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5th May 1970

Dr. David J. Rogers
Department of Blology
Armory Bullding 101
Campus

Dear Dave:

| am still awaiting definite budget Information from NSF
with regard to the proposal 63.5.163 on '"The Climatic Environment
of the east slope of the Front Range''. However, | have been
reviewing the budgetary and other implications of the project
in the 1ight of the post-January, 1970 situation of the Taximetric
group and feel | should let you know without further delay that
| consider the work can best be carried out by my working
directly with Geonge Estabrook.

As you know, much of the pilot study was developed In this
way and, In view of the Importance of this project to the
Institute's long-range programs and to me personally, | wish to
retain maximum direct control over its direction and execution.
Moreover, some of the budget estimates were purposely rather
'tight' (to keep to a figure of $40,000), and | think that certain
savings can be made on the taximetrics figure of $17,500, over
years | and 2, In @ direct sonsultancy operation.

Whilst | realize that this decision will disappoint you, |
trust that you will appreciate my wish to conduct the program in
as uncomplicated a manner as possible.

Yours sincerely,

Roger G. Barry
Assoclate Professor of Geography

RGB/Jep
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May 7, 1970

TAXIMETRICS LABORATORY
ARMOSY 101

The National Seience Foundation
Washington, D.C.

Gentlemen:

Dr. Roger Barry, prinsipal investigator, Institute of Aretiec and Alpine
Research, the University of Colorado, has chosen to exelude the Taximetries
Laboratory from the operations of the grant from NSF entitled "The Climatie
Environment of the East Slope of the Colorado Front Range." Please see
uhudcoworhtwm:hm,tonr.nnidd. lom(d.l.ruurafﬂn
Taximetrics Laboratory), dated Sth May, 1970.

Since the body of the grant instrument heavily depends on activities
of the Taximetrics Laboratory, and the Taximetrics Laboratory is mentioned
specifiecally on pages 11, 12, 19, and in the budget, and since the principal
investigator has chosen not use our services, I must request that the
grant instrument be rewritten to exclude any such involvement. As the
grant presently is written, Barry is free to employ any serviees required.
He'is not free, however, to let the National Science Foundation understand
that the Taximetrics Laboratory has any responsibility for the work, given
his choice as indicated in the enclosed letter. Since the work was scheduled
by the Laboratory, rather than by any individual in the Laboratory, the
Director of the Taximetrics Laboratory is responsible. Since Barry desires
exclusion of the Laboratory, I camnnot permit the grant instrument to convey
the idea that any such obligation exists.

I will appresciate your attention to this matter.

Sincerely yours,

David J. Rogers, Professor
Director of Taximetriecs Laboratory
Chmn, Division of Population Studies

Encl.: 1tr from Dr. Barry to D.J.R.

ce.: Dr. Barry
Dr. Thurston Manning
Dr. Askell LSve
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UNIVERSITY OF COLORADO
INSTITUTE OF ARCTIC AND ALPINE RESEARCH

BOULDER, COLORADO 80302

5th May 1970

Dr. David J. Rogers
Department of Bicology
Armory Building 101
Campus

Dear Dave:

| am still awaiting definite budget information from NSF
with regard to the proposal 69.5.163 on ""The Climatic Environment
of the east slope of the Front Range''. However, | have been
reviewing the budgetary and other implications of the project
in the light of the post-January, 1970 situation of the Taximetric
group and feel | should let you know without further delay that
| consider the work can best be carried out by my working
directly with George Estabrook.

As you know, much of the pilot study was developed in this
way and, in view of the importance of this project to the
Institute's long-range programs and to me personally, | wish to
retain maximum direct control over its direction and execution.
Moreover, some of the budget estimates were purposely rather
‘tight' (to keep to a figure of $40,000), and | think that certain
savings can be made on the taximetrics figure of $17,500, over
years |1 and 2, in a direct eonsultancy operation.

Whilst | realize that this decision will disappoint you, |
trust that you will appreciate my wish to conduct the program in
as uncomplicated a manner as possible.

Yours sincerely,

Roger Gl Barry
Associate Professor of Geography

RGB/jep
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o t‘ﬂagf"f‘“ No- 9.5 163
A Proposal to the

NATIONAL SCIENCE FOUNDATION

for support of

THE CLIMATIC ENVIRONMENT OF THE EAST SLOPE OF THE COLORADO i - -
FRONT RANGE
Name and Address of Institutionm: The Regents of the

University of Colorado
Boulder, Colorado, 80302

Desired Starting Date: September 1, 1969

Amount Requested from NSF: : $40,590

Time Period for Which Support is Requested: 21 Months.

Principal Investigator: Roger G. Barry
Associate Professor of Geography
Institute of Arctic and Alpine Research
University of Colorado
Boulder, Colorado, 80302
Telephone: (303) 443-2211, Ext. 6387.

J.D. Ies, Director R.G. Barr =
Institute of Arctic & Alpine Principal Investigator
Research

I certify that the distribution of costs between the direct and indirect
categories as shown in the proposal conforms to the usual accounting
practices of the institution and to the distribution used by the cognizant
Federal audit agency.

l/zmﬁ.,zma».;f_ | : _ N

Thurston E, Manding
Vice President for Academic Affairs
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ABSTRACT
.The proposal aims to provide a thorough analysis and inter-
pretation of data collected over the last 16 years at four
elevations in the-;ndian Peaks area on the east slope of the
Colorado Front Range. The analysis wili utilize a new data-
storage and retrieval system based on experience gained in a small

pilot study. Interpretation of the material will include a

synoptic climatological study for 6 years of data using a published

catalogue of 'features-of-circulation' over the western United
gu

States. ’

The results of.the study will provide vital background material
on the climatic enviromnment for other proposed research programs
of the Institute of Arctic and Alpine Research apart from their
1ntr1nsic-importance. There is surprisingly little general
information on the characteristics of mountain climate in east

slope situations.
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Curriculum Vitae

R.G. Barty

Born 1935 aé Sheffield, England.
1952-54 scientific Assistant in the Meteorological office at
Workshop R.A.F. station, Nottinghamshire, performins weather

observations, plotting surface and upper-air data.
1954-57 University of tiverpool. Homours degree course in

Geography (special in climatology) and Minors in Mathematics and

Geology -
1957-58 McG

111 gub-Arctic Research Laboratory, Schefferville,

P.Q., @8 meteorological ohserver. Research in the synoptic clima-

tology of Labrador-Ungava.
1958-59 Attended McGill University to complete M.SC. thesis

gearch Assistant with A

retic Meteorology Research

and work as Re
Group on stratospheric analysis.
1959-60 Leverhulme Research Fellow, University of Liverpool.

Initiation of Ph.D. research into vapour flux over north-eastern
North America using the DEUCE computer.
1960-66 Lecturer in Geography, University of Southampton.
(1st, 2nd and 3rd year courses in Climatology, 2nd year course in
statistical Methods and 3rd year half courée in Biogeographys

supervision of graduate research.)
Field research in summer 1963 and spring 1964 as meterologist
with Defence Research Board (ottawa) Expedition to Tanquary Fiord,

Ellesmere Island, N.W.T. i

Albedo studies in Hampshire and Dorset 1964-65 supported by

Dieiti : :
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University Committee for Advanced Studies, Universiéy Air Squadron
nndhkoyal Meteorological Society. \
- 1966-67 Research Officer, Geagfsphi:al Branch, Department of
Eners;, Mines and Resources, Ottawa., Research program into the
éresent synoptic climatology of Baffin Island and moisture flux
over the area.
1967-68 Lecturer, Univ;rsity of Southampton.
October 1968 Associate Professor of Geography, Institute of
Arctic and Alpine kesearch, University of Colorado (2/3 of time
for research in the Institute). 3
Research Interests: . Arctic climatology and palaeoclimatology.
- Synoptic climatology.
Moisture flux,

Surface albedo and energy budget studies.
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RELEVANT EXPERIENCE AND PUBLICATIONS OF APPLICANT

1. Statistical and Computational Work:

4, The punched card and its application in geographical research.
Erdkunde, 15 (1961), pp. 140-2,
ii. An introduction to numerical and mechanical methods.
Appendix to "Maps and Diagrams" (2nd Ed.). by F.J. Monkhouse
and H.R. Wilkinson (Methuen), 1963, pp. 385-423.
Research Use:
DEUCE computér, University of Liverpool, 1960-1962, and programming.
PEGASUS computer, Uﬁiversity of Southampton, 1962-1964 "
-CDC 6400 " Dept. of Energy, Mines and Resources, Ottawa
1966-1967.
Courses Taught:
'Introducti?u to statistical methods' in Geography Department
University of Southampton, 1962-1968.
“Major contributions to 'Data Processing in the Earth Sciences'
Graduate course, University of Colorado, 1968-1969.

2. Cliﬁstological Studies:

(a) Synoptic Climatology.

141, A synoptic climatology for Labrador-Ungava, Arctic Met. Res.

