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I. Introduction

The “Analysis of Relationships Among
Technology Elements” (ARATE) is a method
of analysing research and development effec-
tively. The purpose of ARATE is to clarify
the relationship among technology elements
and the structure of technology complexes, all
of which consist of plural technology elements.

The author once reported that ARATE ap-
plied to all fields of science and technology
and he pointed out that applications of ARATE
to certain limited fields would be useful for
studies and further developments of ARATE.

In the present paper the author describes
the fundamental concept of ARATE, experi-
mental results of its applications to agricultural
fields (including animal industry and forestry),
and discusses the usefulness of ARATE based

on the experimental results, the problems
needing re-examination, and its further uses.

II. Technology Complexes and Technology
Elements

A. System and Subsystems

Technologies solving actural problems in our
society are technology complexes consisting of
plural technology elements, and the relation-
ship between a technology complex and tech-
nology elements is that of a system and sub-
systems. Each subsystem has its specific
functions, and a system which accomplishes a
certain purpose is composed of plural sub-
systems. A subsystem may function not only
as an element of a specific system, but also as
a constituent of many other systems.

The relationship between the system and
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the subsystem is similar to that between the
molecule and its functional radicals in organic

chemistry.  For example, the structure of
glutamic acid (C;H;O,N) has a structure of
?OOH
(CH,),

NHz—Cl:H—COOH

This is a structural formula which belongs
to the organic chain compound. Two radicals
of amino (—NH,) and carboxyl (—COOH) are
connected to one of an organic chain compound
instead of two hydrogen atoms and a radical
of carboxyl is connected to the other end
instead of one hydrogen atom.

Glutamic acid has the construction specified
in the above statement and also the charac-
teristic biological functions of amino acid. In
addition, each radical has its own characteristic
function; for instance, the amino radical has
the function of a base, the carboxyl radical
has the function of an acid, and glutamic acid
also has the functions characterized by both
of these radicals. On the other hand, it is
possible for each radical to be a component of
various substances having another function.

In synthetic organic chemistry, it is very
useful to know the function of the radical
itself and the relationship between radicals in
order to design compounds having preferable
functions or to anticipate a method for synthesis
and the function of synthesized compounds.

B. Technology Complexes in Agricultural
Fields

The technology of rice production may be
considered as an example of technology com-
plexes in the argicultural fields. To produce rice,
it is necessary to acquire seeds of rice plants
of desirable genetic characteristics. To obtain
such desirable genetic characteristics, it is
essential to use breeding technology, which is
based on genetic science and technology. For
the satisfactory growth of rice plants, good
circumstances or natural soil conditions, weather
and climate are needed as well as good farm
methods of irrigation, drainage, fertilization
and temperature control. Here we need to

utilize the wvarious sciences and technologies
of the environment, soil, climate, weather, of
plant physiology, biochemistry, of fertilizers
and of agricultural engineering. As rice plants
grow, it is necessary to protect them from
injurious pests and diseases, so we need the
help of plant pathology, entomology, weed
science, pesticide science, ete. For efficient
harvesting and threshing, we may use agricul-
tural machines which are developments of
mechanical technology. Storage technology is
indispensable. Through all the processes
mentioned above, production control is neces-
sary to minimize the input of time, manpower,
and expediture for facilities, equipment, and
machinery and to maximize the effective out-
put. The scince of management and economics
are needed if we wish to see rice production
as an industry. Technologies of dietetics, food
and cooking are essential to produce rice of
high value as a raw material for food.

As explained above, the technology of rice
production uses various materials and is a
purposeful compound of various fields of science
and technology. In other words, the technology
of rice production is a technology complex
consisting of various scientific and technology
elements. It is very important to clarify what
technology elements are included in the tech-
nology complex of rice production, how much
weight each element occupies in the complex,
and how each one is related to the other ele-
ments.

To clarify a technology complex, its tech-
nology elements and the relationship between
them in a specific subject field will greatly
contribute to applications of the technology, to
developments of new technology, and to the
training of pure and applied scientists.

III. Method of the Analysis of
Relationships Among Technology
Elements (ARATE)

A. Sources of Information

To apply ARATE to a specific subject field,
technological information covering almost the
entire field must be collected in as great a

—218—



Analysis of Relationships Among Technology Elements (ARATE)

quantity as possible. Such technological infor-
mation should first include technological re-
search reports published in scientific and/or
technological journals. The research reports,
however, have some deficiencies as sources of
technonological information.

