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Soclo~inginecring Problens
An Inquiry into the Soclal Bonsequences
of Engineering and %echnology

A series of working paper drafts distributed informally for
discusesion. The objective 1s to informally exchange ideas on the
problems of our civilizatlion as they are related to the socclal
use of science through engineering and technology.

These notés are not intended for formal pudblication in the
present form. It 1s hoped that each of these wlll lsad elther to
(a) revisions due to comments received, or (b) the inspiration
of others to pursue the problemas in nore depth. ~

;24éiﬁu;4 ﬂﬁéék@wj

PUBLICATIONS

The formal publications which have so far resulted from this
neries are:

F. B. Wood, "The Soclal Responsibility of Engineers and
Scientiste,” 1959 Proce=dings of the Western Joint Computer
Confersence, pp. 310~-313%. (Avallable from the Institute of
Radio ingineers, 1 East 79th Street, New Iork 21, N.Y., at
$6.00 per copy)

Frederick B. Wood, "The Soclial Responslbllity of Engineers
and Scientlsats," Progressive Worid, Vol. XIII, No. 12, Feb.
1960, pp. 6-10, 35-39. (Copies available from P.0. Box
75605, Sanford Station, Los Angeles 5, Cslifornia, at 30.40
per copy)

COVER CHART

A count of the freguency of useasge of cach word 1n Socio-
Engineering Problemos No. 1, "The Nature of the Socisl Responsibllity
of Engineers, has been made., The numbar of times each word was used
is plotted ageinast the rank of the word on a log-log set of scales
on the front cover of this issue., Two curves have been plotted: (A)
the complete aet except for gquotations, references, and notes
included in figures, and (B) a reduced set where the prepositions,
pronouns, articles, stec., sre omitted., Further detalls are given
in the discuseion of Problen 5,1.
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Problem 8.0: What 1s there abut some of these articles in Soclo-
Engineering Problems which make thenm difficult for people to
underatand? Wnich of the following factors contrihute to the
problem?

(a) Is it nmy complex and long sentences?

(b) ny word frequency useage,

(¢) ny inclusion of meterial from many widely separated
fields,

{d) the statement of elementary prineiples in a speclalized
terminology such as information theory,

{e) my possible use of words by their correct dictionary
definition, but not so well chosen to properly utilize
the emotional assoclatlons which they have in our culture,

(f) fallure to state my ultimate objectlves clearly,

(g) 1is there insufficient express relationship to the
standards of our culture?

(h) 1s there a conflict between the traditional concept of
engineering reports being in the third person and these
soclological toples which by their nature bring in
erctlional feelings?

I propose to gradually deal with the possibhle aspects, oneat
at a time ag separate problems. I shall start first with the
problems that I can desl with by objectlve means, such as countlng
word frequencies, and counting the syllable and word distributions
in sentences, Then I shall prowvead to the to the more subjective
problems, involving human reactions. Perhaps writing and exchange
of notes and letters will not be sufficlent to work out sone
questions, particularly if people's emotional reactions such as
facial expression and tone of voice are lost in the written
conmuni cation.

Probleu 8.,1: Wnhat word-frequency distribution did use in the
article: "The Nature of the Soclal Responsibillty of
Engineers," Soclo-ZIngineering Problems, No. 1, Aug. 19587
Is it & ncormal word-freguency distribution? Or is 1t
different due to wmy attezapting to deal with a broad fleld
eroseging over the usual boundariea of special flelds? Does
the rank of useage of the principal words (nouns) give a
good indication of the subject matter of the article?

A sunmnmary of the word-frequency count is snown in Table I, The

zost fragquently used words from Dewey's tables are shown beside

oy count for comparison(l)It can be seen from the table that the
erticles and prepositions were used by in approxioately the sanme
distribution as 1s usually encountered in anglish tent,

1. Relstive Frequency of English Speedh Soungs(book), Godfrey
Deway, Caubridge: Harvard Yniv. Press (1923)
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Table I.

b -

Listing of Highest Ranking Words

Taext of 2607 words used 698 separate words.

