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IO STUDENIS AMD TEACHERS

"i+ Is Impossible to dissoclate language from sclence
or science from language, because every natural sclence
always Involves three things: the segusance of phencmena
on which the sclence Is based; the rostract concepts
which call these phenomena *» mind; and the words In
which the concepts are expressed. To cali forth a
concept 8 word Is needed; to portray a phenomenon, a
concept Is needed. All three mirror one and the same

reallty.”
- .o, From ;
Antoine Laurent Lavoislier,
N Iralte da Chimle,
~N»

‘ The Ohio Academy of Science, In providiag this gulde and In
encouraging students to use i+, wants to highilght the fact that
such more than laboratory experiments and fleld observations Is
Involved In sclentific research. An appropriate reserrch approach
must be planned and followed, resources must be efficlently
managed, schedul must be established and met, and accurate
records must be majntalined.

However, even If ali +his Is done consclentiously and
competently, the re-earch will be pointiess 1f the resuits — the
successes and fallures allke — are not effectively communicated.
The results of research cannot provide benefits to anyone unless
the resesrcher's recommendations sre Implemented or unless the
deta and !nsights developed are used as springboards for further
Investigations.,

Businesses and Industrial firms ~ as well as governmental
agencles and private research organizetions -~ have great
interest In effective communications. The cost of poor
communications can be very high: unnecessary expendltures,
serious delays, avoldable accldents, lost opportunities. Many
years ago the cost of poor writing was stressed by General Curtis
N, LeMay in his foreword to the Gulde for Alr Force Nriting:

"One of the greatest ngeds facing the Alr Force today
Is to Improve the quaiity of our writing. It takes us
to0 iong to get our ideas down On paper. We use too
many words to say what we mean, and too often our
meaning s not clear. . Then becsuse of poor writing,
our readers have to waste thelr time *trying to
understend us."

-t

Because effective communlcation 1Is critical for the
advancement of sclence and englineering, many employers of
sclentists and engineers hire professional writers and edltors to
help meet the challenge of communication. Many employers also

5 6
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provide .speclal writing classes; some publish thelr own writing
manuais,

The sample student report format provided In Appendix A of
this gulde Is intended only as a general pattern. The design of
any specific report must be based on the nature of the subject
matter, the Intended use of the report, and the technical
backgrounds and specific needs of the target sudlence.

Moreover, this gulide Is not Intended as a substitute for
writing texts used In regular schooi English classes —- only es a
supplement to them. Students ere urged to take adventege of all
of the many oppor-unitles presented In their English classes far
improvement of thelr communication sklils:  reading, writing,
speaking, and |istering. One of the best ways to Improve writing
skillis Is to read widely and to analyze the techniques of the
most successful authors ~~ from Shakespeere and the Romantic
Poets to modern novelists and sclentists who 9ubl!sh in the
leading technical Journals.

This gulde for the preperation of reports is organized Into
elght major parts:

1. What is a Technical Report?
2. What Is an Abstract?
3. What Is a Technical Paper?
4, Writing Abstracts
5. Writing Technice! Reports
6. Developing an Outline
7. Exampie Student Report Format ¥
8. Example Technlical Paper and Journal
Editor's Instructions.

TEACHERS AND STUDENTS SHOULD FEEL FREE TO COPY PORTIONS OF
THIS GUIDE FOR EDUCATIONAL USE AS LONG AS CREDIT IS GIVEN TO THE
AUTHOR AND THE ACADEMY,  THIS GUIDE 1S PROTECTED BY COPYRIGHT
ONLY TO PREVENT COMMERCIAL USE.
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MMAT IS A TECHNICAL REPORIT

The technical report Is probably the single most Importent
type of technical communication. (n a lerge organization,
sccurste, essy-to-use reports, submitted on time, can pe the best
avenue for a resesrcher to cbtein fovorabie recognition by
management for a Job wel] done.

Reports have a number of generally accepted functions. One
specific report might have only one function, or It might have
many. The major functions of - rorts eres: a

{1) 4o Inform )

{2) 4o stimuiate to action

(3) to provide a base for planning
(4) to record. :

For the prejaration of an sffective technical report, It Is
essential that you know who wiil use It and how It will be used.
Reports often have gn Immedlate, or direct, asudience and a
secondary, or Indirect, audience. It Is necessery to consider
the nature and needu nf both audiences. )

In contrast to a +echnical paper pubiished In the open
{1terature, which high!ights.a specific sclentitic or englineering
schievement, a terhnical report is a detalied description of a
project. Several sclentific pepers, Intended for vearlous
sudiences or journals, may be developed from & single project. A
technical report 'contalns project mansgement Information and .
provides & thorough discussion of the entire project and [ts
tochnical and other Implications.