Group. Rep. No. 17. McGill University (1959), 159 pp.

{v, -The application of synoptic studies in paleoclimatology.

Geografiska Annaler, 42 (1960) pp. 36-44.

¥. A note on the synoptic climatology of Labrador-Ungava. Q.J.
Roy. Met. S. 86(1960), pp. 557-65.

vi. Aspects of the synoptic climatology of central South England.
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.Meteorol. Mag. 92(1963), pp. 300-8,
vii. The prospect for synoptic climatology in R.W. Steel and R.

Lawton, (Editors), "Liverpool Essays in Geography" (Longmans,

1967) pp. 85-106.

viii. Variations in the content and flux of water vapour over north-
eascerﬁ North America dgring two wﬁnter seasons. Q.J. Roy. Met.
S. 93(1967), pp. 535-343,

ix. Meteorological aspects of the glacial history of Labrador-Ungava
with special reference to atmospheric vapour transport. Geog.
Bull., (1966) 8, pp. 319-340. y

x. 'Weather type' frequenﬁies and the recent temperature fluctuations
(with &.ﬂ..éerry). Nature (in press).

(b) Other Local Climatic Investigations.

xi. Weather conditions at Tanquary Fiord, summer 1963, (1964) Hazen
23, Defence Research Board, D. Phys. Res. (Geophysics), 28 pp.

xii. Summer weather conditions at Tanquary Fiord, N.W.T., 1963-1967

(with C.I. Jackson). Arctic and Alpine Res., 1(3)(in press). i
xiii. Climatology studies of Baffin Island, Northwest Territories (with

S. Fogarasi). Tech. Bull, No. 13, Department of Energy, Mines

and Resources, Inland Waters Branch, Ottawa, 106 pp.
(c) General.
xiv.Models in meteorology and climatology, in R.J. Chorley and P.

Baggett, (Editors), "Models in Geography" (Methuen, 1968),

pp. 97-144.

xv. "Atmosphere, Weather and Climate", (with R.J. Chorley). (Methuen

1968) 319 pp. Not available in U.S.A. American Edition in press

I
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with Holt, Rinehart and Winston (1969).
_xvi., The world hydrological cycle pp. 11-29.
2 Precipitation pp. 113-129.
Evaporation and tranmspiration pp. 169-184.
Long-term Precipitation trends pp. 513—23.‘in R.J. Chorley

(Editor), "Water, Earth and Man" (Methuen, 1969 in press).

Present Teaching:
'Synoptic and Dynamic Climatology'. Graduate course 510-3

(2 contact hours for 1 semester).
Proposed new graduate course for spring 1970 'Seminar on

Climatic change' (2 contact hours for 1 semester).
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INTRODUCTION

Climatological observations have been maintained by the Institute of
Arctic and Alpine Research since 1953 at four elevations in the Indian Peaks
area on the east sloPelof the Colorado Front Range, west of Boulder (see .
Fig. 1). The four stations are sited in distinctive vegetation zones:- Lower
Montane Forest (2195 m.), Upper Montane Forest (2591 m.) Sub-Alpine (3048 m.),
and Alpine (3750 m.), at:the indicated elevation.

The wide range of research opportunities in the Indian Peaks area and its
ready access from the campus of a major‘university make it unique in North
America. In the past 15 years ;aquests for environmental (climatic) data
from many botanists, ecologists and zoologists could not be met due to (i)
the lack of analysis of the data already collected and (11) the absence of a
full-time climatologist at the Institute,

Data from the early period of the record have been summarized in
conjunction with ecological descriptions of the four zones by Marr (1967,
1968), but there has been no thorough, general analysis and interpretation
of the climatological characteristics of the area. This proposal aims to
provide such a study using a new data-storage and retrieval system (TAXIR),

A small pilot-study using the system has already shown considerable bromise.
Interpretation of the analyzed characteristics will be based in part on
synoptic climatological methods utilizing an existiné catalogue of circulation
features over the western United States for 1958-1963 (Sands) and also on a
factor analysis of the data.

The Indian Peaks area has been accepted by the Tundra Biome of the
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International Biological Program as an intensive study site for the investigation
: of alpine tundra ecosystems. An important secondary objective of the present

proposal to the provision of background data on the climatic environment for

those aspects of a tundra productivity study which ?nvolva physiological ecology.

The sixteen years of record ensure that a fairly representative picture of the

range of climatic conditions can be obtained.

It is further intended that the results of the proposed study will form
part of an evaluation of the present Mountain Research Station climatological

observing program and facilitate the formulation of viable long-range research

_programs in the area.
PURPOSE

L)

1. To conduct a detailed analysis of the main climatic elements measured at
the four stations using tha_EfffEﬂffff:ffffffffl;fxgﬁsg-develcped by
the Taximetrics Groﬁp, University of Colorade. This will include:
A. Frequency analysis of tempe;ature, humidity, precipitation,
windspeed, insolation, by months.
B. Inter-station analysis of association/correlation for temperature,
precipitation, etc. .
‘€. Symoptic-climatological analysis using the catalogue of "eirculation
features" prepared by R.D. Sands (1966) for 1958-i963.
2. The results of these analyses will provide information for characterization
of east slope climate under various circulation regimes.
Apart from its intrinsic climatological interest this material will serve
as a basis for developing programs concerned with glaciological,
geomorphological, hydrological and ecological problems in the area.
{//“3. A further aim is to test fully the potentfal of the TAXIR system for the

| —
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analysis of climatological data, This will include the use of TAXIR as
a research tool, by attaching statistical modules to the existing system,
as well as using the presently available classifiéatory system of the .
"accesioner" module. The testing of this system is an essential
prerequisite to the possible eventual, installation of automatic data-
logging equipment for climatic and other parameters (biological, hydro-
logical, glaciologihal) in the mountains. A valuable feature of the

TAXIR system is that it provides a detailed cost-effectiveness evaluation

L of the data analysis.

oy -

1. The climatological records are stored on punched cards for 27 station=
years. The data for the other 56 station-years is largely tabulated
and will be put onto punched tape for analysis. (Appendix 1 summarizes
the information available at each station).

2.- The Sand's catalogue of "circulation features" for 1958-1963 is tabulated
for the surface and 500 mb level on two punched cards per day. These

are available on loan from the Geography Department, University of Denver.

JEShE=y ANALYTICAL TECHNIQUES

The TAXIR retrieval system was developed for both qualitative and quanti-
tative information under NSF GN-656. A pilot study on ome year.of
climatological data (see Appendix 2) shows that the system is capable of providing
a valuable analytical tool for quantitative data witﬂ only slight modifications
to the prototype system pres;ntly available. The retrieval system operates as
follows:

A data bank is built according to predetermined instructions and the TAXIR

systen permits the abstraction of data from the back in specified subsets
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by means of plain-language questions (query statements). Examples of query
statements and the responses are included in Appendix 2 and further details on

the system are contained in Appendix 34

Three data banks will be stored on magnetic tape files arranged as follows:
A. By station and date - for single stations assessments.
i. By date - to allow inter-station analysis.
C. A subsidiary bank of the Sand's feature-of-circulation catalogue.

Query statements will obtain the following major categories of information:

i. Frequency distributions for each month of each observed elemeat (Appendix 1)

and additional derived ones such as® temperature range, degree-days above
[ and below specified limits, windchill, "lapse-rates' between stations.
; ii. Measures of association of the observed elements between stations. '
f« ~iii. A repeat of (i) and (ii) in terms of the synoptic types for 1958-1963.,
Application of a number of standard statistical programs to the TAXIR
output will provide additional information as follows:
iv. H;ans and standard deviations for the data obtained in i, ii and iii.
v. Significance tests of station differences; synoptic type differences, etc.
vi. Factor analysis of the basic data to provide further insight into the
possible existence of simpler climatic relationships between the stations,
and as a means of hypothesis generation. -

The Involvement of the Taximetrics Laboratory. =

Appendix 4 contains a detailed work program specifying what problems
the Taximetrics Laboratory ﬁill face as consultants.

Iﬁ general, the Taximetric Laboratory will work closely with Dr. Barry
and his staff throughout all phases of the project.

Specifically, the Taximetrics Laboratory staff will address the
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following problems:
] 1. Modification of TAXIR for manipulation of the information in the
| Sand's data.
\ 2. 'The conversion of the Sand's data to TAXIR Define Item statements.
3. The conversion of Station Day data now in machine readable from
(1952, 1953, 1954, 1965) to TAXIR define Item statements.
4, The training of input device operator for making machine readable
| all other station day data - and to verify all data.
| 5. The training of an operator to call_TAXIR on the CDC 6400, and to
write and execute the necesaary TAXIR control statements.
6. The interfacing of TAXIR to the various data analysis (statistical)
packages which may be needed.
7. To be available for trouble sheoting during the entire project.
8. Making a complete cost/effectiveness analysis of the project and
specifically of the effectiveness of the TAXIR systems.
The costs for the entire dialoeg, system‘modificatinn, training of Dr.
Barry's staff and system installation are given in the budget as an aggre-
gate. Actual brezkdown of costs will be made available in the cost/effective-

ness analysis as the program proceeds.

