) will be collected
from journal articles (Nature, Science, Quaternary
Science Reviews, Quaternary Research, Palaeogeography
Palaeoclimatology Palaeoecology, Global and Planetary
Changes, Paleoceanography, Geology). Some literature
databases such as Web of Science will be used to
create a comprehensive list of data. In 2010, we will
mainly focus on regions in West Asia and Africa during
the period from 60 to 30ka, which will provide data
for the evaluation of the reconstructed distribution
of paleoclimates. A protocol for quality control of
paleoenvironmental proxies will be established in
collaboration with our international committee
members. A publicly scribed project will compare
paleoenvironmental data and archaeological faunal
remains reported from archaeological sites.

A PC server running a database integrating
paleoclimate distribution, radiometric ages and
paleoenvironmental proxies will be prepared.
Archaeological data collected through A01 will be
selected for integration into this database. Initially,
fundamental data (digital elevation modes, river
systems and modern administrative boundaries) will
be loaded as the background information mentioned
above. Then, a map server with GIS for the distribution
of information via the Internet to members of the
project will be set up with appropriate map projection
systems and cartographic expressions. To improve
the accuracy of paleoclimatic reconstruction, modern
floral data collected by satellites will be loaded into
this GIS as well. These actions should bring us closer
towards the realization of the reconstruction of the
variable ecosystems during the time of the demise of the
Neanderthal and the dispersals of AMH.
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Research Objectives

Developing engineering methods to aid in the
reconstruction of the original antemortem appearance
of unearthed fossil cranial fragments is important for
objective, precise and reproducible reconstruction of
fossil crania. This research sub-project aims to develop a
computer-assisted system for the reconstruction of fossil
crania based on a three-dimensional surface modeling
technique. Specifically, we will work to create software
to aid in the assembly of isolated cranial fragments

into their original anatomical positions, to aid in the
correction of plastic deformation, and to compensate
for missing parts of unearthed fossil crania. We will then
apply this assistive system to the virtual reconstruction
of Neanderthal and early modern human fossil crania.
We will investigate the morphology of the original and
virtual versions of the crania and endocasts, generating

new lines of discussion for Hominid brain evolution.

Research Methods

(1) We will develop computerized methods to aid

the reassembly of fossil fragments, the elimination

of plastic deformation, and compensation of missing
parts based on surface modeling technique, for new
reconstructions of some Neanderthal and early modern
human fossil crania.

(2) We will evaluate the validity and limitations of the
proposed reconstruction methods by means of inverse
transformation (reconstruction) of virtually fragmented/
deformed models of modern human crania.

(3) We will provide the reconstruction results to,

and receive functional brain imaging data from C02

for the collaborative analysis of possible anatomical
and functional differences between the brains of the

Neanderthals and early modern humans.
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Research Objectives

Based on comparative anatomical and neurological
evidence, our research group will examine the working
hypothesis that there are differences in learning ability
between modern and ancient humans. Specifically,
our group will conduct a functional brain mapping
study of modern humans in order to localize social
learning abilities (related to cultural transmission such
as imitation and teaching), and individual learning
processes (involved in the making of discoveries

and inventing, e.g., trial-and-error learning, thought
experiments, and the gaining of insights).

These results will then be combined with the
quantitative morphological differences between “fossil
brains” of ancient and modern humans (comparative
morphology) to extrapolate the functional distinctions
between the two archaic human populations. By
assuming that morphological differences observed
in fossil brains reflect functional differences between
modern and ancient human brains, we will investigate
the presumed gaps in individual (as opposed to ‘social’)
learning abilities between the two populations in light
of anatomical evidence. This sub-project aims to create
an evidence-based model for elucidating the evolution

of learning abilities.

Research Methods

Functional Mapping and Analysis of Learning in the Modern
Human Brain

Tasks that appropriately involve ‘social’ and ‘individual’
learning processes will be created for functional brain
imaging (functional fMRI and electrophysiological
measurements). For this purpose, the following will be
considered: the learning hypothesis and the theoretical
model adopted for BO1; the experimental model for
the development of stone tools production techniques
used in A01; and the cultural anthropological model for
play-related learning in modern humans constructed
in A02. Functional brain imaging experiments will be
conducted while these tasks are performed, in order

to produce learning function maps for the modern
human brain as well as to identify the localization and
morphology of relevant brain regions in a quantitative
manner.

(1) Neural Substrates for Social Learning Skills
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
to take place in different brain areas. Functional brain
imaging will be used to discriminate between these
components.

(2) Neural Substrates for Individual Learning

Processes (Creativity)
Individual learning dynamics include a control process
in which the agent adapts to the environment through
trial-and-error learning so as to maximize the rewards
from the environment (reinforcement learning).
However, this type of learning is not unique for human,
but common in the variety of animals. Therefore, we
first should clarify what is the most important factor
based on innovation and discovery in individual
learning. Along with this line, 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 notion that creativity is (a)
a result of reinforcement learning and (b) formed in
a social context. To pursue this goal, we will create MRI
executable tasks in close and regular collaboration with
other projects.
Mapping of Learning Functions in the Fossil Brain
Possible differences in learning abilities between ancient
and modern humans will be examined by integrating
morphological analysis of fossilized brains with
functional mapping of the modern human brain. By
applying the techniques for superimposing functional
maps of the modern human (Friston et al., 2007), we
will establish methods for extrapolating brain functions
to the reconstructed skull images produced by CO1.
Three-dimensional brain images will be fitted to fossil
cranial cavities reconstructed within the computer’s
virtual space, with the functional topographic map of
the brain that will be reconstituted from the functional
brain imaging data. Comparative volume quantification
will be carried out for the regions mediating specific

functions in order to estimate possible functional
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Homo Neanderthalensis
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differences between Homo sapiens and Homo

Neanderthalensis (see the figure).

Research Proposal for 2010-2011

Research Objectives

(1) To investigate the language-induced evolution

of learning abilities by means of neurological and
archeological approaches, it is necessary to analyze
the neural substrates in modern human brain related
to 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 commence
after the establishment of the procedures for (i)
functional brain mapping for social and individual
learning processes and (ii) analysis of the mechanisms

underlying specific brain functions.

(2) In order to identify the areas mediating learning-
related functions in the fossil brain, the anatomical
relationship between cranial shape and 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.

Research Methods

(1) Functional MRI studies will be conducted, focusing
on the variety of imitative learning behaviors that are
the main components of social learning processes.

As for the individual learning processes, functional
MRI studies will be conducted using reinforcement
learning models involving social rewards (approval/
praise from others) to analyze reinforcement in social
conditions. These experiments will be carried out after
the completion of the identification of the basic neural
substrates that reinforce learning. In addition, we will
perform some preparatory work to locate the neural
substrates of creativity, a characteristic likely intrinsic to
modern humans.

(2) To explore the most appropriate method for
functional extrapolation, detailed anatomical MRI
studies of the head will be conducted on several
subjects. Cranial image data will be separated from
brain MRI data to produce several skull templates. The
cerebral images and cranial templates derived from
different subjects will be combined to examine accuracy
of fit. The results will be used to yield a fitting error
correction function. At the same time, we will begin,

in conjunction with C01, to develop a quantitative
method for reconstructing the fossil skull in virtual
space. Anatomical morphology will be compared in the
skulls of one Neanderthal and one Homo sapiens for
which CT imaging data are available. A methodology
for comparative analysis of this CT data and functional

brain MRI data will also be investigated.
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Introduction

The RNMH Project looks at the differences in the
learning capabilities of Neanderthals and modern
humans. Research Team AO01 is responsible for
examining all available relevant archaeological evidence.
‘Archaeological evidence’ refers to the physical evidence
of past human activities that remains at archaeological
sites. This physical evidence includes not only artefacts
but also traces of human activity remaining on the
ground at the sites. The purpose of this research is to
reconstruct the learning behaviours of Neanderthals
and modern humans through interpretation of the
archaeological evidence available, and to use this
reconstruction in a comparison of the capabilities of the

two populations.

Archaeological Research of the Learning
Behaviours of the Neanderthals and Early
Modern Humans

YOS h | h | ro N |S h |a k| There are multiple hypotheses concerning the

University of Tokyo; Team Leader of AO1 reasons for the replacement of Neanderthals with
modern humans (see the RNMH Project website:
http://www.koutaigeki.org). Some are based on
neurological factors, others on environmental factors:
but what remains consistent throughout most of
the hypotheses put forward is the suggestion that
Neanderthals and modern humans differed in their
capacity to adapt, both culturally and technically, to
their environment. The adaptability of humans is
strongly rooted in culture, and culture itself is both
established and transmitted through learning. From
this, it is easily surmised that a Neanderthal-modern
human disparity in the nature of learning may have
been one of the reasons why differences in adaptive
capabilities arose. Then archaeological evidence must be
examined and interpreted carefully as the only physical
evidence of such differences. This research team looks
at the evidence of stone tool production, a cultural
behaviour common to both Neanderthals and modern
humans, and considers what that evidence can tell us
about the respective learning capabilities of the two

populations.

Research Approach

Archaeological research focused on the nature of



learning in prehistory, as well as the changes in that
learning over time, is an area of research that has been
attracting increasing attention in recent years. However,
the present research is an unparalleled attempt to
discuss the differences in learning behaviours as

a driving force of the replacement of Neanderthals

by modern humans.

This paper will set out the research approach taken
by the author in 2010. It will not present any of the
rapidly increasing number of related research projects
undertaken or any reviews on the existing status of
research. The research team has initiated research from
three key perspectives, each of which is discussed in
more detail below: (1) analysis of the tradition of stone
tool production, which was the product of learning;
(2) case study-based analysis of individual sites, which
were the sites of that learning; and (3) analysis of the
learning behaviour of contemporary humans in order
to provide a foundation for the interpretation of the

learning processes of past humans.

Analysis of Tradition

The creation and establishment of a new tradition of
stone tool production can be described, in biological
terminology, as the result of individual learning and
social learning. Research into patterns of change in
stone tool industries can be described, then, as the
analysis of the nature of individual learning and social
learning in the context of stone tool production. It is
already a well established fact that the pace of change
seen in stone tool industries increased rapidly in the
Upper Paleolithic, and this indicates that modern
humans had strong individual learning capacity.
Theoretical biological research is also being carried

out to examine the factors and circumstances that led
to this enhanced individual learning capacity among
modern humans (B01). In order to verify this indication
of enhanced learning ability by means of concrete
evidence, and to create a more detailed model, our
research team is constructing a comprehensive database
of the vicissitudes and distributional change in patterns
of stone tool industries. The time range of the database
is from around 200,000 to 20,000 years ago; this is

the period necessary for us to gain an understanding

of the background and processes of the replacement

of Neanderthals by modern humans. The geographic
scope of the database covers relevant sites in those
areas thought to have been inhabited by early modern

humans and Neanderthals: Africa, West Asia, Europe

and West Eurasia.

In the first year, the requirements for the database
were specified, and system design was carried out
(Figs. 1, 2: Kondo et al., 2010). Next, research team
members collected information on stone tool industries
from their respective areas of expertise. Unlike other
disciplines, it is not sufficient to simply refer to widely
available site-based archaeological information, for
example, that found in electronic journals. Research
team members therefore travelled to each relevant area
in an attempt to collect more information, including
reports on surveys of relevant sites carried out by local
archaeological administrative organisations. Most of the
information was collected from pre-existing literature,
but in West Asia, the team carried out fieldwork research

at sites dating from around 200,000 to 20,000 years ago

Figure 1

Portal screen of Koutaigeki
Project database (Kondo et
al., 2010)

and was able to collect some original data (e.g. Akazawa
et al., 2009; Nishiaki, 2009; Nishiaki et al., 2011c). We

are now at the stage of inputting information into the Fioure 2

igure
Input screen of Koutaigeki
Project database (Kondo et
al., 2010)

database, and some initial analysis has begun on parts
of the collected data (Kadowaki & Kondo, 2011).
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Figure 3
Dederiyeh Cave

Figure 4
Excavation of Dederiyeh
Cave

Figure 5
Neanderthal stone tools
(Nishiaki et al., 2011a)

Analysis of Sites

The research described above examines the cultural
traditions that are the product of learning. In addition
to this, the research team also looks at case studies on
individual sites which were places of learning. Thus
this research aims to reconstruct the specific learning
behaviours and learning systems that developed at
specific sites. Since the discoveries at Etiolles (Pigeot
1987), similar research projects have been carried out

at multiple sites worldwide, examining prehistoric

learning systems and focusing specifically on
confirmation of the relationship between master and
apprentice stone tool makers in sites of modern human
communities. While we do refer to these previous
studies, we have initiated comparative studies on the
learning systems of Neanderthals and modern humans,
based on our original analysis of the individual sites
where relatively clear traces of stone tool production
activity remain.

The Neanderthal site used in our research is



the Dederiyeh Cave in Syria, a site from which our
fieldwork has already obtained a large volume of
valuable data (Figs, 3. 4, 5). Multiple examples of
Neanderthal stone tool production have already been
excavated from the Dederiyeh Cave (Nishiaki et al.,
2011a). Thus far, there have been almost no attempts
to examine the evidence for learning systems at other
Neanderthal sites, making this project one of the most
important elements of the research team'’s activities. As
for modern human sites, well-preserved examples of
Palaeolithic stone tool production sites have also been
found in the Dederiyah Cave (Nishiaki et al., 2011b),
and analysis of these has already begun.

Furthermore, a case study of a Neolithic modern
human site has produced some findings, although of
course the period of that site is later than other sites
being examined. Our spatial analysis of the Tell Seker
al-Aheimar Neolithic site in Syria has given some useful
indications as to what sort of people within a given
community carried out stone tool production (which
required mastery of the specialist skill of pressure
flaking) and how those skills were passed down from

generation to generation (Kadowaki et al., in press).

Analysis of Processes

Both the tradition of stone tool production and the
spatial distribution of stone tools in production sites
constitute silent evidence of the past. In addition

to careful interpretation of this voiceless evidence,
analogies to contemporary evidence are indispensable
for reconstructing past learning processes. For

this reason, the research team’s approach also
incorporates the approaches taken in experimental
archaeology and ethnoarchaeology, both of which
consider archaeological hypotheses in the context

of contemporary human subjects. In experimental
archaeology, researchers attempt to replicate past
phenomena, and in doing so provide or enhance
analogies for interpretation. In ethnoarchaeology,
archaeologists observe those contemporary societies
situated in environmental circumstances similar to
those of past societies, and make comparisons between
contemporary reality and the past as they hypothesize
it.

Our experimental archaeological research is
focused on the development of a methodology for
differentiating between apprentice and skilled stone
tool production workers through examination of stone

tools, comparison of apprentice and skilled worker

body mechanics, and observation of the process of
proficiency acquisition (Fig. 6). Several previous

studies in this field have examined the processes of
proficiency acquisition in stone tool production among
modern humans. Accordingly, our study focuses on

the analysis of Neanderthal stone tool production
skills, a subject that has not been examined in detail
thus far. We believe the results of this analysis will
provide knowledge that can be usefully applied to the
interpretation of Neanderthal stone tool production at
Dederiyeh (Nishiaki & Nagai 2011). In the meantime,
we are holding discussions with A02 in order to develop
an appropriate strategy for our ethnoarchaeological
research. We are hoping to be able to conduct fieldwork
similar to that carried out by Stout, which investigated
contemporary stone tool making and maker skills in
West Irian Jaya (today known as West Papua) (Stout
2006), but fieldwork focused on non-lithic tool making

may also yield useful findings.

Conclusions

Archaeological evidence is the only physical evidence to
which we can refer in order to ascertain the differences
in the learning behaviours of prehistoric humans.
Studies conducted by Research Team A01 therefore
offer useful fixed points of reference for other teams in
their own interpretative research. The overall relevance
of our research is further underlined by the fact that
our affiliated research members (Nagai, Kondo) have

already started joints research projects with Research

Figure 6

Experimental
reproduction of Middle
Palaeolithic tools
(Nishiaki & Nagai 2011)
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Teams C02 and BO2 respectively. We believe that
continued positive results in our own research will lead
to further organic collaborations with related teams.
Moreover, this research area is specifically concerned
with the differences in the learning capabilities of
Neanderthals and modern humans. In response to this,
AO1 has deliberately chosen to focus on differences
in the learning behaviours of the two groups. This is
because capability is clearly a biological term, and as
researchers who deal in cultural materials, we have
reservations about using this term at this stage. Even if
we can ascertain, through evidence-based research, that
there were indeed differences in the learning behaviours
of Neanderthals and modern humans, it is extremely
difficult to determine, simply through archaeological
evidence, whether those differences were a reflection of
variation in social convention or of disparity in innate
capability. Equally, however, through joint discussion
with other research teams, particularly those involved in
the examination of such innate differences, we may well
reach a point where we are able to discuss our research

in terms of capability rather than behaviour.
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Aims of this research

There is no doubt that excellent learning ability
promoted the evolution of Homo sapiens. However,
ethnographies treating the problem of learning are

very limited in number, and almost no theory-based
examination of the learning ability of hunter-gatherers
from the evolutionary perspective has been done to this
point in time.

