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PURPOSE

The influence of science and technology on our lives has boomed
in the last quarter century, and concern‘that the average American
is-getting further and further out of touch-with the world he lives in -
has followed this boom like a shockwave. . ..The expansion of science
’ knowledge in’the last few decgdes has been so-tremendous that the y
specialists can barely keep,pace with developments in their own fields=~
let alone the layman, ,(Funkhouser,Q%% p. 721) .

Few can argue the extent to which scientific advancements and new .f%chnolOQies

-affect our socio—economic environment. On a personal level; technology reorders our

- lifestyles at a bewildering rate. If an individual is to maintain any semblance. of cogni-

tive eqﬁilibrium with his rapidly evolviné technological Iifesfyle',‘ he must begin to

understand tHg undercurrents of scientific change that speed him into an ever more

cSmplex world.. - : "\ . .
4 ' . ,
Although our involvement in technology is increasing at’an exponential rate, our

/\ ) . . N .
understanding of the scientific factors that shape ‘our lives lags far behind. As this gap

between technological reality and understanding widens, the individual's bewilderment

A
with his own lifestyle will surely. increase.

o This, then, is the &rucial role of science communication--to narrow the under-

s'fdnding gap, to lessen the technological shockwave.

According to G‘ru.rluig (1974), public understanding of science means understanding
abstract concepts and codes. Scientists have built up.a compiex and highly abstracted
symbgl system to represent relationships between concepts and their attributes.

¢ . ) .
(See Carter, 1977, for a discussion of concept-attribute relationships.) Ur‘afor’runately,

this symbol system is outside the tealm of the average person; the layman is not.privy

N »

.

to the code that scientists use to communicate.,
Therefore, the communication of science to the general public involves "taking a
specialized technical language or environment and translating it, with a minimum loss

of meaning, into the speech of an intelligent layman unversed in the particular jargon,

v -
f
[} A4 “
"
-
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-and, hopefully, info the speech of ‘the typical men In the street,” The major problem

facing the science communicator is to find "commonly grounded” symbols to link the '

-

scientist and the layman (Kreighbaum, 1947).

Language'has been described as a code upon which there is "societal agreement”
‘ o~
N,

(Glucksberg and Danks, 1975, pp. 198-201‘). The key to this code consists of the

vocabujary of the language ahd knowledge of how it is used--its semantic and syntactic

’ L R . P Ve
i . . / . . ere .
aspects. The science writer must learn new concepts, usually expressed in scientific . -

terms, from scientists and find ways fo explain these concepfs to readers who have no.

knowledge of elther the scientific concept or the fermlnology ysed by the scientist to

explain it, The science writer's job is, fhus, somewhat like that oF a cryptographer
who wants to send a secret message to someone who does not-know the entire key to the

cryptosystem that must be used. He must supply some aodditional information about the
key before he can'send his message . o -

-~ o

The sciqnce writer can<|‘ncreose the \gocabulary of readers by describing new concepts

in words thaf have aIready been agreed upon by society and then glVlng them a label

Prefercbly, this label should be the correct scientific name for the new concepf oran -
. ‘ y ‘ : .
abbreviation that is easier to repeat and rememb&}.

To "flesh out" a scientific concept, the science writer must relate it o the reader's -

tor o . g
established symbo] base. Typically, science writers use definitions, examples, analogies, .
and parables to lessen fhe absh'acfness of scientific terms. Each of these devices serves  ~

/ ~

- lto increase redundancy--each amounts to a restaicmenf of/the relaﬂonshlp befween a

°

concept and 'its attributes., By expre;slng these relahonshlps in a number of different .

ways, the writer reduces fhef complexnfy of fhe concepf and j Jncreases fhe chance fhaf

the reader will be able-to compare the concepf w!fh his exlshng Framework of symbols.

Y

Hsia (1977, p. 80) said ;’Redundani’:y is pr;babl); the rnosf effecﬁve means yet

found to reduce equwoccmon tnd error in communlcahon." Unfor'runafely, the writer

can only guess where to Insert redundancy into his wrmng, whlch device will besf

,

-
. s
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convey meaning to-his readers, and how to structure redundancy into his writing.

N . . » :
(The redundancy may be coded in" ohe or several words, a phrase, a clause, or an

entire sentence or paragraph.) . : ‘.

) How well the writer can guess what his audience needs in the way of redundancy

places a limit on the effectiveness of his writing. Funkhouser and Maccoby (1971)
anolyzed the effect of several texfual vanat)les--rncludmg examples qnolognes, rules,
and )excephoqs to rules==in compomble articles on ehzymology written by nine professional
fl science writers, They found that different arficles produced significantly drfferenf re&der ~
effects-—such as level of interest, information gam, and en|oymenf The imphcahon was
that even professional’ wnters are not fully in control of the effechveness of their own
writing. Were thé more effective writers better guessers? g !
Even fhae l;esf writer cannot Rope to reaclh' every member of his~ audience, Since
people with different backgrourrds of know.ledge‘ may assume that the same words or/~
.eg\;aressions mean different thirlgs- (Pal.ermo, 1978, p. 171), there is not likely tobe a
spécific quantity of redundancy that is Ideal for all readers. It sﬁould be.postible,
V - however, to defermme expenmenfolly some gurdelmes to follow in science writing so
: :hat a larger porhoq of thé nonscientific public will read, ‘en|oy, understand and remember
what has been written, . .
Weiner's bybernetics (1948) iniroduced the notion of ;eedback: systems do not s
> guess'about the ;fofes of their partners; they adjust. to one another by bouncing in'f\or- .
) mation back and forth, Shannc;n (]950) suggested the use of feedback can also improve
- the eff:crency of communicative sysfems. Although researchers. have adjusted the-
earlier, "one-way" model of fh} communication process to mclude the feedbcck function,

on a practical level |f remains the missing link in mass .communication.
Ve
o

&

In general } feedback means any information sent by the recipient of communication
. . ~ ° . »

back to the originator of that communication. In this experiment, feedback came from

students who read preliminary’ drafts of sdnenhfrc arhcles. o - .
1 o
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This research addressed the following questions:

-~

1) Can feedback from readers help the science writer locate points
in an article where redundancy would be most helpful ?

2) Does writing in redundancy at "feedback points" incre\u§e reader -

L] .
interest and comprehension? -
\ -
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CONCEPTUALIZATION - o ' \
° ' N | .
" Some 40 years ago, scientists began ;erious} efforts to understand and improve the.
communicatian art (McMill?n, 1953). These efforts led to Claude Shannon's classic
paper, "“The Mathematical Theory of Communication" (1948), but numerous other.
papers moée major contributions to "Information Theory, "as this body of statistical
mathematics is now called; - ‘
Shannor (1948) related the information content of a me.f:sage to the randomness of
its elements—-his application of the physical science concept of ‘entropy to communicative-
systems, The entropy--and, therefore, the information content--of a message is greatest
wheh the probabilities of, the occurence of ;agh of its e‘*em.enfs.are equal. For exampl:a,
_ whenthe next lt\after ina sequehce is equally likely to be any letter, ‘
When the probabilities of the occurence of c;ertuin elemen;s are not equal--that -
is, certain elements are more likely to follow certain elements--entropy is reduced.
Rédundanf‘e!emeﬁh’are those that are contingent on their predece'ssors and can be
predi;:ted 4b)' the context of the message . Redundancy, which Is inversely. related :to ’
entropy, is a measure of the organ.izaﬁon‘Or patterning of message elements, In gsneral,
redundancy is any information not required for complete and correct updérsifanding of any

., . ©

message ,
- Shannon's 1948 paper is close!)" regafed to his paper "A Maﬂ;oembﬁcal -"Theory of

= Cryptography," which he published as a confidential report in 1945." This wartime

