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A DYNAMIC PUBLICATION MODEL
FOCUSES NEUROPHYSIOLOGY DATABASES

In a series of presentations at prior SfN and Biophysics meetings,
we have detailed the design and implementation of two
neurophysiology databases, including their data model, database
schema, midlayer processing, protocols, user tools, and  controlled
vocabularies.

In this poster, we show how a data-driven dynamic publication
model underlies our design. A familiar journal article metaphor
specifies the type, scope, organization, and quantity of data,
informs design goals, and facilitates ease of use and interoperability.

In the adjacent poster, we extend both underlying model and tools
to cover simulations and enable comparison of data records to
simulation results.

CONCLUSIONS:
Data-driven publication-based models:
• Embody intuitive views and organization of data,
• Span neurophysiology datasets and metadata, 
• Fit contemporary database & network methods, 
• Focus on data useful for exchange, collaboration,

comparison, and post-hoc analyses, and
• Promote interoperability

THE DYNAMIC PUBLICATION MODEL ESTABLISHES SCOPE,
TYPE, AND QUANTITY OF DATA

SUPPORT:

2c. The Common Data Model Abstracts a Data-Driven Schema 
Using Five Publication-Like Superclasses

4. Seven Reference Platforms Offer Users Full
Database Access on Most Modern Desktops
Aiding database/journal complementarity, multiplatform user tools
allow neurodatabases to be accessed almost as freely as print media.

IDEAL NEURODATABASES ARE AS USABLE
AND INTEROPERABLE AS PAPER JOURNALS

Similarities
• All entries are attributed,
with submission analogous
to authorship.

• An experiment wrapper
organizes related data, as
does a single publication.

• Like journal papers,
reading or viewing is open
but submission is restricted
or reviewed.

• Multiple indexing terms
enable emergent specificity
for searches.

• A uniform but open
framework organizes
without restriction.

• Selected—characteristic
or defining—data are
shown, rather than a
complete or exhaustive set.

• Data presented as
graphs, parsed into figure-
like views, comprised of
one or more traces.

• Users favor submission
coincident with acceptance
of related papers.

• Work needed to prepare
and submit data should be
no more than needed to
make comparable figure.

2a. Publication-Model Databases Complement and Transcend Papers 2b.

• DataEntry Tool
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NEURODATABASE IMPLEMENTATION SHOULD EMULATE THE
UTILITY, OPENNESS AND UNIVERSALITY OF PUBLICATIONS

1. Data, Not Inferences, Enable Databases
A data-driven schema provides graphical neurophysiology data from
which interpretations may be derived, resembling Results sections of
journal papers. Unlike inferences or statements based on data, which
are conditional, complex and changeable, datasets are ideally
persistent and model-independent. We thus design methods and
standards for archiving, searching, browsing, displaying, and
exchanging reanalyzable datasets—with related recording sites,
methodology, and models—rather than attempting to encode, index,
and deliver inferences or conclusions. The adjacent poster shows
such methods are applicable as well to quasi-data from simulations.

Signs signify + advantages, – disadvantages, and ~ neutral
characteristics of data-driven databases.

URLS:
• Cortical database: cortex.med.cornell.edu
• Aplysia database: mollusc.med.cornell.edu

DATA-DRIVEN DATABASES FEATURE
DATASETS, DATA VIEWS AND METADATA
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Abstract In order to study prehension in a reproducible
manner, we trained monkeys to perform a task in which
rectangular, spherical, and cylindrical objects were
grasped, lifted, held, and lowered in response to visual
cues. The animal’s hand movements were monitored us-
ing digital video, together with simultaneously recorded
spike trains of neurons in primary somatosensory cortex
(S-I) and posterior parietal cortex (PPC). Statistically
significant task-related modulation of activity occurred
in 78% of neurons tested in the hand area; twice as many
cells were facilitated during object acquisition as were
depressed. Cortical neurons receiving inputs from tactile
receptors in glabrous skin of the fingers and palm, hairy
skin of the hand dorsum, or deep receptors in muscles
and joints of the hand modulated their firing rates during
prehension in consistent and reproducible patterns. Spike
trains of individual neurons differed in duration and am-
plitude of firing, the particular hand behavior(s) moni-
tored, and their sensitivity to the shape of the grasped
object. Neurons were classified by statistical analysis in-
to groups whose spike trains were tuned to single task
stages, spanned two successive stages, or were multiac-
tion. The classes were not uniformly distributed in spe-
cific cytoarchitectonic fields, nor among particular so-
matosensory modalities. Sequential deformation of parts
of the hand as the task progressed was reflected in suc-
cessive responses of different members of this popula-
tion. The earliest activity occurred in PPC, where 28% of
neurons increased firing prior to hand contact with ob-
jects; such neurons may participate in anticipatory motor
control programs. Activity shifted rostrally to S-I as the

hand contacted the object and manipulated it. The shape
of the grasped object had the strongest influence on PPC
cells. The results suggest that parietal neurons monitor
hand actions during prehension, as well as the physical
properties of the grasped object, by shifting activity be-
tween populations responsive to hand shaping, grasping,
and manipulatory behaviors.