RESULTS
The information obtained from the above proceduras will be used for both

specific and general problems as outlined on the following page:

>
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A. Specific Problems:

1,

4.

Is there a distinct zone of maximum precipitatioﬁ on the east slope of
the Front Range?

If so, how does the vertical distribution.pattern vary with different
synoptic types? . : :

The coarse profile provided by the 4 stations will be supplemented during
spring-summer 1969 by a subsidiary network of about 20 gauges between the
two upper stations to be operated under a research program of Dr. N.
Caine of the Inmstitute of Arctic and Alpine Research.

What is the vertical pattern of solar radiation receipts?

How do (slope) lapse rates vary seasonally and with respect to different
circulation types? What is their relationship to free-air lapse rates?
(using Denver rawinsonde data), This consideration will complement
Samson's (1965) study for Pike's Peak which is topographically more
igsolated than the Indian Peaks area.

Is the "feature-of-circulation' approach to synoptic climatology a useful

basis for differentiating "weather types" in this area?

B. General Problems:

1.

The determination of basic climatic parameters and their variability as a
baékgruuud to the geomorphological-hydrological program of Dr. Caine
(submitted to N.S.F., Earth Sciences), the glaciological-climatological
program of Drs. Ives, Andrews and Barry (submitted to ¥.S.F., Earth Sciences),
and the Tundra Biome, I.B.P. program to be directed by Dr. Webber (to be

gubmitted to N.S.F., Biological Sciences).

What degree of correlation exists between the four stations for various

weather parameters at different times of year? Also, how far do 16 years
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of data provide adequate indication of climatic variability in the
mountains and useful probability estimates of extremes? Following

from these considerations, which stations, if any, could be discontinued
-without prejudicing forseeable developments of climatological, ecological,
glaciological and hydrological research programs in the area? Also,
which station(s) would be most suitable as a long-term climatological
bench-mark station representative of alpine climatic conditions?
Cost-effectiveness evaluation of the :echniqﬁes in terms of its potential
for similar applications with climatological, hydrological data.

The results will be submitted for publication in relevant jourmals.
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REFERENCES REFERRED TO IN THE PROPOSAL

Marr, J.W. 1967: Ecosystems of the east slope of the Front Range in Colorade
Contrib. No. 4. Inst. Arctic Alpine Res., University of
Cola;adu, 134 pp.
1967, 1968: Data on Mountain Environments, I, II, III. Contrib.
Nos. 51, 52, 53. 1Inst. Arctic Alpine Res., University of

Colorado.

Mon. Wea. Rev. 93, 327-330 pp.

Sands, R.D. 1966: A feature-of-circulation approach to synoptic climatology

applied to western United States. Publication in Geography

66-2, University of Denver, 332 pp.
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APPENDIX 1

DATA AVAILABLE AT THE MOUNTAIN WEATHER STATIONS

pamy
Maximum temperature
Minimum temperature
Maximum R.H.
Minimum R.H.

Precipitation (1965 +)

WEEKLY
Run of wind
Precipitation total

Max, soil temperature (6" and 12")
(1953 - 1963)

Min, soil temperature (6" and 12")
(1953 - 1963)

Solar radiation (1965 + Station C Soil moisture (6" and 12'") (1953 - 1963)
1965 only Stations B and D)

Oct. 1952 - Sept 1953

Sept 1953 - 1954

1955 - 1964
1965 .
1966 - 1969

Snow depth
FORMAT
Tabulated. Punched Cards 16 stations*
" ” - 4 stations
i only. 4 stations
* -. Punched Cards 6 stations
Partially tabulated 4 stations

* During this period 4 stations were operated in each vegetation (altitudinal)
zone - N-slope, S-slope, valley and ridge-top sites.
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APPENDIX 2

EXAMPLES OF TYPICAL TAXIR QUERY STATEMENTS AND RESPONSES

(FOR THE PILOT STUDY OF 1965 DATA) FROM THE COMPUTER OUTPUT.

QUERY LfsT ITEMS WITH PRECIPITATION, FROM 101 TO 150 AND STATION, 3%
RESPONSE: 3116 3211 3204

No. of items in guery response = 3,

Note: The precipitation range requested = 1,01 - 1.50 inches.

The response gives the station code number, followed by the day

pumber during 1965. :

QUERY LIST ITEMS WITH PRECIPITATION, UNKNOWN AND STATION, 3%

RESPONSE: ' 3011, etc.

No. of items in query response = 28

Note: Queries of this type are used to determine frequency distributions.
QUERY STATE: DAY, MONTH, AND STATION FOR ITEMS WLITH PRECI?ITATION, FROM
1D‘TD 999 AND RHMAX, FROM 0 TO 90 #*

RESPONSE: ITEM NO. REQUESTED STATES

No. of items in query response = 0

Note: This type of query can be used to check the internal consistency
of the data as well as to determine contingency tables for 2 or more

parameters at a single station, or a specific parameter at several

stations.
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APPENDIX 3

GENERAL INFORMATION ON TAXIR

As indicated TAXIR was developed under a grant, GN 656, from the
National Science Foundation, OSIS; Dr. David Rogers, Project Director.

The system was demonstrated in October 1968, and was seen by an NSF represen-

* tative, Dr. Thomas Galloway, of 0sIs.

The general TAXIR system is now operational, although work continues on
specific information probiems.
: The dialog with Dr. Barry's ;taf{ began shortly after the October
demonstration. During the dialogs the g;nersl research problem was explored.
Conversions of subsets of the climatic data were done, and a TAXIR accessioner

was set up. Queries and responses are shown in Appendix 2.

Papers about TAXIR.

Item 1, In this appendix, an Introduction to TAXIR which describes the system.

Item 2. A brief history of the Taximetrics group and explanation of how the
group operates.

At the moment the Taximetrics Laboratory is in the process of becoming

an Institute of the University of Colorado (April 1969).
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APPENDIX 4

WORK. PROGRAM OF THE TAXIMETRIC GROUP

IN CONJUNCTION WITH THE APFLICANT

The Taximetrics Laboratory staff will address all the operations
in the following flow charts.
! Those which are marked with an * are specific tasks which will be

[ -

worked on.

Methods for training and supervising of data input have been devised
from experience in using the system.

During all phases, cost/effectiveness will be examined and reported,

R a——
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Describe Data to be usad Dialog - Taximetrics Staff

and Dr. Barry's staff

]

[; Can the basic TAXIR system be directly employed?l

g yes ;

Sand's Data [%tatinn—ﬁay Data l [ba:e Data

# Certain modification in the }
operating system must be made
to most effectively use this = }
data.
The needed changes will be
worked on. Technically TAXIR
is set up to handle mutually
exclusive descriptors (char-
acters), Herein non-mutually
exclusive states must be
admitted.

Y Y
* Set up Item Concept dialog with Taximetrics staff.
(See An Introduction te TAXIR, p. B)

!

* Set up Descriptor List and order /(Define Item
statements) [See An Intro. TAXIR, p. 11]

Y |

Data Work Blocks must be defined. (This is a given data bank.
The block of data contains a sufficient nusber of entries or
information to be processed as a separate subset of the entire

bank. Using "Blocks" research work can proceed while prepara- !
tion work on the data is ongoing.)

' !
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Flowchart 2.

[Is data machine readable?

Sand's _| Most Station Day Data
Some Station Data - ——{yes no Most Day Data
Some Date Data

\ | i
Is data in Define Item Format?

Is operator trained to scan and record
(No data now in Define Item) record data on input machine?
(Operator not trained at this time)

*na (All data) ‘no
yes * Write and test 768 FTrain operator for
conversion TAXIR scan and record
program . . and input machine use.
1 —
Run data on conversion Scan and record on
program input machine

I_

lIs work block complete?

yes

Is operator trained for
TAXIR verify and correct
procedure?

(Not at this time)

n
E o

i * Train operator

Y

Verify and correct data.
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. Flowchart 3.

Is operator trained to call TAXIR on the
computer? (Write necessary control cards,
and data deck parameter cards, and write
module statements?) (Intro. TAXIR, p. 10)

(Not at this time)

‘no

A
yes I* Train operator l

|

* Run data on computer to: ¥
1) Build and print BOOK (Intro. TAXIR, p.5)

2) Build and store Accessioner
(Intro. TAXIR, p.5)

L

Query Accessiocner

* Develop interfacing module for TAXIR
output to various data analysis programs
| (statistical packages, etc.).

END

&
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ITEM 1

" AN INTRODUCTION TO TAXIR*

G. F. Estabrook
October 1968

Contents
I Information Retrieval (I/R) in Biology
II -'Iha Functions of an I/R System
IIT Introduction to the TAXIR System
IV The Modules of the TAXIR System
V How to Use the TAXIR System

VI Concluding Remarks

*Taxonomic Information Retrieval System developed
by the Taximetrics Laboratory.