‘work has since been published in revised form as "Communication Theory of Secrecy
Systems" (Shannon, 1949). In g secrecy system, as described by Sch'annon, both the sender

*

and the receiver of a message have a source of key information. Without this information,

3

the sender could not encipheré(encode) a message, and the receivey fould not decipher

(decode) it, That all types of communi,caﬁon_sysf‘ems have something similar to this-

fo




) )
A
'key information” was brwgh}xbut by Fano (1949) when he said, "The receiver is
conscious of all possible choices, as is, of course, the transmitter (thaf is, the md;v:dual

or the m?chine that is supplying the information),"
Figure;‘ 1 and 2 show how closely the science: writer's commt;nicqﬁon system resembles

fh!a_f f Shannon's general secreéy system. iInFig. 1, fhia key tells the encipherer

{encoder) precisely h?w each.message from the source should be rewritten to form the

cryptogram or message to be transmitted, The same kgy is available for the decipherer '

. (decoder), but the enemy cryptanalyst does not have access fci it. Thus, the decipherer

can decode the message, but the enemy cannots™

0

[
ENEMY -
CRYPTANALYST

Message : ) X y

MESSA GE }(! ENCIPHERER | - - o | DECIPHERER |
SOURCE (Encoder) g 71 (Decoder)
A . A -

Cryptogram /\

Fig. 1 Shannon's S:cilemafic of o General‘Secrefzy\Sysfegl ~

« ~
S - . -

In Fig. 2, the science writer ds the "encoder" rewrites a concept obtained from
. . . \ N 2
a scientist (his message.source) by using a portion of his vocabulary and general knowledge'
The lay reader uses his own vpcaBL;lary and 'generdl knowledge to interpret (decode) what

he receives, - If the science writer's evaluation of fhe vocabulary and knowledge of

fhe reader is correct, or congruenti' to, it (Grunlg,A' P. 500), then communication can .




« besuccessful, If the writef overestimates the reader’ 's copabuhty,, the commumcohon

~

- will be unsuccessful, because the reader fhen faces the same problem fhof fhe enemy

crypfonolysf faced in the s”gqecy sys}n He carinof decnpher (decode) l'he message

L4

because h&does not have the proper "key." ) -

-~

' : :
Concept o i ’ . Concept

} B ‘ —5 b

SCIENTIST SCIENCE : NONSCIENTIFIC
(Message WRITER _READER -
Source) (Encoder) | (Decoder)

A A
VOCABULARY | - ' VOCABULARY

1& GENERAL & GENERAL -
KNOWLED GE KNOWLEDGE

e '

14

" Fig. 2 Schematié of Science Writer's Communication System

v

.
L

-

« Researchers do msrogree obouf what should or con, be done with fhe mofhemchcol :
theory of communication. Weaver (1949, p. 114) said it."is general -enough fhof it can
be op.plled to writien langua';e musicol notes, spoken words, music, pictures and many
other communncbtuon s:gnols." But Sevenn and Tankard (1979,.p. 48) said that it

) cannot be applied to human communication. Acco‘f*dmg to Schramm (1955, p. 713)
information theory connof be applied to homon‘commumcohon since its formulas are

. ~ . )
based¥on probabilities; and learning alters these probabilities.. However, if the effect

of léominé on the—probobiliﬁes can be measured, then perhaps information.theory can

be applied to human communication,

Shannon's theory dealt with relatively simple communication®ystems that contaiged
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a transmnﬁer and a receiver. He was concerned with the act:uracy wnfh which mindléss
electronic componenfs could encode and decode ﬂae discreet syn'ﬁols that make up a ‘

message, He was not concemed with th ning carried by the symbols.

-~ Human cdmmumcahon nsQfote than h'ansmnfhng and recewmg messages--more

than.a mere encodmg and decodmg of o hnear string of symbols. Any study of human
) B ' ; X
_communication must concem ifself with the medhing of a complex of interrelated symbols .
~» " ‘
\\Ta get ‘at the meaning aF Symbols one must go beyond Shannon s formal theory and take a

look at the relahonshnp between _entropy, redundancy’, and meamng.
\f a concept is taken os%ysfem of rel‘ahonshlps between objects.and affnbufes .
symbols gain meaning as expressnons of these relahonshnps. Total ?nfropy glves no hint

of q systematic tern of elahonshl on which fo base a concept. A certain amounf of
pa ps P

redundancy -is necessary fo orgamze the essential information of a. message , o

To organize a concepf oblecf-cﬁ'nbufe relationships are cafegonzeciond redundant

elemenfs are recognizeq as log:cal assocnahons Once these relationships are’ undersfood
o
the concept is abstracted from ifs redundant élements v

-

As a scientific disciplin'e'develiops, symbols are.generated to \'repre-senf concept sysfe;'ns 'E\.
of obiecf—aﬂrfbufe rglationshfps Coricepts subsume other concepts), and increasing amounts ‘
of redundancy are coded into 1:he symbols . Scientifiglenns are powerful becaas_e they dre
highly abstract symbols—-fhey: clyar'ry a weal'fh of implicit meaning for those who are

iated into the symbol sysfem. Symbols have meaning because of layer upon layer of

-
~— N ‘

relahonshnps. : .

In terms of probability, symbols gain meaning through their conceptual conl:exf. A

. \ \
. symbol's meaning is influenced by other symbols it is most frequently associated with.
- . P Lot \
To the biochemist, the term DINA has meaning begcause he knows it is intimately related

_to such terms-as RNA, m-RNA, transcription, ribosome; and protein synthesis, The term

DNA means less to the layman because he doesn't know which other ferms it is likely to

be aisociated with, . . . f
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_of the receiver. ' . s °

.
~~
-

Samson (1951, pp. 8-9) tonsidered experience as'an essential -paramefer in his .,
T . T~ & - .
development of "the fundameﬁfal natural concepts of info(mation theory". He intro-

duced the term surpnsal o a measure of the sub|echve feeling that.an individual has

¢

upon recenvmg a message . Thns measure of "surprnse correspands closefy fo the uncer-

J’Olnfy or entropy of a dlglfa] message. if a message surprises the recelver, then it may
$

be assumed that he did not expect or anhc1pclfe receiving what the message contained.

-

According to this view, the perceived enfropy of a.message is relative to the experience

. -

When the lay reader comes across @ scnenhflc symbol ?haf is not present’in his

existing language keys he is faced with unoerfalnfy cbouf its meamng. Slnce fhe symbol
suggestfs no pattern, he cannot relate it to his existing ob|ect-otfnbufe sysfems In the

"face of an unfamiliar word, the lay reader might pause to consider what it means ‘
. & .

-

Carter (1974) views human behavijor as movement through an‘environment. To

~

change the direcﬁon.of movement (i:e. to initiate a new'behavior) the individual 'must

-

. [ ¢ - - . \ . .‘ .’ :
firststop, the movement he is'engaged in. This is analogous to the switching of a cyber~ .

, netic control mechanism*"upon the observation of a discrepancy from a given standard”

(Carter, et a},.1973). ‘ K ;
. . e . / -
According to Carter's hypothesis, ¢ognitive discreponcies are g majoricause for

4 ~

stoppmg. Inferprehng Carter's nohoh of sfoppmg, Grunig (1974) stated, "The rdader

of an article about science would be stopped if he encounfered a concept which he

! iy
could not include wnthln his existing codes,.." In other words, when he comes upon

the unfamiliar scientific concept, the reader would go through this sequence of

‘.

behavioral events; .

| ' READ....‘SJOP....THINK....STOP....READ

"One fhlng at'a time" lmplles that the receiver musf halt an incoming
message, in some functional sense, if he is about to do something besides
‘ attend to it, We can make use of the evidence afforded us by such

‘ information, (Carter, et al, ]973)

o md
[N
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‘A necord of a reader's sfoppmg behavior while reodmg an ortlcle about science

mrghf accurately %pomf the contepts’ that are riot mcluded in 1 his longuoge Keys.