Rank Word-Count(per cent) Yords from Dewey
1 the-233(8, ) the (7.3)
2 of -20247.7) of (4.0)
3 in-79(3.0) and (3,3)
4 to-76(2.9) to (2.9)
5 a-69(2.7) a (2.1)
6 and-66(2.5) 18 (2.1)
7 18-39(1.5)

8 ENGINEER | 39 (1.5)
g S0CIAL 27 (1.04)

10 SCIENCE | 24  (0.96)

11 for-24

12 a8-2%

13 his~-23

14 sone-~-22

15 that-20

16 CHART 19

17 PROBLEMS | 17

18 SOCIETY 17

19 thias-17

20 which-17

21 our-17

22 with-16

23 AFIELDS | 15

24 ;FIGURES_. 15

25 have-15%

26 RESPONSIBILITY 15

27 WORK 14

28 HUMAN 14

29 on-~1l4

If we exclude the articles, prepogitlons, conjunctives, pronouns,

and elementary verbs (i.e., to be and to have, ete.} the rank of

the remsining words (CAPITALIZED) such as HENGINEER, SO0OCIAL, and
SCIENCE and the other groups enclosed in boxes are useful as abstracts
of the article, similar to the techniques dlscussed by P. B.

Baxendale (2).

2. P. B. Baxendale,
An Experimant.”

"Machine-Made Index for Technisal Literature-
IB¥ Journal Oct 1958, pp. 354-361.
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The frequsency-rank plot on the cover ils simllar to the
method of studying word frequency distributions developed by
Zipf end refined by Mandelbrot(3). Zipf glves a distribution
with the probability of 2 word of rank "n" ocecuring as:

- -1
pn_Pn (1)
Mandelbrot gives the distrlibution:
p, =P (n+a)™® (2)

On the cover diagram of this report, four distributions are given.
F, fits the data better at the ends and is of the form (2) given
b} Mandelbrot. fits the data better in the niddle range and

18 close but not ?dentical to the diatribution of Zipf, form (1).

Another way of plotting the word frequency distribution is
shown on the cover by curves F, and F In these cases preposlitions,
pronouns, artlecles, eote., are émmited Thie salected llst of words
13 sometimes used for abstracting articles, It 1ls interesting to
note that ommission of the prepositlons, ete., causesthe .
distribution to turn up at the high frequency end of the curve.

Mandelbrot also defines an informational teoperature of a
language (or vocabulary) es:

e = B2 (3)

looking at the cover diagram, we see that & smaller negative slope
(smaller B) for the same frequency of the high ranking words would
nmean that there were a larger nunmber of words in the language or
vocabulary. This would pernit a larger selection of distinct ideas
to be expressed by the language, corresponding by analogy to a
higher temperature in a thernodynamic system or to lower antropy
for the same energy transfer or to grester negative entropy
(information).

No radical departure from the normal word-frequency
distribution in Znglish text is Indicnsted from this analysis,
However the exponent of -0,84 in curve F, olght be a significant
departure fron Zipf's exoonent of -1.0. To deternine if this 1s
significant the next step olght be to make a word-freguency
analyvsls of an article written by the same author on a uore
speclalized subject, such as:

F. B. Wood, "Optimunm block l=ngth for data transmisslon
with error checking.” Comaunications and #£lectronica,

Another study might be to nake a word-frequency analysis of the
Russtan *raenslation of the above article which is avellable asg
followe:

"Optimal 'taya Dlma Gruppy Dlya Peredachi Dannykh S
Provakay Oshi 'ok," Zkspress-Infomatsiae, Nov. 1959, Sec 44,
BT-173 (8 pages)
3, Benoit Mandelbrot "An Informational Theory of the Statlstical
Structure of Language,” paper in Communication Theory, willls
Jackson, editor. N.Y.: Academic Press(1953), pp. 486-502,




-6—

Since I heve no olana to carry this analysis further, I shall
be glad to supply reprints of the above articles to anyone who
wants to make the proposed word-frequency studles in English o
Russian or both.

Problen 8,2: ODoes ny sentence structure in the same article amake
the text more difficult to cooprehend?

Using the procedure suggested by Flesch, I toock a word and
syllable count of random sections of the article (4).

Resding Zase = 206.8 - (1015 x L __ + 0.846 {syllable/100 words} )
where Lav ls the average length of a sentence in words per sentence,

A sanpling of oy article gave 466 words or 759 syllables in 12
sentences. This reduces to 39 words per sentence and 163 syllables
per 100 words. Using the above formula or the nomograph in Flesch's
book gives a rating of 29. The scale is

0-30 Very Difficult

30-50 Difficult

60-70 Standard

80-90 Zaay

This places my sentence structure in the”(Very Difficult)” class,
A further interesting note is that I had to extrapclate his

nomograph, because the nomograph was wmade on the assumptlon that
nobody would use as many words per sentence as I do, 1n Epglish.

Problem 8.3: Is my croice of words to dry and uninteresting?