Generally speaking, technological research is
carried out for the solution of specific techno-
logical problems. But the final research report
is not necessarily published, even though the
research has been done. Moreover, the re-
search report does not necessarily cover the
whole research; the researcher may report
only a part of the research which is of acade-
mically high value, just to acquire the distinc-
tion of priority in reporting it. Moreover, the
time lag between the begining of research and
publication of the results is usually great.
Therefore, the research report published in a
scientific or technological journal may not ac-
curately represent the situation at the time of
publication.

Some technological information is presented
in the name of the researcher, the title and
the plan of research. A typical example of
such information is available from the Science
Information Exchange Service of the Smithso-
nian Institution. In agricultural fields, similar
examples are: the Current Agricultural Rese-
arch Information System (CARIS) of the FAO,
the Permanent Inventory of AGricultural RE-
search Projects in the European Communities
(AGREP) by the Commission of European Com-
munity, the Current Research Information
System (CRIS) of the USDA, and the RE-
trieval System of Current Research Information
in the Agricultural Sciences (RECRAS) of the
Ministry of Agriculture, Forestry and Fisheries,
Japan. All of the above databases handle
ongoing research data, including names of
researchers, titles, plans and methods of re-
search. The data included in such databases
are considered to be most suitable for the ap-
plication of ARATE.

By applying ARATE, it may be possible to
carry out international comparative studies in
cases where international data are available
and to clarify the trends of research which

have prevailed in areas where data covering
a long period are available.

B. Comprehension and Arrangement of
Technology Elements

To apply ARATE to a certain subject field
it is necessary to comprehend technology ele-
ments of each technology complex in the field.
The level of the elements to be analyzed is
decided in view of the purpose of the analysis.
The technology elements of a certain subject
field are generally not completely equivalent
to the lower classification scheme of the sub-
ject field. For instance, agricultural chemistry
is one of the scientific and technological fields,
not a technology element but a technology
complex, because it is chemistry connected
with agriculture.

An example of the classification scheme for
the comprehension of technological elements
and a systematic arrangement of all the in-
dustrial fields is the Classification of Technol-
ogy (CT)? prepared by the Japan Science
Foundation. Another classification scheme
developed by the same foundation is called
Classification of Science and Technology (CST)?,
which covers all fields in science and techno-
logy. The Classification of Agricultural Science
and Technology (CAST)®» has been developed
from CST and used as an indexer’s aid for
RECRAS.

In CT, technology is classified into the fol-
lowing four categories: technology concerning
materials; technology of energy; technology
of information; and technology concerning
processing, transportation and storage. Tech-
nology elements in each category are developed.

CST has, in addition to the four categories
of CT, the following categories: place/time/
quantity/etc.; physical sciences; bio-agricultural
sciences; medicine/pharmacy/etc.; and other
related fields. This classification scheme con-
sists of four-digit decimal classes and is
adaptable to a multi-aspect and post-coordinated
information retrieval system in the fields of
science and technology.

CAST has been designed to meet the needs
of RECRAS, laying stress on the bio-agricul-
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tural sciences. The concept of CAST is based
on CST.

In CST and CAST, technologies, materials,
conditions and places are not clearly distin-
guished. Therefore, they are not perfectly
suitable for adoption to ARATE, although they
have convenient features for analysis because
of their multi-aspect and post-coordinated
nature.

It is, therefore, necessary to develop for
ARATE a new hierarchical classification scheme
which has a multi-aspect and post-coordinated
system such as CST and CAST have, covering
technology elements of the fields to be analyzed,
and distinguisheing objects, materials, condi-
tions, places, etc.

C. Indexing and the File

When sources of information for ARATE
are aquired, the technology elements are to be
grasped and systematically processed; the
contents of the technology complex shown by
the sources of information are to be analyzed
and indexing terms for the complex are to be
decided. The indexing terms should include
objects, materials, places and other conditions
in addition to all technology elements which
belong to the technology complex. Multiple
indexing terms are to be given to one tech-
nology complex.

The logical relationship among and the
weighting of technology elements express the
precise contents of the technology concerned.
When necessary, the name of the researchers,
the research institute, the research period,
research cost, etc. can be given as analytical
elements.

Indexes given to each technology element
are recorded in a file which should ideally be
an EDP file to be processed later.

D. Processing of the File

By processing the file, it is possible to carry
out various analyses of the elements of technol-
ogy complexes.

1. A simple example of weighting a
technology element is as follows: It is pos-
sible to know the weight of a specific technol-

ogy element in a technology complex by
counting the frequency of use of the element.
As the indexing system has a hierarchical
structure, the weight of a category in broader
terms can be decided.

2. The combination of a certain technology
element with others in the same record on the
file will show us whether, in a broad or nar-
row scope, the technology element relates with
other elements, with what other elements and
how closely it relates.