These could be the precnse points at whncl’l‘ l'he science writer mlgh‘l revuke his work, fo .
ificlude reduodoncy\. . A , l , AN ' '
< In this sense, Carter's signalled sfoppmé technique can be/used as a toot to pinpoint
- parts c:f a message "that contaln a*high degree of enh'ospy -'From the reader's point of view.

" Similarly, the'claze procedure (Taylor, l953 1958) provides on,ovemll meosure of the
) relative enfropy-redundoncy of a messoge‘ o ! ’

Taylor s major hypofhesus is fhof meaning is related to poﬂerns established by

+

language . If the reader can close gaps in language poﬂerns this mdlcofes that he . .

undersfonds the meaning of symbols. He cdn flll in the gaps betause he recogmzes e

redundant pofferns that ollow him to place concep'rs ina relevanf ob|ecf-oﬂr|bufe sysfem

N 2

Cloze procedure prowdes a tool for compar ng the longuage keys of the sc:ence erfe[

A

and the reader. "Cloze procedure takes d measure of the llkel\ess between fhe poﬂern

a writer has used ond fhe pattern the reader is ‘anticipating while he is reading"

1

(Taylor, 1953). . o ' . .0
In this research, Carter's stopping procedure‘wos used to indicate points in scignce
articles-where the readers became confused, bored or especially interested, This infor~

mation was then used as feedback to indicate how the articles could be rewritter to

N

improve reqder interest and comprehension, -Emphczsis was placed on finding way{ to

\

make redundancy increase the reader’s science vocabulary so that what ‘was previously :
incomprehensible would become undersfondable ‘This vocabulary,- or l<'nowledge of

. expressions used corresponds to the key used 1o epcode and decode messoges ina

secrecy system, Taylor's cloze_procedure was sed tg measure fhe‘nedundoncy of the.

-
. i ~ - .

original and revised versions of the articles, . ’

Il




m
The hypotheses were: ) .

1) Cloze scores will be higher for'subjects who read a science article
rewritten to include redundan/cK at points‘indicated by reader's
stopping behavior than those who read the original arﬂcle.

"2 The number of stops due fo confusuon wnll be smaller for the revised
arhcles., . g

-~
~

+3) The number of sfops due to boredpm wihl be smaller for fhe revnsed
articles. .

i

4) The number of stops due to special interest will be larger for fhe
revised articles, . . ,

-

5) Scores on comprehensuon/recan tests will be hlgher for the revised
articles.

6) Readers will rate the revnsed arhcles more mfereshng than the
original amcles.

\
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- , .

«« Dr. Cyril Ponnamperuma, an authority on chemical evolution and advocate of

. * ]
wider dissemination of science information, provided:the researchers with several

Py

_papers intended for a nonscientific audience. From these, excerpts were.drawn, to
- make two articles--each approxir'nafely 1,300 words long. One article was entitled

s There Life on Mars?", the other, ."The Emergence of Life." No editing was done

A . -

on the excerpts that composed, the articles. = 'L -
. [

©

N ¢

A multiple-choice test consisting of 14.comprehension and recall questions was /

" made for each of the articles. Alsoincluded in each test was a question that rated

v N

reader interest in the drticge.
Cloze tests were prepared for each article using a sampling p:ocedu_r&dapfed

fromTaylor (1957). FQf?sf,' each article was counted out into 50-word blocks. The

S 3 e

first 50-word block, plus every third 50-word block were included in Ifre sample, The

sentences falling nearest to the beginning and end of each sample block were included

-
-~

~

in their entirety, Thjs resulted in a total sample equal to about one=third of the BN

o -~
\

original articles. .
Beginning with the first word in each sample block, every seventh word was -
deleted and replaced with a blank of standard size. This procedure produced a total

of 63 blanks for fhe "Mars" article and 64 blanks for the "Emergence"” ar'r'C\h:.

N ’ Journalism students werg assigned to one of four groups and were tested\acéording ¥
*  to the following' schedule: / . ‘ ‘ .o
R GROUP 1: J rmergence of Life"--stopping test, comprehension/recall test
N GROUP 2: "Emergence of Lifqe"--é.loze test ’

GROUP 3: "Is Ther}Life on Mars ?" --Stopping test, comprehension/recall test

A GROUP 4: "Is There Life on Mars?"=~cloze test. -




. 13 i

Subjects performing the cloze fest were msfructed to read the muhlated sample
passages, and ta flll fhe blanks with the words fhey thought w;éni .missing .

Subjects perForming,fhe stopping test were msfructed to place a slash mark wherever

they paused or stopped-while reading the.articles. They were osl;ed to key each stopping

point with a letter that explair;ed their reasons for sfopbing: C--if fhey stopped because
-they were confused, B--if they stopped because they were bored, or I-- if fhey stopped
becav)se they found something. mtereshng that they wanted to think about. Also, after
‘ 'finishing'the arficle, they were to go back to each point they were confused and briefly
explain how the author might i |mprove their understanding at that pomt °

After finishing the stopping test and returmng the article to a researcher, each
' s,ub|ect completed the multiple ~choice cémprehensaon/recall test, /

After the first battery of tests ‘were completed, the researchers r7vnsed and edited
the articles. Responses from the stopping tests served as feedback to indicate points
where redundancy--in the form czf deflmhon.s,, explanahons, analogies, etc .--should
be wriﬁen'}nto the articles. .

The articles were prepared for the cloZe fest following the procedure outlined
" above. A total of 62 blanks were used for the "Mars™article and 64 blanks for the
"Emergence” article. ’ - s :

The same comprehension/recall test-used for the original articles were used for the
revised arficles. - ‘ ~

To control fo/r possible |ear;1ing effects, the testing schedule was shifted. Each
group of sub|ecfs worked on:a different article than they had in the previous battery
of tests, and each performed a filfferent test. Their schedule was as follows:

1 M -
GROUP 1: ™s There Life on Mars?"--cloze test =8

LY

GROUP 2: "Is There Life on Mars?" -=stopping test, comprehension/recall test
MQQROUP 3: "The Emergence of Life"--cloze test
GROUP 4: 'The Emergence of &ife "-<stopping test, comprehension/recall test
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TN RESULTS . - . ,
o ST L
v ‘ o’ - \'
Differences in cloze scores indicate that the revised articles were more redundant
than the original articles. The researchers apparently did achieve the goal of writing
3 &
more redundancy into the revised versions of each article, "The mean number.of corgect
responses increased from 24.5 to 28.7% for, "The Emerge‘nce of Life" and from 19.4 to
24 Afor "Is There Life on Mors?" ‘ A :
" One-tailed values were ¢ puted. There were sngmf:cant differences befween' Y
mean cloze scores for the original and revised forms of both articles, (Table 'l).
This offered support for hypothesis 1. ‘
TABLE 1: T-test resulfs for cloze fests: )
NUMBER OF ‘ STANDARD 1-TAILED
. CASES .- MEAN DEVIATION T VALUE PROBABILITY

"The Emergence of Life * | "L .

Original Vesfion 30 24,500 5.043 . =2,10 0,022

Revised Vergion .. 24 © 28,708 8.725
"Is There Life on Mars?" - .

Original Version . " 28 19.357 7.176 -2.73 0.005

Revised Version’ b 27 24 ,A07 6.530

There was a shift in stopping behavior between the original and revised versions of

both arhcles. The mean number of stops due to confusion’dropped markedly for the

revused versions of both arficles. The mean number of stops due to boredom dropped

slightly, while the mean number‘f stops due to interest rase slightly in the revised

versions, - v ‘
One-fmled T values wet;p comiputed to test the slgniflcance of the observed

differences in stoppmg behavior (Table 2).