Mr, Flesch 8lso has a peale for measuring the human lnterest
score of an article (ref. 4, p. 68)., Counting the personal wordsa
in the article such ag manes of persons, psrscnal pronouns lke
he, she, I, and you, etc. and the words people snd folks.

These personal pronouns were used 120 tiwmes or 5.8 per caont.
They occured in 54 of the 176 sentences. Using the following
foroula gives:

Humen Interest = 3.64 (personal words/100 words) =
0.314 |[personal aentences per 100 sentences),

or a score of 31 in this case, The scale i1s lnterpreted as followa:
0-10 Dull
10-20 Mildly Interesting
20-830 Interesting
40-60 Very Interesting
60-100 Oiranmatic
By this scale oy article comes :n the "Interesting"” range,

To be continued., I see that I have only covered Problem 8.0,
parts (a), (b)), and partially {c).

%, Rudoif Flesch, The Art of Readable Writing$book), N.Y.:
Herper and Bros.(1949), p. 213 and inside covers.
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Not To Be Reproiuced Without Permission

S50CIO-ENGINEERING PROBLEMS. No. 8-A

A series of manuscriots on the social relations of engineering and

related ~hilosoptical suestions dealing with the interaction of science
and society. Distribution is lirnited to re. iewers and Jdiscussion
groups for criticism poior to consideration for possitle publication.

A 3AMPLE WORD FREQUENCY
DISTRIBUTION. ‘

Date: 7 30/5¢9 9/59 12 59 1:18/63 \
Stage: Count Curve No. B Detail List

Frederick B, Wood

Residence: 2346 Lansford Ave., 5an Jose, California, U.3, A.
Mailing Adiress. P.O. Box 85, Campbell, California, U.3.A.



A SAMPLE WORD FREQUENCY
DISTRIBUTION

Abstract

The words counted and sorted in this study are taken from

socio-Engineering Problems No. 1, * August 27, 1958, Equations

and Figurea and Quotations were omitted as described in SEP No, 8,
May 8, 1960. A plot of the frecuency distribution is given in terms
of frequency versus rank with Mandelbrot-Zipf lLaw approximate

curves,

The woras are listed both alphabetically and Ly rank.

Frederick B, Wood

*IBM Research & AsSD Library File: PAM-6009
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Anafvsis of "The N-ture of the Social Responsibility of Engineers, "
Socio- Engineering Prohlems No. 1, August 1958, pp 3-15.

Word-frequency count: Only text, not quotations or figures.

69-a 3-American l-astronomy l-bibliography
2-about l-amount I-astrophysics 3-biology
2-above 12-an 4-at . l-biophysics
l-abstract 3 -analysis l-attempt l1-board
3-accepted 66 -and l-attend 2-both
l-accessible 2-animals 1-authors 1-bottom
Z-account 3-another 4-automation I-brought
l-achieve 3-any 2-available l1-build
l-achievements l1-appeared !-bachelor 1-buildings
1-ACLU 5 application(s) 1-balanced } -bulletin
l-acquire 1-applying 1-based 1-business
l-action l-approach 6-basic 3-but

10-activities 10-are 12-be 12 -by
l-addition 9_area(s) 4-become(s, -came) l-by-product
1-ad-anced l-argue 6-been 1-California
l-adequately l-arrange 1-behavior 4-can
l-acvisors l-art 2 -behavioral I-capable
1-aifiliated 2-articles l1-behind l-capital
Z-agencies l-artist 3-being (s) l-carefully
1-aid 23 -as l1-belong l-case
l-alert l-ask l1-benefits l-causes
3-all _ l-aspect l-best l-center

¢ 3—5;150 3-aspirations 1-better Z-centuries

2 -alternative l-assist 7-between l-certain

i



Z-chairman
2-channel
19-chart
l-chapter
8.checking
Z-chean
l-chemical
4-chemistry
2-children
1.citizen
2-city

2-civil
4-civilization
Z-claim

4- classificati.on
l-clearly
l-client
2-closel{r)
4-code(s)
I-coding
3-columns
1-comes
3.common

9- complex({ity)

1- commonplace

4-communicat(ion, -e} l-correspondents

1-community
Z2-complicated
3-computers
1-Comte
Z-completeness
l-color
l-combination
l-concluded

l-concrete

- 5-conduct{ed)

1-condition
l-conclusions
l-conference

2 -contact
Z-compounds
I-contribute
1-continuous

71 -contrast
l-conscience
l-conser ative
l-constructor
l-contradiction
l.controversies

l.coordinator

5-could
Z2-ccuncil
3-country .
9-co-er(ing)
1-co erage
l-correlate
2-¢rises
2-cultural
I-cuts
l-cycle
l-danger
2-deal{ing)
l1-democratic
4-derived
l-design
Z2-determine(d)
10-develop(ing, ed)
6-development
1-devices
l-dev'ote
6-diagramf(s)
12 -different
1-difficult