Research team A02 aims to arrive at a greater
understanding of the characteristics of human learning
behavior through fieldwork among contemporary
hunting and gathering people. In particular we are
focusing on children’s development and learning
behavior in everyday contemporary hunter-gatherer

life. The three main questions addressed in our

A Study of Human Learning Behavior
Among Hunter-Gatherers

Hideaki Terashima

Kobe Gakuin University; Team leader of A02

investigations are (1) how children grow in hunting and A Bushman baby and

gathering societies; (2) what mechanism powers social
learning; and (3) how creativity based on individual
learning emerges. We are going work towards answers to
these questions through fieldwork employing empirical
methods from cultural anthropology and through
various experiments in developmental psychology.

In addition to our empirical study, we are going
to conduct theoretical work to develop an overall
perspective of the evolution of learning ability in the
course of primate evolution. Since the middle of the
20th century, there has been remarkable progress in the
cognitive sciences. Various studies have examined the

cognitive ability of monkeys, apes and modern humans.

its mother (photo by K.

Imamura)
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Children'’s learning
environment

Studies on brain and body hardware and software as
the foundation of learning ability have been carried out.
Researchers in various fields have been investigating
such problems as joint attention, theory of mind,
sympathy, identification of self with others, non-human
primate communication, and various recognition and
representation behaviors. In this modern scenario, it is
necessary to merge the results of our ethnographic study
of learning behavior with the results of related cognitive
science work.

Interdisciplinary collaboration with primatology,
archaeology, cognitive science, pedagogy, and cultural
anthropology is clearly necessary for the achievement
of our goal. Although it is impossible to obtain direct
evidence of the learning ability of Neanderthals, it
appears possible to identify the likely position of
Neanderthals in the evolutional scale of learning
ability among primates through careful comparison
of differences and similarities in observable learning

behavior of non-human primates and modern humans.

Hunter-gatherers, children, and play

The following is a brief explanation of the relevance of
the three keywords of our study.

(1) Hunter-gatherers

Until about 10,000 years ago all human beings
subsisted on hunting and gathering. The development
and expansion of the Neanderthal population and its
later replacement by Homo sapiens in Western Europe
took place in a world of hunter-gatherers. Pursuit of
this problem points to a need for an understanding of
the characteristics of the learning behavior of modern

humans in the same environment.

play group
play

hunting and
gathering

Hunter-gatherers have encountered extensive
changes in their natural and social environment since
the beginning of agriculture and animal husbandry;
their population has decreased and their distribution
has shrunken, particularly in the 20th century (Lee
and Daly 1999). Today only a few groups earn their
livelihood by hunting and gathering alone. Most
hunter-gatherers have adopted farming, animal
husbandry, or other survival activities. Today’s hunter-
gatherers live as “hunter-gatherers in post-hunting
and -gathering societies.” They have not, however,
abandoned the hunter-gatherer way of life. On the
contrary they are willing to take it up whenever the
opportunity arises. They go into forests, bush, rivers,
seas or icy plains to hunt and gather sustenance,
spending whole days, or days or weeks away from
modern life. Although hunter-gatherer equipment
and technology have been modernized extensively,
they still reflect their traditional mind and knowledge
(Barnard 2002). Autonomy and egalitarianism are
still the most important values for the sustenance of
social relationships (Myers 1986; Terashima 2009), and
sharing of food among members of a band or village is
still very common.

Today, hunter-gatherers and ex-hunter-gatherers
face various political problems. Conflicts and debates
between government and private corporations and NPO
development programs rooted in “indigenous people’s
right movements” have been taking place in many
locations. Such a situation surely makes ethnographic
fieldwork difficult. However, hunter-gatherers are a
unique resource we can contact and observe directly.

It is an urgent task for us to investigate the learning
behavior of hunter-gatherers and ex-hunter-gatherers
before it becomes impossible. We cannot take them

as the same people as our ancestors in the period of
the population replacement some 40,000 years ago.
However, with appropriate methodology and great care
we may be able to use effectively the data on learning
and teaching behavior gathered among modern hunter-
gatherers to tackle the problem of the replacement.

(2) Children

Development and learning in children are
interconnected like the two sides of a coin: development
promotes learning behavior and in turn learning fuels
the developmental process. This is particularly true

in childhood, when learning is most necessary and
effective during the lifetime of human beings. To study

the development of learning behavior, the observation



of children is the most important procedure.

Hunter-gatherer children have a much longer period
of dependence on mothers or other caregivers than do
the children of agriculturalists and pastoralists. Hunter-
gatherer mothers usually do not wean their children
until around three or four years of age. During the
nursing time, children are mostly with their mothers
and caregivers. After weaning, the children quickly
become more independent, joining children’s play
groups and gradually spending most of their waking
time there.

One distinguishing characteristic of hunter-
gatherer society is that children are not seen as part
of the workforce; this stands in strong contrast with
agricultural and pastoral societies where children at
approximately 10 years of age are usually counted as
important members of the labor force. Among farmers,
children go to the fields every day with their parents and
do various jobs; among pastoralists, they give ongoing
care to the animals. The children of hunter-gatherers
forage by themselves in imitation of their parents, but
they do such activities only as play and seldom produce
substantial results (Kamei 2005).

By approximately 10 years of age, they often
accompany the adults for hunting and gathering.
Although their participation in foraging activities is
helpful, they are never forced to join in. Children may

stay in the camp or do whatever else appeals to them.

The parents do not give orders to their children, and
they do not speak negatively about their children’s
decisions and choices. Children enjoy this extensive
freedom until they reach adulthood. From adolescence
onward, however, foraging activities are a focus of their
daily life as they prepare for adulthood and marriage.

The length of human childhood and its importance
have been pointed out by many scholars (Hawkes and
Paine 2007). Chimpanzees and gorillas are also have
a longer childhood than other non-human primates.
The evolutional tendency in primates of prolonged
childhood and dependence on adults affords infants
significant opportunity for social learning.

The transitional process from childhood to
adulthood is commonly referred to as “socialization”
in cultural anthropology. Although the view of children
as being in transition to adulthood seems a natural
one, it may be misleading to portray children solely
from the viewpoint of socialization. Children can be
autonomous; they have own values and show creativity,
ingenuity, and other unique characteristics that may
be ignored if they are seen solely as “adults-to-be” or
“little adults.” Many ethnographic studies indicate
that children are not merely passive learners of social
institutions and values under the direction of adults
(Hewlett and Lamb 2005). Thus in order to clearly
characterize the life of children, it is essential to look at

them not from the viewpoint of adult society, but from

Baka children in a play
hut (photo by N.Kamei)
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Initiation ceremony at
the Aborigines (photo by
S. Kubota)

their own perspective.

(3) Play

Almost all children'’s activities may be labeled as “play.”
As mentioned above, children of hunter-gatherer
societies are free from the work for subsistence and can
enjoy participation in various play groups. Thus play
constitutes an important resource of information about
children’s learning behavior.

Kamei (2005) observed 85 kinds of play during
ayear’s fieldwork among the Baka Pygmies in
southeastern Cameroon. He grouped the play that
he observed into seven categories: (1) play related to
foraging activities; (2) playing house; (3) songs, dances,
and music; (4) play related to modern things such
as cars and motorcycles; (5) competitive games such
as soccer; (6) play related to the body and physical
exercise; and (7) other forms of play.

Kamei pointed out that forms of play in category 1
and category 3, and some in category 2, are tradition-
oriented and attractive to children. Hunting and
gathering activities involve so much amusement
on their own that children enjoy them too as play.
Although some kinds of play introduced from modern

societies involve competition, most tradition-oriented

forms of play are noncompetitive. Egalitarianism,

in forms such as sharing (the most important social
value in the Baka society) was also found in the play

of children. Many kinds of play involve creativity,
affording children the freedom to invent their own play
using the various materials and opportunities available
(Kamei 2005).

Play groups in Baka hunter-gatherer culture involve
children of various ages, from around 4 to 15 years of
age and beyond. While spending time in a play group,
children learn various things, in particular knowledge
and subsistence skills. There are usually no teachers for
transferring knowledge or skills, but only playmates for
shared play. The play group represents a “community of
practice” (Lave and Wenger 1991).

It is common wisdom that children grow up
through play. Play activities are common, though
limited, in most birds and mammals. Only higher
primates, apes and humans, practice play even after
reaching maturity. The life of humans in particular is
full of play; Huizinga (1973) dubbed humans “Homo
Ludens” (playing man). Despite of the popularity and
importance of play for human life, however, we are far
from a full understanding of play (Hayaki, 2011). Hence
the need for more empirical data on play is urgently

required.




Searching for a new paradigm of human learning
The manner of learning and teaching in hunting and
gathering societies seems to be quite different from that
in modern societies. Ethnographers frequently point to
the absence of teaching among hunter-gatherers. Also

in agricultural and pastoral milieus in pre-modernized
societies, there is usually no visible system for teaching
subsistence skills and knowledge. This stands in contrast
to modern societies, where teaching is considered to

be a very effective method of transferring skills and
knowledge. Csibra and Gergely (2006) claim that
humans are genetically adapted to transfer knowledge
to, and receive knowledge from, conspecifics by
teaching, through the process of “pedagogy.” There

may be different kinds of teaching and learning in such
societies. Research is required to address the question of
the nature of teaching in hunter-gatherer societies.

Watanabe (2010) says that cramming style
education based on “teaching and learning” in our
modern societies has been designed for societies based
on industrial production, which was typical in the 20th
century. Now, in the 21st century, we are experiencing
a quite rapid growth of a highly information-oriented
society and people are facing drastic changes in social
environment and values. Watanabe proposes a change
from “solid education” of 20th century based on
“cramming style teaching and learning method” to “soft
education” that places emphasis on flexible knowledge
and learner autonomy.

Speaking from the cognitive psychology position,
Saeki (2007), says that the development of a child is not
a matter of individual ability, but rather that it occurs
through various relationships with others. The same
may be true of learning ability.

Clearly there is currently insufficient knowledge
about the nature of learning and teaching. We hope that
our study of the learning behavior of modern humans
may afford some greater understanding of human

beings.
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The “learning hypothesis” states that (a) the demise
of the Neanderthals and their replacement by modern
humans can ultimately be attributed to differences in
learning strategies (abilities) between the two species,
(b) these differences are innate, and (c) the learning
strategies used by modern humans are a genetic
adaptation to highly changeable environments. In
principle, any or all of these claims are falsifiable.
Within this framework, our research group is
conducting theoretical studies on (1) the conditions
necessary for the biological evolution of various
learning strategies and also on (2) the effects that such
learning strategies, in combination with modes of social
transmission (e.g., oblique, one-to-many, many-to-one),

may have on cultural evolution over the long term. In
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the conditions study, we are particularly interested in
the consequences of the rapid and extensive expansion
of the range of modern human populations, which
began in the late Middle Paleolithic. (In addition, we
are developing new statistical methods so as to be able
to reconstruct the phylogenetic relations of current
human populations and the dispersal routes of modern
humans, based on genomic population genetics data.
This study, however, is not reported here.)

Individuals can obtain information about the
environment, or the appropriate response to that
environment, either directly, by individual learning
(e.g., trial-and-error) or indirectly, by social learning
(e.g., copying others). Cultural evolution occurs when
innovations produced through individual learning
spread through the population by social learning (social
transmission). Based on archaeological observations
of the significant differences between Neanderthals
and modern humans in terms of the turnover rate of
lithic traditions (after about 50,000 years ago), we
infer a qualitative and/or quantitative difference in the
learning strategies used by the two species. In particular,
we hypothesize that this difference stems mainly from
differences in individual learning ability and that
modern humans are characterized by an advanced form
of individual learning, which evolved in response to the
spatial environmental heterogeneity encountered during

their range expansion (Aoki and Nakahashi 2008; Aoki



2010). We note that this advanced form of individual
learning need not be “creativity,” which is more a result,

rather than a process or mechanism, of learning.

Range expansion and the evolution of individual
learning

Reaction-diffusion models constitute a useful
mathematical tool for considerations of range
expansion (Shigesada and Kawasaki 1997). As a first
step toward the application of this method to the
study of the evolution of learning strategies, Wakano
et al. (2011), working under simplifying assumptions,
consider the consequences of range expansion into
environmentally homogeneous space. Previous studies
have predominantly addressed the conditions for the
evolution of learning strategies by investigating gene
frequency dynamics, which essentially assumes constant
population size. Predictions from such “static” models
may only be of partial relevance to the examination

of the evolution of advanced individual learning in
modern humans, since modern humans experienced
rapid population growth and range expansion during
“out-of-Africa.”

There is much controversy regarding the actual
route(s) taken by modern humans in leaving Africa.
Nevertheless, current evidence from studies of
human mitochondrial DNA lineages supports an
initial dispersal via the “southern route” along the
tropical coast of India and southeast Asia (Forster and
Matsumura 2005; Thangaraj et al. 2005; Macaulay et
al. 2005; Mellars 2006; see also Armitage et al. 2011).
This southern route arguably posed fewer challenges for
the expanding populations than the “northern” route
via the Nile valley and the Levant. That is, competing
Neanderthal (and likely also Homo erectus) groups
would have been absent, and the environment would
have been more homogeneous. Our model of range
expansion into environmentally homogeneous empty
space is pertinent in this context.

Suppose, then, that individuals are of two
genetically distinct types, individual learners and social
learners. Individual learners invariably acquire adaptive
behavior, but pay some cost due to mistakes made
en route to the realization of the mature behavior.
Social learners, on the other hand, may acquire either
adaptive or maladaptive behavior, depending on who
is copied. One feature of our model is the inclusion of
the possibility that, in regions near the front where the

population density is low, social learners may fail to
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find an exemplar to copy. Due to this attenuation effect,
the invasion (range expansion) speed of social learners
is diminished, and various invasion dynamics can be
observed.

Our primary findings are two. First, individual
learners can persist indefinitely when invading empty
space. Second, the occurrence of individual learners at
the front may inhibit the spread of social learners. An
example of a numerical solution is shown in Figure.
This “snapshot” shows the individual learners (IL)
spreading first and the social learners (SLC: social
learners with correct behavior, SLW: social learners
with wrong behavior) spreading slowly in their wake.
Together, these results suggest that out-of-Africa may
have driven—or at least contributed to—the evolution
of advanced individual learning ability in modern
humans, even if the environment of the colonized

regions was homogenous.

Cultural evolutionary rate with one-to-many
(teacher) transmission

The long-term rate of cultural evolution is defined as
the product of the population size (N), the innovation
rate per individual per generation (u), and the fixation
probability of an innovation that is made by a single
individual (). In other words, Nu innovations—each
for a different cultural trait—arise each generation

(cf. Kimura’s (1969) “infinite site model”), of which

a fraction m, spreads through the population. More
generally, if there are m different social roles (e.g.,
male and female, more than one age class, teacher and
non-teacher), the long-term cultural evolutionary rate
should, as pointed out by Aoki et al. (2011), be written

as

m
R= zizl Nu;my;
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where N; is the number of individuals in role i, u; is the
innovation rate of an individual in role i, and mt;; is the
fixation probability of an innovation made by a single
individual in role i.

Archaeologists have noted that the mode of
social transmission can affect the fixation probability
of an innovation and hence the long-term cultural
evolutionary rate (e.g., MacDonald 1998; Lycett and
Gowlett 2008). This is true (Cavalli-Sforza and Feldman
1981). It has also been speculated that one-to-many
transmission, where one individual with the special
status of teacher serves as the exemplar for all other
individuals, will result in an acceleration of this rate,
relative to oblique transmission in which a random
individual is copied. However, as shown by Aoki et al.
(2011), this latter claim is false; this is briefly explained
below.

Stochastic models of cultural evolution based on
the Moran model of population genetics (Moran 1958)
can be readily solved for the fixation probability. These
models share the assumption that one individual is
born at a time, and acquires by social learning either the
original variant of the cultural trait or the innovation,
followed by the death of one individual other than the
newborn. In the one-to-many transmission version, one
individual with the special status of teacher is copied by
all newborns as long as he/she remains alive. When the
teacher dies, he/she is replaced by a random surviving
individual. Then, if the one teacher and each of the N-1
non-teachers innovate at rates u, and u,,, respectively,

the long-term cultural evolutionary rate is given by
R= [u,(N +D+u, (N- 1)]/(2N)

In the default case where all individuals innovate at the
same rate, i.e., u=u,=u, this equation reduces to R=u,
which is the same as for oblique transmission. That is,
there is no intrinsic aspect of one-to-many transmission
that induces an acceleration of the long-term cultural
evolutionary rate. Hence, evidence for teaching, such as
that found at the Magdalenian site of Etiolles (Pigeot
1990) cannot necessarily be invoked to account for

the rapid turnover of lithic traditions during the Upper
Paleolithic. Rather, it is perhaps more parsimonious

to seek an explanation for the Neanderthal-modern
human difference in rate of change of lithic technology
in terms of a difference in innovation rates, resulting
from the biological evolution in the latter species of an

advanced form of individual learning.
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Reconstructing the Distribution of Neanderthals

The primary goal of this research project is to
reconstruct the distribution of Anatomically Modern
Humans (AMH) and Neanderthals in time and space
during the period when they were contemporaneous,
from 200 to 30ka (1ka = 1000 years); an additional goal
is to reconstruct their environment including climatic
conditions and ecological settings. Scientific evidence of
the relationship between their site distributions and the
pattern of environmental changes may reveal differences
between these two hominines in terms of their adaptive
responses to environmental changes.