-

» n
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ﬂ‘ - TABLE 2: T-test results for stopping behavior. .
oo o * NUMSBER OF STANDARD 19AILED
. : CASES MEAN DEVIATION T-VALUE PROBABILITY

‘"The I;mergence of Life"

Original Version 29 10.931 7.620 5.36 0.00
CONFUSED Revised Version 23° 2,652 2,979 _ '
P BORED “Original Version 29 3.448 4.702 COL73. 0.046
) ; -Revised Version 23 1.739 2,220 . e
Original Version - 29 1:655 . '2.058 -1.00 0:164
INTERESTED ‘¢ % ed Verstbn 23 3.130  6.838
“Is There Life on Mars?" ' ) '
| Original V r 30 6.800. 4,213 ‘3/61 ; 0.001.
riginal Version .800 . . . 001,
CONFUSED peyised Version 24 3.333 2.823 =
o ) ~ . . ?
BORED  Original Version 30 2,733 3.016 0.76 = 0,22
Revised Version = 24 I 2,167 2,461 . -
INTERESTED Original Version 30 © 2.567- 2:£M T -0.20 0.421
Revised Version 24 - 2,750 3.948
~

For "The Emergence of Life", the drop in ?B‘?,mc;an number of stops due to confusion
(from 10.9 in the original version to 2.7 m the re;/ised vérsion) wd§=§i9nificant at the
. p=0.000 level. The drop in the mean number of stbps due to boredom (from 3.4 to 1 Y IR
was significant at the p=0 046 level The_change i in the mean numEer of stops' due to
interest was not sigmflcanf These resulfs support hypofheses 2 and %M not 4,
" For "Is There Life on Mars?", the drop in the mean number, of sfc:ps due to confusion
.‘W.B in the.original article ts 3.3 in the revised article) was signif.icgnf at fh?

p=0.001 level. Chc;nges' in the mean number of stops due to boredom and interest were

not significant. These results support only hypothesis 2.

o
-1
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The mean scores on the comprehension/recall test were the same for the original

. and revised versions of the "Mars" afticle, while thé médn score on the revised version

OQ\e_ “Emergence " article was slightly lower than that of the original . T-tests showed
~N

. ope . . ° N N ) s ‘o -
no significant differences in comprehensjon/recall scores for the original and revised _

¥

o, N
L versions of both articles (Table 3). Thus, hypothesis 5 was not ;upporl'ed,

)

-

TABLE 3: T-tgst results for the éomprehersion%/fécall- test.

: NUMBER OF STANDARD 1-TAILED
. Ty CASES -MEAN  DEVIATION T-VALUE PROBABILITY

"The Emérg;nce of Life" ~ _ /
Original Version 29 10.310 2,436 0.78 .222
. Revised Version 023 . 9.696 3.267

. Y
"?There Life on Mars?"

riginal Version 30 : 2,155 -0.06
evised Version _ ‘23 . 1.740

’
The revised versions of both articles were rated as interesting by more subjects

than were the original versions. Of the subjects. who read the revised vers:on,of the

' N

"Emergence” article, 65.2 percénf rated ;f csf**'somewhaf interesting” or "very
interesting, " and 51.9 percent of fhose who read fhe ongmal article gave it fhes/e
~ ratings. Of thése who read the revused versjon-of the "Mars" article, 65.2 percenf
- rated it as "somewhat mferesfmg or "very intetesting,” and 56.7 percent of fhose
who read the original version gave it these.rahngs.
Fhe article ratings were assemblé,d in contingency tables and cl?i-ﬁqu:irés v;/erg

computed to test the gignif.icance of the observed differences. (Table 4). The chi-squares

comparing ratings between the original and revised versions were not significant at the

p£0.05 Ie\el. "Hypothesis 6 was not supported.
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TABLE 4: Chi square results for ratings of or}ginal and revised versions of "The
Emergence of Life” and "lIs There Life on Mars?"

o . ARTICLE RATINGS

N

Very Somewhat Somewhat Very
Interesting  Interesting  Bdring Borinq

13
13

"The Emergence of Life" . »
Original Version.-- ‘ .
Revis'ed Version ‘

q

4

Chi square =‘] .29
For 3 degrees of freedom, probability = 0.74

: ‘ ,
) ARTICLE RATlNGsﬂ

ﬂ , Very * Somewhat Somewhat Very
¢ : Interesting  Interesting-. Boring  Boring

"ts '[he}e Life on Mars?"
Original Version
. Revised Version

2 15
4 11

o«

Chi square = 1,72
For 3 degrees of féjddm, probability = 064
- - . >
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CONCLUSION

-

»
.

The results of this research indicate that ingreasing redundancy ih science articles

" at points where typical readers become confused and choosmg different forms of redun-

v |

dancy where they become bored can have a desnrob!e effect on other readers,
Knowledge of poinfs in an article where readgrs are not satisfied, gives the

science writer a second chance to estimate his or her readers’ "lor@ keys" or
vocabulary, "

e

Communicating science information to journalism students, as attempted in this

-

experiment, exemplifies the problems faced by science writers for the mass media. The
) . . ‘ . .
” sample of students, as well as the typical mass media audience, coo\prise readers who

1

have little %r\:o interest or schooling in science, as well as a few who have considerable
le schooling. S R

interest but

Alfhough it-may be fairly eqsy to describe science concepts in a way that does .
N oJ

" not patenfly confuse, it is harder to presenf them in a way that stimulates inferest. It

is still harder to do both snmulfaneously, because changes in redundancy~can both’

decrease the confusion of some readers and decrease the interest of others, It is oerhops

because of this effect that the changes in redundancy madé’ in this experiment decreased

[}
:

confusion significantly but did not increase interest significantly .

'
.“

The results indicate that it is difficult to increase comprehension test scores
, X

-~ i 1
beyond a certain point. Whether this limitation is due to the way articles are rewritten™

.

"or the nature of the test used is difficult to determine. 3 .
.Sto‘ﬂst.licol ooolyses; of th'e data obtained in this experiment imply that use of
Carter's stoppmg fechmque (Cortér ef al, 1974) can provnde useful feedback to the
science writer. For best resulfs the fechmque should be applied to a sample of readers

typical of those with whom fhe writer wishes 4o communicate. If the sciente writer

wi
5

.
-
" R . ’
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wishes to reac.h readers with widely varymg backgr(nds he | t{lgy have to write severai
articles using different levels, of redundcncy. - " e

The feedback- provided. by Carter's stopping fechmque can help tell fhe science
writer in what "language" he or- she should predent science concepts.if they are to be

understood and appreciated by selected audiences.

: . ) \ \
Comparing the stopping behavior of representative audiences with' that of science
. * 3 - .