1-direct

l-digahled
1-discharge
l1-discovery
3-.disscuss(ing)
1-disscussion
2-distribution
2-do
2-does
l1-doctor
2-domain
1-each
Z-earlier
l-easily
l-easy
3-economic
1-editor
2 -education{nl}
l1-effect |
1-efficient
1-effort
10-electrical
1-elementary
2-elements
1-emotional

l-employer



I-enatle
l-enactment
Z-energy
l-encompass
39-enginzcr(s)
ll-enginecring
I -enterprises
I-equations
l equivalent
l-essentially
l-establishe?
l -etc.
3-ethics
l-evaluate
l-even
6-example
l-everywhere
Z-examine
l-exigtence
l-existing
2 -expect

l-experience

l-experimental

l-experimentation

Z-expresses

3-cgxtent
l-e-tengive
1-tacilities
3 -faith
2-fallout

tamily

3%

! far
I-far-reaching
l-federation

3 -ifeel
2-1eceling

1 ﬁfell'owship

1-felt

15-fields

15-figure

1-financially
3-find(s)
1-{it

3-five

2 -follow(ing)

2-follow(s)

24-for

1-FOR
l-foreign

b-form

l-formed
}-formal
1-fortune
l-foundations
l-founders
5 four
l-framework
4-friend(s)
11-from
2-fruitful
2 -tulfili
1-fully
2 -function
l-fundamental
1-further
i-furthermore
2-future
I-gain
2-gap
2-general
l.genius
l-get
3-given
l1-giving

1-go

l-goal

1-good
3-government
l-gradually
Z-graphical(ly)
i-grasp
6-group(s)

1-growth

13-has
15-have(ing)

l4-he

1-hkalthy
l-held
3-helpling)
1-highest
4-him

I-himself

23-his

5-historical(ly)
1-hope
1-hospital
2-horizontal

6-how

14 -human

I -humanity



2 -hypothesis

I -hynotaetical

G-1

5-ideas
l-idealized
1-ideals
1-i.e.

2-if

4-illustrat(es. ed)

l-immediate

4-implication{s)

l-important

19-in

4-increas(ingly)

l-indepenient

2-individual
2-indusirial
l1-industry

I-influence

2 information

l-inside

5-institute(ed, s)

I-interconnection

1 -fnterested

2-interest

l-integrated
I-intellectual

] -intended
l-interdisciplinary
Z-interpret
l-intferpretation
Z-interrelation
l-intersection

3 into
l-intrinsically
Z-introcuction

1 invention

5-large
2-last
1-law

2 leadership
1-led
2-leas
1-let
1-letters
2-lavel
2-liberties
1-lie(s)

1-like

Z-investigat(ed, ion) 1l-list

l-involved

39-is

4-issue(s)
8.1t

1-joint
l—key
2-kind
l-know
8-knowledge
I-lacks
l-laid

l1-lagging

3-liv{e, ing)

2-l.os Angeles

i-loss
1-loyalty
1-luxury
2-magazines
1-made

l-magnitude

3-maintain{ed)

4.makeling)
3-man

3-mankind

Z-management
5-many
3-mark{ed}
1-mathematician
4-mathematic(s, al)
l-matrix

2 -matter
8-may
1-meaning
lymeeting
1-membership
1-mental
l-mention
l-mid-morning
6-might

1-milk
-minimum
1'-rnodes
l-model
1-modification
1 -monthly

l-moratorium

10-more

2-most

}-Mt Sinail



l-moves

! -much

1 -multiple

! -must

2 -my
l-name
1-national
lrnations
l-nature
J.-necessity
9.needs
l-needed
l-neighbour
l-network
4-new
l-news
i-newspapers
l1-normal
9-not
l1-nothing

] -now
1-NSPE
2-objective
2 -observation

2-obvious

l-occasionally
l-occur
202 of
1-office
14-on
10-one
1 only
l-opening
1-operation
1-opposing
1l-or
Z-order
5-ordinary
l-organizing
5-organization(s)
4 -other(s)
17-our
l-ourselves
Z-out
1-outside
l-overlapping
Z -own
l-pacifist
2 -panel

1-parallel

2-part
2-particles
3-particular
4-party

9 -people
l-performing
4-perhaps
1-periodic

4 -perspectives
3-phenomena
1-philosopher
3-philosophy
13-physical
l-physiology
l-pioneers
1-placing
2-point