Digitized by the Hunt Institute for Botanical Documentation




P e —

[

I/F in BIOLOGY

The concept of inforration retrieval, although a toé;c of much recent
interest, is not new to the biological community. Systematic biologists have
been contending with the problem of information retrieval for hundr;ds of years.
S0, too have librarians and athe;s in various nositions, such as inventory control
specialists. ‘tiany workable solutions to this problem have been developed, not
the least of which is our taxononic systerm. This system enables us to store
and retrieve vast amounts of biological information. In this sense, many of us
are already exoerts in information storage and retrieval.and it is altogether
fitting that modern advances in this field should come from a discipline whose
traditional objective has been to create better information storage/retrieval
systens for bioleqy, agriculture, and med;cine.

And our taxononic system does not serve merely to embody conceptual infor-
ration about the natural affinities of living organisms. It further serves us
for curating small and large collections of biological specimens as well. It
is to the problen of m;naging the information attendant with biological collec-
tions that we feel our present systems contribute.

There.a:e essentially two tvoes of biological collections which are amassed;
those large collections found in museums or herbaria, and those srmaller collec-
tions compiled by monographers or floristic workers. These two tyomes overlap,
In either tyve, specimens are arranged in cakinets, on shelves, etec. For this
collection to be useful, certain suhsets of it must be cavable of abstraction
with moderate ease. It is the curator who is largely responsible for guarantee-
ing this usefulness. Given the limited funds and restricted facilities which

characterize nany museun operations these men do remarkable jobs, but of course

at a sacrifice to their own research.
In meeting this charge, curators make heavy use of the taxonomic information

storage fetrieval svstem. By physically arranging specipens in the museun in
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accordance with a taxonomic system, soecimens whose taxonomic names are known may
be recovered with ease. 3y ohysically arranging snecinmens in the museum in
accordance with the geographical location of the place of collections, specimens
whose places of origin are known may ke recovered with ease. By combining these
two, which is a cormmon practice, the museun becomes a very workable information
storage retrieval system for the collections which it houses.

For this reason, it is not our purpose or intent to discard this already
extant system. Rather, we accept this system as our working base, and make it

an object of study and inspiration.

IX. THE FUNCTIONWS OF AN I/R SYSTEM

Any information retrieval systen must serve two functions. It must serve
as a repository for informaticn, and as an accessioner to abstract from the
repository the information stored there. As the names imply, one of these func-
tions is a passive ona; to serve as a resting place for information, while the
other of these functions is active, to abstract from the repository scme of the
information that is there.

Let us consider the biological museum as an information retrieval system.

It must serve as both renositorv and accessicner. It serves as repository insofar

as it houses specirens each of which is itself a storehouse of information. It
serves as ;n accessioner insofar as the physical arrangement of the specimens is
in accordance with useful locating criteria such as taicnanic name or geographic
location of collection.

Occasionally additional accessioner facilities are employed in ruseudms. These
often take the form of a card file. A card file is an information storage re-
trieval system very analeqous to the museun itself. It acts as a repository

for a small subset of the information attendant with the sPecimens. This
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repository function of a card file is met insofar as some of the information
about a given specimen is recorded on a given card. The card file acts as an

accessioner in the same way as does the museun: the physical arrangement of the

cards reflects some locating criterion of interest. Since the cards in the card

II1I.

Digit

file may be physically arranged in a way different from the arrangement of the
specimens in the museun, items may be found in the card file with different
locating criteria than that by means of which specimens are located in the museum.
Whenever it is posslbie to‘estahlish a correspondence between cards in the card
f£ile and specimens in the museum, the locating criteria reflected in the physical
arrangement of the card file may be used to locate specimens in the museun as
well. In this way a card file may serve as an additional accessioner for the
museum itself.

Since a card file adnits only one ohysical arrangement at a time, there must

exist a complete and distinct caré file for each auxiliary locating criterion which

is to be used to locate specimens in the museum. For this reason museums, where
time and funds permit, maintain two or three separate card files arranged on such
criteria as taxonomic name, gecgraphical location of collection, collector, etc.
In some nuseurs, where not only are time znd funds linmited but alsoc collec-
tions tend to be extremely largca, the museun must serve as its own accessioner
facility with no help from auxiliary caré files. For example, the curators of
the entomological collections at the U. S. National ifuseun do a remarkable job
of maintaining a collection of over 15 nillion specimans with no comprehensive

card files at all.

INTRODUCTION TO THE TAXIR SYSTEM

TAEXIR stands for TAYonomic Information Retrieval. It is a system designed

to help systematic biologists organize and manipulate their collections and the

e




information they embody easier, faster, and more comprehensively.

The TARIR system enbraces, among other things, a lansuage vhich enables the
biologist to cormunicate directly with it in 2 manner patural and familiar to hin.
The TrXIZ language closely reserbles English and its grarar and syntax can be
rastered with a feu hours'effort. Tha translating capacity of TAXIR enables the
biologist to use this language directly. The need for a computer specialist to
intermediate between the biclogist and his information systen is thus obviated.

The information manipulating and organizing capacity of the TAXIR system
enables the biologist to teﬁe fuller advantage of the vast amounts of information
which present day museums represent. In this way we can reap greater returns on
the investrent vhich has already keen made.in the amassing and curation of our
collections. The justification for this investment which our museums represent
is realized in the extent to which they are used.

It is further envisioned that the TAXIR system will relieve the curator of
many of the tasks now required of him which compete for his time with the pursuit
of nrofessional research interests. ™ith the information currently represented
in museuns more readily available to the biological community through the TAXIR
systen the curator's function as co-ketween for the biologist and the museum is
greatly reduced.

Much discussion, some of it in what would seen an almost fanciful vein, has
been made concerning information exchange by means of intricate networks of compu-
ters located throughout the country and the world. The need for greater information
exchange is real, but through the TAXIR system this need can be met now; and ir
a way perhaps more natural to this generation of professional biologists.

When inforration retrieval is discussed, one generally has in mind an
enorrous and highly complex information bank, administered by a heavily funded

organization. "If we can't do the full-blown, bang-up job, then it just doesn't
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pay,” we think. 2ut the TAXIR systen is relatively inexvensive and sufficiently
adaptable that it can be emploved at all levels of cormplexity. It can even be

made to behave as a personal scratch-pad system for an individual monographer or

floristic wvorker.

THE i0ODULES OF THC TAXIR SVSTE(

The TAXIR system exists in many essentially independent hut related nodules.
Some of these modules are:

1. Mccessioner - fully developed in prototype

2. Display - under development

3. Book - fully developed in prétotype
4. Data Vet - under development
These modules, functioning alone or in coukinations, serve to strengthen the
repository and accessioner facilities of biolegical collections.
1. THE ACCESSIONER
Stored in the accessioner is that subset of the information, attendant with
the specimens in a collection, vwhich might be used as locating criteria by means
of which we may locate those items in the collection which are of interest.
y The accessioner functions very much like the auxiliary card files discussed
in Section II. Kere, however, all the 1oqatinq criteria may be smbodied into
one integrated syster and ths criteria ray ke used independently of each other,

as with nultiple card files; or it may be used sinultansously in any concaivable

logical corbination.

As with auxiliary card files, whenever there exists a corrsspondence betwesn |
the specinens in the ruseum and their associated locating information as stored
in the accessioner, the accessioner may function to relieve the collection of its

former need to provide lecating inforration about the specimens which it houses.
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2. DISPLAY .

As the accessioner serves the active function of an I/R system, display
serves the passive function associated with a repository. A collection which has
been relieved of its accessioner function by the availability of the accessioner
module of the TAXIR system is now responsible only for the repository function of
information retrieval. So relieved of part of its traditional role, the collection
pay now exist to serve its residual repository function more completely. 1Its only
specific restriction 1s'th§t it must maintain the correspondence between its
specimens and the associated locating information in the accessioner. This cor- '
respondence may be maintained in a wide v?:iety of ways; some extremely nontradi-
tional and worthy of further empirical study.

The display module of the TAXIR system is designed to serve the repository
function which the collection itself now serves. It will be particularly impor-
tant when the biological collection is itself not accessible to the biologist.

For this reason completion of the development of this module has been postponed |
to enable the completion of the more desperately nreeded modules.
3. BoOK =

The Book rodule of the TAXIR systen might most properly be thought of as a

combination of the accessioner and the display modules. Book functions as a little

of each.

There is much information associated with the specimens in a collection which

will be of interest to us either without or before actually loocking at and handling

the specimens in the collesction. In fact, presently, much unnecessary handling
of specimens occurs because this information is not now readily available without
direct involvement with the collectlion itsslf.

On the other hand, many of ocur locating criteria, particularly at the onset

of our involvement with a museun collection, are relatively simole and do not
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require scphisticated logical combinations to expfess them adequately. Such
lozating criteria as taxonomic name, geographical location of collection, collecz-
tor name, time of year of gollection, and others are of this type.