The analyses mentioned in the above are
possible when they are carried out on the
whole file of technology complexes of a specific
subject field.

IV. Characteristics of Agricultural
Technologies

A. Agricultural Technologies as Technology
Complexes

Agricultural technologies (including technol-
ogies of forestry, animal industry and fisheries)
are typical technology complexes. The central
concerns of agricultural technologies are those
concerning cultivation, horticulture, plant cul-
ture, animal husbandry, etc., each of which is
considered a complex of many technology
elements.

The objects of agricultural technologies are
mainly living things and the products of living
things. DBiology is, therefore, an important
fundamental technology element within agricul-
tural technologies.

Agricultural technologies are closely related
to society and the economy. Therefore, cul-
ture, economics, management science and
other social sciences are elements belonging to
agricultural technologies.

Also very important is the health of livestock
and human beings. Therefore, medicine,
veterinary medicine, and pharmacology enter
into agricultural technologies.

Facilities, machines and equipment which
are needed for agriculture have a close relation
with agricultural technologies. Therefore, the
technologies of machines, architecture, and
civil engineering are elements of agricultural
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technologies.

The technology of the uses of agricultural
products belongs to agricultural technologies
in broader terms. In this sense, the technol-
ogy of processing and storing agricultural
products, food technology, lumbering, filature,
paper-making, etc. are considered as elements
of agricultural technologies. In addition, physics,
chemistry, chemical engineering, pure and ap-
plied geology, energy technology, information
technology and many other sciences and
technologies are elements of agricultural
technologies.

If the above concept of agricultural techno-
logies is accepted, almost all of the sciences
and technologies are technology elements con-
tributing to agricultural technology complexes.

B. Factors Other Than Regular Technology
Elements

In agricultural technology complexes, the
technology elements needed differ depending
upon the living objects, e.g. cattle or swine, in
livestock breeding. In the case of rice plant
cultivation, the technology elements to be
applied depend on whether the cultivation is to
be carried out in a warm or cold climate, and
on upland or in paddy fields.

Therefore, the objects and purposes of re-
search, physical and chemical conditions such
as temperature, humidity, and geographic con-
ditions are to be considered as factors of
technology in agricultural technology complexes.

C. Special Features of Agricultural Research
Technological research on practical problems

in agriculture is primarily research on techno-
logical complexes composed of many technol-
ogy elements as explained in the foregoing.

Agricultural research has some features
distinct from those in other technologies.
First, the period of agricultural research is
usually long. The resons for this are that the
growth periods of lives are long and their
growth in a year is limited. Secondly, there
are many research projects adopting the same
technology elements because, when living ob-
jects or places are different, the results of
research become different. Thirdly, research
on agricultural technologies are mostly carried
out by national and prefectural / municipal
research institutes in Japan. Research in uni-
versities occupies only about one-third of the
total, and those by private institutes very
little (Table 1).

National agricultural research institutes in
Japan have very close relations with prefec-
tural/municipal agricultural research institutes.
The national institutes carry out research on
basic, general and non-regional topics, or regional
problems common to prefectural/municipal
institutes.

The projects and outlines of research which
are carried out by national and prefectural/
municipal agricultural research institutes are
reported annually to the Ministry of Agricul-
ture, Forestry and Fisheries and are published
by the Ministry.

V. Experiment

A. Materials Used for the Experiment

Table 1. Researcher and Budget of Agricultural Research Organizations in Japan (April 1980)

Research
Organizations

Number of
Researchers

Budget
(¥1,000,000)

Universities
National institutes
Municipal institutes
Public corporations
Private institutes

7,491(40.2%)
3,201 (17.2%)
7,529(40.8%)
60( 0.3%)
268( 1.4%)

69,459 (32.8%)
42,504 (20.1%)
95,746 (45.2%)

550 ( 0.3%)
3,423( 1.6%)

Total

18,569 (100%)

211,682( 100%)

Source: Bureau of Statistics, Prime Minister’s Office
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A total of 1,532 research projects newly
begun by national agricultural research insti-
tutes in the 1979-80 fiscal year were used for
the present experiment. The names of the
research institutes and the numbers of research
projects of each institute are shown in Table 2.