Reports can have verlous legal aspects related to thelr
recording function. For example, & report might be Importent for
supporting s patent appli-stion or for provipng thers was no
negligence Ieading to an accident.

A report may be eagerly awalted by Impatient readers - oOf
1t may have to compete with many other reports for attentlon, In
any cose, the Intended audience Is usvally much ilke the audience
for which Journalists write thelr news reportss It Is busy and
wants Information presented as quickly and efficlently as
possible. Therefore the "inverted pyram!d® structure of
mrganlzaﬂog used ~o effectivoly by Journallsts —— with the "Flve
N's" revealed Immediately -- s, generally speaking, the best
structyre for technical reports also. The "Flve W's® are:

who?t

what? .
Why?

when?

where? 9

{and sometimes How?)
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Decision makers who read reports ordinarily uaﬁf the
following information glven as snon as feasibles

1. Who wrote inls report?

2. What suthority Is represented?-

3. What Is the background? .

4., Why was the repori written? ‘

%, Where was the work done?

6. When?

7. By whom?

8. What were the results of the work?

9. Wwhat decisions am | dbelng asked to make?

18. What wiil the benefits dbe If | follow recommendations?

11, Wwhen will the benefits be avallable?

12, What costs ere involved - time? money? safety? cther?

13, Whet might be the Impacts on related or other planned
activities?

14. How relisbte Is this Information (pwures fo! lowed?
quaiity controil)

15, What were the problems encountered? What sre the
implications?

(¥ such Information Is glven early in t+he report, the reader
can make tThe needed decisions quickly == or refer the report
Jjemediately to 8 more quallfied decision meker. There are meny
devices for making tre decislion meker's lob easler. For examples

1. A Title Page with meoningful ti1tle, date, auvhor, etfc.

2. A clear and sccurste Abstract of the report

3. Clear I|llustrations and tables, complementing but not
dupiicating the text

4. Meaningfu! hesdings and subboedings for sections and
subsections

5. Key sentences at beginnings of paragraphs

6. Conclse, cleea ', concrete ("picture making™} [anguage

7. Detalls separated from the maln text send put I nto
appendlces

8. Neatness and varlety In the appearance of pages -~-
pleasing belance of paregraphs, {lsts, [llustrations,
"white space.®

Much of the information needed by dec!sion makers shouid be
contalned In the report titie. It Is lLaportant that the titie be
both accurate and stimulating for another reason:
"retriovabliity.® A report can easlly get fost In the fiies
(especialiy In a uter-controlied file) If words In the fitle
asre not selected With retrieval In mind.

Since most technical reports are based uitimeteily on =8
written proposal, or reseerch plen, a copy of that p-opose! or
rasearch plan should be avelisble for reference during the report
prep-ration. The report must reflect the commitments made In the
propossl. Any davigtions must be explainad and Justified. This
does not mean that there may not be any deviations. The nature

v 1!()
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of research Is such that on occasion deviations froma plan or
schedule are absojutely necessery,

Decision makers wil! be better disposed to follow the report
recommendat lons — to make the "right® decision — I[f the report
is easy to read and interesting. An Important part of technical
report writing -~ often Ignored by students and even
professionals ~—- Is careful editing end polishing. ’

WHAT LS AN ABSTRACT? | "

The rapld growth of science and technoiogy makes It
impossible for busy scientists and engineers to read, In thelr
entirety, all of the significant i1iterature In their pa-ticuler

- areas of specialty. Murh less are they able to resd significent
publicstions In relateur or potentially relsted, flelds.
Therefore, abstracts of reports, Journal erticles, papers
presented at conforences, and simlilar technical communicetions
have become Important tools for the dissemination of sclentific
and technical information.

) Professional socleties generally pubiish, In advence of
thelr major conferences, abstracts of papers to be presented.
This ensbles attendess to select sessions most pertinent to their
Interests, Many technical Journal editors require that abstracts
sccompany all papers submltted for pubiication. A number of
abstracting services distribute collections of adbstrects to
thelr subscribers. One of the best known Is Chemical = Abstracts
Service, located In Columbus, Ohlo.