The Book module accepts a small nunter (six or sd of criteria for compariscn,
or descriptors as our information carrying units are called, organizes this infecz-
ziation as associated with the specimens in the collection in an hierarchical
manner, and prints a book of the information reflecting this organization.

The bock so printed 1; a list of all the specimens in the collection (or
ftang, the more goneral term by which they are known to the TAXIR system), toge®liar
with the appropriate previously stipulated half dozen pieces of information respes-

'tivoly associated with each item, and is arranged in an hierarchical order declez-
mined by thisasscciated information itself.

By moars of the TAXIR lancuage the biolegist communicates his de;ired hierar-
chical order to the D2-ok module, usually indicating locating criteria (accessicaer
descriptsrs) such as taxonomic name or geogravhical location of collection as
primory criteris for the hierarchy, and indicating display information (display
écscriptors) such as herbarium number, collector number, or completeness of the
apecimen, as scocadary critsria for the hierarchy. In this way a book with
hiera{chy family, genus, gecgrachical location, collector, collector number,
species, would arrange items in the collection first alphabetically by family
namz, within growps of items with the same family name, alphabetically by genvs,
qithin groups of items with the samz family and genus name, alphabetically by

sographic location of collecéion, etc. With this book information about family,
gerus and gaocraphical location can be used to discover information about col-
lgctar, collector nurber and species.

Once the Book mcdule has created such a book, it can be readily printed

froo computer tape sceveral times at little extra expense. In this way ruseums
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may exchange information arranged in a useful way, in familiar hard copy form.
(See Section III, paragraph 5)

The book (or indeed system of books) further provides the mesbers of the
biological community a more direct access to biolegical collections and partially
relieves curators of the barrage of queries to which they would otherwise have to
respond.

4. DATA VET

The Data Vet module of the TAXIR systen is presently under development. The
function of this module is to check or proof-read the information before incor-
poration in the other modules. Ihereas the two functioning modules of the TAXIR
systen are liberally interlaced with user error messages the need for a DATA VET
module is very real for the quality of any system is alwafs limited by the quality

of the information which it embodies. Experience with the Accessioner and Beok

. modules will reveal the types of errors to be encountered. Until the Accessioner

and Book modules of this system have undergone more extensive field testing, the

Data Vet module cannot be completed.

EOM TO USE THE TAXIR SYSTEM

The concepts and terms needed to understand more fully the TAXIR systen
(Section III) are not completely foreign to the biolegist for the system derives
much of its structure from the already extant principles of museunm curation. e
do use some of the fundamental principles of logic in the TAXIR query language
and it will be necessary for the user to become familiar with these if he is
not aireaey.

1. DEFINITION OF TERMS
§. TITSH: This is the general term which is used to refer to the basic

units comprising the collection. The term specimen has been used earlier in
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this exposition. However, in some collections, item may refer to lots, jars,
populations, or any other conceptual unit which may be under study.

ii. DESCRIPTOR: this term refers to the information carrying unit in the
system. There are many ways of envisioning this concept. Let me discuss two.

a. l.descriptor is a basis for comparing any two iters in the collection.
With respect to this basis for comparison, it must always ke possible to decide
if two items are similar or different. An exarple of a descriptor which has
already been mentioned in this expecsition is the Family to vhich an item belongs.
Two items are similar with respect to the families to which they belong if they
each belong to the same family: and different if they each belong to different
fanmilies. Similarly, country of collection, collector, genus, species, storage
lecation in ouseum, month of collection and many more could be considered as
useful basas for ccmparison or descriptors.

b. A descriptor is a partition, or a dividing into exclusive and erxhaus-
tive subsets, of the collection of items. The notion of similar and ditéerent,
discusscd in (a}, is derived from this partition in a natural way: items which
belong to the same subdivision of the partition are similar, and those which
belong to different subdivisions are different. Any partition can be a descrip~
tor; however to be useful, the notion of similar and different associated with
the partition must be interpretable in a meaningful way. I

This notizn of similar and different is known mathematically as an equiva-
lence relaticn. A theorem in mathematics teaches us that there is a bi-unigque -
correspondence between equivalence relations and partitions. BHowever, a moment's
reflection sﬁould convince us that concept (a) and concept (b) are indsed the
same thing. L

iii. DESCRIPTOR STATE: In analogue with the two eguivalent concepts of

descriptor, there are two concepts of descriptor state. If we think of a




descriptor as a partition then we may think of a desc:ip;or,state as one of the
"classes" or subdivisions of the partition. If we think of a descriptor as a
basis for écmpariscn, then we may think of a descriptor state as gne of the
possible conditions of that basis. In this way, a description of the cosmmon
property shared by all the items which belong to the same subdivision of a
partition may be ccnsidered a descriptor state. To continues our earlier example,
the descriptor 'Family' would have for its states the names of the families
represented by the items in the collection.

iv. DATA BANK: To design an information retrieval system using the TAXIR

modules, it is necessary to have a specific collection of items of interest in

. mind. This collection may be enlarged, decreased, or altered at any time, but

it is necessary to have some specific collection under consideration at the
onset. It is fu-thar necessary to designate at the onset some number of des-
criptors for this collection. These, in turn, may be changed, deleted, or
enlarged. The Data Bank is the totality of items with the associated descriptor
states for each respective iten.

¥. COMTROL VCCABULARY: This is the totaiity of all descriptor names to—
gether with all descriptor state names. It is with this vocabulary, enriched
slightly by the addition of a few special words, expressed through the grammar
and syntax of the TAXIR language, that we cormunicate with the TAXIR system.
2. THE TAXIR LANGUAGE

The TAXIR language is comprised of basic statement types. Some of these
basie statement types are:

i. I.Dl: This statement enables you to identify yourself to the systen.
Your identifying comments will be associated with each response you receive
from the system.

ii. ACCESSIOMER MODULE STATEMENT: B2y means of this statement you describe
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to the zccessioner module the basic stzu;tura of the accessioner you wish to
design. It is through this statement that the system learns the names of the
descriptors you wish to use as locating information. In response to this state-
ment, the system establishes the necessary tables and dictionaries, and makes
available the appropriate processors required to create an accessioner neeting
your specifications.

ii1i. BOOK MODULE STATE/ENT: This statement is the analogue, in the Book
module, of the Accessioner module statement.

1v..DEFIHE ITEM: By means of these statements, one per item, the data
bank is described to the system. The Define Item statement is the means by
which we associate an item with the descfiptor states to which it belongs.

¥. PRINT BOOK: Statements (iii) and (iv) enable us to make available to
the TAXIR system the information required to create a Book. The statement
causes the Book to be created and printed.

vi. PRINT CONTROL VOCABULARY: Statements (ii) and (iv) enable us to
create an accessioner. This statement asks the system to provide us with that
portion of the control vocabulary which is needeq in order to communicate with
the accessioner.

vii. QUERY: There are essentially two types of Queriss, known as Query 1
and Query 2.

a. Query 1: By means of Query 1 we can provide a logical combination

of locating information to the Accessioner. The Accessioner responds by pro-

viding the list of items which meet this locating criterion. To illustrate this

let us assume that we are interested to see what specimens in the genus llanihot

from Arizona and New Mexico were collected between 1940 and 1968 by perscns

other than Dr. D. J. Rogers. The Query would lock like:

QUERY, Please list items with genus, Manihot 2'D state of collection, Arizona OR
New Mexico zvn year of collection, Tno': 1940 To 1968 7 Ty NOT collector, D.J.Rogsrs*

(
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B. Query 2: This statement is very‘similar to Query 1 except that it
requests additional information be associated with each item in the response list.
wiii. KEY TO: This statement enables us to use the TAXIR accessioner as an
identifying device.
ix. MEMO: If we wish to include with the response additional comments, it
can be done by means of this statement.

These are not all of the statement types in the TAXIR language. This brief
list does, however, serve to illustrate the power and flexibility of the TAXIR
system. An exhaustive exposition of the TAXIR language is inappropriate in this
introductory document. This information will be found in the Users' Manual, "The

TAXIR Primer,"” which is presently under development.

3. BUILDING A DATA BANK

To use the TAXIR system to aid the management of information represented in
@2 biological collection it is necessary to build a Data Bank. There are three
parts to the process.

First it is necessary to decide vhat descr{ptcrs are desired. These will
depend on the nature of the material to Le described and the purpose to which the
system will be put. This choice of descriptors may be made without considerations
of whether they will be used in the Accessioner, in any of the Books, ir Display
or in any combination of the three. Further, with but few exceptions, it will not
be necessary to decide on states for the chosen descriptors at this time. Uhen
the descriptors have been chosen they are arranged in a fixed but arbitrary order,
called DEFINE ITEM order. L

Second it is necessary to design a means of assigning item identification
mmbers to the items in the collection (see Section II, par. 3; Secé. v, 1, par.
3; Sect. IV, 2, par. 1) in such a way that the item identification nucber enables

one to locate the specimen in the collection. Freguently museum accession nurbers
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serve this purpose already. In other cases, a new itenm identification number may
orove useful. In other cases, an iten identification numb;r directly interpretable
in terms of row, cabinet, shelf, etc. would be convenient. Some consideration has
been given to the advantages of a seguential assignment of item identification
number .