-

writers, editors, and scientists could show just how well the gafe‘k*eepers of science

L4 1 .4 s
informaﬁon perceive the language ability of their readers. Coorientation studies usir'\g
Carter's stappirg technique might help in fhus effort and shed new hghf on the feedback

.

funchon. . N

-
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’f?he "'blg bang" is prenumed to have"occurr‘ed 13 billion year's age. About.
8 hlmon years later, when the solar system whs belng'forme-d the highly .‘

' react%e elements existed as methane, ammonla and water. 4.5 billion years
ago, when the planet earth. was being born from the primltlve dust clnud the )
rudlmentary molecules whlch were the forerunners of thelomplex blologlcal v
polymerq wete perhaps nlready in exlstence. ) h _

) In Ehis scheme of things, life.is oaly a"special and very complicated form
of the motion of matter. It arose as a new propert); of matter which it had not
possessed earller, a.nd which onljr:occurred at a partlcular period in the existence
of our planet an:i resulted from its orderly development. The origin of ufe was
not an occurrence ascribed to some definite place and time. itwasa gradual .
) prooess operatlpg upon the p—a/rth over a long period of tlme. Y process of unfolding
.~ which consumed mﬂ.llons of years. One mxght think of the evolutionary process
passing through three dlstmct chemlce.l phases--from lnorganlc chetmstry, to

-

organic chemlstry, to biological chemlstry

of the cosmic distribution of elements. Astronomical ‘spectrosc¢opy reveals that

‘order of rmk hydrogen, hellum, oxy gen, nltrogen and carbon. “Hydr ogen,

oxygen, nltrogen, and carbon ,aredndeed the basic conetltnents of living systems.
Because of its high rate of escape, ‘most of the ’groe hydrogen muét_have been

A3

logt and the principal constituents of the atmosphere.must have been water vapor,

ammonia, and methane. It is this atmosphere of water vapor, methane, ammonia,

5 : ) N
. and small amounts of hydrogen which wm}be considered in this discussion asthe
Q . .
ERIC e S

s sy ! ) . 4 o
"Sﬂ}*‘”&:

A starting point for any discussion on the origin of life mugt be & consideration

~/"§ with surprlsmg umformlty thp most abundant elements ln our galaxy are, in . .

v

\
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"How did l}f? begin?" isa questxon which has been asked ever since the dawn .
of reoorded time. . The naturalist, aware of the /awe-lnspmng coamologiml dis-
coveries and the triumph of blalogice;l evolution, camot help the belief that life
evalved inevitably £ron'1 the non-living, The bumanist, filled with traditional
learning, is indignant that a problem 8o transcendentally profound should be regarded
as belonging to the realm of the natural sciences and subject to judgments arrived
at by laboratory manipulations. The experimental scientist, however, with-a
bappy optimism, expects his current investigations to-produce the key to unlock
‘the do_ox:to this profound mys’tery.

Recent biochemical discoveries have underlined the re_markabig u;‘)i;ty of
living matter. In all living organisms, from the smallest microbe to the largest.
mamn;al. there are two ba.s"l‘c molecules. 'I;iielr interaction appears to result
in that t;niqxe property of matter which is generally defined by tb; word 'life ",
These two molecules ;re the ﬁuclelc apid and protein. While each one of these
molecules is complexlﬂm form, the units comprising thex;m are few'ln number.,

The nucleic acid moleculé consists of nucleotides strung together like beads

along a chain. In the protein mc;l;cule. twenty amino acids link up with ;)ne%

: - & .

. \another to give the macromolecule. A study of the composl.tlon of living matter
tBus leads us to the inescapable conclusion that all living organisms x;mst have

bad some common chemlca{:_«‘oi'lgin. A form' of evolution’ purely chemical in nature
: nmst:of necessity have ‘prec%ed blologi;}al evolutic;n.

In the first stage of chemical evolution, the catastropuic events associated

with the origin of the universe gave rise to the elements of the perlbdic table.

e D

- |
THE EMERGENCE OF LIFE

-




. -

érlxmve atsioshpere of the earth, .
The energies available for t‘he‘synuaesis of organic compounds under primitive
’ earth conditions are ultraviolet ugl_xt from the sun, electric discharges, ionizing
radiation, and heat., While it is evident that sunlight is the principal source of
energ_;i. only a small fraction of this was in the wavélength below 2000, ﬁ, which
B ‘ eoulld‘hnve been absorbed by the methane, ammonia, and watet, ,-Howevefr, the
photodissoéiation products of these molecules could abssrb ené’i'%'. of 'highern
wavelengths., Next in importance as a source of energy ;.re electric discharges |
aucﬁ as lightning and cor@ discharges from pointed objects. These ocaur close
to ?:he earth's surface, and hem\:é. would more efficiently tru;sfer the reaction
products to the primitive oceans. A certain amount of energy was alsosavailable
from disintegration of ré.d.loﬁc’give uranium, thorium, and potassium. While ;aome )
of this en’erg! may have been expended on the solid material such as rocks, a
certain proportion of it was avallable In the oceans and the atmosp?ere. Heat
from volcanoes was another from of energy that may have been e’ff;ctiv\e. But
in comparison t: the energy from the ;m and electric discharges this was lonly a
\‘_small proportion and perha'bs not too widely distributed, so that its effect may be
“consiéered to have been only local-~such as on the sides of volcanoes.

Pl

Most of these forms of energy bave been used in the laboi'atgry for the
synthesis of organic moleo:xfe;. Simulation experiments have been devised to
. _ study the effect of ionizing radiation, electric discharges, heat, and ultraviolet
light on the presumed early atmosphere of ‘the earth. The anaiigls of the end |

products has often yielded, most surprisingly, the very compounds which we

[ N

T
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consider todayas important for living systems.

In addition to the szetic experiments just described, a—nothejr approach
bas been td:study chemical evolution by examining ;edlmemts, meteorites,
interstellar space, and lunar semples i'or ey;de;nce of life or the organic
compounds which may have preceded its éenesls. .

Although meteorites have bee: 4nalyzed for the presdiice of organlc

! ¢
compounds for over a o;entury, 'the sourcef of the polymeric organic matter BN
detected in carbonaceous’cghb;xch‘ltes has not been c.l_ear. In prevlogs studies,

¥

_the possibility that the meteorites examined had been contaminated with

Y

terrestrial blomolecules b:§ore being analyzed could nt?f/er be excluded with
certainty, lioyf:vexj, amln?aglds believed to be indigehous to the Murchison and -
Mun:ay meteorites. !xave i:ecengly been detected. Using the analytical techniqugs

of 'lon-excimngg chromatography, gas chromatography, and gas chromatography
combined with mass apectrometzly, the presence of a host of amino acids have ‘,

been identified. s

Several lines of evidence support an extraterrestrial o‘rigin for these amm;:' \

acids. The right-handed and left-handed formt;” of the amino acids a;'e almpst -

equally abundant, Terrestrial biological contamination would have resuited in

a predominance of those amino acids commonly found in ppofe}n which are

gene;any left-handed in configuration. A random ablotic synthesis is ’mmcatéd

by the presence of several non-protein amino acids. ; . ‘

Taken together, the results obtained in studies of tl;e Murchxson and Murray

meteorites strougly suggest that extraterrestrial éhem.lcal evolution has taken

" ‘place - and may be continuing. ‘ . ' .
: S, ~

§
ol —— _ et
b Pl e




" ina widely occurring evolutionary Eequence which spans ghe £onnation of

-5~

Obsservations by many groups of radioastronomers during the last tpree
years have revealed the presence of serveral organic molecules in the inter-
galactic regions examined, To datefthe molecules discgovered include water,
ammonia, formaldehydé; hydrogen cyanide. Molecules such as these are
now- considered to be widely distributed throughout mtersteilar space.

The natq;re of the complex molecules observed indicates that they are all steps

) - ’
atoms during th%h of a star to the synthesis of biologicany significant
moleculés ludmé to life.

There is no reason toe'doubt that we shall rediscover, one by one, the
physical ‘and chemical conditions which once ciet'erminédﬁand dlrect'ed the .
course of chen'ncal evolution, We may even reproduce the intermediate steps
in the la?ora.toiy. Looking back upon the biochemical understanding gained
during the span of orle human genemtion. we i:gve the right to be quite

optimistic,

", ’
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"How did life begin?l" is a question whicﬁ }xas been asked since the dawn
of recorded time. The n;gfailsp. believes j:hai life must have evolved from
nonliving material and the experimental sc;ientlst is busy trying to recreate the
.early chemical steps'tl?.a,t may have lead to the formation of life. However, -
the humanist is indignant that ‘such a ;.)roioux‘xd philosophical :;robleﬁx_ should be
regarded as belonging to tﬁe rea.ln: ‘otj ﬁclen.ce: !