MHAT 1S A JECHNICAL PAPER?

A technicasl peper is a speciel kind of report +thet is
prepared for broed distribution as part of the »nrofessional
11terature In a specific sclentific or engineering field. It mey
be puolishad In a professional Journal, In a trade megazine, or
In +he conference proceedings of a profossionsl soclety.

Usually a technical paper Is based In whole or in part on =
report or group of reports prepared for an Industrlal
organization, & grant-awarding foundstion, or a government
agency. It doms not contain Informstion that Is conslidered
sensitive from an Industrlial proprletary stendpoint or that has
been dasignated as "zisssifled® by a government agency.

The style of the technical paper ususlly reflects the style
of cumparable pepers In the same fleld. Sometimes convantlon
dictetes, for example, the use of spec!fic abbrevistions or
symbols or the types of photographs or other tilustrative
materials included. fditors of most professional Journals
provide Instructions to prospective authors of papers tor ‘thelr
pubtications. ’

Q 11
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Appendix B presents a representstive technicsl paper
published in The Ohlo Journal uf Sciance, the officlal journal of
The Ohlo Academy of Science. Note the abstract Included and the
mothod of meking acknow(edgments and of clting the literature.
Appendix B also Includes a reprint of the Instructions for
preparation of manuscripts for pubiiication In the Jourual.

MRITING ABSTRACTS

The writing of brief, Informetive sbstracts Is a speclal
skil] thet should be developed by students. Here sre a few
suggostions for preparing sbstracts iisted by Edward T. Cremmins
In his book, Jha Art ot Apstracting (Cremmins, 1962): -

1. Prepere an abstract that access services can reproduce
with 11ttie or no change. copyright permitting.

2. State +the purpose, methods, results, and conclusions
_presented in the original document, elther in that order
or with Initial emphasi. cn results and conclusions.

35, Make the ebstract as Informative as the nature of the
document will permit, so that readers may declde.
quickly and accurately, whether they need to read the
entire docusent. ‘

4. U.iess otherwlse Instructed, use fewer than 25C words
for most papers and portions of monographs and fewer
than 100 words for notes and short Communications. For
fopg.reports and theses, do not excesd 500 words.

5, Avold Including beckground Information or citing the
work of others In the sbstract, unless the study is a
replication or evaluation of thelr work.

6. Do not Include Information In the sbstract that is not
contalned In the textual material belng abstracted,

7. Verify that all quantitattve or qualitative Information
used In the abstract agrees with the Information
contalned In the full text of the document. :

8. Use standard Fngilsh and precise technical terms, 8nd’
tollow coiwventlional grammsr and punctustion rules.

9. Glve expanded versions of lesser known abbreviations and
acronyms, and verballze symbols that muay be ynfaml!lar
{40 readers of the abstract.

10. Omit needless words, phrases, and saftences.

The Ohlo Academy of Sclence routinely requires ebstracts from
all members who wish to present papers during the snnual meetings

no 12




of. the Acsdemy. The lnsfrucﬂms reprinted below are Included
each year In the "Call for Papers.™

An &' .3tract should be Prﬂparad for eech paper to be
Jresented at the annual meeting. The abstrect should be
a conclse summary of the contents of the paper and not
merely a general descriotion of what the papsr Is about. °
Tell what the specific facts are, not what they are
going 1o be when you talk. All important facts should
be stated wlith brevity: but not such sparing use of
words as to !eave ambiguity. Abstracts shouid be 250
words or fewer. Tables and grephs should not bde
Inciuded. New techniques or new apparatus and their
functions should be mentliofied. Mew constents, critical
data or formuime shoul!d be Included. Names of now
species should not be listed In the abstract. All
orgenisms, chemicals, efc., should be designated by #ull
sclentific names. The value of adstracts Is reai and
considerablie, not only for those In attendance, but eiso
for others unabie to attend. Acceptable sbstracts. are
pubiished in +the April program sbstracts Issue of Tha
Ohio Jdournal of Sclence.