Key words Hand movements · Prehension ·
Somatosensory system · Parietal cortex · Touch · 
Motor control · Monkey

Introduction

When an object is grasped between the fingers, cutane-
ous afferents transmit information not only about the ob-
ject’s physical properties but also about the motor behav-
ior of the hand. Johansson and colleagues demonstrated
that tactile receptors provide important signals monitor-
ing grip and lift forces in the human hand; force coordi-
nation is disrupted if the fingertips are anesthetized (Jo-
hansson 1991; Johansson and Edin 1993; Johansson and
Westling 1984, 1987; Johansson et al. 1992c; Westling
and Johansson 1987). Information about grip force is
transmitted at short latencies to primary somatosensory
(S-I) cortex, where 63% of hand neurons studied have
been shown to modulate their firing rates when monkeys
perform a precision grip task (Wannier et al. 1991). Cu-
taneous mechanoreceptors in both glabrous and hairy
skin also sense active movements of the fingers in hu-
mans (Edin and Abbs 1991; Edin and Johansson 1995;
Hulliger et al. 1979; Moberg 1983).

S-I cortex appears to play a crucial intermediate role
in hand motor control. Positron emission tomography
(PET) studies of grasping show statistically significant
rises in blood flow in both S-I and posterior parietal cor-
tex (PPC; Grafton et al. 1996; Rizzolatti et al. 1996). Le-
sions in S-I cortex or disruption of the dorsal columns
produce manipulatory deficits and abnormal hand pos-
tures in both humans and monkeys (Cole and Glees
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Materials and methods

Experimental protocols described in this report were reviewed and
approved by the New York University Medical Center Institution-
al Animal Care and Use Committee (IACUC), and are in accor-
dance with the guiding Principles for the Care and Use of Experi-
mental Animals approved by the Council of the Society for Neuro-
science (NIH publication No. 86-23, revised 1985) and the Na-
tional Research Council guide Guide for the Care and Use of Lab-
oratory Animals (1996).

Results

Monitoring hand kinematics using digital video

In order to study prehension in a reproducible manner,
we trained monkeys to perform a task in which objects in
extrapersonal space were grasped, lifted, held, and low-
ered in response to visual cues. Hand movements were
recorded using digital video; images from monkey 2195
are shown in Figs. 1, 2. As the target object was ap-

Discussion

S-I cortex has traditionally been viewed as the principal
center for tactile discrimination in primates, including
humans. The data presented in this report indicate that
neurons of the postcentral gyrus also play an important
role in sensing the hand kinematics during prehension
and object manipulation, as well as the object’s shape.
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+ Data are persistent and model-independent
+ Conforms to journal metaphor
+ Reanalyzable data are multiply useful
+ Data quality is largely observer-independent
+ In contrast, the knowledge base is complex and fluid
+ Need for database moderators or curators is reduced
– Delivery of data and views requires advanced 

methodology, although   
+ Methodologies are applicable to quasi-data
~ Fits some domains of neuroscience better than others

Differences
• Copyright is retained by

submitters.

• Descriptive metadata use
controlled vocabulary to

annotate datasets,
recording sites,

methodology, models and
hypotheses.

• Metadata enable search
by multiple attributes.

• The data-driven database
model minimizes textual

hypotheses, tests,
interpretations, and

commentary

• Unlike paper-based or
page-oriented PDF articles,

neurophysiology data
display and delivery—and

controlled vocabulary
hierarchies—require new

methods for multiplatform
delivery.

• The  Virtual Oscilloscope
permits dynamic control of

display and extent.

• Dynamic data displays
avoid infringement of

journal copyrights.

• Access to the actual
datasets permits reanalysis

and comparison

• Model Elements include hypotheses,
diagnoses, and other components of a

Discussion section. 

• Reference Elements formalize
bibliographic links and attributions.

• Method Elements use metadata to
encode and describe protocol and
preparation information.

• Data Elements include figures and
metadata, analogous to a Results
section.

• Site Elements specify recording sites and
anatomy found throughout journal articles.
Implementing each of several anatomical
schemes organizes without restricting choices.

• Virtual Oscilloscope
• Metadata Viewer 

• Remote DataServer
and Neurodatabase 

• QueryTool 
• Query Results selection

and Action PopUp 

• Save screen & XML

• Remote DataServer
and Neurodatabase 

3a. Neurobiologists Upload Datasets and Select Descriptive Metadata
On any local computer, the DataEntry Tool allows submitters to organize their datasets as for figures,
annotate by selecting descriptive controlled vocabulary metadata, and upload data and metadata to a
compliant neurodatabase via XML, Java, and a midlayer DataServer that adds date and author tags.

3b. Neurobiologists Select, View, and Acquire Datasets and Metadata
The QueryTool enables neurodatabase search by multiple controlled vocabulary descriptive attributes.
The Query Results screen returns sets of experiments matching search criteria from the neurodatabase,
offering a choice of datasets and also actions: viewing data using the Virtual Oscilloscope, examining
metadata via the Metadata Viewer, or saving datasets in XML or other formats for further analysis.

Data flow thus resembles the sequence database model, modified to conform to neurophysiology data.

• MacOS 8.1 to 9;  Internet Explorer 5; MRJ
• Windows 98 or NT; Netscape; Java Plugin 1.1.3
• Five Unix versions:

– SPARC Solaris >2.5.1; Netscape; Java Plugin 1.1.3
– RedHat Linux >6.1; RedHat glibc Netscape 4.72rh
– SGI IRIX >6.5; Netscape 4.72
– HP-UX 10.20; Netscape 4.72
– IBM AIX >4.2 ; Netscape 4.72

• Each enhanced by Sun’s swingall.jar

5. Interoperability Has Multiple Dimensions 
Interoperability of data-driven resources is schematized by escaping
the origin in each of several dimensions. User: Community-wide
databases and multiplatform software promote openness.  Technical:
Open architecture and nonproprietary standards and formats aid
data exchange. Domain and Data: Relatable data and queries link
databases covering domains of neuroscience with different data
models, techniques, and practices. Temporal: Standards independent
of current methodology, support permanence, including data
persistence, evolution of technology, and inclusion of legacy data.