Table 2. Institutes and Number of Research
Projects Analyzed in the Experiment

Number
of
Institutes projects
started
in 1979
National Institute of Agricultural
Sciences 89
Central Agricultural Experiment
Station 50
National Institute of Animal Industry 43
Fruit Tree Research Station 106
Vegetable and Ornamental Crops
Research Station 112
National Institute of Tea 35
National Research Institute of
Agricultural Engineering 33
Hokkaido National Agricultural
Experiment Station 160
Tohoku National Agricultural
Experiment Station 80
Hokuriku National Agricultural
Experiment Station 33
Chugoku National Agricultural
Experiment Station 181
Shikoku National Agricultural
Experiment Station 32
Kushu National Agricultural
Experiment Station 93
National Research Institute of
Agricultural Economics 37
Sericultural Experiment Station 24
National Institute of Animal Health 57
National Food Research Institute 75
Institute for Plant Virus Research 31
Tropical Agriculture Research Center 34
Institute of Agricultural Machinery 49
Forestry and Forest Products
Research Institute 106
Total 1.532

B. Tools for Analysis
The Agricultural Subject Indexing Code

(ASIC)» has been developed by the author to
be used as a tool for ARATE in agricultural
fields. The policies of developing ASIC were
as follows:

1. The structure of ASIC must have a
decimal classification scheme consisting of four
digits with a multi-aspect, post-coordinated and
hierarchial function.

2. It must cover all the sciences and
technologies of the technology elements of agri-
cultural technologies.

3. It should have a category for factors
such as place, time, physical conditions, etc.,
in addition to other technology elements.

4. Tt should provide a category for factors
such as objects and/or results of the agricul-
tural technologies.

5. Other categories for the technology ele-
ments must be provided on the basis of the
concept of CAST and must be revised when
needed.

6. The technology of energy and the
technology of information shall be unified into
one category.

It is necessary for ARATE to provide the
categories mentioned in 3. and 4. separately
from the technology element categories. The
category mentioned in 3. is generally speaking,
almost the same as Class 0 of CAST. In CAST,
the categories of techlology elements and ob-
jects are mixed in the classification, and form
a separate category.

The outline of ASIC, the divitions and details
of its classes 0 and 1, and sample sections of
classes corresponding to technology elements
are shown in Tables 3, 4, and 5, respectively.

C. Indexing and the File

Using ASIC, the subject analysis of each
research project was made and indexing codes
were given to the project. The subsections of
Classes 0 and 1 and the sections of Classes
2-8 were used as indexing codes. The number
of indexing codes which may be given to a
research project is unlimited. Some examples
of the results in indexing are shown in Table 6.
An example of the description of a project
and the indexing codes given to the project
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Table 3. Outline of Agricultural Subject Indexing Codes (ASIC)

Class Number of Divisions | Number of Sections | Number of Subsections
0 Place, Time, Condition 10 59 291(291)
1 Substances and Living Things 9 56 389 (389)
2 Biological sciences 3 21(10) 153
3 Biological technology 7 39 (26) 217
5 Social sciences 8 28(18) 107
6 Physical sciences 8 47(16) 131
7 Physical technology 7 39(21) 118
8 Energy and information
technology 8 48(17) 109
Total 60 337(108)) 1,515(680)

( ) : Number of sections or subsections used in the experiment.

Table 4. Classes 0 and 1 of ASIC

Divisions

Details (examples)

01 Land, Climate

02 Water areas

03 Space

04 Marine areas

05 Farm

06 Political geography (excluding Jjapan)
07 Political geography (Japan)

08 Time, Quantity, Quality

09 Phase, Physical condition

11 Substances

12 Natural resources

13 Microbes, Plants (taxonomical)
14 Animals (taxonomical)

15 Organisms (habitat, use, harm)
16 Substances (for use)

17 Food

18 Parts, Machinery, Plants

082  Seasons

0820 Seasons (general)
0821 Spring

0822 Summer

0823 Autumn

0824 Winter

0825 Rainy season
0826 Dry season

0829 Seasons (others)

161  Fertilizer, Pesticide, Feed

1610 Fertilizer, Pesticide, Feed (general)
1611 Fertilizer, Growth regulator

1612 Soil condition

1613 Pesticide

1614 Feed

1619 Fertilizer, Pesticide, Feed (others)

Table 5. Technology Elements in ASIC (Sections)

2010 Biology, Palaeontology

2110 Cytology

2120 Embryology

2140 Genetics

2150 Physiology, Biochemistry, Biophysics
2160 Organ physiology

2170 Ecololy

2181 Cell and tissue culture

2184 Biometrics, Biostatistics

2186 Electron microscopy

3110 Soil

3120 Plant culture

3123 Plant breeding

3140 Agricultural engineering
3150 Fertilization, Watering
3160 Plant pathology

3170 Plant protection

3180 Silviculture

3190 Microbe culture

3240 Sericulture, Apiculture
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3250 Insect diseases and protection 6730 Radiation, Temperature