The final phase, and indeed the most costly in time and money, is the des-
cription of the items in the collection. By means of TAXIR Define Item statements
each item must be described (1) by associating it with the appropriate states of
the descriptors estahlishe& in the first phase, and (2) by assigning to it an
jtem identification number in accordance with the scheme established in the secand.
phase. These Define Item statements, one ;er iﬁem, are then punched into compu-

ter cards (or for that matter any machine readable medium) to be read by the TAXIR

system.

The Define Item staterent begins with the words DEFINE ITEM and continues
with the item identification number for the item being defined. This is followed
with a comma; then the name of the appropriate state for the first descriptor
(first in the Define Itenm order); then another separating comma; then the name cf
the appropriate state for the second descriptor; then a comma and so forth until
the name of the last descriptor state is entered. This last is followed not with
a comma but with an asterisk which indicates the end of the statement.

The Data Bank has been dofined when a Define Item staterent has been con-
structed for each item in the collection. These Define Item statements may now
Be used to describe the Data Bank to any of the medules in the TAXIR system.

4. MAPPLICATIONS OF THE MODULES OF TAXIR

There are two basic applications of the TAXIR systen (Sect. I, par. 3);
the museum application and the moncgraphic application. In the museum application,
the data bank is characterized by many items but relatively few dascriptozs. In

the monographic application the data bank is characterized by relatively few items
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but a depth of descriptors. (See figure.)

V4

itens

l Curatorial
Bank

descriptors

Monographic
\/ Bank

It is anticipated that the monographer who will need to describe his items
in depth, recognizing descriptors of morphology, cytology, ecolagy, as well as
the essential curatorial descriptors, will be able to take full advantage of the
information manipulating powers of the TAXIR accessicner.

The curator, whose concern is a larger collection, which, at least in the
short run, does not possibly admit description in such depth, will find the Bock
module a useful application of the TAXIR system.

The anticipated DATA VET module will be useful in either application.

CONCLUDING REMARKS

The TAXIR system is an automated tool which, when takenltogether with the
modern principles and practices of blolegical museum curation, can be used to
render the information storags/retrieval methods in biology more complete, more
flexible, and easier to use. It can in no way be construed to replace the
museun, the curator, or the biolegist., Rathaz, it xeéngnlzes the immense con—
tribution which museums make to the advancemesnt of biological science, and ex-
£s£s to defend and strengthen the position of the museum in the hiological,‘

comunity.

George F. Estabrook




ITEM 2

The name "Taximetrics,” firet adopted as a title for this group in
- 1963 (Rngéxs, 1963) signifies a concern for the need for applying soundly
based mathematical methods to areas of synthefic biology. The recent advances
in coméuéing machines and non-analytic mathematics, and some new thoughts
about the general usefulness of the time-honored discipline, taxonomy, stimu-
lated us.tc investigate the théught processes underlying the intuitive
methods of those who classify biological objects. We recognized the need
to bring together specialists in the areas of biology, mathematics, and
systems analysis to work on this problem.

Grants to David J. Rogers as Principal Investigator from the Office of
Naval Research (from 1961 to 1964, totaling $96,000) and from the National
Institute of General Medicine (from 1965 to 1967, totaling $65,000) provided
the nucleus of the present group. A grant from the Natiounal Science Foundation,
Office of Scientific Information Services (for $287,500) started when we
mav;d to the University of Colerado in July, 1967, allowing-the formation
of the present staff.

The team approach has been very rewarding, briﬁging to bear on problems
of synthesis of information the combined strengths of biolegists, mathema-

: ticians and systems analysts. Thegse efforts have produced wselibl reculls for
the bioscientific community. The group has dizcoverced,
for example, that the intuitive processes in the synthetic areas of biology

can be formulated into basic rules, from which a mathematical model has been
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derived, and from which operating algorithms have been developsd. These
programs have great value in biological and in the sister disciolines of
psychology, sociology, economics, geography, geology and library sciences.
We have designed procedures and operating systems for computer-aided
classification, information (data) evaluatian, evolutionary studies, and,
most recently, information retrieval, Many investigators

_ in varying disciplines have adopted our methods for their own applications.

We have app]-.ieé the ;:ea.m .app:oach in teaci'ling st;idents about the
basic underlying thought processes which allow them to approach their own
research problems in a scientific manner. Sufficient ma;hem;tical exposition,
combined with biclogical principles, and use of the computer as a tool , go
into one formal course now offered in the Biology Department, Taximetrics
(Biology 531). The course does not demand extensive prior training in these
disciplines, but combines both theoretical and practical aspects. The
practical consists of the student working on a problem which can be fra.med.
breadly as one of classification, one that is of particular significance
to him. It is not intended that the student will become a competent
biomathematician, but rather that he bocome o botter invest pgator i his
field, and able to communicate with those in related and ancillary
. disciplines. While no largs number of students has been enrolled, tha

classes have had members from biology (both botany and zoology), psychology,

matSem;tics, anthropology and geclogy.

The latest addition to the team, a systems analyst (operations research),

broadens and strengthens our efforts and confirms our bulicl in the power
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of the team approach. Thought processes undergirding many discipliﬁes are
wery similar, and a team can construct theory and build useful proceduras
addressing many areas of concern to modern society.

Thus, the Taximetrics Laboratory is a highly interdisciplinarg team
representing biology, mathematics, systems analysis, Qperations research,
and others. The team is unusual in that through its members an inter-

: discipliﬁary dialeg has been achieved which has catalyzed a synergism of

these fields, rarely realized in, but increasingly vital to, modern

-

science. '

~€. The Functioning Dynzamics of the Taximetrics Laboratory

. (Explanation of the Taximetrics Flow Diagram following page 11)

" pefinition of the Bio-Scientific Community Relating to the Taximetrics

Laboratory
The bio-scientific community addresses in part the problems of analysis
and synthesis of environmental information. These problems arise from

bioclogy and fields structurally related to biology (e.g. sociology,

anthropology, library science, economics, etc.). The bio-scientific community
_ may be dsfined as all those persons or institutions conducting, administering,

disseminating or implementing the results of this research.

Dialgg

” A dialog is begun between members (collaborators) from the above

_ community and the Taxirmetrics staff, in which the systematic, structural or
_methodological problems faced by the former are discussed. An attempt is
made to dafines these problems and place them in a meaningful structural

framework. It may be found that the collaborator can gain support in solving

these problems from the Taxzimekricn staff.
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With a clear understanding of the problems faced by the collaborating
member of the bio-scientific community, the Taximetrics staff reviews the
.current theoretical models and procedures as they may pertain to the specific
problems. If appropriate models have been dsveloped previously, continuing
dialog with the collaborator will make this apparent. Steps can now be
taken to aid the collaborator in installing the systems and programs which
embody the appropriate theory. If appropriate models do not exist, the

research and developmaent staff of Taximetrics may assist in building them.

The Taximetrics Theorstic Research Function

The Taximetrics staff attempts to construct appropriate theoretical
" models which should aid in the solution of the specific problems faced by
the collghorator.

In general,.éuch theoretical models broaden the existing theoretical
base of the bio-scientific community through various means. (See"Education
and Information Dissemination")

Specific models which ﬁay have direct application in systematic

problem-solving will be developed.

The Taximotrics Operations Research Function

The sets of problems encountered concerning 1) information flow,
2) the organization of work flows, and 3) administrative systems and
evaluation systems will be examined for cost/effectiveness. Improved
cpe;ational models will be built and their cost/effectiveness dermonstrated.
The state of the ogerations art in other and related fields will be

constantly reviewed for possible application to the problems of the hio-
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sci;ntific cormunity. Systems developsd for the bio-scientific community
which are highly effective will also be tested in other areas.

Research in personnel training for developed systems is another area
of interest in opsrations ressarch.

(For a clearer understanding of cost/effectiveness analysis, see

"Systems Analysis: Cost/Effectiveness,”" the enclosed paper.)

‘mhe Taximetrics System's Development Function

An attempt will be made to create operational systems from given
theoretical models. These systems will be constructed to assist the
collaborator with aforementioned problems. Developmental aspects include:

information systems, research systems, work flow programs, executive systems,

evaluation techntqﬁes, and ‘educational, training and dissemination techniques.

Installation

1If the needs are met, the collaborator will be aided in implementing
the systems for his use. First, a full work-program and cost analysis is
made for him, making use of £he research done in cost/effectiveness of the
system. The werk program demonstrates the priorities of the work to be done
and the cost associated with completing each priority project. If the cost
is too hiéh, this is set up so that work can go ahead, even with a limited

budget allowed.