2 -political
1-politician
1-possibly

I -potential
5-power
3-practical

2 -practice

2-preliminary

2-prepare{d)
l-present
17-problems
l-processes
l-products
3-professor
1-profession
4-professional
l-prog}ess
I—projécts
2 -proof
4-proposed
l-provided
l-provision
3-psychiatry
2-paychology
1-psychomatic
1-public
1-published
2-purpose
1-put
4-questions
l-race
1-radiation

1 radicals



l-radioactive
l-raises
I-rates
l-range
1-rapid
l-reach

! reads
4.real
l-realize
l-reality
2-recently
l-reconcilliation
2-reforms
l-refer

2 -relate(s, ing)
2-related
5-relationsa
3-relationships
3-religion
I-religious
l-rely
l-regard
“l-repeat
l-report

5.respect

10-represents
4-represertation
l1-republican
2-required
5-research
l-responsible
15-responsibility
l.-rest
2-results
l-return
2-review
2-role
i-same
1-sample
1-5anta Clara
1-scale
l-scheme
5-school
24-science
5-scientists
3-scientific
5-sections
l-see
l-segmenis

l-sense

2-series
l-serves
l-gets
l-several
l-severity
1-shall
Z-share
l-short
1-should
6-show({n)
1-gide
l-sign
2-significan{ce, t)
I-gsimilar
2-aimple(r)
' 2-simplified
l-since
l-gituation
1 skill
Z2-skyscraper
3-80
27-s0cial
9-socialists
17 society

3-sociological

4-sociology

I-solving

22-s8ome

l1-source
l-spare
5-special
l1-specialist
Z—Jpecialized
2-apecific
1-Spencer
1-splitting
1-88R35
Z-stage
l-stand
‘4-gtandards
l-gtarting
1-state
l-statement
1-status
8-5teinmetz
1-step
l-stimulate
l-stopping
8-studlied, y)

2-student



I-subscring
l-suceasy
1%-guca
J-uufiicient
4-suzzest{ad, ior)
Z-sunport
l-surface
l.survival
l-supersedad
1-symbolic
l-symbols
J-systemns
l-synthesis
3-table
Z2-tackliz, ing)
l-take
l-teachers
i technical

1-teli

l-terms
l-tester.
i1-than
20-that
233-the
5-their

l—t}';er,\

5-thera
4-these
1.thesis
Z-they
l-theories
Z-think
2-three-dimension
Z-thing
17-this
4-three
I-third
5-through
l-throughout
Z-time
l-twe-dimension
76-to
Z-tools
l-top
l-toward
l-traditional
l-treating
l-tremenious
I-trer.dd
l-tuvercular
1-tun«
5-two

4. tyne

l1-uncontrolled
3-under
b-urnderstarding
1-UNESCO
1-union

1 -united
1.United States
] cunity
l.uriverse
l-unless

1-up

l-upon

1-us

5-use
3.useful{ness)

l-using

_Z-utility

1-utiliged
1-valley

l-value
Z-various
l-version
2-vertical
l-view
3-viewpoint
l-vonBertalanffy

2-Ward

l-western
3.-what
2 -when
l-where
2-whether
17-which
1.whole
1-whose
6-who
3-will
16 - with
1-without
l-wny
1-word
13-work
2 -would
1-working
l-written
2-year
l-yet
l-you
1-YMCA

J—zoology



SUMMARY OF STATISTICS

No. Words Cumflative

Rank Frequency in Class No. of Words
1 233 1 1-233
2 202 1 2 - 435
3 79 i 3.514
4 76 1 4 - 590
5 69 i 5 - 659
6 66 1 6 - 725
7-8 39 2 8 - 803
9 27 1 9 - 830
10-11 24 2 11 - 878
12-13 23 2 13 - 924
14 22 1 14 - 946
15 20 1 15 - 966
16 19 1 16 - 985
17-22 17 6 22 -1087
23-24 16 2 24 -1119
25-28 15. 4 28 -1179
29-33 14 5 33 -1249
34-35 13 2 35 -1275
© 36-39 12 4 39 -1323
40-42 11 3 42 -1356
43-50 10 8 50 -1436
51-58 9 8 58 -1508
59-63 8 5 63 -1548
64-77 6 14 77 -1632
78-99 5 22 99 -1742
100-132 4 33 132 -1874
133-180 3 48 180 -2018
181-308 2 128 308 -2274
309-702 l 394 - 702 -2668