Recent discovelees in bio?hemlstry have emphasized the remarkable
unity of life on Ea;rth. In every living organism, ranging from the smallest
microbe to ttie la;-gest whale, we fipd two basic moiec;xle;s: px:oteln and nuclelc .
~ acid. While eacl.: of these molecules is ‘complex, each is composed of several
relatively simple units., The protein mol&:ule is made of amino aclds/strtmg
tc\;gethé;, ly(e beads on a string; the nuelelg acid molecule is made of _repeatlng
units of :nucleotldes. The fact-that the basic chemical makeup of all living ‘things
is 8o similar leads to the. inescapablé conclusion tiat all life must have shared

a common chemical origin.

The interaction of protein and nucleic acid appears to.c result in that

upique préperty of matter called "life"". To the bjochemist, life is only a special -
3 \ -

and very complicated form of the motion of matter,

The emergence of life from noaliving matter was a gradual process that

unfolded over a period of millions of years. One might consider this slow

!

evolutionary process as passing through three distinct chemical stages--from
inorganic chemistry (the formation of elements and simple comppunds), to

organic chemigptry (the formation of complex compoux‘qs based on carbon), to °

~
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biological chemistry (‘the formation of living Jrganlams).
The first stage of chemical evolution began with the "big bang™--the
catostrophic explosion which sgientists believe gave birth to the universe some
12 billion years aéo. The "big bang" created the basic elen;en;s which are the
building blocks of all matter, )
Spectroscopy--a method of analyslng the light comlng from stars--has
shown that the most abundant elements in our ga.laxy, in order of rank, are
hydroggn, belium, oxygen, nitrogen, and carbon. With the exception of helium,
all of these elements are essential components of living organisms; .
By the time the Earth was formed about four an a half bmion Xﬁqzs ago,
hydrogen had already combined with oxygen, nitrogen, ‘and carbon to form
é _ several simple co;rxpounds, including:. methane (bydrogen plus-carbon), ammonia
- (hydrogen plus nitrogen), ‘and water (hydrogen. ﬁus oxygen). Since moset‘o‘f the
uncombined hydrogen escaped into space, scientist believe ;.hat the atmosphere
of the primitive Earth consisted mainly of métha.ne, ammonia, and water vapor,
Qiﬁh only;. small ammount of "free" hydrogén. |
During the nexti stage of chemical evolution the simple, lnorga;zic molecules
present in the primitive atmosphere\comb*negi tof{:rm oréanic comnhoundo-
% . éomplex molecx;les which have a’ chain of carbpn atoms as a backbone. This
Pynthesis (building up) of organic compounds required eaergy. ..On the primitive

Earth, several sources of this energy were ultraviolet light.from the sun,

eleciric discharges, radiation, and heat.

s
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Although the sun was the major energy source, “only a small portion of @

o 4

_ | .
sunlight was of the ultraviolet wavelenghts that could have "excited" W\&:“\cq\e)

ammonia, and water molecules to react with one another, However, the actign

of sunlight also caused these molecules to break down into other
-t

which in turh, could be excifed by other wavelengths of light

> Electgieal discharges from Ugh'tning, or sparks that were ed when
llghtnlng struck a pointed obJect were the second most important source)of
energy. Slnce this energy occurred close to the Earth's surface, organlc
products that were formed could easily pass into the primitive o 8, where
asynthesis could contin:e. | -

The decay of uranium, thorium, and potassium provided radiation which |
eduld break the compounds of the\l primitve at.iy;xosphere into ione (cﬁarged particles
which react quite readily). Voleax;bes were probably a relatively minor source
of energy, sisce their heat only reached a small area surrounding them,

Biochemists have' alree.dy sim}xlated the chemical reactions'that might have
occurred during the early stages of evolution. In these experiments, n’x.ixtures
of methane, a,mmonia, water, and hydrogen gases representing the primitwe

L

atmosphere are exposed to ultravlolet light, electrical sparks, radiation, and

/

heat. Amazlngly, these experiments have produced several organic moleru:les--

) : . ) o | .

including amino acids--which are important building blocks of living organisnis.
‘Meteorites have been tested for the presence of organic material for over

. a century. Organic moleculgs have been aietected in some carbonaceous

-

) chondrites--a type of stoney Weori’ce containing carbon. However, sc‘ie”ntists .
\ VR . .

\
»

were never certain whether these molecules acMy bad been formed in°space
or had merely been picked up after the meteorite had fallento Earth. It was
L possible that the meteorites had been contaminated with molecules that had been

3

-formed on Earth, hd
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Recently, sclem:lsts using chromatography and mass spectrometry--two .
4

methods of aeparatlng and analysing the compounds present in a mix¥ire—have
fdentified a host of amino acids in meteorite samples. There is fairly strongd
. evidence that these amino acids were forined in space.

Each type of amino acid occurs in two slightli different for:.ns, ;:élled
isomers. Oddly enoﬁgh, the proteins produced by living organisms\a/;‘z almost
exc}ixsiv‘ely made ;1p of onlygpne isomer of each amino acid. If the meteorite
samples had been éontaminated with amino acid$ formed by Earth organisms,
ww;‘uld ez;pect to find a predéminanc;: of the isomers commo;.ly found in
proteixis. However-,‘ both isomers of each amino acid were fm;nd in
nearly equal g;oportlons-in the meteorite samples. Also, tpe meteorites contained
several amino aclds not usually found in protelns. This suggests that they.. '
were formed by some random process, not by Earth organisms. .

Radioastronomers, who study radio waves that reach the Earth from
space, have found that some biologically important molecules cxist in the vast
expanses of space. Scientist now belleye that molecules guch é,s water, ammonia,

formaldehyde, and hyérogen cyanide are widely distributed throughout interstellar

space. The compounds found so far, span several of the early steps of chemicgl

evolution--from the formation of elements during the birth of a star to the !

)
Taken together, the evidence form meteorites and rgdioastrononiy suggests

sypthesis of organic molectles lmportant.for life.

that chemical evolution hak taken place outside the E‘é.'rth--and may be continuing.
The sequence of chemical eventg that led to the formation of life on Earth appears

to be a natural and universal property of matter.




NS

Looking back on the biochemical understanding we have gained in the

span of one generation, we have & right to be op%tic. There is little reason
‘ N : . / .
to doubt that one day we will be able to reconstrutt the entire course of chemical

_ evolution that lead to the emergence of life. .
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v . IS THERE LIFE ON MARS? ) .

’

4

In an author Hative document. the Natlonal.Aca.demy of Sciences has:set down
the search for extraterrestrin.l life as the prlme goal of spac; blology. "It is not
since Darwin and, before him, Copernicus, thyt aclenoe has had the-opportunity
for so great an impact on x:nan's understanding of man. The scientific question
at stake in exobldlogy is thé most ex'clting,‘ the most-qchalle'nging, and profound issue,
not only of this century, but of the entire naturallstlc movemB;‘: that has characterized
the history of weste_rn thought for oyer 300 years. If there is life on Mars and if we
can dgmonstute its indepe;xdeﬁt qugin, :ix we shall have an enlightening answer )
to the question of the improbability and : queneéss in the orlgin of 1ife. Arising
twice In a single planetaiﬁystem, it must urely occur abundantly elsewhere in

‘ the staggering number of comparable planeto,ry systems, " '
-Our effort to land an mstrument or evcntually a sclentist aetronaut‘ on a neigh-
\borl.ng planet is primarily direoted to the planet Mars. '.}‘he posaibﬂtty of life on
Mars has often been raued. -The oana.l-llke Mctures on Mars and the seasonal

wave of darkening across the planet hav led many to believe that there must be -

some form of llfe on Mars. Some fave auggested the existence of highly intelligent

belngs who, by mcredihle feat of engineerlng, hve saved for themselves the
depletlng water supply on tl;e planet by building mammoth canals crisscrossing the
' planet, All these speeulatlons have ﬁd the imagination of the planetary scientist

~ and have made him determjned to find cut the answer to the question, ]"Is there life

on Mars?" '

X
. <
P, .