3260 Poikilothermic animal keeping 6770 Climate

3410 Animal husbandry 7010 Material processing (general)

3420 Capture, protection of natural animals 7050 Information technology (general)

3500 Animal diseases (general) 7100 Probes and gathering of natural resources
3510 Animal diseases (symptoms) 7200 Chemical processing (general)

3530 Tumor, Cyst, Polyp 7221 Chemical processing (use of catalyzer)
3540 Nutrition disorders, Metabolic diseases 7222 Chemical processing (use of organisms)
3550 Wounds, Poisoning, Immunological diseases 7310 Physical effects of products (for use)
3590 Diseases (others) 7320 Chemical effects of products (for use)
3610 Diagnosis 7330 Physico-chemical effects of products (for
3620 Preventive, Treatment use)

3710 Hygiene 7340 Biological effects of products (for human
3720 Public health, Disasters use)

3730 Pharmacies 7350 Biological effects of products (for animal
5110 Rural development use)

5120 Rural sociology 7360 Biological effects of products (for plant
5210 Food habitats use)

5230 Living 7370 Biological effects of products (for microbe
5240 Leisure use)

5310 Public nuisance and prevention 7400 Waste processing

5320 Natural disasters, Prevention 7610 Effects of mechanical processing

5420 Fire service 7630 Mechanical formation

5440 Safety 7640 Mechanical combination

5510 Economics 7670 Mechanical unit processing (others)

5520 Management 7680 Construction

5530 Production control 7701 Transportation

5540 Quality of production control 7705 Storage

5550 Standards 8010 Energy technology (general)

5560 Inspection, Calibration 8110 Mechanical energy (natural)

5610 Law, Regulation 8120 Heat energy (natural)

5620 Administration 8130 Waste energy

5630 Sociology and welfare 8200 Energy processing (general)

6130 Statistics, Probability 8201 Energy conversion

6300 Physics 8290 Waste energy processing

6400 Chemistry (general) 8301 Energy transmission

6410 Physical chemistry 8350 Energy storage

6416 Photochemistry 8410 Heat (final form for use)

6417 Radiochemistry 8440 Light energy (final form for use)

6420 Analytical chemistry 8450 Atomic energy (final form for use)

6430 Inorganic chemistry 8700 Information processing

6440 Organic chemistry 8750 Control

6450 Polymer chemistry 8760 Measurement

6460 Natural organic chemistry 8770 Electronic data processing, System

6610 Geoscience engineering

6700 Meteorology, Climatology (general) 8800 Documentation, Communication

6710 Weather

are presented in Figure 1.» D. Processing of the File and Its Results
After indexing, a set of the code numbers 1. Frequencies of technology elements ap-

and all indexes given to the project are stored pearing in each class of ASIC

in the EDP file. The percentages of frequencies of indexes

—219—



Analysis of Relationships Among Technology Elements (ARATE)

Table 6. Examples of the Results of Indexing ments) in the subfile were computed. The
relationship between the frequencies of all
Average Number
Number | BUmMber of technology elements and the numbers of t}}e
of o of varieties related technology elements are presented in
project m(;l)e;);es indoefxes Figure 2.
project \ used
All projects | 1,532 3.9 ‘ 92 Title of Project: Development of sclerotium of
Ricie plant ‘ 151 33 ? 59 Rhizoctonia Solani on the
Wheat and } | . rice plant. .
barley 7 3.0 : 35 Ol;tll.mlft: Thihsour_ces olf 1;1ffect101; oft.sheetl;.
, _ i on the rice plant is sclerotium o
Cat.tle 103 3.0 4 Rh%zoctonia Solani. The amount of winter-
Swine 23 3.6 25 ing sclerotium infleuences the percentage of
Virus 69 3.5 28 contraction and damage to the plant. There-
Eumycetes 52 4.0 36 fore, if we can control the development of
Upland fields; 79 | 2.8 30 sclerotium, we must have a strong protec-
Paddy fields - 102 | 3,1 31 tive device against the desease. The present

research intends to clarify major substantial
factors to begin the development of sclero-
tium and to examin developmental differences
among the varieties of the rice plant.