List B: by Rank in Decreasing Order of Frequency

Rank Fregq. Word Rank Freq. Word Rank Freq. Word
1 233 the 51 9 807 ialists 101 4 automation
2 202 of 52 9 needs 102 4 can
3 79 in 53 9 not 103 4 chemistry
4 76 to 54 9 people 104 4 civilization
5 6G a 55 8 checking 105 4 classification
6 66 and 56 8 it 106 4 code(s)
7 39 is 57 8 knowledge 107 4 communicatio
8 39 engineer(s) 58 8 may 108 4 become(s, can
9 27 social 59 8 Steinmetz 109 . 4 derived
10 24 science 60 8 stud(ied, y) 110 4 friend(s)
11 24 for 61 7 between 111 ' 4 him
12 23 as 62 6 basic 112 4 illustrat{es - ec
13 23 his 63 6 been 113 4 implication(s)
14 22 some 64 6 development 114 4 increas{ingly)
15 20 that 65 6 diagram(s) 115 4 makel(ing)
16 19 charts 66 6 example 116 4 mathematic(s,
17 17 problems 67 6 form 117 4 new
18 17 society 68 6 group(s) 118 4 other(s)
19 17 this 69 6 how 119 4 party
20 17 which 70 6 might 120 4 perhaps
21 17 our 71 6 show(n) 121 4 perspectives
22 16 with 72 6 understanding 122 4 proposed
23 ¢ 15 fields 73 6 was 123 4 questions
24 15 figure 74 6 who 124 4 representation
25 15 have{ing) 75 5 application(s) 125 4 sociology
26 15 responsgibility 76 5 conduct{ed) 126 4 atandards
27 14 work 77 5 could 127 4 suggest(ed. ion
28 14 human 78 5 four 128 4 these
29 14 on 79 5 historicei{ly) 129 4 three
30 14 he 80 5 ide~a 130 4 type
31 13 physical 81 5 institute{ed s} 131 4 way(s)
2 13 has 82 5 large 132 3 accepted
33 12 be 83 5 many 133 4 professional
34 12 by 84 5 ordinary 134 3 all
35 12 different B5 5 org~nization(s)135 3 also
36 12 an 86 5 power 136 3 American
37 11 from 87 5 relations 137 3 analysis
38 11 or 88 5 research 138 3 another
39 11 engineering 89 5 respect 139 3 any
40 10 activities 30 5 school 140 3 aspirations
41 10 are 91 5 scientists 141 3 being(s)
42 10 develop(ing. ed)92 5 sections 142 3 biology
43 10 electrical 93 5 apecial 143 3 but
44 10 one 94 > their 144 3 columns
45 10 represents 95 > there 145 3 common
46 10 such 96 5 through 146 3 computers
4 9 area(s) a7 5 two 147 3 country
43 9 complex(ity) 98 5 use 148 3 discuss(ing)
49 G coverling) 99 5 we 149 3 economic
50 g 1 100 4 at 150 3 ethics



Rank Fregq.

151
152
153
154
155
156
157
158
15¢
160
161
162
163
164
165
166
167
168
16¢
i70
171
172
173
174
17%
176
177
173
179
180
181
182
153
184
185
186
187
183
139
190
151
192
193
194
165
196
197
168
194
200
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Word Rank Freq. Word Rank Freg. Word
extent 201 2 complicated 251 2 liberties
faith 20z 2 completeness 252 2 l.os Angele
feel 203 2 contact 253 Z magazines
find(s) 204 2 compounds 254 2 managemer
five 205 2 contact 255 2 matter
given 206 2 council 256 2 most
government 207 2 crises 2517 2 my
help{ing) 208 2 cultural 258 2 necessity
into 209 2 deal(ing) 259 Z objective
liv{e, ing) 210 2 determine(d) 260 2 obser vatio
maintain{ed) 211 2 distribution 261 2 obvious
man 212 2 do 262 2 order
mankind 213 2 does 263 2 cut
mark{ec) 214 Z domain 264 2 own
particular 215 2 earlier 265 2 pane!l
phenomena 216 2 education{al} 266 2 part
philosophy 217 2 elements 267 2 particles
practical 218 2 energy 268 2 point
professor 219 2 examine 269 2 political
psychiatric 220 2 expect 270 2 practice
relationskip 221 2 expresses 271 2 preliminar
religion 222 2 fallout 272 2 prepare(d)
scientific 223 2 family 273 2 proof