MRITING TECHNICAL REPORIS

A written report must be :submitted for each project
supported by 8 grant from The Ohlo R-ademy of Sclence. A report
Is als0 required for projects entered In Locals District and
State Sclence Days. This report should contain all of the
elements typlcally found in reports prepared by researchers In
Industria. orcanlizstions and government agencles. It should
discuss, 1~ 2deguate detall for evaluation, the background of the
project, tn- vk dones the results ocbtalined., and the conclusions
and recommenc s based on the resuits.

References used shou!d be clited and assistance recelved
shouid be acknowledged. Experimental dats, statistics, notes,
and computstions recorded In the project log or notebook should
be summarlzed as approprlate.

The report should be organized In generally accepted
technical report formet. |t should be carefully checked for
correctness of sentence structure, word usage, speiling, eand
punctuation, I¥ possivie, It should contaln photographs,
sketches, graphs: or other |llustrations =~ but only If these can
contribute to effective presentation of Ideas or facts.
References mus! be clted In 2 conslstent =style. Quotstions
should be used only sparingly: and they must be exact.

The repory shouid be submitted as an attachment to o
Transmittal Letter (see Appendix A). 11 should Include & Title
Page, Table of Contents, and Abstract.

The example of & sultable formet for student reports
presented In Appendix A s provided only for general guldance.

IC A3
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Thers are meny acceptabie vays of organizing technical reports.
Later you may find that you- employer requires you fo follow a°

specific report pattern. If so, foilow the prescribed formet
exactly If at all pessible. -

In general, a typlical report would contain the following
ma jor sections: )

mmm;ﬂou
The Introduction shouid prepare the reacCer for proper,
understending of the repourt. It should briefly cover, for
axamplas

- the probiem or ides that stimuleted the research
- the historical background of the problem or 1dea
- the hypothesis on which the work was based
- the scope of the study and of the report.

RESULTS, CONCLUSIONS, RECOMMENDATIONS
"his can be a single section of the report, or It car be
divided Into two or three parts. in any event, the

conclusions must be drawn from the resuits and the
recommenaations must be based on the conclusions.

TECHNICAL D1SCUSSION

&
This section should cover all project activities and
findings. Typlcally 1t grovides Information concerning:

the rationale for the specific Investigstive approsch
selected

the procedures follcwed

the equipment used or the ssmpies considered

the results obtained and the method of analyzing them
the Implications of the results of the work.

¥
(T I

MANAGEMENT Di1SCUSSION
This sectlon should cover all management aspects of the
project. For exampie, dlIscuss adherence to agreed~upon
budget eond schedule. Any devistion or variance from the
menagement plan presented eariler In the propossl must be
explsined and Justifled, and the implications discussed.

REFERENCES

14
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APPEND ICES s

.Appondlces might Iinclude, for exr +le, #u !ist of sysbols

W8 o @ glossary, supporting tables of detalied data,
supplementary graphs, background calculiations, computer
printouts, ;

DEYELOPING AN QUILINE

The critical first step In the preparction of a technical
report Is the development of & good outiine. The fotlowing
suggestlons should help you tc avold some of the prodicas often
associated with outlining:

(1) Summerize the message you want to convey In q0e
(the “thesis® sentence). If you can't do
this, your think!.g Is not In focus. More analysis of
the project activities and resuits Is necessery. When
you're satisfled that the sentence accurately reflects
what you want to say, write It at the top of your
out!linc page ss a "target® for your report design.

(2) use only one large sheet of paper to make your outiine.
Don't "frageent® your outline (and your thinking) over
soveral sheets In a tablet. Keep the entire outiine In
view as you deveiop 1+ so that you can see at a glance
any repetitions; omlssions, conflicts, imbalances, etc.
The single {large sheet wilil help you: to malntain
controi.

(3) Decide on all major headings and subheadings befora you
detall the outline. Also, meke decisions concerning
appendix material and the placement of 1llustrations
and tables before you detal! the outline. Ycu can then
add detall In any order you wont,

The sample outline on the next page Is grestly simplified,
but It Is based on a real technical report. Note the docimal
number ing system used to Indicate sections and subsections. You
might want fo use a similar system In the outiine ~ and In the
report liself.