Although the effect of climate on the extinction of
Neanderthals has been extensively investigated recently
(van Angel & Davis 2003; Finlayson 2004), there has

been full discussion of the influence of environments

and Modern Humans in Time and Space
iIn Relation to Past Climate Change
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on the speciation between Neanderthal and AMH.
However, it is possible to reevaluate the course of
Pleistocene human evolution using recent advances in
past climate reconstruction and new approaches using
multiple environmental proxies. This would enable
the testing of the theoretical hypothesis of research
project BO1 using concrete geo-scientific evidence.
To accomplish this reevaluation, we concentrate
our investigation on environmental change during
the period from 200 to 30ka and the distribution of
archaeological evidence for modern human behavior,
including innovative techniques and symbolic
expression.

In our project, four independent approaches are
taken towards the extraction of the relationship between
climate/environment change and the distribution of

human species in Africa, East Asia and Europe.

Database of Chronological Data

The replacement of Neanderthal populations by AMH
in Europe has been examined through a precise review
of age determinations at key sites, and the detailed
reconstruction of the paleoclimate and paleoecosystem
(Mellars 2006); however, such research has not been
conducted in other regions including Africa, where

modern humans actually evolved. In this study, we
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focus on the regions of Africa and West Asia: little
information from those regions has been evaluated

in light of the modern scenario of human evolution,
and few studies have explored the question of what
happened to Neanderthals and AMH through precise
reconstruction of the distribution of these two species
in the detailed timescale proposed for this project.

A series of reviews of chronological data has been
reported by leading archaeologists (e.g., Bar-Yosef et
al. 2006); however, the qualification of absolute data
was not counted in previous works and the integrity
of stratigraphic layers was assumed. Hence, we will
weigh the contribution of radiometric data in the
reconstruction of Neanderthal and AMH distributions
based on methodological criteria. With regard to
bone collage, we will follow the criteria proposed by
Higham et al. (2010), including pretreatment methods,
measurement technique, evaluation of diagenesis and

analysis of sequential data.

Temporal and spatial paleoclimatic variations and
human evolution

In order to illustrate temporal change in the
environments faced by Neanderthal and AMS during
their evolution, a series of reconstructed climatic
distributions will be created for ten thousand year
periods from 200 to 30ka, using a global climate
simulation model (Yokohata et al. 2006). During fiscal
year 2011 a simulation study using the global climate
model will be conducted to illustrate the distribution
of paleoclimate in the period from 60 to 30ka.

First, a global map at a resolution of 200km will be
reconstructed; this will constitute the basal information
for the informative GIS system. After the integration of
the absolute dates and the continuous environmental
data into 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 be determined.

The spatial distributions of paleoclimatic landscape
will be calculated for the period from 60 to 30ka.
Because many drastic changes such as Dansgaard-
Oeschger cycles occurred during that period, we focus
on three different phases; (1) the last glacial maximum
at 20ka; and (2) the warm phase and (3) the cool phase
of this fluctuating period. The first reconstruction will
be calculated with a resolution of 200km. To support
the evaluation of our methodology, our reconstruction

will be carefully compared with previously reported

European maps. Some geochemical proxies will also be

investigated for evaluation of climatic evaluation.

Time series of palaeoenviromental proxies
Subsequent to the paleoclimatic simulation, we will
investigate temporal change in environmental proxies
to reinforce the interval between reconstructed maps,
and to evaluate the simulation models. The resulting
information may reflect the regional effects of abrupt
changes known as Dansgaard-Oeschger cycles and
Heinrich events.

Recent research focused on the cooling Heinrich
event 4 as a main cause of Neanderthal extinction (van
Angel & Davis 2003; Finlayson 2004). Previously it was
difficult to compare the absolute age of archaeological
sites, which had been dated by means of radiocarbon,
and marine/ice cores, whose ages were estimated by
different methods. Tzedakis et al. (2007) compared
radiocarbon data from the Neanderthal occupation at
Gibraltar and past environmental data from Cariaco
Basin, Atlantic with a series of radiocarbon dates. This
approach cancelled the fluctuation of radiocarbon
ages and showed that the extinction of Neanderthals
at Gibraltar was not directly related to Heinrich event
4. Today, we can apply a new reliable dataset to the
calibration of radiocarbon ages from 50,000 years
(Reimer et al. 2009). Some important sites must be

investigated using this new calibration approach.

Integration and utilization of paleoenvironmental
and archaeological data using GIS

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 A01 as well as fundamental
geographical data such as digital elevation modes, river
systems and modern administrative boundaries will be
loaded into the GIS.

Through the use of these systems, the relationship
between environmental change and human behavior
will be examined from a statistical point of view. As
one potentially useful approach, we applied the eco-
cultural niche model (ECNM) using a program which
can expect suitable sets of ecological parameters for a
species. Banks et al. (2008a, b) used GARP (Genetic



Algorithm for Rule-Set Production) to compare possibly
suitable ecological habitats and the actual distribution
of Neanderthal and AMH. We will improve this model
and apply it in our GIS environment to extract the
relationship between climate change and the emergence
of new cognitive ability in human evolution.

This investigation will also extract differences in
behavioral adaptations of Neanderthals and AMH
and compare them with environmental change data.
These outcomes are necessary for the testing and
crystallization of the theoretical hypothesis provided by
B01, and will also facilitate discussion with A01 towards
an understanding of human adaptation through

technical innovations.
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Figure 1

(A) Cross-sectional image
and (B) generated 3D
digital model of a male
modern Japanese cranium
(KUMA-3086 housed at
Kyoto University).

Introduction

During fossilization, crania are often fractured,
fragmented or deformed due to compaction and
diagenesis. Furthermore, fossil crania fragments
usually constitute an incomplete record. To restore

the antemortem appearance of a fossil cranium, it is
therefore necessary to correctly assemble the fragments,
eliminate distortions, and compensate for missing
parts. Conventionally, such reconstructions are created
manually based on the knowledge and experience of
skilled anthropologists. However, in order to investigate
the difference in learning ability between Neanderthals
and early modern humans in terms of differences

in brain morphology, it is essential to develop new

computerized methods to figure more precisely and

Digital Restoration of Fossil Crania
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objectively the morphology of the restored fossil crania.
Recently, several researchers have attempted to
digitally reconstruct fossil crania in a virtual space
using a composite technique involving X-ray computed
tomography (CT) and computer-assisted morphology.
The present paper reviews the current status of such

computerized reconstruction methods.

Construction of a Digital Fossil Model Using a CT
System

An X-ray CT scanner comprises an X-ray source and

an array of detectors that rotate around an object and
generate a cross-sectional image based on differences in
the attenuation of X-rays by different materials in the
object. If an object placed on the table of the device is
moved along the axis of rotation of the X-ray source and
detectors, a series of cross-sectional images of the object
are generated; these can be assembled to create a three-
dimensional (3D) image. From this stack of images,

the object region is segmented and its 3D surface can

be represented as a triangular mesh model - this is the

A




3D model of the object. Figure 1 shows both a cross-
sectional image and a 3D digital model of the cranium
of a modern Japanese man. The spatial resolution of
medical CT is about 0.3 mm, which is adequate for the

morphological analysis of human crania.

Assembly of Cranial Fragments
Fossil crania are often fragmented and are thus usually
recovered in scattered pieces. In order to conduct
morphological analysis, the pieces must somehow be
assembled, like a jigsaw puzzle, based on anatomical
information. The history of the assembly of cranial
fossil fragments in a virtual space can be traced back to
1995, when Kelvin et al. reported the restoration of
a mid-Pleistocene fossil cranium excavated in Morocco,
and Zollikofer et al. reported the reconstruction of the
cranium of a Neanderthal child (Devil's Tower) (Kelvin
et al., 1995; Zollikofer et al., 1995). Since then, digital
reconstruction of fossil crania has become widespread
in the field of physical anthropology, bringing
substantial results and benefits. For example, Ponce
de Leon and Zollikofer (2001) restored fossil crania
of Neanderthals ranging in age from infant to adult,
using the same computer-assisted method, and cross-
sectionally investigated ontogenetic changes in cranial
shape. The reconstructions suggest that the characteristic
features of the Neanderthal skulls, such as the vertically
short and anteroposteriorly long cranium, pronounced
supraorbital ridge, inclined forehead, and large nasal
region, appeared as early as the fetal stage. Skulls of the
early hominids Sahelanthropus tchadensis and Ardipithecus
ramidus have also been restored digitally (Zollikofer et
al., 2005; Suwa et al., 2009), and assessments of such
restoration are increasingly improved. However, fossil
crania fragments usually constitute an incomplete
record, and fractured surfaces are typically damaged by
abrasion, making it extremely difficult to assemble fossil
skull fragments using automated computer systems.
Current digital fossil restoration techniques basically
allow only manual assembly of the fragments into
anatomical positions by moving and rotating each piece
using a mouse.

For more precise restoration, our group is now
attempting to develop a computerized technique
for assembling fossil cranial fragments based on
3D local shape information, i.e., the smoothness of
the joints between fragments. We approximated the
surfaces of cranial fragments using Bézier surfaces to

mathematically predict the anatomical positions and

orientations of corresponding adjacent fragments, and
assembled the fragments based on these predictions.
In practice, however, it is difficult to correctly assemble
an entire skull on the basis of local shape information
alone. It is essential to extract local and global shape
information from individual fragments and from
complete intact crania, respectively, in order to realize
globally consistent, anatomically reasonable assembly
of cranial fragments. The development of an algorithm

for the extraction of this information is now underway.

Interpolation of Missing Parts

Several methods can be used to interpolate missing
parts of assembled fossil crania. The simplest method
is to exploit bilateral skeletal symmetry; in other words,
a mirror-image model is generated from the well-
preserved side of a specimen to interpolate the other
side. Specifically, a median sagittal plane is calculated
by least-squares fit based on coordinates of midsagittal
anatomical landmarks and midpoints of bilateral
landmark pairs. A plane-symmetrical model of the
original is then generated to interpolate the coordinates

of the missing parts on the other side (Fig. 2).

However, interpolation based on bilateral symmetry
is not applicable if morphological information is
missing on both sides, or if there are deficiencies near
the median sagittal plane. In such cases, deficiencies
can be interpolated based on reference data. Two
methods are proposed for this interpolation: statistical
interpolation using multivariate regression and
geometric interpolation using a spline function (Gunz
et al., 2009).

Statistical interpolation based on multivariate

regression is a method for estimating missing

Figure 2

Interpolation of missing
part of cranium (IR056
from Himrin basin, Iraq)
based on mirror image.
(A) Original specimen
and its midsagittal plane.
(B) Restored result.
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Figure 3

Geometric interpolation
based on thin-plate
spline function.

(A) Reference data used
for interpolation (KUMA-
3086). (B) IR056. (C)
Restored result.

Figure 4

Thin-plate spline function.
This function describes
mapping between the two
sets of landmarks so as to
minimize bending energy
of spatial deformation
(Bookstein, 1989). Here
we acquired a total

of 51 coordinates of
homogeneous anatomical
landmarks and described
the 3D volumetric
transformation between
human and chimpanzee
skulls. Using this function,
the human skull can

be transformed to a
chimpanzee-like skull.

coordinates based on reference data from a sample

of complete specimens. Multivariate regressions are
calculated with the missing coordinates as dependent
variables and other coordinates as independent
variables. These equations are then used to predict

the missing coordinates, often by means of the
Expectation Maximization Algorithm. This algorithm is
a statistical technique for estimating parameters from
an incomplete data set so as to maximize the expected
likelihood of its probability density function. Weaber
and Hublin (2009), for example, used this technique

to restore the position of the sacrum in a Neanderthal

pelvis (Tabun 1) based on data for a human pelvis
specimen. However, whether a data set based on human
pelvis morphology may be effectively used to estimate
Neanderthal pelvis morphology remains controversial.
On the other hand, geometric interpolation using
a spline function interpolates a missing part based on
data mapped from a complete reference specimen.
Specifically, the existing portion of the specimen to be
reconstructed is used to define the mapping function;

the corresponding portion of the complete specimen



is then mapped to the partial specimen in order to
reconstruct the missing parts. For example, Figure 3
shows the results of the interpolation of a male cranium
excavated from the Himrin Basin, Iraq (Ogihara et al.,
2008), using a modern Japanese cranium as a reference.
Here we used a total of 46 anatomical landmarks to
map the modern Japanese cranium to the Himrin
cranium using the thin-plate spline function (Bookstein,
1989) (Fig. 4) in order to interpolate the parts missing
from the Himrin cranium. As shown in Figure 3, this
method yields anatomically natural, morphologically
consistent interpolation of the missing parts. However,
it must be noted that the results of such interpolation
vary depending on the reference cranium used. Using
modern human and ape crania as references, Gunz et al.
(2009) attempted to reconstruct the cranial morphology
of Homo erectus KNM-WT-15000 (Turkana Boy). They
reported that the reconstructed results varied depending
on the reference specimen used, particularly in the
orbit and glabellar regions. Although choosing an
appropriate reference specimen remains difficult, this
framework is certainly effective for the interpolation of

missing parts of fossil crania.

Correction of Deformation

Digital correction of plastic deformation is attempted
for fossil crania with deformation that is assumed to
be homogeneous, i.e., minor and linear. For example,
Ponce de Leon and Zollikofer (1999) attempted

to correct deformation of a Neanderthal skull (Le
Moustier 1), assuming the deformation to be a linear
transformation. A digital model of the skull was
mathematically undeformed in order to remove vertical
compression (Fig. 5A). Gunz et al. (2009) proposed
another method to correct deformation using a mirror
image and applied this method to the restoration of
the Arago XXI cranium; a mirror-reflected model of the
original specimen was generated and the average of the
original and reflected shapes was calculated to correct
the deformation (Fig. 5B).

However, deformation of fossil crania is not
generally a homogeneous process. Therefore, we
proposed a method to correct nonhomogeneous
deformation based on bilateral symmetry (Ogihara
et al., 2006). If a skull is intact, cranial landmarks on
the medial sagittal plane basically lie on the same
plane, and each bilateral landmark pair should be
symmetrical with respect to this plane. However, if the

cranium is subjected to deformation, this symmetrical

relationship does not hold. Therefore, the positions
of the landmarks must first be modified so that this
geometrical relationship is satisfied. Subsequently,
the shape of the cranium is transformed according

to the displacement of the landmarks using the thin-
plate spline function. Figure 6 shows the result of the
correction of a fossil cranium of the Miocene hominoid
Proconsul heseloni. If the deformation of the skull is
eliminated by symmetrization, the damaged portion
of the skull can be replaced with the reflection of the
opposite side. However, if the skull were deformed

in the direction parallel to the midsagittal plane, the
proposed method based solely on bilateral symmetry
would not suffice. Effective use of reference data may
be necessary for optimal computerized restoration of

deformation.

Conclusion
The present paper outlines several mathematical

methodologies for the digital restoration of fossil

Figure 5

Restoration of
homogeneous
deformation of fossil
crania.

(A) Reversal of vertical
compression. (B)
Restoration of shear
deformation based on
mirroring.

Figure 6

Proconsul skull before (A)
and after (B) restoration
of deformation (Ogihara
et al., 2006).
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crania. Restoring the original antemortem appearance
of a fragmented, deformed, incomplete fossil cranium
is a challenging, ill-posed problem; due to the nature of
the problem, the constraints provided are not sufficient
for the determination of a unique solution. However,
the correct restoration of fossil crania is crucial for

the precise and objective interpretation of human
evolutionary history from valuable fossil records.
Further progress is anticipated in computer-assisted
methodology for the morphological restoration of
fossil crania and its application to the investigation of
differences in brain morphology and learning ability

between Neanderthals and early modern humans.
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Research Objectives

Research Team CO02 will examine the overall research
hypothesis that the replacement of Neanderthals

by Homo sapiens was promoted by the differences

in their learning abilities. For that purpose, we will
adopt neurocognitive and comparative anatomical
approaches. By assuming that morphological changes
in fossil skulls reflect functional differences between
modern and ancient human brains, this research
project will (i) identify gaps in learning abilities based
on differences in cerebral morphology and region-
specific activities identified by previous functional
imaging studies in contemporary human brains, and
(ii) create an evidence-based model for examining the

hypothesis.