80 124 Z feeling 274 2 psychology
sociological 225 2 follow(ing) 275 2 purpose
table 226 2 follow(s) 276 2 recently
under 227 2 fruitful 277 2 reforms
useful{ness) 228 2 fulfill 278 2 relate(s, ir
viewpoint 226 Z function 279 2 related
what 230 2 future 280 2 required
will 231 2 gap 281 2 results
about 232 2 general 282 2 review
abo-e 233 Z graphical(ly) 283 2 role
account 234 . horizontal 284 2 series
agencies 235 2 hypothesis 285 2 share
alternative 236 Z if 286 2 significani
animals 237 2 individual 287 2 simple(r)
articles 238 2 industrial 288 2 simplified
available 239 2 information 289 2 akyscrape
behavinral 2430 2 interest 290 2 specialize
both 241 2 interpret 291 2 specific
centuries 242 2 interrelation(s) 292 2 stage
chairman 243 2 introduction 263 2 student
channel 244 2 investigat(ed, ion) 294 2 sufficient
cheap 245 2 issue(s) 295 2 support
children 246 2 kingd 296 2 gystems
city 247 2 last 297 2 tackl(e, -i:
civil 248 2 leadersghip 298 2 they

claim 249 2 less 299 2 think
close(r) 250 2 level 300 2 three- dim
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Rank Freq, Word Rank Freq. Word Rank Freg. Word

3ol 2 thing 351 1 bibliography  4(1 1 democratic
302 2 time 352 1 biophysics 402 1 design

303 2 tocls 353 1 board 4903 1 devices

304 2 utility 354 ] bottom 404 1 devote

305 2 various 355 1 brought 405 1 difficult
306 2 wvertical 356 1 build 406 1 direct

307 2 Ward 357 ! buildings 4C7 1 disabled
308 2z when 358 1 bulletin 408 1 discharge
309 2 whether 359 1 business 409 i discovery
310 2 would 360 1 by-product 410 1 discussion
311 2 year 361 1 California 411 1 doctor

312 1 abstract 362 1 capable 412 s each

313 i accessible 363 1 capital 413 1 easily

314 1 achieve 364 1 carefully 414 1 easy

315 1 achievements 365 1 case 415 1 editor

316 1  ACLU 366 1 causes 416 1 effect

317 1 acquire 367 1 center 417 1 efficient
3138 1 action 368 1 certain 418 1 effort

319 1 addition 369 1 chapter 419 1 elementary
320 1 advanced 370 1 chemical 420 1 emotional
321 1 adeguately 371 1 citizen 421 1 employer
322 1 advisors 372 1 clearly 422 1 enable

323 1 affiliated 373 1 client 423 i enactment
324 1 aid 374 1 coding 424 1 encompass
325 1 alert 375 1 comes 425 i enterprises
326 ! amount 276 1 commonplace 426 1 equations
327 I appeared 377 1 community 427 1 equivalent
323 ) applying 378 1 Comte 428 l. essentially
329 1 approach -379 1 color 429 1 established
3390 1 argue 3380 1 combination 430 1 etc.

331 1 arrange 381 1 concluded 431 1 evaluate
332 1 art 382 ! concrete 432 1 even

333 1 artist 383 1 condition 433 1 everywhere
334 1 ask 384 1 conclusicns 434 1 existence
335 1 agspect 335 1 conference 135 1 existing
336 1 assist 336 1 contribute 436 1 experience
337 1 astronomy 387 | continuous 437 1 experimental
333 1 astroptysics 383 1 contrast 438 1 experimentation
339 ! attempt 389 1 congcience 439 1 extensive
310 1 attend 390 l conservative 440 1 facilities
3414 1 authors 311 1 constructor 441 1 far

342 i bachelor 392 1 contradiction 442 1 far-reaching
343 1 balanced 393 1 controversies 143 1 federation
344 1 based 394 1 coordinator 444 1 fellowship
3:5 1 behavior 395 1 correspondents 445 1 felt

316 1 behind 396 1 coverage 446 1 financially
3:7 1 belong 397 i correlate 447 1 fit

3.8 1 benefits 392 1 cuts 448 1 FOR

349 1 hest 399 1 cycle 449 1 foreign

350 1 better 400 1 danger 450 1 formed
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Rank Fregq. Word Rank Freq. Word

451 1 formal 501 1 lacks

452 1 fortune 502 1 laid

453 1 foundations 503 ! lagging

454 1 founders 504 1 law

455 1 framework 505 1 led

456 1 fully 506 1 let

457 1 fundamental 507 1 letters

458 1 further 5C8 1 lie(s)