Education and Information Dissemination

The Taximetrics Laboratory and its collaborators carry out an intensive
program in this area. The approach has two facets: 1) direct teaching, and

2) ‘indirect educational methods.
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Through direct teaching undergraduate and graduate students, post- 3
doctoral fellows and infe;e&ted scientists are invited to the Taximetrics
Laboratory for formal and informal study. Theoratical considerations are
emphasized, but work is also done in system design and research methodologv.

Through the indirect programs, seminars, demonstrations, meetings and

publications are used to communicate to the bio-scientific community the current

_state of the systems art. New methodologies will be developed to meet the

growing need for comprehensive and constant communication.

Summary

K It is expected that more members of the community will enter into
initial dialogs wiﬁh the Taximetrics staff, bringing forth their systems "~
problems for analysis and subsequent synthesis. In this way, it is possible
to attack the problem of systematics in the bio-scientific community

through individual collaboration and general education.

The "felt needs" of the members of the community A:e the stimuli to
the Taximetrics staff. Collaborators are selected on the basis of the
prabléms they present. Those of interest are studied--often resulting in
models and techniques of general interest to the bia-sciuntifié community-—
and others.

Once developed, advice may be given on installation technigues.
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CU Proposal No. 69.5.163

4/69
NATIONAL SCIENCE FOUNDATION
Budget
Institution: The Regents of the Title: The Climatic Environment of the East
University of Colorado Slope of the Colorado Front Range
Boulder, Colorado 80302
Principal Investigator: Roger G. Barry Starting Date & Duration: Sept. 1, 1969 (2 yrs.)
lst Yr. 2nd Yr.
NSF cu NSF cu
A. Salaries & Wages
Principal Investigator: R.G. Barry
10% time 9 mos. AY § 1,460(1MM)
25% time 2 mos. summer ; § 810 (1)
5% time 9 mos. AY $ 785 (1MM)
Research Aide
i 100% time 12 mos. 5,775 (12MM)
I Graduate Research Assistant 3
j 50% time 9 mos. AY 2,850 (5MM) 470%
! 50% time 3 mos. summer °* 945 (2104)
! 50% time 4 1/2 mos. AY § 1,485(2MM) 235%
. Total Salaries & Wages '$ 10,380 $ 1,930 $ 1,485 $ 1,020
I B. Fringe Benefits
TIAA - 7% of faculty salaries 55 : 100 55
PERA - 6% of staff salaries 345 =0= =0-
Total Fringe Benefits 400 100 -0- 55
C. Permanent Equipment
None == -0-
D. Expendable Supplies & Equipment
Magnetic Tapes = 125 X
Supplies 100 100
Total Expendable Supplies & Equipment $ 225 : $ 100
i :
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CU Proposal No, 69.5.163 -

4/69
1st Yr. 2nd Yr,
NSF cu NSF cu
E. Travel '
Domestic: P,I. and one member of taximetrice
laboratory to attend one selected
scientific meeting to present results § 600
F. Publication Costs
Page costs and reprints 250
Drafting (20 figures) 125
Total Publication Costs g0 375
G. Other Costs
1. Taximetrics Laboratory, U. of Colo.
(Total costs for 21 mos. for services
as described in text and appendix) $ 12,500 $ 5,000
2, **Rental of Honeywell 700 Keytape
machine 12 mos. @5150/mo. 1,500 300
3, Computer Costs (CDC 6400) ’
Conversions, TAXIR runs, and
statistical packages 900 500
Total Other Costs $ 14,900 $ 5,800
H, Total Direct Costs $ 25,905 $ 2,030 $ 8,360 $ 1,075
I, Indirect Costs
On Campus: 53.3% of salaries & wages 5,535 780 790 420
J. Total Costs § 31,440 § 2,810 $ 9,150 $ 1,495

TOTAL REQUESTED FROM NSF FOR 21 MONTHS: $40,590

+
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CU Proposal No. 69.5.163
4/69

*The University waives the difference between out-of-state and in-state tuition for research assistants.
The average cost of such walvers for all research assistant is $470 per research assistant per year
which is shown as a University contribution. This amount will be adjusted periodically to reflect
actual experience.

**The Honeywell 700 Keytape has proved to be faster than a keypunch for initial entry, and especially for
i data verification and correction.
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111. Observations of Behavior
A. The Technique
}. Development of a Behavicral Taxonomy

As outlined in the original proposzl, the granting of which
has enabled us to accomplish the work described in this Progress Report, our
first major task regarding the observations themselves was the identification of
the behavioral repertoires of the two species we had chosen to study. In Tight
of the long term and diverse goals of which this was only the first step, behav-
joral descriptions arrived at had, on the one hand to be as complete and detailed
as possible, and on the other to be capable of organizatlon into taxa of varying
degreees of complexity suitable for use for different research tasks. The
situation described above, in which the groups werc housed and observed, seemed
well suited to the facilitation of the expression of a large and diverse reper=-
toire of behaviors among the members of both species of various ages and sexes
and holding different social roles within the gro;p. Fealing strongly the basic
importance of the effort towards careful delineation of the behavioral character-
istics of each species, considerable effort in the early months of the program
and indeed, almost continuously throughout the past three years, has been
devoted towerds increasing the precision of definition, extension, reorganization,
and updating the catalog of behaviors which we have observed. The most current
and complete description of the behaviors of these two species (and to cur knowl-

edge the only extensive behavioral description of Macaca radiata), A Behavioral

Taxonomy for Macaquss: Based On Observations of Macaca nemestrina and Macaca

radiata, is included as a part of this Progress Report.
2. Observational Procedure
Maturally, the social behawior interactions of nonhuman
primates share a number of basic dimensions in common with the sacial behavior
of any saecies, Particular behaviors oczur with 2 certain frequency, last for

finite diurations, are directed at or received from particular social partners,
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and occur in certain temporal and ordinal sequences. Since the first goals of
our rescarch were to establish the normative base lines of behavior and develop-
ment In these two species, upon which a later program of experimental manipula-
tion and hypothesis testing would be based, we were faced with the question of
whi:hxof these dimensions for each behavior would be of most importance to our
later work. We felt strongly that such a question required empirical inquiry
rather than speculation. As a consequence, the observational technique which
we derived was designed to provide us with each of these dimensions for all
behaviors observed and flexibility regarding the number of items included.
UJltimate conclusions about which behaviors might be most profitably handled in
which fashion could then more validly be made in the future, These considerations,
as well as the judgment on our part that precise, quantitatively reliable
simultancous observations of the group as a whole could not be made under our
conditions, resulted in the adoption of the following technique: focusing upon
one subject in the group at a time, using shorthand codes for the behaviors
listed in our taxonomy, E dictated into a continuously running tape-dictation
machine all of the behaviors in which the focus S engaged, including those it
initiated and those of which it was the recipient, along with the partner(s)
involved. The continuously running dictation tape provided a record of the
elapsed time of each observed behavior. An accurate electric clock connected
in parallel with the playback of the recorder allowed the onset and conclusion

times of behaviors to be indicated in one second intervals, Thus, all of the

dimensions outlined above were potentially obtaineble from a typed transcript of
the observations of cvery animal. The total length of the observation period
for each S varied as a function of the type of subject involved, e.q., mother

and infant, adult male, adolescent, etc,, but was often dictated to by the
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total number of animals to be observed and the limited size of our staff. We
have, in general, attempted to follow the rule of frequent, short observations
rather than intermittent longer ones, and the length of observations ranged
from 180 seconds to 360 seconds per Indlvidual per day (720 for the mother-
!
infaﬁt dyad per day) on a 3 to 4 day-a-week basis., Special, longer and more
frequent sessions have been donc in partlcular cases, as following births, to
give added depth at crucial times. We have also in recent days switched our
long term developmental groups, in which most infants have reached slower=
paced stages of development, to once per week observations three times as
long a5 the former daily sessions, in an attempt to determine the feasibility
of making less frequent observations when longe=term longitudinal studies are
to be undertaken, These less frequent sessions are also supplemented by more
concentrated observations at critical times, as when second or third births
occur to the mothers in the group.
3. Computer analysis
a. Translation of data to computer acceptable form

In order to allow rapid and accurate camputation and tabulation.
of the various dimensions of behavior contained in the voluminous data which
our research was providing, it became apparent that the use of a high speed
computer system was necessary. To make this possible it was necessary to
translate our typed observational transeripts and all the segments of lnfaf—
mation which it contained in proper sequence onto I1BM punch cards, In order
to facilitate the translation task and ensurc its accuracy, @ special format
card was produced, (See Figure 1), These cards, prenumbered in numerical
sequence in their first five columns at the University Computing Center before
being punched, ensured that the sequence with which behaviors were obsarved

could not be lost. These cards, containing zach of the behaviors observed
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(five to 2 card), in addition to special '"header' cards containing information
on the group observed, time of observation, date, and experimenter's initials,
after being punched and verified, were transferred to magnetic tape for
permanent storage and easier handling.
b. Construction of behavior contingency tables