Functional Mapping of Learning Activities
In Archaic and Modern Human Brains

Hiroki C. Tanabe

National Institute for Physiological Sciences; Team Leader of C02

Specifically, this project will proceed along the
following two axes:
(1) Brain Mapping for Learning Functions in the
Contemporary Human Brain (Neurocognitive
Approach)
Using the conceptual framework of B01, this subproject
will localize social learning abilities (related to cultural
transmission, e.g., imitation and teaching) and
individual learning abilities (involved in trial-and-error,
insight, and other processes used in making inventions
and discoveries) in the contemporary human brain.
The results will be used to create functional brain maps
that will demonstrate the relationships between specific
brain regions and social and individual learning skills.
(2) Mapping of Learning Functions in the Fossil
Brain (Computational Anatomy Approach)
This sub-project will work to develop computational
imaging techniques for projecting brain functional
mapping (developed by the functional brain imaging
techniques of Axis 1) onto the Neanderthal brain
as reconstructed from fossil skulls (C01). This will
culminate in fossil brain functional mapping in
computer-generated virtual space, which will enable
us to quantify the comparative volumes of the
regions mediating specific functions and estimate
functional differences between Homo sapiens and Homo

neanderthalensis.
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Scientific Background

Conventionally, the differences in learning ability
between Homo sapiens and Homo neanderthalensis have
been evaluated basically in terms of skull volume. Such
evaluations aimed at exploring the activity differences
of the brain contained in the skull. However, most of
the results were approximate volume calculations based
on cranial shape, and no research efforts have been
made to date to detect precise functional differences

by superimposing cranial images of one species on
those of the other. In addition, previous studies have
not fully established the relationship between cranial
morphology and the anatomical localization of brain
functions.

In recent years, advances in magnetic resonance
imaging (MRI) techniques have facilitated functional
brain imaging studies and direct in situ measurement
of human neuronal activities. Such techniques have
enabled us to map the specific functions of the
contemporary human brain. In this project, we will
experimentally reconstruct and identify the neural
substrates for the learning behaviors of ancient and
modern humans. The identification of neural substrates
focuses on social and individual learning skills, the
key concepts in the evolutionary model that will be
developed by BO1. In this model, social learning relates
to those activities involved in cultural transmission
(e.g., imitation), while individual learning refers to
those activities (e.g., trial-and-error) contributing to
inventions and discoveries. This model assumes that
individual learning activities are not self-contained
within individuals, but largely influenced by the
surrounding social factors. Therefore, we postulated that
social cognitive abilities (social brain) strongly impact
individual learning abilities. This led us to hypothesize

that the intellectual differences between the two species

primarily originated from differences in “creativity,”
one of the bases for inventions and discoveries. We
define creativity as the ability to produce unprecedented
and useful (or influential) ideas in a particular social
environment. This research project will clarify the
neural substrates for creativity from the viewpoints of
“sociality” and “intrinsic drive” (internal motivation).
No major systematic approach has been taken to
date for research on the mapping of learning functions
in the fossil brain (Axis 1). Previous studies either
created endocranial casts from reconstructed skulls to
compare morphological features of the two species,
or extrapolated differences in brain shape from skull
landmarks for discussion of functional distinctions.
We will apply the anatomical standardization method
used in functional brain imaging studies to the
morphological estimation of the cerebral parenchyma
from reconstructed skull measurements (computational
morphology approach). This will allow for high-
precision reconstruction of the fossil brain, as well as
a direct comparison of brain morphology between

ancient and modern humans.

Originality of Research

The present project is characterized by the close
cooperation between researchers in archaeology
(A01), cultural anthropology (A02), evolution
modeling (B01), physical anthropology (C01), and
bioengineering (C01). There have been few joint
collaboration efforts between experts in these areas.
The selection of functional brain imaging tasks
constitutes a crucial component of brain mapping for
learning-related activation. In particular, brain science
alone is insufficient for pinpointing the key learning
abilities that played critical roles in the replacement of

Neanderthals by Homo sapiens. Therefore, appropriate

Neanderthals

H. sapiens




functional MRI tasks should be designed based on in-
depth examination of the factors that will be suggested
by the findings of research using archeological, cultural
anthropological, and evolutionary models. In addition,
this project will provide stimulating new data to the
academic fields involved, affording insights such as new
interpretations of excavated materials and modifications
of current models.

As explained above, the main thrusts of this project
are (i) to use a combination of human brain mapping
and fossil skull analysis to examine the hypothesis
that differences in learning abilities enhanced the
replacement of ancient humans by modern humans,
and (ii) to create a new biological model for
interlinking the characteristics of archeological materials
(assumed to represent the learning abilities of ancient
and modern humans) with the neural bases for those
abilities. Little is known about the neural substrates for
creativity, a key concept in the process whereby modern
humans replaced their ancestors. In this regard, this
project will also yield rather exciting neuroscientific
output, and moreover will develop analytical methods
for virtually projecting the brain function maps
mentioned above onto the reconstructed fossil skulls
of ancient and modern humans in computer-generated
space. We will compare species in terms of the brain
volumes of specific areas on the functional map and
evaluate learning hypotheses in light of localization
of brain functions. This project is a unique and
innovative attempt, requiring extensive interdisciplinary
collaboration whose benefits will exceed the sum of the

individual efforts involved.
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Reconstructing the Learning
Behaviors Through the Analysis
of Lithic Refitted Materials of the
Upper Paleolithic Assemblages in
Hokkaido

Research Leader

Jun Takakura
Japanese Archaeology, Graduate School of Letters, Hokkaido University

Collaborators

Hiroyuki Suzuki

Japanese Archaeology, Hokkaido Archaeological Operations Center

Yasuo Naoe
Japanese Archaeology, Hokkaido Archaeological Operations Center

(Refitted material from the Kyu-shirataki-15 site, Hokkaido, Japan)

Research Objectives

We postulate that it is possible to understand the
past learning behaviors based on the identification of
technical levels and their spatial distributions. This
research project attempts to characterize the learning
behavior of Upper Paleolithic humans in Hokkaido
through the analysis of abundant refitted lithic materials
obtained from selected sites, especially the Shirataki
sites, eastern Hokkaido. In addition, existing research
results, particularly criteria for the identification of
technical levels and the models of learning processes,

will be reexamined.

Research Methods

This research consists of following plans:

(1) A broad comprehensive review and evaluation of
many studies concerning the refitted lithic materials as
well as the past learning behaviors based on operational
sequences employed in Japan and Western countries.
(2) A comparative analysis of the refitted lithic materials
obtained from the Shirataki sites to understand the
technical levels of past lithic manufacturing behaviors
and their spatial distributions in the sites.

(3) A theoretical and methodological study of criteria

used for the identification of technical capacities as well

as the past learning processes derived from the analysis
of refitted lithic materials obtained from the Shirataki

sites.

Research proposal for 2011-2012

Research Objectives

Research project attempts to analyze the lithic refitted
materials obtained from the Shirataki sites to reconsider
the methodological procedure for reconstruction of the

learning processes.

Research Methods

(1) The project will conduct a broad comprehensive
review and evaluation of many studies concerning

the lithic refitted materials as well as the past learning
behaviors discussed in Japan and Western countries.
(2) Through analysis of the lithic reduction sequences
and the knapping techniques of the lithic refitted
materials obtained from the Shirataki sites, we will
examine the technical levels of past lithic manufacturing
behaviors by comparison of the lithic refitted materials.
In addition, we assess their spatial distributions in the

sites.



Biomechanics of Hunting-Spear
Throwing in Modern Humans

Research Leader

Yasuo Higurashi
Anthropology, Laboratory of Biological Anthropology, Osaka University

Research Objectives

Modern humans live in a broader range of habitats than
any other primate. Human adaptability to different
environments is at least partly due to the cognitive
function developed in human evolution, and learned
behavior became an important means of coping with
environmental demands. Prehistoric tools made of
materials such as stone and wood provide the basis on
which we can assess the cognitive function and motor
learning of fossil hominids. The earliest throwing spears
known so far were dated to about 400,000 years ago,
suggesting that hominids, the earlier Neanderthals
already engaged in hunting with a spear. We will
conduct a research project on biomechanics of hunting-
spear throwing in modern humans from the fiscal years
2011-2012. The goals of this project are twofold: (1) to
estimate the cognitive function and motor learning in
hominids since 400,000 years ago, and (2) to examine

human skeletal morphology and throwing mechanics.

Research Methods

We will study kinematics of throwing in ordinary
modern Japanese. Participants will be asked to throw
two types of objects, a spear and a stone. Spears used
in the experiments will be made based on the material,
size, and weight of the prehistoric objects. We will
search the literature for affirming the contexts in
which fossil hominids and modern hunter-gatherers
threw spears and stones. The movements of body parts
during throwing will be evaluated by video analysis.
The activity of various muscles will be recorded using
surface electromyography. The force exerted during

throwing will be measured or calculated if possible.

Research Proposal for 2011-2012

Research Methods

(1) Selection of objects for throwing:

Simple wooden spears and stones will be used in
experiments. The spears will be made based on the
material, size, and weight of ancient tools. The stones
that resemble Neanderthal stone tools will be prepared.
(2) Survey of the literature:

The literature on in what contexts fossil hominids threw

and modern hunter-gatherers throw objects will be
searched to design effective experiments for achieving
the goals of this project.

(3) Data recording and analysis:

Participants will be videotaped while they will throw
objects, and movements of body parts will be evaluated
by video analysis. Simultaneously, the activity of
various muscles will be measured using surface
electromyography. I will ask participants to take part in

experiments regularly over several months if possible.
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Fitness and Health of
Hunter-Gatherer Children from
the Viewpoint of Playing Activity
and Diet

Research Leader

Taro Yamauchi
Human Ecology and Health and Adaptation of Children. Graduate School of
Health Sciences, Hokkaido University.

Co-researcher

Izumi Hagino
Human Ecology and Growth and Nutrition of Children, Graduate School of
Health Sciences, Hokkaido University.

Research Objectives

We conduct a field research in biological anthropology,
namely, health sciences, to complement cultural-
anthropological participants’ observation and
developmental psychology experiments performed by
team A02. This study aims to contribute to the learning
hypothesis by quantitative evaluation of the physique
and fitness of hunter-gatherer children.

In 2011 we will carry out an intensive research of the
African hunter-gatherer population with whom we have
conducted continuously field surveys since 1996. We
will conduct the same survey in other hunter-gatherer
populations such as the Aborigines and the Inuit in

2012 and compare the findings from each population.

Research Methods

The field surveys consist of four topics: physique,
playing activities, diet, and fitness.

Physique of hunter-gatherer children

(1) Assess the nutritional status and growth conditions
of the children by anthropometry.

(2) Biological determination of the duration of

childhood by analyzing growth curves.

Playing activities of hunter-gatherer children

(1) Consider children’s play as a physical activity and
evaluate the daily energy expenditure and the step
counts of children by the acceleration monitoring
method.

(2) Estimate the daily time-space allocation of
children by direct observation and by using the global
positioning system (GPS).

Diet of hunter-gatherer children

(1) Weigh all the food consumed to estimate the food
consumption of children.

(2) Estimate the daily energy and nutrition intakes of
children by using regional food composition tables.
Fitness of hunter-gatherer children

(1) Develop and conduct a physical fitness test battery
suitable for hunter-gatherer children on the basis of the
existing fitness test batteries used in Japan, Asia, and
Europe.

(2) Examine the change or improvement in the test
scores with increasing age and growth/development.

(3) Evaluate the expended energy in playing activities



and the change of energy efficiency per unit time with

increasing age and growth/development.

Research Proposal for 2011-2012

Research Objectives

We will develop and validate field-oriented
methodologies in the four topics: physique, playing
activities, diet, and fitness. In addition, we will carry
out an intensive research on the African hunter-gatherer
population in whom we have conducted field surveys

continuously since 1996.

Research Methods

Physique of hunter-gatherer children

(1) Anthropometry: height, body weight, upper arm
circumference, skinfold thicknesses (triceps and
subscaplar)

(2) Growth curves: Biological determination of the
duration of childhood by using mathematical models
(e.g., Preece-Baines model).

Playing activities of hunter-gatherer children

(1) Daily energy expenditure and the step counts by the
acceleration monitoring.

(2) Daily time-space allocation by direct observation
and by using the global positioning system (GPS).
Diet of hunter-gatherer children

(1) Food weighing method.

(2) Daily energy and nutrition intakes by using regional
food composition tables.

Fitness of hunter-gatherer children

(1) Physical fitness test battery (suitable for hunter-
gatherer children)

(2) Examine the change or improvement in the test
scores with increasing age and growth/development.
(3) Evaluate the expended energy in playing activities
and the change of energy efficiency per unit time with

increasing age and growth/development.
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Research Objectives (1) Reconstruction of biological function of
To investigate in details the admixture of archaic haplotypes originated from archaic humans found
hominins and difference in biological function between among modern human populations
archaic and modern humans, through integration of Our previous study showed that an unusually old and
various kinds of biological information. rare haplotype was found among various modern
human populations in the world (Shimada et al.
Research Methods 2007). Such kind of ancient haplotypes were found
We will integrate publicly available data on Neanderthal also through investigation of the Neanderthal genome
genome, genome polymorphism of modern human (Green et al. 2010). We will search biological features
populations, and other biological information that are known to be associated with specific DNA

associated with genome sequences as follows: sequences, and integrate them by connecting these to



the ancient haplotypes. This will provide assessment
concerning differences in biological function between
ancient and modern humans.

(2) Analysis of genomic region of Neanderthal

related to gene expression
It has been argued that the characteristic evolution
of the modern human lineage after the divergence
from that of chimpanzee is not attributed to genomic
changes, but to changes of gene expression. To
investigate gene expression of Neanderthal, we will
extract comprehensively mRNA splicing site from the
Neanderthal genome sequences. We will then compare
them with those of modern humans and chimpanzees,
which is expected to reveal features of gene expression
of human evolution.

(3) Exploration of novel ancient haplotypes

in modern human populations using genome

polymorphism
Currently, databases of polymorphism in human
genome has grown and the method of haplotype
detection is more sophisticated than in the past.
It has been considered that long-term isolation of
populations within Africa occurred at the time of “Out
of Africa”, and thus we can expect that several events
of admixture took place among prehistoric people. To
trace exactly these admixture events, we will explore
novel ancient haplotypes in modern humans by
searching comprehensively for unusually long branches
in molecular phylogenetic trees of the haplotypes.
Consequently, population genetics of HapSTR that is
combination of haplotype and Short tandem repeat

(STR) will reveal the details of admixture events.

Research Proposal for 2011-2012

Research Objectives

(1) To reveal whether mutation sites on known
haplotypes originate from archaic human are locating
on known motif sequences.

(2) To extract sequences on splicing site from
Neanderthal genome.

(3) To identify novel haplotypes originate from archaic

human.

Research Methods
(1) The haplotype, we found in previous work as well
as other haplotypes suggested by Neanderthal genome

project, will be compared with sequence motifs that are

known biological function. Comprehensive database
searches will start in 2011. The databases will be used
are as follows, InterPro, fRNAdD, ESEfinder, JASPAR,
RepeatMasker, and so on.

(2) Splicing site sequences will be extracted from
Neanderthal genome sequence in 2011.

(3) Databases of human DNA polymorphism and
individual genome will be carefully examined in 2011.
Accordingly, programs to extract ancient haplotypes will

be developed.
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Identifying Learning Ability
Specific to Homo sapiens

Research Leader

Nobuyuki Takahashi
Psychology, Social Psychology Laboratory, Graduate School of Letters , Hokkaido
University

Research Objectives

The research project entitled “Replacement of
Neanderthals by Modern Humans: Testing Evolutionary
Models of Learning” investigates why Homo sapiens
became the only hominids who expanded their living
areas to virtually everywhere on Earth. The project
proposes a working hypothesis arguing that such
replacement can be attributable to the innate differences
in learning abilities between the two hominid species.
It is argued that Homo sapiens had an advantage over
Neanderthals because they not only have a higher
level of social learning ability (learning from others by
imitation) but also a higher level of individual learning
ability (learning by trial-and-error), while Neanderthals
had a lower level of individual learning ability although
they maintained a high level of social learning ability.
However, this argument has several major problems.
First, from the psychological viewpoint, learning by
trial-and-error is fundamental to many other species,
and what corresponds to the ‘advanced’ ability that only
a few species have is social learning. Second, learning

by trial-and-error cannot explain why Homo sapiens

have expanded their living areas so quickly where no
Neanderthals have gone before. Therefore, the current
study postulates that Homo sapiens have a third type
of learning capacity, which we call ‘inventive ability,
the ability of active learning that allows the species
to invent a new adaptive behavior quickly in a new
environment. It is hypothesized that Homo sapiens had
an advantage over Neanderthals basically due to their
higher level of inventive ability.