used for all the projects or for specific living
things or places were computed and are shown

in Table 7.
. Indexes:
2. Frequencies of technology elements . 1341: Rice plant
The frequencies of technology elements in 2010: Biology, Palaeontology
cluding indexes of all the projects and some 2120: Embryology
specific living things or places were computed, 2140: Genetics
and the upper ten technology elements, their 2150: Physiology, Biochemistry, Biophysics
frequencies (%) and the totals of the upper 3106: Plant pathology
ten frequencies (%) are shown in Table 8. 3170: Plant protection
3. Numbers of the related technology ele- Figure 1. Example of the description of a project
ments and indexes taken from it.
The projects which include certain specific
technology elements were selected from the 4. Relativity of technology elements
file of all the projects and a subfile of them The numbers of the projects which include
was made. Then the number of the “ related any pair of technology elements were computed
technology elements” (or the technology ele- on all technology elements. The relativity
ments other than the specific technology ele- (R) of two technology elements is presented
Table 7. Frequency of Indexes in Each Class. (%)
T Object . Wheat i
oot | s, | and | Catle | Swine | GBI B0 | vires | Bumy
Biological sciences 27.5 24.6 14.8 43.5 47.5 18.0 17.9 55.5 42.8
Biological technology 36.6 49.8 55.3 32.9 30.5 55.3 56.2 38.2 43.3
Social sciences 15.9 11.8 16.1 12.3 3.7 15.8 16.3 1.7 2.4
Physical sciences 7.7 5.1 1.3 2.6 1.2 4.5 4.5 2.1 3.8
Physical technology 10.2 6.7 12.1 8.1 15.9 5.0 3.2 2.5 7.2
Energy and information
technology 2.2 2.0 0.4 0.6 1.2 1.4 1.9 0 0.5
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Regression formula: y=15.5859+0.1576x
Figure 2. Relationship between frequencies of technology elements and the kinds

of related technology elements

by the following formula,
R=Fap/(Fa+Fp—Fa.5),

provided that

F4 : Frequency of technology element A,
F3 : Frequency of technology element B, and
F4.5: Frequency of co-occurrence of A and B.

The value of R is in the range of OSR<1.

The upper 20 frequencies of co-ocurrences
of a pair of technology elements and the value
of relativities are given in Table 9. The upper
22 major technology elements of all the pro-
jects are listed by rank, and the other related
technology elements co-occurring with them
and the values of the relativities (which are
larger than 0.1) are shown in Table 10.

V1. Discussion

A. Present Experimental Results

Some remarkable points of the present ex-
perimental results are discussed in the follow-
ing:

1. Scope of technology elements

The numbers of varieties of indexes used
for all projects, or some specific projects con-
cerning living things and places are shown in
Table 6. The number of technology elements
used for indexing all the agricultural technol-
ogies was 92, covering 85% of all technology
elements. The numbers of varieties of indexes
used for the rice plant and cattle were 52 and
45, respectively, indicating that they require
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Table 9. Frequencies of Co-occurrence and Relativeties of Pairs of Main Technology Elements

Pair of Technology Elements ég_i%gﬁ?ggngé Relativity
Plant pathology Plant protection 194 0.5025
Ecology Plant pathology 159 0.2834
Plant culture Production control 119 0.2418
Ecology Plant protection 96 0.1875
Embryology Ecology 95 0.1970
Physiology, Biochemistry, Ecology 93 0.1365
Biophysics
Genetics Plant breeding 68 0.2593
Plant breeding Plant pathology 68 0.1433
Soil Fertilization, Watering 67 0.2514
Plant breeding Plant protection 67 0.1860
Embryology Silviculture 65 0.0253
Rural sociology Management 65 0.4515
Ecology Soil 57 0.1042
Embryology Physiology, Biochemistry, 52 0.1110
Biophysics
Physiology, Biochemistry, Organ physiology 51 0.1338
Biophysics
Plant breeding Production control 51 0.1338
Plant culture Plant pathology 46 0.0806
Physiology, Biochemistry, Production control 45 0.0733
Biophysics
Physiology, Biochemistry, Plant pathology 43 0.0693
Biophysics
Physiology, Biochemistry, Animal husbandry 42 0.1052
Biophysics
Ecology Production control 42 0.0623

comparatively wide varieties of technology
elements. On the contrary, projects concerning
swine and the virus did not require many
varieties of technology elements.

2. Weights of technology elements

a. Class level

The weights of technology elements included
in all projects are presented by the percentages
of the frequency of the technology elements.
On the class level they are shown in Table 7.
The highest weight of technology elements
included in all projects was observed in the
class of Biological Technology (36.5%), followed
by the class of Biological Sciences (27.5%).
The class of Social Sciences (including Eco-
nomics, Management Science, Sociology, etc.)
(15.9%), and. Physical Technology (10.2%),

followed in succession. The present status
of agricultural research is well presented by
these data.

Concerning some specific living things and
places, the distribution of weights of technology
elements differs considerably.

First, in cases of cattle, swine, virus, and
eumycetes, weights in Biological Sciences were
very high. It is assumed that Biological
Sciences, such as the physiology of livestock,
taxonomy, identification, genetics, etc. of micro-
organisms, are important in these research
projects.