15
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Appendix A

EXAMPLE STUDENT REPORT FORMAT
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L
EXAMF € TRANSMITTAL LETTER FORMAT

{USE SCHOOL LETTERHEAD STAT IONERY)
lhy 19, 19%x

The Ohio Academy of Sclence

Attn: Chalrman, Student Resesrch Grants Committee
445 King Avenue

Columbus, Chio 43201

Gent i emen:

final Report on Stydent Grant Project

Project Titles
TITLE REFLECTING THE PURPOSE
AND RESULTS OF YOUR
INVESTIG/TION

 Attached are fwo coples of my report on the study | conducted

under & grant from The Ohlio Academy of Sclence. My research
supervisor waes Mr. John Mauderly., My English advisor was Miss
Denise Dagot. The total of the grant was $185.00, and | used the
entire emourt.

| eppreciste very much the opportunity that the grant from the
Academy provided to Investigate a probiem of concern to me. |
pian to encourage other students to submit proposals to the
Academy because of the vajusble practical experlence they can
obtaln In conducting research projects and in meeting the
challenge of effective technical communications.

i 5130 ‘+to submlit & copy of my report and to prepere a display of
my project results for our snnual Student Science Day In Central
Clty.

Yery truly yours,

George M. Sm!thman

Attachment: Report (2 coples)
Under separate cover: Three experimental samples

18
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Appendix A

EXAMPLE STUDENT REPORT FORMAT

. TITLE REF_ECTING THE PURPOSE AND RESULTS OF
YOUR INVESTIGATION

to
The Ohlo Academy of Sclence
by

George M. Smithman
4455 Kendal! Avenue
Central City, Ohlo 43xxx

”CY 10, 19xx

Research Supervisor: Mr. John Mauderly
English Advisor. Miss Denise Dagot

Central City High School
. 462 Main Street
Central City, Ohlo 43xxx
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ABSTRACT

An abstract shouid be prepered for each student report., It
spould‘ be on a separste sheet of paper, . Immediately after +the
Tabin of Contents. The abstract stould be & concise susmary of
the contents of the }eporf. not merely i general description of
what the report Is sbout. Abstracts should not exceed 250 words.
All Important facts and thelr Implications shouid be stated with
briefly, but words shouid not be used so sparingly as t0 leave
ambiguity., Tables and Agraphs should not be included. New
techniques . or new apparstus and their functions should be

mentioned. New constants and critical date or formulse should be

Included. Names of new species should not be 1lsted, Aly

.organisms, chemicais, etc., should be designated by full

sclentific names.
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Your introduction should give the Intended reeders the
necessary background for understanding your report, I+ should
capture thelr interest and morivate them to read on by revealing
the benefits to be derived from the reading. Benefits might
Include, for example, obtaining usefui facts or valuable Insights
concerning the Implications c¢f a theory. in general, the
Introduction shouid provide the following Information:

(1) Why the reporf.uas written

{2) The problem or question addreised and Ifs significence

(3) The objective and scope of the Investigation

f4) Whether the purpose was achieved and {f not, why not,

These four Items must not be considered mandatory. Every
report Is unique fn many respects, and the Introduction, as well as
every other section, must reflect both the nature of the subject
covered and the needs of the readers.

Your report might begin, for exomple with & sentence something
I1tke this:

This report presents the re.suHs of a survey made in an

Ohlo Academy of S~'ence student grant project. The

ob jJective was to determine the neighborhood

distribution and crop types of vegetsb,: gardens In
Central City, Ohlos during the summer of 19xx.
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2
Although your Introduction should provide edequate
backgound for en understanding of the rest of your report, It
should be as brief as possible. Giving tov much detall cen moke
other parts of the report redundant; consequently, fho’ report
will be, torger than necessary, and It will probably seem dull to
| the reader.

“ 1§ your report must be long, you might give a brief gvarvlew
of Its organization In the Introduction, However, do not slimply
repeat the Table of Contents; explaln why the report Is organized
as it Is.

it is Important for you to remesber that thls exemple report
tormat ux_mm»mummmmmﬂmsn;mnm
your report might be organized. Ihe nature of your project might
require p quite different pattern. Consider your audiences and
your purpose ln writing the report.

RESULTS AND CONCLUS[ONS

Describe the results of your investigation and tell what
general conclusions you reached concerning them. You must
consclientlously report fallures as weil as successes and explaln
the fallures If you can. For exampie, you might have learned
that sioughing of particles from the plastic container you used
tor samples 1In your experiments contaminated the samples,
Therefore, your conclusion could be that your measurements of
culture growth might be questionabie and that you should have
used some other type of contalner.