However, currently, in psychological research,
we have no way to measure such inventive ability.
The main purpose of the current study is to establish
the method for the measurement of this ability by
conducting psychological experiments in a laboratory.
Then, investigating the relationships among inventive
creativity, learning by trial-and-error, and learning from

others by imitation will become the next goal.

Research Methods

The current study uses laboratory experiments as

the main research method. First, we will develop the
method to measure inventive ability that only Homo
sapiens are supposed to have. In most of the cases,
researchers in psychology of learning have used animals
such as birds or rats to study learning. However, what
they have measured is the ability to learn by trial-and-
error, but not inventive learning. The current study will
measure human participants’ inventive ability by asking
them to perform various tasks and then analyze the
relationships among performances of multiple tasks.

If this approach is successful, then the next step is to
investigate the relationship among individual learning
(learning by trial-and-error,) inventive ability, and social
learning (learning by imitation). Although previous
research has focused on whether there is a trade-off
between individual learning and social learning, such

a debate is off the point in the current study.

Rather, we need to examine the relationship
between inventive ability and the other two learning
abilities based on empirical data. All the research
activities will be conducted by a team composed of
the principal investigator and several graduate and
undergraduate students. Laboratory experiments of

such a large scale need fully equipped facility as well as



a large subject pool where we recruit participants. The
Center for Experimental Research in Social Sciences at
Hokkaido University is the only institute in Japan that

can provide such extensive support.

Research Proposal for 2011-2012

Research Objectives

In 2011, the main purpose of this project is to identify
what inventive ability is. Without its attainment, we
cannot go further. Among previous empirical research,
several studies have compared individual learning with
social learning. However, individual learning in these
studies means learning by trial-and-error. For example,
Bouchard, Goodyer, and Lefebvre (2007) measured
individual learning ability in pigeons by a so-called
‘innovation test. What they did is that they measured
the ‘innovative problem-solving ability’ by letting the
birds pull or push drawers in order to obtain seed mix.
However, this method is no more than reinforcement
learning by trial-and-error. While birds are trying
various behaviors, by accident they pull the right drawer
and get the food. The experience of succeed in getting
the food reinforces birds’ behavior to pull the right
drawer. It is clear that this type of ability that Bouchard
et al. (2007) measured is far from the inventive ability
that Homo sapiens had acquired in order to survive in
a completely new environment. The current study aims

to develop a task to measure the true inventive ability.

Research Methods

So far, to the best of our knowledge, how to measure
inventive ability has not been established. In this study,
we propose a new measurement method based on
previous findings in psychology to measure inventive
ability. For example, problem solving learning proposed
by Dewey suggests that students find solutions to the
problem by actively engaging in behaviors. To the extent
that this problem solving learning ability is similar to
the inventive ability that we proposed, we might use it
as a starting point to develop a task that is more suitable
to measure inventive ability. Since inventive ability

is a latent concept, it might be difficult to measure it

by a single task. We, therefore, will develop a series of
inventive tasks and ask participants to perform on them.
We will measure the score of each task and examine

their correlations
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Analyses of Contributions of Inter-
Group Communication on New
Culture Emergence

Research Leader

Shiro Horiuchi

Sociology, Organization for the Strategic Coordination of Research and
Intellectual Property, Meiji University

Research Objectives

Assuming that there are frequent communications
between groups that were far away from each other,

or there is a system that facilitates such long-distance
communication, the cultural diversity within a local
group should increase. Diversity of local cultures is
expected to enable humans to adopt new cultural
elements. We hypothesize that such learning abilities
of modern humans were based on communication
between groups and facilitated the adoption of new
techniques of making and using stone tools. They
would have thus replaced Neanderthals owing to their
new stone tool culture. We will test the possibility that
communication between local groups promoted the
displacements between Neanderthals and Modern
humans through theoretical and experimental

researches.

Research Methods

This research is based on theoretical studies by
computer simulations and fieldwork in mountainous
areas of Japan. At first, we will do the theoretical

research that will be accompanied by qualitative

fieldwork study. Then we will test the predictions
from the theoretical models using the data from the

quantitative field-study.

Research Proposal for 2011-2012

Research Objectives

In this year, I do computer simulation studies to
investigate the conditions that increase diversity of
local cultures and promote invention of new cultures.I
also do fieldwork studies by interviewing local
residents about their traditional local cultures and their

communication with different local cultures.

Research Methods

Theoretical Studies

I set an Agent-Based-Model in which multiple agents
communicate in each local society. In each local society
agents learn individually and socially. As a result,
appropriate culture is settled in each local society.
Agents also communicate with those of adjacent local
societies. If only adjacent groups communicate one
another, we expect only one culture would prevail in

all local societies through the process that majority
cultures displace minority cultures. If distant groups

can communicate one another, and interactions satisfy
some conditions, however, we may expect diversity of
local cultures is maintained. Further, new cultures may
be created continually through communication between
groups. I test the hypothesis by the simulation.
Experimental Studies

I do fieldwork studies on locally transmitted arts in
Kyushu Island, particularly focusing on Yokagura. I have
already elucidated that communications between local
residents and some tourists create new local cultures.

I investigate how local residents communicate not

only with tourists but also with local residents of other
areas. Then I test the possibility that communication
between groups create new local cultures. Based on such

researches, I will do quantitative fieldwork in 2012.



Developing Cranial Parameters
that Delineate Subdivisions of the
Brain

Research Leader

Yasushi Kobayashi
Anatomy, Department of Anatomy and Neurobiology, National Defense Medical
College

Research Objectives

The project aims at developing cranial parameters
that delineate subdivisions of the brain by analyzing
correlation between cranial and cerebral morphology in

extant species including human.

Research Methods

We will analyze the correlation between the cranial
parameters and sulcal patterns of the brains using
endocasts of calvaria of human cadavers and macaque
monkeys, and photographic records of indentations
of the orbital plates of the frontal bones. We will
also analyze cranial parameters using medical
radiological images, and determine the correlation
between individual variations of cranial and cerebral
morphology. Based on these data, we will select the
cranial parameters that can be used to delineate the

subdivisions of the brain.

Research Proposal for 2011-2012

Research Objectives

In 2011, we aim at analyzing correlations between
cranial and cerebral morphology using human cadavers
that are donated for the human anatomy course at the

National Defense Medical College.

Research Methods

Endocasts of the calvaria will be prepared from 20

human cadavers that are donated for the human
anatomy course. These samples and nearly 30 endocasts
already prepared will be used to analyze correlations
between cranial parameters and sulcal patterns of

the brain. We also start measurement of the cranial

parameters using medical radiological images.
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Investigation of Neural
Mechanisms Underlying Linkage
Between Imitation and Motivation

Research Leader

Hiroaki Kawamichi
Department of Cerebral Research, National Institute of Physiological Sciences,
Cognitive Neuroscience, Neuroimaging of modern human

Research Objectives

Imitation learning, a type of social learning, contributes
to the development of modern human society

through creativity. In this research, I investigate neural
mechanisms underlying the motivation of imitation
learning for shedding light on creativity of modern
human. As motivation of imitation owes mainly to
emotional factors, I will formulate brain function map
of linkage between emotional imitation behavior, i.e.,

empathy, and its motivation by experimental approach.

Research Methods

To investigate the relationship between empathy and
reward, i.e., motivation for imitation, I develop a
psychological paradigm. By utilizing the developed
paradigm, I measure brain activation by dual functional
magnetic resonance imaging (dual-fMRI), which can
measure facial expression and brain activation of pair

participants simultaneously.

Research Proposal for 2011-2012

Research Objectives
Empathy, emotional imitation behavior, requires
understating other’s emotion and feeling similar

emotion. In daily social life, modern human (1)

evaluates validity of his/her empathic behavior by

getting feed-back information from environment,

and then (2) promotes imitation behaviors with
depending on evaluation results. In 2011, we will
investigate neural correlates underlying motivation of
empathy by focusing on validity evaluation phase of
empathic behaviors, more important issue to investigate
motivation of imitation learning. With the investigation
results, I aim to clarify motivation of imitation learning

from viewpoint of neuroscience.

Research Methods

(1) Development of psychological paradigm: As
empathy was conducted by dyad, empathic perceiver
and target, I construct experimental design of an
empathic behavior evaluation task with considering
difference of the perceiver and target. By following
the experimental design, I will develop experimental
program and material for stimuli presentation. After
development, validity of experimental method will be
checked by independent evaluators.

(2) Experiments by non-invasive neuroimaging method:
By fMRI, I investigate neural correlates underlying the

empathic behavior evaluation phase.



The Neural Substrates of Social
and Individual Enforced Learning
by Intrinsic Rewards

Research Leader

Kei Mizuno
Molecular Probe Dynamics Laboratory, RIKEN Center for Molecular Imaging
Science

Research Objectives

The methods of verification using comparative anatomy
for elucidating the difference of learning abilities
between modern and ancient human are based on

the differences in the brain morphology related to
learned behaviors. The difference of learning abilities
is thought to be demonstrated by elucidating the brain
regions involved in social and individual learning of
the modern human using neuropsychological methods
and comparing the differences of brain regions between
them based on the reconstruction of fossil ancient
human brain.

The study project is focusing on the neural bases of
imitative learning in the social learning and learning
control (enforced learning) in individual learning. In
addition, in individual learning, social rewards such
as acceptance and acclaim from significant others
are setting a reinforcement factor for learning, and
the verification model of effects of the social rewards
on learning is suggested. In the present study, I set
intrinsic rewards such as senses of accomplishment
and competence as another reinforcement factor for
learning. The aim of the present study is the clarifying
the neural bases of intrinsic rewards and neural
mechanisms of enforced learning by the intrinsic
rewards using functional magnetic resonance imaging
(fMRI). In addition, I hypothesize that the intrinsic
rewards contribute enhancement of the imitative
learning, and conduct the study for demonstrating this

hypothesis.

Research Methods

(1) Study of the neural substrates of sense of competence
I hypothesize that the sense of competence is induced
by the perception of higher present performance in
comparison with the past performance, and thus
conduct an fMRI experiment for observing the brain
regions involved in the perception of performance
feedback. In addition, I measure the satisfaction level
for the performance with a questionnaire, and identify
the neural substrates of sense of competence using a
correlation analysis between the satisfaction level and

activation levels in the brain regions related to the

Research outline: By
using fMRI, neural
correlates underlying
empathy was elucidated
by presenting visual
stimuli of social
interaction.

perception of performance feedback.

(2) Study of the neural substrates of social and individual
enforced learning by intrinsic rewards (senses of
accomplishment and competence)

By using the fMRI, I investigate the effects of enforced
learning by intrinsic rewards on the social and
individual learning tasks developed from the study
project. Basically, I perform correlation analyses
among the level of attainment by evaluation of the
task performance, activation levels of the brain regions

involved in learning and intrinsic rewards.

Research Proposal for 2011-2012

Research Objectives

As part of the study project for methods of verification
using comparative anatomy for elucidating the
difference of learning abilities between modern and
ancient human, the present study focuses on an
enforced factor of learned behavior, and thus the aim
of the present study is clarifying the neural substrates
of sense of competence which contributes increase in

motivation for learning is directly linked to learned
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behavior using the fMRI.

Research Methods

Study for the neural substrates of sense of competence

I hypothesize that sense of competence is induced

by the perception of higher present performance in
comparison with the past performance, and thus
conduct an fMRI experiment for clarifying the brain
regions involved in the perception of performance
feedback. In addition, I measure the satisfaction level
for the performance from a questionnaire, and identify
the neural substrates of sense of competence using a
correlation analysis between the satisfaction level and
activation levels in the brain regions related to the

perception of performance feedback.
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N %o FHRER O FEH/-HITIE, BoOAEELLL,
oI RIS SR EDED DS, L L, ZDLH%
WENIHE TR THY, ERWRRREZD T2 L13ITEA
v (91 2010)0

FHRERTH10®EMEDH 00, TLLLBIELIE
LI RN E—#IH LIRS HATL, TR ZT 25910k
%o L Ly KADSHATZRWONLZ LRV, Fr o 715>
THIWL, Ao ZeZ LT TdnThbi v, Hid &
A LARvL, o, FEOMBOTYITEZLZwrHE v
TRSTZNEL e T-EB BT oz HlE KNSR D
FCIrVaf T 5, 72720, HHEMICHDEMWOHICLoTHAESE
IR A BEAOIEE OHLE D, KANDESR, H5W0
ARG O WA 2 T D TH Do

ErDIAT-LAMN)—IIBIFEFELRRORSLZDE
TMIZ LD RE I L->TIRFH I T b (Hawkes and
Paine 2007). F /3y V=TV FH M PIOEREF D%
Tl RNV REWTEL R TW L, BREOEIICBT
5T LB O BRUMLL SR ~O RGN H oL RIL, TL
DOHEFEOBKERIFITHMSECniILidEb i
Vo

T-ELPHRANOBAT O @A L — M [+ 21k (social-
ization) EIFIEN T WA, TEHERANDBBEIIHLH LA
LT OEMROIITH LD, )V BEPEDOHRTED
ZRBZLZTF LSO R IR T AIZIZH S 2ITAEY) TH
bo TEL72BITIIMES Y O E Y LA BID S %o Z D1
BHOHFIZIE, WACALMAIERAIE TR SN, HS%E
[NEBRANT DL TRAFHE] LE R I2L72ACEN
OISR SN D LR D, LD RIEEIITFZELC
L FEBITRAOIE ST 2FHIT, KAFZ O] rﬁ’wﬂﬂlﬁéﬂ
FZEIRYICE S E TlE %\ (Hewlett and Lamb 2005) . T-&
BIbOHEOEEIERL, T 0¥ ETEE BT 5121E, KA
HEDBEMDPOTELEMDLDOTIERL, TELOHMLAS
DR EBIRHITENLETH D,

(3)

FELLHOIIEAL T XTOWEIHUE [HT] EVHTXVE
522D TED LD INTHMREML SO T LB HIL
AFEICHIRT 27200 EPSHBATHY, STSERBOE
FHUCEML, BLATHRE T %, T2, 72172505
WMREEMB72DDEDO THEER)I—ATH 5,

It (2010) 1 HAV—V BRI DN - ETI=ZBNT
TA—=IWRT—=0% BT\, TAERIZ 85 A D U2 % L7,
ZENBIFRD7TODN T T)—IZH5HETED, (1)5!3%%‘(3?110:
B L 750N (2) LN (3) #k. WD, %, (4) BB
HiRo o —INA e EBURI 2 WIS B L 72 OY (5)47‘77’]—7;6

DFGW =24, (6) FREML ST, (7) Z D1,

BHIZ (D)EG)DHITTY—, BLL (2) AT T)—DWw
(OPRAEMEMGHE LR, ENOIETLOEEEED

J N ZHoTRBERRT VD, FHIEE) 72 5 O FRETG
Bid, SESELBILASIMHTHEY, TFLbebbehz
BWOLLTRELEDOTHD, HIDLMIITHEFNEREEL-
TWELDORDHEH, TNHERILL S0 ANS
N72BOTHY, EHENNZETOIFEAL IR TH
B0 NHILZ DD EE AR ANE T 2 L, v =
TV ZEVIHIETTELZLDBEPICB T AT
W2, 72, ZLOBERIE T LB LOAIE TR SN,
TFEBHIEHORYOIFLEF L FZM AL FAHLCHS
7ebOECEAIM T2 LAl Z 3> TVWEDTH D (A
2010)

FPRIRSE RN 0l OE RN IS 4 TR O X 25 15 7%
DbhoffEc, 58 i&ﬁw“@%t‘%ﬁfﬁbfméo WY
HERITMREE =BT TS, FEbbIrSESE M0
RHREE F 5 TT AR B E B b7 00 A\PiEs
59, IS A NBEFTH S, L L, EXELH
WP EBBITETGICLE RS DI LR ERMIIF SR %
B7HLTHY, ZOERTETERIILA v ey 27— (1991)
DEH [FEBILEE] TH Do

FEDFBEIRDOWET HEEDLNL, 7-LMIZZE0#N7Z,
WL Lo (BEEIFIF) TIIEF., TR0 —
RSB ONTATEN CTdh B0 TN B eV o7z B3R R

W7o TIRED T MERDECITEIRRONLDTH L, &
IZEMIBWTIL, DO H S BT Fm L TBY,
FAVUH (1973) Ide b [FENV—F VA ESH) [ &40
F72038 72, LLADSS, €D X %Wk Pk & mEEICH A H
bHT, EEDOZLIZODWTIRRZITD AL VLI AHIEH
1% (LK 2011)0 FEREW R T—8 DOIUEICEST, FL£D
R BT 2D W TOHLE R RO RIT UL RS,