459 1 furthermore 509 1 like

460 1 gain 510 1 list

461 1 genius 511 1 loss

16 1 get 512 1 loyalty

463 1 giving 513 1 luxury

464 1 go 514 1 made

465 1 goal 515 1 magnitude
466 1 good 516 1 mathematician
467 1 gradually 517 1 matrix

468 1 grasp 518 1 meaning
469 1 growth 519 1 meeting

470 1 healthy 520 1 membership
471 1 held 521 i mental

472 1 highest 522 ) mention

473 1 himself 523 1 midmorning
174 1 hope 524 i milk

175 1 hosapital 525 1 minimum
176 1 humanity 526 1 modes

477 1 hypothetical 527 1 model

473 1 idealized 528 1 modification
479 1 ideals 529 1 monthly

430 1 i.e. 530 1 moratorinm
481 1 immediate 531 1 Mt Sina:
4507 1 important 532 ! moves

483 1 indepen-lent 333 1 much

454 1 industry 534 1 multiple
485 1 influence 535 1 must

436 1 ingide 536 1 name

487 1 interconnection 237 1 national
488 1 interested 538 1 nations

439 1 integrated 539 1 nature

490 1 intellectual 540 1 needed

471 1 intended 541 1 neighbour
492 1 interdisciplinarh42 ] network

473 | interpretation 543 1 news

494 1 intersection 544 1 newspapers
495 1 intrinsically 55 1 no

496 1 inventor 56 1 normal

427 1 involved 347 i oW

498 1 joint 548 1 NSPE

499 1 key 549 1 occasionally
500 1 know 5590 1 occurs
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Rank Freqg. Word

551 1 office

552 1 only

553 1 opening
554 1 oneration
555 1 onposing
556 1 organizing
557 1 ourselves
558 i outaside

559 1 overlapning
560 1 pacifist
561 1 parallel
562 1 performing
563 1 periodic
564 1 pkilosooher
565 1 physiology
566 1 pioneers
367 1 placing

568 1 politician
569 1 possitly
512 ] potential
571 1 present
572 1 processes
573 1 products
574 1 profesasion
575 1 progress
576 1 projects
577 ! provided
573 1 nrovision
579 1 p8ychomatic
580 1 public

581 1 published
582 1 put

583 1 race

584 1 radiation
585 1 radicals
586 1 radioactive
587 1 raises

588 1 rates

529 1 range

5¢0 1 rapid

591 1 reach

592 1 reads

593 1 real

594 1 realize

595 1 reality

596 1 reconcilliation
5¢7 1 refer

598 1 religious
599 1 rely

600. 1 regazrd



Rank Freg. WNord

601 ! repeat

6CZ 1 report

603 1 renutlican

604 1 reg onsi.le

6505 i rest

506 1 return

607 1 same

608 1 sample

hOT 1 Santa Clara

510 1 acale

b1l 1 scheme

612 1 see

613 1 segments

614 1 sense

15 1 serves

616 1 sets

6517 1 several

61R 1 severity

619 1 shall

620 1 short

621 1 should

622 1 3ide

623 1 sign

6..4 1 similar

625 1 since

6.6 1 situation
27 1 skill

628 1 solving

£20 i source

630 1 spare

631 1 specialist

632 1 Spencer

£33 1 splitting

634 1 SSRS5

635 I stand

636 1 starting

537 1 state

638 i statement

6349 1 status

640 1 step

641 1 stimuylate

642 1 stopping

643 1° subscribe

644 i succeas

645 1 surface

646 1 survival

647 1 superseded

648 1 s ymbaolic

6409 1 symhbols

650 1 synthesis

651 1 take

652 1 teachers
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Rank Freq. Word

653 1 techrical
654 1 tell

£55 1 ten

656 1 terims

657 H teated

658 1 than

659 1 then

660 1 thesis

661 1 theories
662 1 third

663 1 throughout
664 1 two-dimens.
665 1 top

666 | toward
667 1 traditional
668 1 treating
669 1 tremendous
670 1 trend

671 1 tubercular
672 1 tune

673 i uncontrolled
674 1 * UNE5CO
675 1 union

676 i united

677 1 United 3States
678 1 unity

(79 1 universe
680 1 unless

681 1 up

682 1 upon

683 1 us

684 1 using

h85 1 utilized
6866 1 valley

687 1 value

6L3 1 version
(8% 1 view

630 1 ¢ von Bertalanffy
651 1 wars

692 I western
£63 1 where

934 1 whole

695 1 whose

696 1 without
697 1 why

698 1 word

699 1 working
700 1 written
701 1 yet

702 1 you

703 1 YMCA

704 1 zoology