This section should aiso be edequete for understending, but

23




3
as short as pcsaibie. Supporting detalls should be given later
in your assessment of the project results.

Stato your recommendations as cleerly as possible, keeplng
in mind the needs of the decision mekers. {f you make soveral‘
re‘gomendaﬂons' try to state them unagbtguwsty and In sosw
fogical order. ]

i possible, word your recommendstions so that vyes/no
("go/no-go®) decisions cin he made. If recosmendations are
Interconnected, point out the relstionships, If eppropriete,
discuss the consequences of following or not following your
recommendat lons,

1f you separate and number your t"ecdmendaﬂons.' this witi
facl\t'ifma discusslion of them among readecs of your report. For
sxamp'e, some members of a managesent review o,onﬁlﬁee might
exprass agreement with your polnts (1) and (3) but disegreement
with your point (2).

Numbering fitems in a iist can glve the Impression that some
Indication of priority or sequence !s Intended. If you want to
avold such an Implication, you might choose not to number the
points or to use something neutral, such as dots (bultlets).

If you declde, for example, that otier students shouid be
encouraged 1o conduct similer experiments because your samples
ware conteminated, your Iist of recommendations might look

something |lke this:

(1) Encourage other students to conduct similar aexperiments

24
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4
(2) Provide 8 copy of this report to any students who elect
to conduct such experiments
(3) Require that as the first step In thelr research, they
investigate the effects of using specific container
types.
Agains, although this section should bg~adequa?e to express
your recommendetions (which must be bascd on your results ond
conclusions), It should dbe as brief as possible. Detells needed

«

R by decision makers should be . glven leter,

JECHNICAL DISCUSSION
LW

This will probably be the longest Section of ywr report,
Its organization should refiect both the nature of your
investigation and your assessment of the best way to organize the
informetion and to present It In text, tabies, and 1ilustrations.

This seéf!on could be divided into several sugsecflons, some
of which might be subdivided as Iifustrated later In Project
Procedures. Subsection tities and figure and table captlions

should be specific.

Background of the Project

You might describe the problem or question you  addressed
In your project In more detall than you did In the Introduction
end tell whaet stimulated your interest in finding & solution or
an answer, You might fell whet others have dgne and cite

{1terature In +the fleld. Include references In & special

ERIC 25 |
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o ]
reference section at the end of the report as i{llustrated In this

¢
example (1-17),
] /
Broject Approach -
In this subsection. describe your general project design and
the rstionale behind iIt. For examp.e, you might tell what
sssumptions you made and the Impilcations. You might teil on
what basslis you selecred your samples and whether you used
controls and why or why not. You uﬁghf toll how you declided upon
the scope (for example, 1975 through 1980 and only publications

of the American Chemical Soclety). . If you.conducted s personsl .....

survey, you might Justify your selection of the survey
populsation.

Project Rasources

If your project invoived the sssesbiy or construction of
exper Imental spperatus, you would describe It In this subsection.
“ien, provide one or more lllustretions., Flgure 1 shows how 8

sketch might be presented. Note that the word “sketch™ does not

- 8ppear in the caption beceuse It Is obvious that this Is 8

skofch,  On the other hand, It there might be some question, for
exempie, as to whethe: an i{iustration 1s & photograph ‘or an
artist's rendltion, the ception should make clear what It Is. It
might be necessary to Include In a photograph some famiijar. °
object, such as a ruler or"a coin, to lndlcafo.ralaﬁva slze, Or

you might need to state dimensions or comment on color.
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Figure 1, Exmp!o of a Good Figure (Courtesy of the Soclety of
Manufectur ing Englneers)

- If you conducted a survey, inis subsection might be titied
"Survey Design® rether than “Project Resources®™. You might

dascrlbe the questionnaire you designed and provldo @ copy in an .

. » appgﬂdlx. You might discuss the rationale beh!nd the type or
form of quesﬂons' asked, You might describe the grotip surveyed
in 'faras of such things .s age range, educational background,
occupation, or geogrephlcal location.

This subsection, together with the description of the

‘procedure you followed In your reseerch, must give the ro’ogors

sufficient Information t¢ Judge the valld!fj of your resuits and |

your conclusions, Theylbders must also
wish. to do so, to duplicate.your equlpment and to repeat your
procedure on the basis of the Information you pmv!d;.