ZBOHLWNTEA LERKDT
FRBREAL R ICB W TIE AR FF o7 R o7z Y
LHUR (teaching) DT A ONL, ZLDORIFEFKDFEDLD
AT 2T HEHRZ DL VT PAFAEL RN D TH S,
BPRSEAL ’KE%?“‘ RO 2 B R 2 B BV ITHE R
HRITBWTY, W, AEEN R MR E R LT AT LT
LRV, FoREP bbb oA &2 & Tl
HRE R AR AR T D OANAR RN R T ThIHEALS
NCTWad, BALHSEEHE DY 758 Y% —Yx)— (Csibra and
Gergely 2006) 1%, © MIHIRIC LTI Z = 2720,
FEBEPLZITMAILICHIBEL TV REIWZEE R, Lo
BOoRTTE % [~ TV — ] (pedagogy) &IFA7Z, ThHnZk
EEZDHE AL O ESICBI S [HOROARFE ] 1FKER
WETHD, WHEEOVLDIE, £Vl R IR 2 #
BLEFTAKBE LT DYOREFB R H LD Db LNk
WHZETHD, SO L TEINDS LD LE
Th b,

T (2010) 13, BFEE K L TWB [Hor—2338 ] 12301

D IA AR D FT 1 20 AL IIUA 70 TSR R pE 2 N —



AL ST A &N DTHAHES ) —H 21
AL O BURAL X IR BERS AL DS SIS L A2 I8
R AL A EBLO S AR BAICS S SN TS, ERRIE D
b 20 AL 7 [ BOR—8 | OBE /8T 54 22 FLHIL,
LB EONRTT A 2EAIR T 2 L8IZHIHL TW5ELT,
GO AARIID [T WEE | 225, 2B RE OF L& Tl ik
CHEEZE W [ROLPVEE | ~NOLHEEIRIBL TV,

PRALLBLAE R AR (2007) 1, FEBDOFEEE, A D
B ORI EL TTIE 2L RIS, § bbb, ik
HREDEHLRBRO L EHIZBNTETIELDTHLEE 2
BN ESRVES ). HBET LD TFEBIINET S
BOTIE R MO AL ED IR, MO N4 L34 245
WRET IO THS, MLIEMEHEINCHELTLE DI
BN,

Fanlll, bbEFEFITOWTHEORIZOWTHE
BERETARARERDADLETORVOPEETH L, H
RNDFEHGETNCH T 52 OWZER, AMICE>ToiRd
MR BEICEZ Y THIEDNTELRLITEVTH 5,

[51Amk]
[ESUES
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EHE No. 1] flF ke K4, 47-54 H

KAIUAHLT.
1973 [FE V=7 Y A) (EHEPEISH e At

LAY ) & 72— E.
1993 DRGSO A FN 72 FE—TERA L B0 ) S

Barnard, A.
2002 The foraging mode of thought. Senri Ethnological Studies, 60: 5-24.

Csibra, G. and Gergely, G.
2006 Social learning and social cognition: the case fro pedagogy. In:
Munakata, Y. and Johnson, M. J. (eds.) Processes of change in brain and
cognitive development: Attention and Performance, pp.249-274, Oxford:
Oxford University Press.

Hawkes, K. and Paine, R. R.
2006 The Evolution of Human Life History. Santa Fe: School of American
Research Press.

Hayaki, H.
2011 Play among primates and evolution of human beings. In: H.
Terashima (ed.) Replacement of Neanderthals by Modern Humans: A-02
Team Annual Report, No.1: 47-54, Kobe Gakuin University.

Hewlett, B. S. and Lamb, M. E.
2005 Hunter-Gatherer Childhoods: Evolutionary, Development and Cultural
Perspectives. New Brunswick: Transaction Publishers.

Huizinga, J.
1973. Homo Ludens. Chuo-Koron-sha (in Japanese).

Kamei, N.
2005 Play among Baka Children in Cameroon. In: Hewlett, B. S. and
Lamb, M. E. (eds.) Hunter-Gatherer Childhoods: Evolutionary, Development
and Cultural Perspectives, pp.243-359, New Brunswick: Transaction

Publishers.

Lave, J. and Wenger, E.
1991 Situated Learning: Legitimate Peripheral Participation. New York:
Cambridge Univ. Press. Lee, R. B. and Daly, R. (eds.) The Cambridge
Encyclopedia of Hunters and Gatherers, Univ. Press of Cambridge.

Maruyama, J.
2010 Bushmen: Hunter-gatherers who Survive Changes, Kyoto: Sekaishiso-
sha (in Japanese).

Myers, E
1986 Pintupi Country, Pintupi Self: Sentiment, Place and Politics among
Western Desert Aborigines. Berkley and Los Angels: Univ. of California
Press.

Saeki, Y.
2007 Sympathy as an axis of human development. In: Saeki, Y. (ed.)
Sympathy: Childcare through Co-Development, pp.1-38, Kyoto: Minerva
Shobo.

Terashima, H.
2009 From “band of here now” to “band of far away”: rethinking the
band of hunter-gatherers. In: Kawai, K. (ed.) Group: Human Society in
Evolutionary Perspectives, pp.183-201, Kyoto: Kyoto University Academic
Press.

‘Watanabe, S.
2010 A reconsideration of ‘education” in the advanced information
age: an approach using the ‘learning’ theory of cognitive science. The
Japanese Journal of Educational Research 77 (4): 14-26.

89



90

=E L ERFEEREND #?

BEAE—

RRAF (BO1 EIRRARE)

(S () AT Y F AT — VOB LOH ACLD
T (SERRIB)) 0 FEME IR & T 0> S g (RE) D3t
R, (0) ZOEBHERBTHLEL, 0N FAD VDA
BRI L, BRESALICN T A BRI THLHL ERT 2, 2D
AR T 22 2o BRI, FERIIMGET§ETH 2,

FRHHLADH T, bbb o s V—713, fizn%:
T A E WAL O FEY) & LTI B 4o 2 BLER A ST SE
LTWh, F7o, TNOOEREMEDS, LR OILEMK Gt
PHEDIINURDLh  FUTIRE, — WS (mE, S —15E
%E) LOMAEDRIZEST, RN % AL I BT
FRRICOWTOIEIIRISE 2T 5TV %0 I OREICHL
ThbNHEUIIEAL TV 075, PIRG Sk R TS
7oL END N LD 2D IR HE 2 50 A PR & PR B AR
TH b (E512, B MEM O RMKBR B LOH A0 57k
KMz, ) MENLEIES: T =5 2 M CHEE T 28 L v
AT F RO BRI A TV DAY, TORFZEICOWTIE
#HNET D)o

e, BEEOIREB L TAUIH T B 2 ISIC B %
T, MR GTHRR R L) IS XTI, 72134
KR (B &) IS THEEM IS 35285 TE %, X
(LEALIE, RAREEICE->TRI SN ) T o= ar it &
FEPN IS TERL L EITH I B0 ATV TN —vE (R5 5
SERTLARE ) HT A O S ER O ZALRIE S B VWA RS
NBHIEND, W OFFEME BTN - 2 w0 708 W A AEAE
LTV feE ARIB SN By F72, 22 I O W I3 IS
TR BRENC DY, 2R AIER OB P CTRIEL728FE
FRBEEANOBEBEIGEL T, H A DA THEE Rk
TS HEAL L 7= & HEF T& % (Aoki & Nakahashi 2008; Aoki
2010)0 % By O ELMEA B % [ElE ] LR
FLFTLLEY Th (A5 AR [HR] ThY, ©
D7t A] R [ AN AL EXFENDEREMETHD) .

1. DHRIEK EBHRFEE OEYHEL

BOGIERLE 7 IS 3 AT IR DIFATIZE L 72 8221y — v T
% (Shigesada & Kawasaki 1997), SO F &G H L7258
ik i D AEILIFZE O 55— & LT, Wakano et al. (2011) 1335
— BN DG AR DR R s 7T TN Lo TR L7 2o
FATISE D% {1d, FH s O AL % B 55815 T 0 B4
ELTHRATEZZA, THEOFRLIAHFH A A2 L L%
WIEEREL TWAIZEL V. ZOXH % [HIN] ET VDD
ROND ML B A O R EE R MR O b % a5
BTG THD, HERLE HANGTHT7UA] BIC A

W NI B XA RE R L 7205 Th 5o

FANCEBMT 7V A ORI O WCHEH DS, L L. b
FDILIYRYT (DNA) RO 5H 2S5 S/ i o 4 i
3 A Y RERE T V7 OB IR RHT O [FV—1 ] 251 H
L7 % 32 L T\ % (Forster and Matsumura 2005;
Macaulay et al. 2005; Thangaraj et al. 2005; Mellars 2006;
Armitage et al. 2011) o FAIVEHFR LT 7o MU EFREHO [
N—b] LA ZOWNV—MIDAILKR T B H AL TH
WY %HoIzTHAH) LG TELD, 2F), FHFHFO L
T VTN (BZHSHRE-ZLIZPADT-H) AETHY,
BRED RN —Tho72ThHA)e COHE. ¥B— L REi~
DHAPRERE T HDLNbNOET VL, 57 YD
H%,

ST ANFEEWICXENEST20D 547, iR EE
LR EFEH B BIND LM E L L) AR 47
BISRZ2ATE) 2 IR A HERS T 275, B CTHES72)§ 572
DIZT AN — 5 AR B4 (B3
HHF) BTV DITEIC LT, ISR T8 %2 #1532
Yiard, IS RTEZER T2 EbHI 5. bhvbi
DETFNDOOEDDHEHEL T, HAYLROFHHILTIE AL
BEMMR N2, R FBT PP R DRI
ERTERVIRREDSEEN L, 2o [HR] FRITKY, te
FREORAN GAPR) EEPRP L, FLDRAT A3
IADBIEREEIN DL B,

FRLETFWE SO RS, H—I1 MEFEEFIIRAL
IZZBEAR=AD SR, WOETHIEHREL D Do 55 12, Tl
ME AR =B B DA T I 8ICRY, HEFEEBFOIK
PIH ENDH G DD b BAEEHREBIZ LT ORKIIR Y.
DAFy T vavbho, fEFEHE (IL) 23%17L TR, £
DHRTTNAL S HH (SLC: WIS AT 2 M3 L7t &%
B SLW  IERIG I 2T B) 2 A5 L 7oA 28 H) 259D
IR TVERT DD 5, SNHOFNL. HT7VAM (72
ERGMPEREDBIE A —ThHo7zLb L Th) A DE
AR E R OHAL DB ) & oTz (BHBHVIETIUZA S
L72) WHEMEZ /RIZL T\ 5,

2. —WEBREEICH T B LELRE

R 7 SOIb AL 13 R4 X (N) B 72h— A
B DA )T r—2arEE (u), BEORYPOLEDZTHH-T
WA T x—2ar HEE T LR (u) OEL TEHRS N,
20, HRAR Nu o4 ) Tz—TariZzhZn o3t
LRIOVTHM SN, 205 b0H G uaMERL T &4
ICEoTIA SINLL VI FHETH S (Kimura 1969 DR
FEALE T VA S o KD —REIIZIE, ARSI m BV DR
BHED DY (FoL 213 BROFE N, FERERE. Bk OHoRE
LIRBORE DR, el i OB O Niy 8§ DR
BNCEBA /T x—2ar Bps ui, 2% i OWBRICIS>TAI
ENTA )T —2ar ORBIEMESRA mi b Lize & B4
AL 1



m
R= Zi=1 Niu;my;

I2&oTH 2565 (Aoki et al. 2011)

N FEH DI UCEFEORER DA /T z—Tar o
PRS2 70 AT Ly R & U TR 2 SUb AL % b
ET BHIEI/NDOVT WS (72 2 1E, MacDonald 1998;
Lycett and Gowlett 2008). 51372, — % (5iE (Bon#
EVIHRERI 2 53 B N A §RTO N OB G272 5)
73‘ﬁ‘JrTTfI{ (BN AT 2 7 MTEIEN D) 1IZH AT, 30k

BEERNMESELLHERLTD, LELEDS, ZO%E
@Iéﬁai‘ LTIl HUZEHI§ 2 X9 I E W Th 5 (RELLIE,
Aoki et al. 2011 &%) .

RIS 3 2 B R 1L, EFIE (RS O Moran £
TN (Moran 1958) (2D W 7 SALHEAL DR R E 7 V% H v
BHTEIZKY, BHIEHE TES, TNHDOET VG, ROIH %
BGER AT T 2o DFY, Wl HF R4 H 2 B ASOED T,
COFERIH LB I T AL E RO RE R E 213
AT x—=arOnFirE2 R L, E6IHERIAMADODE
NAFEd, EUIZ—RLIREDY G HURE LW R O H L

2B AN Z DM, TRTOFHEROBI R E RS,
72 COFTRBDICAIZEEZIZ, TNETIHHRE THo72
ADBSTRDEDTH B, ZDO—FSImEETFTNDOLETIE,
WEVWDEGRE DA )T 2—ar e u, ZOM N-1 A5bJE
%kﬁ%*)x%f:b@{/rfl—vay% un ELT2EE R 2
AL

R= [u,(N +1)+u, (N-D]/(2N)

IZ&oTH 26N %,

LEDVFELE u=tup=u T/ Txz—arz2 3 r54. 20
NiE R=u %%, THUE A /T z—2arvEh u THEGE
(T8 27%) FATREIZ L AL AL R EE L F 57 E D52
Vo DFD, *ﬂ%ﬁi%é:ﬁiﬁ?@iﬂ’ﬂ&)ﬂb@fk JE &
DHHEDBNEL TV, RS E S720121d FUTRELF
B AT z—2arEE LIFAL 0%\, LI2s>T, X7 5L
T BRI TAF — VTR SN2 HOR O (Pigeot
1990) i&, L FLHBMIFA SRR AL AR EHRO 2
HAEZLEBIICTELV, LA ATV TNV EHADL
PUEHIC B B ZALHEEE O O JE RN, B o v B ik
FBEENICHZON B VA /T e—ar RKIIRD21EID L
VORBLNE N,

[51Axm]
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IBA - ARZ D ESUREE D
R D 731

KHE %

RRAF (BO2 IR RE)

RIEOWIEHRIE, B (22 TR 20 JT4ETT A5 3 T 4F
WETH)IBIFEAT T NE—V (HA) EREFEZ VR (H
N) D3R L7z 8B O WY - 22 R S A IR 2 T 3 H L&)
(2 EBF ORI LT 72 REURGE BRI SR SR 2R
RERUSZ SRS ST T A2 TH Do ATV TV —IVEKRE:
FEL VA IS THRENZ BB OB 225504 & BREIZ B <5
Y OB R SIHT S B 2T BREEIR 32 W 0 I 0 S
WEFEIEICHS 2N %0 AT VTV Y—VERE-HFE Y
ADHEACITBY § 2l Sfs - BREEE ) OB EIT O VT, Wi
DR EERE L TOMIHISTEH 2 EFE-TEDY (van Angel &
Davis 2003; Finlayson 2004). i3 2554 70 % # )6 L <2 4
WA RE ) & A L 7 LB R EL B VIR ST
Vo LA L, IO BITZ 32— ar RO
RRSFSERHLOERE T OF Y F =y 25T,
AT Y TFNE—NRRE B L 2D AR A - T B
B OSIR CHAESE T A2 LN REIC LD DD H 5,

AL TIE, RO ADDWRET BV M BT T 5IET,
AT VTFNE =NV ERE - H YL ADSE, BUCIFTEI O
BLEBBE DO 22 2L O BIRYE R 5347 Ly BO1 HEATR A3 2 3
WET ML TR EIA L VRS [ BGH ] o7 41k
2GR HREE T o

(1) IBA - A 18 D R FAARES

IHA-F AOZFRENBIL T, BRI A& TH AR
HHLZ@HMECO FE LR (Mellars 2006) . #5072 v &g
WAERBBRBE OMILHT LN TV A2, Mok Tld 7 —5 4%
AT TRV RIFFE T, 7T —F IR+ T 77
W7 97— IR EL T BT WD, ETT EDX) %Rk
WS THAT L2 RAEIC T 5720 O B AR A R 1Y
WKL, GISEHWTTF =4 RXR=2{b§ 252 LT, #HIF DK
2203 A DR EIG R ZVER T 50 SNETIZH, ATV TN —
NV OHMIRE B IIE 25 O IR D W T BLEEC D FR
BEHFEZIES>THRENT WS (e.g. Bar-Yosef 2002), LA
L. SHHOBFTIE, EFE DM ERAM B B HERE 2 FT
iz THES T, FRENB RS EEE RO D L4
RBEENTUL RN H D, €T TEIMFETIE 77Uh
BI L= OHIBIZOWT, HA - H A DB
WTHRE SN TV A FSTRBALEERE, ARHRIN - L
P75 J5 1 - e A (V5 3e) 3PAlG )5 ik - 77— 4 AT 22 &
WCAEHL T, 281 - EEME 2 - SHIiL, GISEHWTT—
I R=24bF B TIHANB A DA BB % FERIC BT T %0