.

When we leave speculation ulgl_é and consider the actual conditjons that exist on

Mars today, we must very likely exclude the existence of advanced forms of life;

Q

~
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howevex:, physical conditions are such that low forms of life, such a; micro- ‘
organls' could survive on the pla.nét. The atmosphere of Mars is made up largely
of carboz; dioxide witt: ; trace of water. There must be a high ultraviolet ﬂux’which
reaches the surface of Mars, since the Martian atmosphere dées not appear to have
a built in protection from ultraviolet light as our~ own earth. With this high lncidencg
" of ultraviolet radiation, Martian érganisms would have to protﬁ themselves by
burrowing ‘into the surface; or they may have involved a; mechanism compatible with 4 ~
the existence of a high ultraviolet flux,
Te.mp'erature measurements have shown that the polar caps of Marg consist of

™
ice, They wax and wane with the seasons. In the summer, the pole cap recedes about

" 85 kilometers per day. As one polé cap recedes, the other is upder a cloud. A dark
*  band has be;en obéerved to follow the receding pole cap. 11; is :his dark band which has
led many to speculate on-the existence of vegetation. The wave of darkening proceeds
from pole to equator at the rate of about 3:‘3 kilometers per day during the sprihg and
summer. The average temperature of Mars is considerably lower than that on the earth;
however, .the extrémesﬁ may not be incompatible with life, The hlghgst temperx;a.ture
observed during the day near the equator is about -40 degrees 9entigradé. The night
tqmperatqres go well below zero, to about -85 degrees. - |
The atmos.pberio pressure on Mars was long disputed. The recent data c&nﬂrms the
: low' estimate th.ai it is only 1/100 that of the earth. ,VS}ll_ﬂe this low pressure ‘' may not
in jtself be a 'factor which aﬁectﬁ the survival of microorganisms, it might have an
0 / ‘ '
' effect on the availability of water. The amount of water present on Mars s aHoxij:&
11000 of that found in the earth's atmosphere. This does not preclude the existenc‘:e‘ of

micro eavironments in which above average accumulations of water may accurs

a - »

Q ) )~
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. “This survey of the physical paz:ameters of Mars indicate for us that, although
. ‘the conditions are rigorous as oompar* to the eartli, they are v;lthm the range in
" which microorganisms can su.rvlve'. Indeed, laboratory experiments in which these
conditions have been simulated hav; showz’ft'hat soxhe earth mici'oorganlsms can ~ "x‘\

survive and even multiply under such conditions. Furthermore, if we consider

(Y

planetary evolﬁtion, on account of the smallness of the planet Mars, the processes of
chemical evolution m\any have proceeded very rapidly. Life may bave evolved and

disappeared. Visitors to Mars iy be greeted by relics or fossils of a once thriving
* &

biosphere.’ . . - s

/4

Viking I and II continue the explo.ragion of the martian surface. Each of the twelve
investigations abroad the Viking orbiters and landers could directly, or indirectly,

relate to the search for life. The most pertinent data should come from the experiments

'3 £

designed to search for organic molecules and microorganisms, - ’ T
. In:the molecular-analysis experhﬁe;:t, two samples of Martian sdil were heated

to 500 C to pyrolyze any organic molecules, The Vapo;'lzed material waé led into a

high-efficiency gas Shroéatography colum;; connected to a fastscanning mass ip/e/gro-

meter. The first reaults lndica.ted that organic material in the Mars sample was less N

than 1 part bex: million. Subsequently, this figure ‘was further refined to less than ¢

10 parts per billion. ) . / ’

In the face of such a result it may seem almost superfluous to conduct a further
- " ' - )
search for life %ased on carbon. However, the biologist might suggest a scenario in

»

which wind or dust carries sppres or microorganisms to the Chryse desert, there |

\; to burst into life at the magic touch of an external.stimulus. While the technique of ~

gas chrgmatography combined with mass spectrometry has lower limit of detection

{

| : *
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"t
N




.

oi: 108 orgaiﬂams, the biology experlfnents may detect a single organism by amplifi-
- ~_ . /’
cation of its activity, —
The Viking lander carrfes three hiology experiments: ms-exchange"(GE}Q,

labelled release (LR), and pyrolytic release (PR). Here we see a spectrum of

approaches, from néthing extraneous added to the soil sample except water vapor,

to water and organic substanées presént to s ulate metabollc aetivity.
\ S —

In the GEX experimem, a wbic-centnneterlaample of soil is tranaferred to an

incubation chamber and wetted with a-mixture of organic compounds ln the presence
of the ambient Martian atmosphere. At various times, this atmosphere is sampled
for analyais by gas chromatography. Changes ln the composition of the gas above the ot

>

soil imply blologlcal activity, » . ‘ \ ' s
The LR axperlment consists of a chamber ln which a sample of Martlan sod can
" be wetted with a-nutrient containing glycine, alanine, lactate, formate. and glycollate+- .
a soup considered palatable to terrestrial microoganisms. Each carbon ator is | v -
‘radieactlvel'y labelled. The release of a volatile radioactive-carbon product indicates
biological activkty |
Thz’PR &periment tests photosynthetic activlty of organisms, by fixation of
radioactive carbon dioxide and carbon monoxide into,,orga.nic compounds. It incybates
2 sou aample 1n light ug}der the native Martian atmosphere, splked wlth radioactive -
tracer gas. . After incubation, the unreacted gas is flushed from_’the chamber, the
sample pyrolyzed at 625 C, and the organic compounds trapped onto & firebrick column-

\ - . . . " ~ -. ‘. . . .
oontaining copper oxide. When this column is heated to 700 C, the organic material *
F ,‘ * - . -

is og:fdized and released as radioactive COy. A carbon-l 4 detector, monlfors the . (L
' \

Y

effluent. Should any of the tests produce a positive signal, the experiment is repeated

(" [ 4
(W RN

- X,
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using sterilized Marti;m soll as a control, after heating the soil’ sample to 10 C

[

for 3 hours.
Al three experiments produced positive results. Control expe;'iments showed

5

that the stenhzation prooedure mactxvates the soil. : v h |

\

But a number of difficulties have been encountered. ‘For example, in GEX the
\ slgnlﬁcant ch?nge was observed only in the 09 leve: and hot ln that of the! other gases.
Furthermore, the 02 level rose sharply and remained levgl, a situation unlikely
"in the case of mic:\robial activity. In the LR, there was an abrt?t d{mb in the release
- of read.ioactlvity, but that mn"gevdled off. The pbsitive result from th'e PR "
experimept, howevex, appears ;o resemble. terrestrial biological aetivit;'.
In the absence of organic earbonf\as reported by the GC-MS analysis, it.seem,s

reasonable to postulate surface c‘henica.l\*;eactlons of an inorganic nature to account

for all these results. The 'presenee of 'suf)_eroxides of metals can indeedbe a .

¢ v
\ - it
»

plausmle explananon of the data observed.
*. Before'the-davm of the twenty-firsh oantuny ‘manned exploratlon of the solar

syste;n may tell us whether we are alone in oun\:mverse. Radio teleecopes - °

;\ummé theﬁilstant galaxies for intelligible mea;gges may reveal the presence of

our more ;'emotae neighbors. “ Laboratory experiménts will endeavortq retrace the - . -
. path of chemical evolutien and may support our belief ﬂln the existence of extrater-

N

strial life. S
e i/e . %”
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IS THERE LIFE ON MARS ?