.Etnim&m:s

in fhls subsect ton you should describs th; p;‘ocodure you

“followed. It you found It Impossidle o f;;llou the plen

prosenfed In your propof:al‘. you msf.exptaln how apd why you
Q w!md end d!scuss the posslblo impacts on projecf results,

)

e cbie, should they
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7
it your Investigation consisted of a number of. steps, you
should gqlve the readers an.ownrlev of the discussion t0 follow
| by lﬁsﬂng the steps. For example, you might provi a list
something |ike thiss '
| Step 1 - Design ang;Construction of Apperstus
Step 2 ~ Preparation of Sasples
Step 3 - Exposure of Samples
Step 4 - Collection and Orgenizetion of Data
Step 3 ~ Data Anslysis. i
Then you would discuss the steps In order, as 1ilustrated here.

* Step 1 Design snd Constructio; of Apparatus

You might describe, for example, the basis on which
significant design decisions were made, such as cost or |imited
spece ovaliadble. You might 1ist the components you were sble to
pur?hase (Yoff~-the-shelft® equipment) and fo use without
modification. You might describe preiiminary tests you hed to

- ﬁ:e t0 ensure that the equipment was callbreted or operating
properiy. You might describe speciel provisions you mede to

ensure constant temperatures over a hollday period.
Stap 2 Preparation of Samples

You might describe how you screened samples to ensure
purity, desired color, correct welght, appropriste age, or other
characteristics required to ensure consistemcy or compatibility.

You might describe how you mounted sampies, mixed them with o
¢ "uent, or otherwise prepered them for your axpgriment,

ERIC
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Step 3 Exposure pt Sseples

You could discuss exposure conditions, controd probiems,
unanticipated reactions end the way you dealt with them, or other
s!gnlflcg;f facts or events. For example, If you found that some
of the samples had been contaminated, you should explain what you

“did with them, and why, and how you protected other ssmples-

from simllar contamination.

Step 4 Coilection and Organization of Data

It might be Important to describe how you gathered and
organ!zed data. Your methods could af;Scf the accuracy of your
results. You might discuss the kind of deta you gathered, how
often you recorded Information, your methéd of keeping records,
any subjective judgments required, and how you handled ambiguous
data, ‘

This discussion might Include tables, graphs,» or other
readers' alds. Table 1 shows a typlica! presentation of date.
Summary tables of data might be, with all the supporting raw dets

complled during the project being relegated fo en eppendix,




9
Jable 1 - Exerple of 8 Good Jabie®

Tabhle 1 - PRESSURE BURST TEST AT 1000°C

Internal
Sample Pressure Rupture®
Number {psia) (hr) Remarks
6-11 8000.4 23.8 Burst at bottom weld
7-12 7998.1 24.1 Burst at cap weld
8~-10 6495.8 90.5 Burst at cap weld
9-14 6502.1 92.1 Burst at bottom weld

2Measured from time unple was at tasj tesperature and
pressure. - (?i——'

* Reprinted with permission from Pubiication Guide-Lines,
Monsanto Research Corporstion. Mound FacHH‘y» Miamisburg,
OH (July 1979).

Step 5 Dats Analyslis
This discussion should present your methods of date

anajysis., Did you use a statistical approach? Were detalled
calculations needed? I+ might be necessery to discuss an
unanticlpated scatter of data polints along a portion of a curve
" In ome of your Illustrations. All significent data must be
presented and [nterpreted.

if possibies compare your experimental results with
experimental results obtalsed by other Investigators or with

calculated or theoretical results,

ASSESSMENT OF PROJECT RESULTS
This section must support +the Results, Concluslions,
Recommendat lons section or sections. It must also support the
Future Reseerch Needs sectlon If you choose to Include such an

elaboration on your recommendations. This section Is also

Q 30




10
directly related ¢ your project objectives as stated In your
proposal. No aspect of these objectives can be Ignored.
EUTURE RESEARCH NEEDS P

This section Is not always Inciudpd. However, If you have
learned something durlng your investigetion that reveais the
desirabliity of additional Investigations, or the need for better
controlled experiments, you might want Yo outiine In some detall
what you think should be done In the future. This section might
become the bas!s of a follow—cn proposal for another research
project during the next school year.