The first task given to the computer was the calculation of
the éurations or each of the behavioral items indicated in our observational
records. In some cases this was quite simple since 2 specific "stop" call for
a given behavior was at times inserted in the records. In most other cases,
however, the determination of a given item's duration depended upon Tnformation
regarding its termination at the onset of some subsequent behavior. Therefore,
the computer had to be supplied with information regarding the contingent
relationships between all of the behaviors in our taxonomy. Since there were
nearly 140 behavioral items in our taxonomy, any one of which might be followed
by any other, and since not avery behavior stops or even temporarily discentinues
the one preceding it, nearly 100,000 such raltionships h;d to be tabled and then
translated into computer-acceptable form for later use in the calculations.

c, Duration listings

A detailed outline of the steps involved in the current technique
used for duration calculations via random access disk packs on the IBM 1620
computer has been presented in considerable detail in the renewal application
accompanying this report, In brief, using the contingency table information
placed onto randem access disks the computer selects each behavior in turn frem
an animal's focus period and then scans each subsequent behavior to determine
the terminating item. Start=time is then subtracted from termination-time,
together with any intervening pauses in the beshavior in question and the

resulting duration is placed alongside. The results of this stage of the
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calculations are then printed out for cvery focus period for every animal in
(‘- the form presented in Figure 2.
d. Behavior calendars
In order to facilitate handling and initial analysis of the data!'
acquired through our observations, it is necessary to carry the computer analysis
one step further. The first question to be asked of the data is simply how long

did each animal spend engaged in each behavior across time and how frequently

did each of the behaviors occur. To enable us easily to make comparisons
across animals at the szme point in time and make determinations of develop-
mental trends in both mother and infant as a function of age of the infant,
it was decided to tsbulate these data for all animals in each group in a standard
format. As seen in Figure 3, this format included weck by week summaries of the
frequency and duration of each behavior in each animal together with four-
~week (Lunar month) summaries of each. In addition, the date of the first day
of the First week of each lunar month is indicated to facilitate rapid
location of specific points in the data. Since the total period of observation
within any given week varied somewhat from time to time, in order to make
relative judgments of frequency and duration possible, the computer further
processed each week's data te prasent total frequency and duration as a
function of the time observed. In succeeding columns then these licalendars'
contain the following information:

(1) Total duration (in seconds) in which this behavior wes
engajeéd by this animal during this particular calendar week.

(2) The number of times this behavior occurred during that week.

(3) The average duration of each occurrence of the behavior.

() The total number of days in that week on which observations

were made.
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(5) The total length of time the S in question was observed that
S (_ week,

(6) The total duration expressed 2s a percentage of the total
observation time, and

(7) Frequency with which the behavior appeared per 100 seconds of
observation.

Since our transcription records easily provided the appropriate
information wherever required, separate calendars for the initiation and
receipt of social behaviors have been created, Up to this time we have
received such calendars covering the period of December 1961 through October
of 1963 in one pigtail (#1) and one bonnet group (#4) .

L4, Reliability of observation system
Reliability estimates of the technique were determined by having

two trained observers carry out simultaneous observational sessjons. This
was done for eight days in one bonnet group and eight days in a pigtail group,
each of which contained several mothers with infants of various ages. Some
inherent difficulty arose in making reliability determinations in cur situation
since each observer had to make his observations through separate one=way vision
screens set at opposite extremes of the front wall of the pen. This meant that
with the large number of animals in the pens at the time of observation, as well
as the structural features of the pens themselves, including the shelves,
ladders, and bars, one observer was at times physically unable to see all that
the other could because of the difference in their vantage points. In order
that the reliability estimates be made of the technique as a whole, the
observation tapes were transcribed in the usual manner, transferred to IBM
punch card, and the durations or each behavior calculated in the usual fashion

by the computer. A print-out of the type sesn in Figure 2 above was provided
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for the observations of both observers and compared. An overall estimate of

the reliability of the two observers, considering all behaviors together on

a moment to moment basis, was calculated, using the data from the pigtail

group. Reliability was determined by calculating the total number of seconds

of aifference in duration of all items expressed as a percentage of the total
dur;tion of items observed by the two experimenters and subtracting this per=
canéage fram one (1). The records of observer A indicated 1268 items cbserved,
that of observer B, 1226 items observed. The total duration of items for the
two observers together was 20,975 seconds. The total number of seconds of
duration for various jtems taken separately in disagreement between the two
observers was 3292. Thus, an overall reliability index of .843 was derived

for the duratlcns.uf all items of varying length and complexity. ©f the more
than 1200 items called by each observer, 7 disagreements occurred regarding

the identification of one of the two animals involved in the social interaction,
In 7 other cases, there was inter-observer disagreement regarding who was the
initiator and who the recipignt of a given social behavior. Using the same
technique of analysis,.calculations were made of the inter-observer agreement
on Indiviaual behaviors covering the entire span of the reliability sessions.
Table 5 includes the total observed durations for the two observers, the
differences in their scores, and the percent reliability for all those behaviors

observed with sufficient frequency to 2llow adequate analysis.
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(Includes: Time; start time of behavior
I; initiating animal
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TABLE 5

Inter-observer reliability for durations
of specific behaviors occurring in
pigtail and bonnet macaques

Total observed .
Duration for Total Difference

Behaviors Both Observers in Durations
Anogenital exploration 117 13
At other levels T 987 206
Attack 83 : 13
Autogrooming 856 50
Chasing play 167 1
Clasp 596 7
Climb on mother 307 65
Contact 5552 9%
Cradle carriage 167 17
Cradle stand 135 17
Departure 1553 .1
Digit suck 486 150
Enclose 5574 110
Exercise play 2Lg 3
Facing away 1159 7
Inanimate object

exploration 756 48
Inanimate object

exploration (sawdust) 2371 101
Nipple hold 6068 252
Nonsocial locomotion 2414 822
Proper present s 88 60

% Reliability
.889

.963

.937

.958
-959
.966
.318
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Behaviors

Proximity

Punitive deterrence
Rest

Return to same level
Rough & tumble play
Scratch

Separated

Sleep

Social grooming
Sportive contact
Subordinance

Tail clasp

Tail climb
Ventral=ventral cling
Ventral-ventral hold

Vertical departure

Total observed
Duration for
Both Observers

Total Difference
in Durations

29280
70
3621
2314
676
294
502
2632
3153
183
307

249
6790
55
3168

Page 2

1100
12
255
418
70
28
194
108
1s
27
77

27
170
10

360

% Reliability
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NOTES OF THE COMPUTER ANALYSIS
OF BEHAVIORAL DATA
1. Error producing factors:
A. Observer tape (e.g.) E does not call initisting behavior but
does call terminating behavior.
B. Typed transcript (e.g.) leaving out item or misplacing item.
C. Key-punch card (e.g.) same as (B) above.

The IBM cards went to a raw-data tape; this tape was screened for the
following type errors: Subject errors, i.e., if animal #4 was the focus
animal then he must be one of the two animals in all interactions and the
only animal in an suto-behavior, e.g. [U-b REST], [k-1 PROX], [1-h GROOM],
[3-1 APP]* (®error), etc.; Item (behavior) errors, i.e. merely that the item
exists and is spelled correctly.

What was not screened was the logical sequence of items which could be
out of phase due to any of the error producing factors listed above. An

example: #0 is the focus animel in the following sequence -

TIME SUBJECT I &R BEHAVIOR
000 0-1 PROX IMITY
06k 0-1 DISMOUNT
065 0-1 PROXIMITY

Obviously an item between 000 time and 064 time is missing namely O - 1 MOUNT -

as & result we've lost an item and received an inflated duration score for

000 O - 1 PROXIMITY, if indeed the call O - 1 DISMOUNT stops 0 - 1 FPROXIMITY.

This example can have a multitude of variations.

2. Calendars: Give total duration of a behavior for a focus animal during a

calendar week, i.e. totaled over all the other animals in the group regardless
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of relationship to the focus animal. As a result we lose information about
specific interacting pairs, e.g. mother-infant, female-female, female-male,

ete.

3. Desirable future output:

A. Weekly summation of behaviors Just as is given by the calendars
with the additional capacity of breaking down these totals for the focus
animal in terms of his specific interactions with every other individual
animal in the group, i.e. all possible pairs.

B. Patterns of behavior should be available in the following ways:
1) the frequency of an item X as it occurs vhen preceded by item Y and is
followed by item Z, either with or without additional items preceding or
following item X; with or without a time limit, e.g. 10 sec. before and after
the occurrence of item X; with or without the same interacting pair involved
if it is an interaction item.

C. A group, sub-group, pair and individusl profile of the frequency
and/or duration (based on the % of observed time) of all items of behavior
oceurring each calendar week would be of great interest. The profile would
give us information on the stability of occurrence of behavior over time and

over changing events such as the birth and development of group offspring.
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