2010 4FEEIE, BURIN 2478 0 1k I REIL 2 O (2 BME
AR T — 5 O SR A BIR L 720 &S, BRI & i 25k
FIRE RS B R 6-3 JHAERT O W 2 0 542, 7 V7 - WM
W IR ERIT ). LU, EAERE ML TV 23
AT B 3 BAEAE 7 — 7 IR T L A3 Sk AR 2 17 o
TWh, Tz, REEDREICT 70 BIO 21— 7 11408
AR E IR T 2B 7o TR 5, 448 7 — 5 3R 2L
2T HIERHIEL TV A,

(2) HRUED BRI DIERK
HA - A DSHRBR L 72 BRETZA L ORIE R S 2T 572018,
FE-HFELVADRENLRT VTV =V EDTIRIIVTD
BRI, BEZH 20 HAERT 5 3 FTAERIC B DA M4 ol
ZEBEWHSPICT EIENLETH D, €T, HERIRRL
DRRTF DD, AR R FE L E I T2 eBkE %
¥3al—2arEF)IVEHH\WT (Yokohata et al. 2006). #iif%
M AR BC I 2 17 AR R C BB I ISR 3 52k
ZAMEL TS, BARMMICIE, HEREBRILO LTI D720
CHOR A & N BB SR 25 JE W CRISE L 72 Al o 32—
TarE T VENSRBEEICIEH T 5. 157 /B X
% GIS AR LT IHA -8 A o 2 BRI AT B 0 3k
FIREI O W22 55 &, AETBERBE O 15 HUE & Ll BRI IR Y
F—yeEFE UMK FICHEL, EOBEEE R T 5. D
Hana 74—F N2 LG IHA-FI A ORI R T 5L
% 2 BN IREZE M O ST A SN B L T T
Thbo

BB e LT, BERAEE TV E WY Ial—var g
BraAt v, #6-3 AN 2 0 RS AR ZER $ %0 T3
200km Av Y 2D EIRBICHEAERL L, TI7VAEL—F T
DT, GISEBIEH O 720 DI HE T 5o E5IT,
PLEAACB SO BRI 7 — 5 L O T & O\ T,
IO R 2 AT S B 7 B IR R W L2 D W T D Se bk E
(TR RS FE R0 Z2 IS BE 72 &) LI D W TR 37 %0

(3) AT DRI T — R,
X5, BRI ABEETROME DR 20O HRELT,
KU BT 2 HEIRE Y 22 BRI ZES B <0 B e BREE A B A X M
DWT, IR T % W 22 T BREERR A 7 —5 S
Y . SROHEKLE T TR AL, HAKYIaL—vay
TIREM 2 ISR 5 Tl e\, AR G EE A XU (¥
VAT =R F T2l — A TR )y A RURRE) IS
B3 245 ORI % AR AT REL 72 Do

EQITAT Y TV — VRO G ER ELTOHA v A
N M OFEGAEHEN T WD, LA, ATV TFIVy—
HIEE R I 2 D YEHUC D W TR IR O A E IR
CHOHR TV B R FEN THMSNTVWDDITH L,
HuER B T B BRSO 5 W AR B 7 — & 234k § 20K
Ra7 e TIAERZ B A B I E>THERFPE T I LN
WHECTH Y, MHZEEWITHED D22 IXWEECTH o7z,
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in Japanese caregiver-child interactions. Paper presented at the 13th
Annual meeting of the Japanese Society for Language Sciences invited
symposium: Reconsidering “communicative competence”: Findings and
suggestions from fieldwork/empirical research. June 25, 2011. Kansai
University, Osaka.

Takada, A.
2011 Responsibility formation in early caregiver-child interactions
among the !Xun of North-Central Namibia. The International
Conference: Towards an anthropology of childhood and children:
Ethnographic fieldwork diversity and construction of a field. March 9-11.
2011. Institute of Human and Social Sciences, University of Liege,
Belgium.

Research Papers (Journals)

[In Press]

Liszkowski, U., O. Brown, T. Callaghan, A. Takada, and C. de Vos
n. d. A prelinguistic gestural universal of human communication.
Cognitive Science.

[2011]

Ichikawa, M., S. Hattori and H. Yasuoka
2011. Environmental Knowledge among Central African Hunter-
gatherers:Types of Knowledge and Intra-cultural Variations. In Robert
Whallon, William A. Lovis and Robert K. Hitchcock (eds.) Information
and Its Role in Hunter-Gatherer Bands. Cotsen Institute of Archaeology,
UCLA, Los Angeles.

[2010]

Takada, A.
2010 Changes in Developmental Trends of Caregiver-Child Interactions
among the San: Evidence from the !Xun of Northern Namibia. African
Study Monographs, Supplementary Issue 40: 155-177.

Research Papers (Books)

[In Press]

Takada, A.
2011 Pre-verbal infant-caregiver interaction. In A. Duranti, E. Ochs,
& B. B. Schieffelin (eds.) Handbook of language socialization. Oxford:
Blackwell.

Takada, A.
2011 A personal environment: The application of folk knowledge
amongst the San of the central Kalahari Desert. In Handbook of
indigenous knowledge and changing environments. Local and Indigenous
Knowledge Systems (LINKS) Programme, UNESCO.

Takada, A.
2011 Language contact and social change in North-Central Namibia:
Socialization via singing and dancing activities among the !Xun In San.
C. Konig & O. Hieda (eds.) Tokyo university of foreign studies: Studies
in linguistics Vol.2, Geographical typology and linguistic area: With
special reference to Africa. Amsterdam/Philadelphia: John Benjamins.

[2011]

Ando, J.
2011 Skill transmission in hunter-gatherers: Individual, observational,
instructional learning and education. In H. Tanabe (ed.) Replacement of
Neanderthals by Modern Humans: Testing Evolutionary Models of Learning.
No. 4: 81. Proceedings of the 4th Conference on RNMH.

Ando, J.
2011 From the viewpoint of educational science. In H. Tanabe (ed.)
Replacement of Neanderthals by Modern Humans: Testing Evolutionary
Models of Learning. No. 4: 23. Proceedings of the 4th Conference on
RNMH.

Hewlett, B. S.
2011 Social learning among hunter-gatherer adolescents of the Congo
Basin: A preliminary study. In H. Terashima (ed.) Replacement of
Neanderthals by Modern Humans: Testing Evolutionary Models of Learning.
No. 2: 26. Proceedings of the 2nd Conference on RNMH.

Hewlett, B. S.
2011 Social learning among Congo Basin hunter-gatherers. In H.
Terashima (ed.) Replacement of Neanderthals by Modern Humans: Testing
Evolutionary Models of Learning. No. 2: 25. Proceedings of the 2nd
Conference on RNMH.

Imamura, K.
2011 A comparative study on children’s play. In H. Tanabe (ed.)
Replacement of Neanderthals by Modern Humans: Testing Evolutionary
Models of Learning. No. 4: 76. Proceedings of the 4th Conference on
RNMS.

Imamura, K.
2011 Daily activity and learning process among the Central Kalahari
San. In Y. Nishiaki (ed.) Replacement of Neanderthals by Modern Humans:
Testing Evolutionary Models of Learning. No. 3: 32. Proceedings of the 3rd
Conference on RNMH.

Kamei, N.
2011 Collection of the ethnographic data on children in the world:
With a focus on the studies on African childhood. In H. Tanabe (ed.)
Replacement of Neanderthals by Modern Humans: Testing Evolutionary
Models of Learning. No. 4: 83-84. Proceedings of the 4th Conference on
RNMH.

Kamei, N.
2011 Social behaviors of hunter-gatherer children. In Y. Nishiaki (ed.)
Replacement of Neanderthals by Modern Humans: Testing Evolutionary
Models of Learning. No. 3: 35. Proceedings of the 3rd Conference on
RNMH.

Koyama, T.
2011 Object Manipulation and Social Cognitive Development in the
Baka Pygmy Infants: Toward the Development of Symbolic Function.
In H. Tanabe (ed.) Replacement of Neanderthals by Modern Humans:
Testing Evolutionary Models of Learning. No. 4: 71. Proceedings of the 4th
Conference on RNMH.

Koyama, T.
2011 Theory of mind development and language acquisition:
Developmental stage. In Y. Nishiaki (ed.) Replacement of Neanderthals
by Modern Humans: Testing Evolutionary Models of Learning. No. 3: 27.
Proceedings of the 3rd Conference on RNMH.

Kubota, S.
2011 Is Aboriginal education different? In H. Tanabe (ed.) Replacement
of Neanderthals by Modern Humans: Testing Evolutionary Models of
Learning. No. 4: 67. Proceedings of the 4th Conference on RNMH.

Kubota, S.
2011 Aboriginal learning and its difficulties: As an assumption for the
field research. In Y. Nishiaki (ed.) Replacement of Neanderthals by Modern
Humans: Testing Evolutionary Models of Learning. No. 3: 30. Proceedings
of the 3rd Conference on RNMH.

Musharbash, Y.
2011 Ways of knowing and ways of learning: A sketch of proposed
research at Yuendumu, central Australia. In H. Terashima (ed.)
Replacement of Neanderthals by Modern Humans: Testing Evolutionary
Models of Learning. No. 2: 27. Proceedings of the 2nd Conference on
RNMH.

Musharbash, Y.
2011 Ways of knowing and ways of learning: A sketch of proposed
research at Yuendumu, central Australia. In H. Terashima (ed.) Annual
Report of Research Team A02. No. 1: 63-68.

Omura, K.
2011 The Art of Patience as the Base for Individual learning: Notes on
learning process of Inuit children in Kugaaruk, Nunavut, Canada. In
H. Tanabe (ed.) Replacement of Neanderthals by Modern Humans: Testing
Evolutionary Models of Learning. No. 4: 69. Proceedings of the 4th
Conference on RNMH.

Omura, K.
2011 From the viewpoint of cultural anthropology. In H. Tanabe (ed.)
Replacement of Neanderthals by Modern Humans: Testing Evolutionary
Models of Learning. No. 4: 19. Proceedings of the 4th Conference on
RNMH.

Omura, K.
2011 How do adults treat children? Notes on learning process of Inuit
children in Kugaaruk, Nunavut, Canada. In Y. Nishiaki (ed.) Replacement
of Neanderthals by Modern Humans: Testing Evolutionary Models of
Learning. No. 3: 34. Proceedings of the 3rd Conference on RNMH.



Takada, A.
2011 Communicative musicality perspective on socialization. In H.
Tanabe (ed.) Replacement of Neanderthals by Modern Humans: Testing
Evolutionary Models of Learning. No. 4: 73. Proceedings of the 4th
Conference on RNMH.

Takada, A.
2011 From the viewpoint of hunter-gatherer studies. In H. Tanabe (ed.)
Replacement of Neanderthals by Modern Humans: Testing Evolutionary
Models of Learning. No. 4: 21. Proceedings of the 4th Conference on
RNMH.

Takada, A.
2011 Socialization via singing and dancing activities among the
San of north-central Namibia. In H. Terashima (ed.) Replacement of
Neanderthals by Modern Humans: Testing Evolutionary Models of Learning.
No. 2: 24. Proceedings of the 2nd Conference on RNMH.

Terashima, H. (ed.)
2011 Replacement of Neanderthals by Modern Humans: Testing Evolutionary
Models of Learning. No. 2. Proceedings of the 2nd Conference on
RNMH.

Terashima, H.
2011 Universality of learning without teaching and its efficacy. In H.
Tanabe (ed.) Replacement of Neanderthals by Modern Humans: Testing
Evolutionary Models of Learning. No. 4: 65. Proceedings of the 4th
Conference on RNMH.

Terashima, H.
2011 Searching for a new paradigm of learning and teaching: A
comparison between hunter-gatherer societies and modern societies in
21st century. In Y. Nishiaki (ed.) Replacement of Neanderthals by Modern
Humans: Testing Evolutionary Models of Learning. No. 3: 26. Proceedings
of the 3rd Conference on RNMH.

Terashima, H.
2011 Characteristics of hunting and gathering societies that may
influence learning and teaching among them: Autonomy, egalitarianism
and sharing. In H. Terashima (ed.) Replacement of Neanderthals by
Modern Humans: Testing Evolutionary Models of Learning. No. 2: 21.
Proceedings of the 2nd Conference on RNMH.

Yamagami, E.
2011 The creativity and adaptability of children of the Baka Pygmies.
In H. Tanabe (ed.) Replacement of Neanderthals by Modern Humans:
Testing Evolutionary Models of Learning. No. 4: 78. Proceedings of the 4th
Conference on RNMH.

Yamauchi, T.
2011 Fitness and health of hunter-gatherer children from the viewpoint
of playing activity and diet: A progress report of FY2100 (April-
December). In H. Tanabe (ed.) Replacement of Neanderthals by Modern
Humans: Testing Evolutionary Models of Learning. No. 4: 86. Proceedings
of the 4th Conference on RNMH.

[2010]

Imamura, K.
2010 Interaction and Play among /Gui and //Gana Children. In T.
Akazawa (ed.) Replacement of Neanderthals by Modern Humans: Testing
Evolutionary Models of Learning. No. 1: 43. Proceedings of the 1st
Conference on RNMH.

Kamei, N.
2010 Play and Learning of Children of Pygmy Groups, the Hunter-
Gatherers. In T. Akazawa (ed.) Replacement of Neanderthals by Modern
Humans: Testing Evolutionary Models of Learning. No. 1: 46-47.
Proceedings of the 1st Conference on RNMH.

Koyama, T.
2010 Child Development through Early Symbolic Play. In T. Akazawa
(ed.) Replacement of Neanderthals by Modern Humans: Testing Evolutionary
Models of Learning. No. 1: 44. Proceedings of the 1st Conference on
RNMH.

Kubota, S.
2010 Age Group of Aboriginal Children - The Case in Arnhem Land,
Australia. In T. Akazawa (ed.) Replacement of Neanderthals by Modern
Humans: Testing Evolutionary Models of Learning. No. 1: 40. Proceedings
of the 1st Conference on RNMH.

Omura, K.
2010 Learning Process of Inuit Children - The Case in Nunavut
Territory, Canada. In T. Akazawa (ed.) Replacement of Neanderthals by
Modern Humans: Testing Evolutionary Models of Learning. No. 1: 45.
Proceedings of the 1st Conference on RNMH.

Terashima, H.
2010 Play, Learning, and Hunter-Gatherers. In T. Akazawa (ed.)
Replacement of Neanderthals by Modern Humans: Testing Evolutionary
Models of Learning. No. 1: 38-39. Proceedings of the 1st Conference on
RNMH.

Yamagami, E.
2010 Developmental Psychology of Learning Behavior: Cognition
and Creativity through the Psychological Expressive Technique. In T.
Akazawa (ed.) Replacement of Neanderthals by Modern Humans: Testing
Evolutionary Models of Learning. No. 1: 57-58. Proceedings of the 1st
Conference on RNMH.
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Aoki, K.
2011 Innovativeness, population size, and cultural evolution. Workshop
on the Evolutionary Theory of Learning. Nov. 28, 2011. Doshisha
University, Kyoto, Japan.

Feldman, M.
2011 Evolution of learning and cognition in producers and scroungers.
Workshop on the Evolutionary Theory of Learning. Nov. 30, 2011. Doshisha
University, Kyoto, Japan.

Kawasaki, K.
2011 Reaction-diffusion model for range expansion of modern humans
in a heterogeneous environment. Workshop on the Evolutionary Theory of
Learning. Nov. 30, 2011. Doshisha University, Kyoto, Japan.

Kimura, R.
2011 Reconstruction of the history of human migrations and admixtures
from genome data: how to interpret multivariate genomic analysis.
Workshop on the Evolutionary Theory of Learning. Nov. 28, 2011. Doshisha
University, Kyoto, Japan.

Kimura, R.
2011 Peopling of Asia Inferred from the Genome Diversity. Dual
Symposia: Symposium on the Emergence and Diversity of Modern Human
Behavior in Palaeolithic Asia & The 4" Annual Meeting of the Asian
Palaeolithic Association. Dic. 1, 2011. National Museum of Nature and
Science, Tokyo, Japan.

Kobayashi, Y.
2011 Evolution of social versus individual learning in an infinite island
model. Workshop on the Evolutionary Theory of Learning. Nov. 29, 2011.
Doshisha University, Kyoto, Japan.

Lehman, L.
2011 Accumulation of cultural information under games of repeated
cultural transmission. Workshop on the Evolutionary Theory of Learning.
Nov. 28, 2011. Doshisha University, Kyoto, Japan.

Nakahashi, W.
2011 Vertical transmission and updating by horizontal transmission.
Workshop on the Evolutionary Theory of Learning. Nov. 29, 2011. Doshisha
University, Kyoto, Japan.

‘Wakano, J. Y.
2011 Competition for empty space among individual and social
learners. Workshop on the Evolutionary Theory of Learning. Nov. 30, 2011.
Doshisha University, Kyoto, Japan.

Researcxh Papers (Journals)

[In Press]

Aoki, K., J. Y. Wakano and L. Lechmann
2012 Evolutionarily stable learning schedules in discrete generation
models. Theoretical Population Biology.