In the cases of virus and eumycetes, the
weight of Biological Technology is high, pre-
sumably because these microbes are closely
related to diseases in useful plants and animals.
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Table 10. Main Technology Elements and Their Related Technology Elements (R>0.1)

Ranking Technology Element Related Technology Elements
Ecology Plant pathology (0.2834), Embriology (0.1970), Plant protec-
1 tion (0.1875), Physiology, Biochemistry, Biophysics (0.1365),
Soil (0.1042), Radiation, Temperature (0.1040)
9 Plant pathology Plant protection (0.5025), Ecology (0.2834), Plant breeding
(0.1433), Embryology (0.1342)
3 Production control Plant culture (0.2418), Plant breeding (0.1055)
4 Physiology, Biochemistry, Ecology (0.1365), Organ physiology (0.1338), Embryology
Biophysics (0.1110), Animal husbandry (0.1052)
5 Plant culture Production control (0.2418), Effects of mechanical processing
(0.1157), Fertilization, Watering (0.1058)
6 Plant protection Plant pathology (0.5025), Ecology (0.1875), Plant breeding
(0.1860), Genetics (0.1008)
7 Soil Fertilization, Watering (0.2514), Econogy (0.1042)
Embryology Ecology (0.1970), Plant pathology (0.1342), Physiology,
8 Biochemistry, Biophysics (0.1110), Radiation, Temperature
(0.1045), Genetics (0.1003)
9 Plant breeding Genetics (0.2595), Plant protection (0.1860), Plant pathology
(0.1443), Production control (0.1055)
10 Fertilization, Watering Soil (0.2154), Plant culture (0.1058)
1 Genetics Plant breeding (0.2529), Plant protection (0.1008), Embryology
(0.1003)
12 Animal husbandry Management (0.1079), Physiology, Biochemistry, Biophysics
(0.1052)
Organ physiology Infectious diseases (0.1879), Biological effects of products
13 (for animal use) (0.1377), Physiology, Biochemistry, Biophysics
(0.1338)
14 Management Rural sociology (0.4545), Economics (0.1971), Sociology and
welfare (0.1475), Animal husbandry (0.1079)
15 Rural sociology Management (0.4545), Sociology and welfare (0.4545),
Economics (0.1846)
16 Effects of mechanical Plant culture (0.1157)
processing
17 Biological effects of pro- Infectious diseases (0.1714), Organ physiology (0.1377)
ducts (for animal use)
18 Chemical processing (general)] Storage (0.1057), Waste processing (0.1022)
19 Agricultural engineering Geoscience (0.1855)
20 Analytical cherﬁistry Polymer chemistry (0.1686)
21 Radiation, Temperature Heat energy (natural) (0.1212), Embryology (0.1045), Ecology
(0.1040)
22 Cytology Electron microscopy (0.1408), Cell and tissue culture (0.1126)

( ): Relativity
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In the cases of rice plant, wheat and barley,
upland and paddy fields, Biological Technology
shows a heavy weight because plant culture is
of primary importance.

A high value of the weight of the class of
Physical Technology in the case of swine may
be explained by the fact that Waste Processing
in swine breeding and Processing of pork are
of importance at the present time in Japan.

b. Level of sections

The weights of technology elements on the
level of Sections of ASIC have been computed
(see Table 8).

In the case of all research projects Ecology
showed the highest value. Plant and animal
culture is the basis of agriculture, for which
Ecology is the most important factor. The
second highest weight was of Plant Pathology,
because one of the important roles of agricul-
tural technology is the healthy cultivation of
useful plants. The third highest value was
given to Production Control, showing that one
of the main objectives of agriculture is con-
cerned with the production of useful plants
and animals.

Cumulative sums of the upper ten weights
of technology elements of some specific plants
and animals and some specific places were
more than 70%. The order and ratio of
technology elements included in each case were
specifically different. Let us pay special atten-
tion of the appearance of technology elements
other than those appearing in all research
projects. Instead of Embryology in the case
of all the projects, Genetics appears in the case
of the rice plant, and Chemical Processing in
wheat and barley. The former shows that
Genetics is of importance as a basis of breed-
ing choice varieties, and the latter suggests
that Chemical Processing is important for
wheat and barley as food. The weights in
both cases are about 3%.

In upland and paddy fields, Agricultural
Engineering and Management were evident.
The sum of the weights was 9.85% and 9.25%,
respectively. Agricultural Engineering is a
technology element to consolidate fields and
Management is concerned with the basic

problem of agriculture.