.

The National Academy of Sciences has said the prime t;:sk of space biology
is-the search for life outside the earth and its atmosphere., - o e e e

Space biology provides the greatest opportunity for scientists to study how life
began since Copem.icu; and Darwin started the naturalistic movement over 300 years ago.
The mtgmlis(tic movement tries to explain all phenomena in terms of scientific laws. |

Our efforts to land an instrumer;t,' or eventually a scientist astronaut, on a
- planet is prim::rily directed to the planet Mars. If we can find life on Mars and show
that it has arisen independently of tife on earth, we can conclude that life must have
arisen in many other places. There is a staggering number of planetary systems
comparable to our own. . | "

The pcssibilil}f of life on Mars has often been raised. The canal-lik.e structures
on-Mars and the seasonal wave of darkening that moves across the planet have led many
to believe there must be life on [\Aars. Some have suggested the existence of highly
infelliger;t beings who, by inc'redible feats ofjngineering, have saved a vﬁnishing
water supply by building:q»émmoth canals crisscrosging the planet. These speculations -
. have fired the imagination of the planetary scientist and have made him determined to
cnsver the question, “Is there life on Mars?" | ) .

The phys‘lcal’conditions on Mars are such that advanced forms of life are not
~!ike|y to exist.' However, low forms of life, such as microorganisms; could survive. ‘A/
high Iev‘el of ultraviolet energy must reach the surface of Mars, because the Martian
atmosphere has no bu\ilt‘-in protection from ultraviolet light. It is made up lm:gel;'.of

carbon dioxide and contains only a trace of water. To survive, Martian organisms would

~ have to protect themselves by burrowing into the surface or by evolving a mechanism

" to allow them to withstand the high level of ultraviolet energy . . ( —_— -

= more -
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. Temperature measurements have shown that the polar regions of Mars are

- covered with ice. The areas covered increase and decrease with the seasons. As one
pole cap recedes, the other bé’comes covered by a cloud, Scientists have observed a

. dark band foilowing the m"ced‘ing ice cap. It is this dark band that has led many to
specula;e on the existence of vegetation. The wave of darkening travels about 35
kilometers per day during the spring and summer . Although thegeruge temperature

of Mars is considerably lower than that on the earfh the extremes may not be incom-

* patible with life. The highest temperature observed during the day near the equotor

is about ~40 degrees Celsiur (also equal to 40 degrees Fahrenheit). nght temperatures
go down to about -85 degrees Celsius (~121 degrees Fahrenheit).

For a long time, scientists have argued about what the atmospheric pressure

on Mars might be. Recent data indicate that it is only 1/100 of that on earth, ' While
* this low pressure may not directly affect the survival of microorganisms, it might affect
the availability of watér, which is necessary for life. The ahﬁasphere of Mars has only
. ab'out 1/ 1600 as much'\;voter as that of the earth.. Very tiny or "micro® environments .
containing above overaggoccumulotions of water could still exist, however.

In summary, a survey of the environment on Mars indicates that although
conditions are more rigorous than those on the earth ,.the;' are within the range in
which microorganisms can survive. Indeed, l;:bomtcw’y experiments have shown thot
microorganisms can survive and even multiply in environments where conditions found
on Mars are s‘imuloted. Furthermore ,' the smallnest of Mars might have accelerated the

processes of chemical evolution that Jead to life. Thus, if such planetary evolution

_topk place, we might expect Visitors to Mars to find fossils of a planet once thriving
with life., ‘

z
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Each of the. 12 investigations aboard Viking |, and It orbiters und landers
wem'designod to help in the search for life. The most pertinent data should come from
the experiments designéd to search for organic :r)olecules and microorganisms.

In the molecular enalysis e:periment two samples of Martian soil were heated
to 500 degrees Celsius to pyrolyze (brenk apart) any organic molecules. The material
was then analyzed to determine .its cdmponents by a gas chromatograph, which
separates elements, and a mass spectrometer, which |a!>els them. The first results
indicated that the soil sample contained less than one part per million of organic
material . Later results showed that the sample eontais)ed only 10 paris per billion
(only 1/100 as much organic material as the earlier results had shown).

) These results seemed to indicate that no further search. should be made for life
based on carbon, However, biologists suggested a scenario in which wind might corry
spores or microorganisms to more suitable environments where they might burst into life.
Scientists ‘also suggested more sensitive measuring methods. The technique of gas
chromatography combined with mass spectrometry cannot detect life unless at Ie;st one
mnll:on (106) orgamsms are present. Biology experiments, on the other hand, can detert
a single organism, because each organism's activity is greatly amplified.

The Vlkmg |aqder carried three blology eﬁxpenments, called the gqs--exchcmge,°
the labelled-release and the pyrolytic-release experiments. They i§ncjud~ed a variety

{
of ways to test for life. P

In the gas-exchange experiment, a sample of soil was transferred to an
incubation chamber and wetted with a mixture of organic compounds in the presence of
the normal Martian atmosphere . /"t variols times, the chamber's atmosphere was sampled

and analyzed. Changes in the composition of the gas above the soil would imply the

.

»

presence of biological activity.

* more -
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A similar chomber was used in the labelled-release experiment, but the Martian soil

sample was wetted with a soup counsidered palatable to terrestrial microorganisrs.

“This soup contained glycine, alanine, lactate, formate and glycollate ~— a combination

‘of amino acids and organic salts, Each carbon atom in the soup was radioactively
labelled; so tl;e relécée' of a gaseous mdioaétivq*prod,uct would indicate that biological
activity had t;ccurned.. -

The pyrolyt?q-re_lease experiment first gave any organic material in the sample
a cho_rice.tp‘perfo;'m protosynthe\»is,‘ which is common in earth plants. This was done
by supplying light to ‘the chamber's Martian atmosphere . To defect the presence of any
photosy\nflwetic activity, ‘radioactive racer gas was added and the sample check?d to see

if any radicactive carbon dioxide or carbon mgnoxide were released when the sample was

,heated It was the .expected releose of compounds during heatmg or "pyrolyzation*

that gave th:s experiment its name .

"All three expenments produced pesitive msu‘lts, suggesting the presence of
mﬁboliq activity or some form of life in the Martian soil sample. .
: Each.experiment was repeated using a sample of -‘Martian soil that had been

sterilized to kill any living organisms present. None of these "control” experiments .,

pfoduced any indication of metabolic actwnfy ‘ R

The positive results, however, did not prove that life exists on Mars. For

exqmple PR the gas-exchange experiment, the significant change was observed only Y

"in the oxyg_en level and not in that of other-gases. Furthermore, the oxygen level rose

sharply and remained level, a situation unlikely if the change had been caused by the

. action of*'microorganisms .

In the labelled-release experiment, radicactivity chmbod abruptly but soon

leveled gff,"-flf biological action had been present, the rpdnoactlv:fy should have

- more -
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climbed more slowly qnd continued longer. _

Although the positive results of the pyrolytic-release e;p:e/riment appeared
'?o resemble biological activity, they could very likely have been produced by
inorganic chemical reactions. The presénce of i'nighly reactive superoxides of metals
has been suggested as one explanation for the ob.served chemi;:al activity . |

-Befo:e %he dawn of the twenty first centyyy, manned exploration of t;ye solar
system may telbus whethe; we are alone in our universe. Radio telescopes scanning
the distant galaxies for intelligible messages may reveal the presence of remote neighbors.
'Laboratory experiments will contigue trying to retrace the path of chemical evolution |

qnd may support our belief in the existence of extraterrestrial life.
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