Horiuchi, S. and H. Takasaki
2011 Boundary nature induces greater group size and group density in
habitat edges: an agent-based model revealed. Population Ecology.

Kobayasi, Y. and J. Y. Wakano
2012 Evolution of social versus individual learning in an infinite island
model. Evolution.

‘Wakano, J. Y., K. Ikeda, T. Miki and M. Mimura
2011 Effective dispersal rate is a function of habitat size and corridor
shape: mechanistic formulation of a two-patch compartment model for
spatially continuous systems. Oikos.

[2012]

Wakano, J. Y.
2012 Spatiotemporal dynamics of cooperation and spite behavior by
conformist transmission. Communications on Pure and Applied Analysis
11: 375-386.

[2011]

Aoki, K., L. Lechmann and M. W. Feldman
2011 Rates of cultural change and patterns of cultural accumulation in
stochastic models of social transmission. Theoretical Population Biology
79:192-202.

Lehmann, L., K. Aoki, M. W. Feldman
2011 On the number of independent cultural traits carried by
individuals and populations. Philosophical Transactions of the Royal
Society B 366: 424-435.

Wakano, J. Y., K. Kawasaki, N. Shigesada, K. Aoki
2011 Coexistence of individual and social learners during range-
expansion. Theoretical Population Biology 80: 132-140.
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[2010]

Aoki, K.
2010 Evolution of the social-learner-explorer strategy in an
environmentally heterogeneous two-island model. Evolution 64:
2575-2586.

Furusawa, T., I. Naka, T. Yamauchi, K. Natsuhara, R. Kimura et al.
2010 The Q223R polymorphism in LEPR is associated with obesity in
Pacific Islanders. Human Genetics 127: 287-294.

Nakahashi, W.
2010 Evolution of learning capacities and learning levels. Theoretical
Population Biology 78: 211-224.

Shimada M. K., Y. Hayakawa, J. -I. Takeda, T. Imanishi and T. Gojobori
2010 A comprehensive survey of human polymorphisms at conserved
splice dinucleotides and its evolutionary relationship with alternative
splicing. BMC Evolutionary Biology 10: 122.

Zu, J., M. Mimura and J. Y. Wakano
2010 The evolution of phenotypic traits in a predator-prey system
subject to the Allee effect. Journal of Theoretical Biology 262: 528-543.

Research Papers (Books)

[In Press]

Horiuchi, S.
2011 The boundary between “bad” and “good” outsiders and the
construction of unifying elements underpinning rural communities. In
Advances in Sociology Research Volume 12. Nova Science Publishers.

[2011]

Aoki, K.
2011 Evolution of learning strategies and rates of cultural evolution
(3). In Y. Nishiaki (ed.) Replacement of Neanderthals by Modern Humans:
Testing Evolutionary Models of Learning. No. 3: 37. Proceedings of the 3rd
Conference on RNMH.

Aoki, K.
2011 Cultural Moran model and cultural evolutionary rate. In H. Tanabe
(ed.) Replacement of Neanderthals by Modern Humans: Testing Evolutionary
Models of Learning. No. 4: 11. Proceedings of the 4th Conference on
RNMH.

Aoki, K.
2011 Evolution of learning strategies and rates of cultural evolution
(cont'd). In H. Terashima (ed.) Replacement of Neanderthals by Modern
Humans: Testing Evolutionary Models of Learning. No. 2: 33. Proceedings
of the 2nd Conference on RNMH.

Horiuchi, S.
2011 Inter-communication between local societies promotes
accumulation of cultures. In H. Tanabe (ed.) Replacement of Neanderthals
by Modern Humans: Testing Evolutionary Models of Learning. No. 4: 89.
Proceedings of the 4th Conference on RNMH.

Horiuchi, S.
2011 Research on new culture creation by analyzing communication
among local cultures. In Y. Nishiaki (ed.) Replacement of Neanderthals
by Modern Humans: Testing Evolutionary Models of Learning. No. 3: 63.
Proceedings of the 3rd Conference on RNMH.

Kawasaki, K.
2011 Reaction-diffusion model for range expansion of modern humans
in a heterogeneous environment (2). In Y. Nishiaki (ed.) Replacement of
Neanderthals by Modern Humans: Testing Evolutionary Models of Learning.
No. 3: 38. Proceedings of the 3rd Conference on RNMH.

Kawasaki, K.
2011 Reaction-diffusion model for range expansion of modern humans
in a heterogeneous environment. In H. Terashima (ed.) Replacement of
Neanderthals by Modern Humans: Testing Evolutionary Models of Learning.
No. 2: 31. Proceedings of the 2nd Conference on RNMH.

Kimura, R.
2011 Histories of human demography and genetic adaptation. In H.
Tanabe (ed.) Replacement of Neanderthals by Modern Humans: Testing
Evolutionary Models of Learning. No. 4: 7. Proceedings of the 4th
Conference on RNMH.

Kimura, R.
2011 Reconstruction of the process population formation modern
humans from a view of population genomics. In Y. Nishiaki (ed.)
Replacement of Neanderthals by Modern Humans: Testing Evolutionary
Models of Learning. No. 3: 41. Proceedings of the 3rd Conference on
RNMH.

Kimura, R.
2011 Migrations of modern humans: Interpretations from genome
diversity. In H. Terashima (ed.) Replacement of Neanderthals by Modern
Humans: Testing Evolutionary Models of Learning. No. 2: 32. Proceedings
of the 2nd Conference on RNMH.

Nakahashi, W.
2011 From the viewpoint of evolutionary models of learning. In H.
Tanabe (ed.) Replacement of Neanderthals by Modern Humans: Testing
Evolutionary Models of Learning. No. 4: 17. Proceedings of the 4th
Conference on RNMH.

Shimada, M.
2011 Linkage disequilibrium region containing archaic haplotypes
may provide learning ability differences between modern and archaic
humans. In H. Tanabe (ed.) Replacement of Neanderthals by Modern
Humans: Testing Evolutionary Models of Learning. No. 4: 95. Proceedings
of the 4th Conference on RNMH.

Shimada, M.
2011 Unusually ancient haplotypes in modern human probe for archaic
hominin admixture. In Y. Nishiaki (ed.) Replacement of Neanderthals
by Modern Humans: Testing Evolutionary Models of Learning. No. 3: 65.
Proceedings of the 3rd Conference on RNMH.

Takahashi, N.
2011 Identifying the relationships among trial-and-error ability,
creativity, and imitation learning ability in Homo sapiens. In H. Tanabe
(ed.) Replacement of Neanderthals by Modern Humans: Testing Evolutionary
Models of Learning. No. 4: 92-93. Proceedings of the 4th Conference on
RNMH.

Takahashi, N.
2011 Identifying learning ability specific to Homo sapiens. In Y.
Nishiaki (ed.) Replacement of Neanderthals by Modern Humans: Testing
Evolutionary Models of Learning. No. 3: 61. Proceedings of the 3rd
Conference on RNMH.

Wakano, J. Y., K. Kawasaki, N. Shigesada, K. Aoki.
2011 Evolution of individual learning during range-expansion. In H.
Tanabe (ed.) Replacement of Neanderthals by Modern Humans: Testing
Evolutionary Models of Learning. No. 4: 97. Proceedings of the 4th
Conference on RNMH.

‘Wakano, Y., W. Nakahashi
2011 Simulation study on range expansion of modern humans
by reaction-diffusion equation. In Y. Nishiaki (ed.) Replacement of
Neanderthals by Modern Humans: Testing Evolutionary Models of Learning.
No. 3: 40. Proceedings of the 3rd Conference on RNMH.
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Abe, Y., T. Nara, T. Sato, T. Watanabe, M. Yoneda, J. Sawada, R. Sawaura
2011 Anthropological and Archaeological Research at the Shitsukari-Abe
Cave Site, the Northernmost of Honshu. Dual Symposia: Symposium on
the Emergence and Diversity of Modern Human Behavior in Palaeolithic Asia
& The 4™ Annual Meeting of the Asian Palaeolithic Association. Nov. 27,
2011. National Museum of Nature and Science, Tokyo, Japan.

Diab, M., M. Yoneda
2011 Assessing “Adaptive Capacity” in Late Mousterian Neanderthals
through Multi-isotopic Analyses and Mortality Profiles of Herbivore
Prey Resources at Dederiyeh Cave, Syria. Dual Symposia: Symposium on
the Emergence and Diversity of Modern Human Behavior in Palaeolithic Asia
& The 4™ Annual Meeting of the Asian Palaeolithic Association. Nov. 27,
2011. National Museum of Nature and Science, Tokyo, Japan.

Gakuhari, T., M. Takigami, M. Fujita, S. Yamazaki, C. Katagiri, 1. Matsuzaki,
M. Yoneda
2011 Environmental Reconstruction of Pleistocene East Asia Based on
Faunal Remains from Ishigaki Island. Dual Symposia: Symposium on the
Emergence and Diversity of Modern Human Behavior in Palaeolithic Asia &
The 4™ Annual Meeting of the Asian Palaeolithic Association. Nov. 27, 2011.
National Museum of Nature and Science, Tokyo, Japan.

Kaifu, Y., M. Fujita, M. Yoneda
2011 Inferring Population History in the Late Pleistocene of the Ryukyu
Islands, Southwestern Japan. Dual Symposia: Symposium on the Emergence
and Diversity of Modern Human Behavior in Palaeolithic Asia & The 4"
Annual Meeting of the Asian Palaeolithic Association. Nov. 27, 2011.
National Museum of Nature and Science, Tokyo, Japan.

Katagiri, C., S. Yamasaki, M. Fujita, R. Tokumine, M. Namiki, K. Ohori, S.

Akamine, H. Sugawara, N. Doi, K. Kobayashi, M. Yoneda
2011 Preliminary Excavation of the Late Pleistocene Human Burials at
the Shiraho-Saonetabaru Cave Site in Ishigaki-jima Island, Okinawa.
Dual Symposia: Symposium on the Emergence and Diversity of Modern
Human Behavior in Palaeolithic Asia & The 4™ Annual Meeting of the Asian
Palaeolithic Association. Nov. 27, 2011. National Museum of Nature and
Science, Tokyo, Japan.

Naito, Y. I, Y. Chikaraishi, N. Ohkouchi, M. Yoneda
2011 Dietary Adaptations of Prehistoric Japanese Revealed by Nitrogen
Isotopic Compositions of Individual Amino Acids in Bone Collagen.
Dual Symposia: Symposium on the Emergence and Diversity of Modern
Human Behavior in Palaeolithic Asia & The 4™ Annual Meeting of the Asian
Palaeolithic Association. Nov. 27, 2011. National Museum of Nature and
Science, Tokyo, Japan.

Yoneda, M., Y. I. Naito, T. Gakuhari, M. Takigami, Y. Itahashi, N. Doi, C.

Katagiri, S. Yamazaki, M. Fujita
2011 How Did Pleistocene Humans Adapt to a Remote Island?:
Subsistence Reconstruction Based on Isotopic Analyses of Human
Remains from the Shiraho-Saonetabaru Cave Sive on Ishigaku Island,
Okinawa, Japan. Dual Symposia: Symposium on the Emergence and
Diversity of Modern Human Behavior in Palaeolithic Asia & The 4" Annual
Meeting of the Asian Palaeolithic Association. Nov. 27, 2011. National
Museum of Nature and Science, Tokyo, Japan.

Research Papers (Journals)

[2010]

Akazawa, T., Y. Kanjo, Y. Nishiaki, H. Nakata, M. Yoneda, O. Kondo, K.
Tanno and S. Muhesen
2010 The 2007-2008 seasons’ excavations at Dederiyeh Cave, Afrin,
Northwest Syria. Chronique Archeologique en Syrie 4: 31-38.

Gonzalez, C., L. E. Urrego, J. I. Martinez, J. Polania and Y. Yokoyama
2010 Late Holocene mangrove dynamics in the Colombian Caribbean:
a history of human and natural disturbances. The Holocene 20(6):
849-861.

Naito, Y. I., N. V. Honch, Y. Chikaraishi, N. Ohkouchi and M. Yoneda
2010 Quantitative evaluation of marine protein contribution in ancient
diets based on nitrogen isotope ratios of individual amino acids in
bone collagen: an investigation at the Kitakogane Jomon Site. American
Journal of Physical Anthropology 143: 31-40.

Naito, Y. I., Y. Chikaraishi, N. Ohkouchi, H. Mukai, Y. Shibata, N. V.
Honck, Y. Dodo, H. Ishida, T. Amano, H. Ono and M. Yoneda
2010 Dietary reconstruction of the Okhotsk Culture of Hokkaido,
Japan, based on nitrogen isosopic composition of amino acids:
implication for the correction of radiocarbon marine reservoir effects
on human bones. Radiocarbon 2: 671-681.

Nakagawa, R., N. Doi, Y. Nishioka, S. Nunami, H. Yamauchi, M. Fujita, S.
Yamazaki, M. Yamamoto, C. Katagiri, H. Mukai, H. Matsuzaki, T. Gakuhari,
M. Takigami and M. Yoneda
2010 The Pleistocene human remains from Shiraho-Saonetabaru Cave
on Ishigaki Island, Okinawa, Japan, and their radiocarbon dating.
Anthroplogical Science 118(3): 173-183.

Yanase, W. and A. Abe-Ouchi
2010 A Numerical Study on the Atmospheric Circulation over the
Mid-latitude North Pacific during the Last Glacial Maximum. Journal of
Climate 23(1): 135-151.

Yokoyama, Y., M. Koizumi, H. Matsuzaki, Y. Miyairi and N. Ohkouchi
2010 Developing ultra small-scale radiocarbon sample measurement at
the University of Tokyo. Radiocarbon 52(2): 310-318.

Reserch Papers (Books)

[2011]

Abe-Ouchi, A., R. Ohishi, and W. Chan
2011 Modelling the climate of the last glacial-interglacial cycle. In Y.
Nishiaki (ed.) Replacement of Neanderthals by Modern Humans: Testing
Evolutionary Models of Learning. No. 3: 44. Proceedings of the 3rd
Conference on RNMH.

Abe-Ouchi, A, R. Ohishi, and W. Chan
2011 Modelling the northern hemisphere ice sheet and climate for
the last glacial-interglacial cycle. In H. Terashima (ed.) Replacement of
Neanderthals by Modern Humans: Testing Evolutionary Models of Learning.
No. 2: 45. Proceedings of the 2nd Conference on RNMH.

Chan, W., A. Abe, R. O’ishi, K. Takahashi
2011 Application of climate models to the last glacial-interglacial cycle.
In H. Tanabe (ed.) Replacement of Neanderthals by Modern Humans:
Testing Evolutionary Models of Learning. No. 4: 106. Proceedings of the
4th Conference on RNMH.

Diab, M. C., M. Yoneda
2011 Panarchy and socioecological resilience in Neanderthal ecological
adaptations in the northern Levant during the early-middle OIS 3(60-40
kya): Assessing hunting behaviour and palaeoecology using multi-element
isotopic and zooarchaeological approaches. In H. Terashima (ed.)
Replacement of Neanderthals by Modern Humans: Testing Evolutionary
Models of Learning. No. 2: 42. Proceedings of the 2nd Conference on
RNMH.

Kadowaki, S., and Y. Kondo
2011 Spatio-temporal patterns of Levantine middle and upper
Palaeolithic industries. In H. Terashima (ed.) Replacement of
Neanderthals by Modern Humans: Testing Evolutionary Models of Learning.
No. 2: 10. Proceedings of the 2nd Conference on RNMH.

Kondo, Y., T. Oguchi
2011 Integration of archaeological, radiometric, and
paleoenvironmental data by means of Internet GIS and predictive
modeling using ecological niche models. In H. Tanabe (ed.) Replacement
of Neanderthals by Modern Humans: Testing Evolutionary Models of
Learning. No. 4: 110-111. Proceedings of the 4th Conference on RNMH.

Mori, H., Y. Marukawa, Y. Nakamura, and T. Akazawa
2011 Federated database service for “Replacement of Neanderthals”.
In'Y. Nishiaki (ed.) Replacement of Neanderthals by Modern Humans:
Testing Evolutionary Models of Learning. No. 2: 17. Proceedings of the 3rd
Conference on RNMH.

Mori, H., Y. Marukawa, Y. Nakamura, T. Akazawa
2011 Construction of a bibliographic database for “Replacement of
Neanderthals by Modern Humans”. In H. Terashima (ed.) Replacement
of Neanderthals by Modern Humans: Testing Evolutionary Models of
Learning. No. 2: 3. Proceedings of the 2nd Conference on RNMH.

Obrochta, S., Y. Yokoyama
2011 Western north Atlantic paleoceanographic conditions surrounding
Neanderthal extinction. In H. Terashima (ed.) Replacement of
Neanderthals by Modern Humans: Testing Evolutionary Models of Learning.
No. 2: 40. Proceedings of the 2nd Conference on RNMH.
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