In the cases of cattle and swine, Organ
Physiology, Animal Disease, Diagnosis, and
Biological Effects of Products, which are
related to Animal Husbandry and Animal
Health, came out in the upper ranks.

In the case of swine, it is worth noting that
Waste Processing appears with a frequency
of 3.61%. This indicates that this is one of
the important problems of swine management
in the suburban area.

A total of weights of the technology elements
which did not appear in the upper ten ranks
in the case of all projects was 41.9% in the
case of cattle, and 75.8% in the of swine. It
shows that the livestock technology is unique
among agricultural technologies.

In the case of virus, Cell and Tissue Culture,
Cytology, Electron Microscopy, Biology and
Palaeontology appeared, and the sum of their
weights was 19.2%. In case of eumycetes,
the sum of the weights of the same technology
elements reached 27.4%. Organ Physiology and
Infectious Diseases which appeared in the case
of virus are technology elements concerning
animal diseases.

c. Relationships among technology elements

(1) Frequencies or weights and scope of

relationship

Figure 2 shows that the technology elements
with heavier weights in the agricultural tech-
nologies have relations with other technology
elements. The correlation coefficient between
the weight of a technology element and
the number of varieties of other technology
elements with which the technology element is
related is 0.7726 (¢=11.98).

From the data of Table 9, some observations
may be made about a pair of technology
elements with the highest frequencies: Pro-
duction Control shows the widest scope of
relations with other technology elements,
because agriculture is one of the productive
industries ; Physiology, Biochemistry and Bio-
physics follow Production Control, because they
are the bases of the life sciences and relate
with biological technology. Other basic tech-
nology elements also have wide scopes of re-
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lations with other technology elements.

(2) Frequency of co-occurrence

All of the pairs of technology elements
shown in Table 9 appear frequently in the
file and are ranked within the upper fifteen,
except Silviculture. The greatest frequency
was observed in the Plant Pathology and Plant
Protection pair. Plant Pathology is the basic
study of pests and diseases of plants and Plant
Protection is aimed at finding methods and
devices of protecting plants from pests and
diseases.

(3) Relativity

The relativity is an index showing the
degree of close relation between a pair of
technology elements. The index (R) is not
influenced by the frequencies of each technol-
ogy element in the file, as explained in V.D.4.

The greatest relativity was found in the
Plant Pathology and Plant Protection pair;
their close relations have already been ex-
plained.

The technology elements with heavier
weights and those closely related with them
(R>0.1) could be foreseen from the common
sense of agriculture.

B. Future Improvements

1. Sources of information

In the present experiment, ongoing research
projects in agricultural sciences and technol-
ogies carried out in a single year in Japan
were analyzed. The author believes the effec-
tiveness of ARATE has, in general, been
proved.

However, it is necessary to experiment using
different sources of information from the pre-
sent experiment to improve ARATE, to com-
pare technologies in different countries, and to
examine trends of technological change.

2. Tool for analysis

ASIC, which was used as an analytical tool
for the present experiment, was basically ap-
propriate to the present agricultural technology
in Japan. Future examinations will, however,
be required of its details, and a different
subject field would require a different tool for
analysis appropriate to it.

In the present experment, the analysis was
carried out to the level of the sections of
ASIC. It is necessary in future to analyze
down to the subsection level. In future it is
necessary to develop a tool of device for
analysis based on a new viewpoint and to
clarify the relationships among more than three
technology elements.

3. Uses of ARATE

Examples of major uses of ARATE are
discussed in the following :

a. Planning curricula for training technol-
ogists

In college education and/or on-the-job train-
ing of corporation personnel, the trainees must
learn what the technology elements have
heavier weight and/or wider scope of relativity
in the technology in which they are expected
to work.

Using ARATE one can find the technology
elements which have high weights and/or
which relate to many other technology ele-
ments. The results will supply useful infor-
mation for planning curricula for training
technologists.

b. Management of R and D

R and D is aimed at finding new combinations
of already known scientific and/or technological
elements and to solve new problems. Fre-
quencies of co-occurrence and relativities of
technology elements found by ARATE show
what pairs of technology elements have never,
or rarely, or frequently been combined in the
past. In other words, it will suggest whether
a newly planned project will be stereotyped
and its R and D will be easy, or whether it
will be original and its R and D will car-
ried out with difficulty. It will be useful in
planning completely original projects which
would be based on a new combination of tech-
nology elements. It will supply the manage-
ment of R and D with useful information.

Documentation of technology has hitherto
supplied the researcher and technologist with
information necessary for their R and D.
ARATE is one of methods of documentation,
but information gained by ARATE is useful
mainly to R and D management. ARATE is,
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in this sense, of different use from documen-
tation methods in the past.
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