EROJECT MANAGEMENT

Before you started your Investligat.on, yourprobably nade a
commitment In your proposal or research plan to The Ohio Academy
of Sclience to work to resch a specific goal within a certain
budge aend schedule. You probably also sgreed to submit @
speciflic product (“dellverabie®™) at the end of your project, such
as a written report and possibly other documentation
(photographs, a computer printout, etc.).

In other words, vyou agreed to a&nege project rasources
(funds and time) efficlently, to adhere to the objectives agreed
upon, and to communicate your results, This section shoulq
describe how you fulfliied (or why you were unable to fulfill)

your ma;ogement cosmitments.
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Elnancial Managesment

© An  Importent part of your report Is your accounting for the
funds speht. The financlal Information In your report might
be presented primarily in a table. The table might Inciude, for
exampie, a cosparison of your projected snd actual costs for
equipment and "consumables®. You should explain any differences
and tell M>w you have desit with them., For example, ¢f you found
a large Item of equipment on sale for only half of what you
ostimsted It would cost, you might state that & chock' for the
Anlfference has been sent to The Ohlo Academy of Sclence In a

separate envelope to repey a portion of the grant you recelved.
Schadule Management

Any significant deviations from the sgreed-upon schedule
shouid also be explained and the Impiicatlons discussed., For
exampie, 1f replles to your questionnalre were slow In coming In,
you might not have been sble to Include the last 25 recelved In

your calculations,
Submissiop of Dallversbiss

You should refer +to the submission of any dellverables
promised In additlon to the report Itseif. For exemple, you
mlghf'have agreed to send some rock samples to the local sclence
museum. Fallure to deliver on time, or to moet any other type of

obifgation on schedule, should be discussed.

c 32
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It Is courteous, wend sometimes obligatory, to acknowledge
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Appendi.- B

UTILIZATION OF SPACE BY CAPTIVE GROUPS OF
LOWLAND GORILLAS (GORILLA G. GORILLAY

STANLEY E. HEDEEN, Department of Brology, Xavier Unryerssty. Cincomnate, OH 45207

ABSTRACT. Juvenile jowland grrillzc aaged tugether in 2 groups st Cincinnati Zoo
displayed habitual use of parricular cage sections. Dominanc larger gorillas limited cheir

space use more than did seaaller gorillas.

OHIO J. SCI. 82(1): 27, 1982

INTRODUCTION

Territorislity and dominance behavior
are 2 methods by which animals control
resource sllocation among conspecifics.
Many studies of vertebrates show that &
defense of given sreas and a dominance
hicerarchy exist as 2 points on a contipuum
of behavior that is dependent upon density
(Wilson 1979). Genenally, & population
that exhibits rervitories st lower densities
will shift towand dominance behavior at
higler densities. The banded knife-fish,
Gymwotns carapo, 15 the only vertebrate
known to display the reverse behavioral
scaling: from dominance orders ar lower

‘Masuncrpt receved T Ocober 1980 and in re-
visedd form 29 May 1B 1 (#8059

densities toward territories st higher den-
sities (Black-Cleworth 1970). At low
densities in an aquarium, the dominant
knife-fish rour the tank with few chal-
from lower-ranking knife fish.
When challenges incresse due to higher
ions in the aguasium, the higher-
ranking fish spend more time in their pre-
ferred areas, thereby decreasing aggressive
interactions with subordinates.

Several investigations of mammals have
determined that increased densities 1n con-
fined populations result 10 a shift from
spacc-associated behavior towand doms-
nance behavior (Wilsun 1979). On the
other hand, dominance behavior s normal
in a group-hiving mammal such a8 the go-
nilla (Schalles 1963). The present study
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was designed to determune st gorillas, hike
bamded kaute-fish, exhibit habitual use of
particular spacial locations when contined
1n an enclosure. The subpects of the study
were juventle Jowland gonllas housed 2t
Cinannatt Zoa.

METHODS AND MATERIALS

Cnannant Zaoo muvenkd 4 snccsstul barths of
fowlnd goniles (Cwrrlle ¢ amilla) m 1970 and
1971 The birth dates were 24 January 1970 for
male Sam, 3] Jamury 1970 S female Samantha, 12
July 1971 tor make Ramses. and 12 Sepeember 1971
for female Kamant The 4 animals were firse housd
sogether dunng 1974 They wene ubserved trom 2
Devember 1974 through 20 Mah 97% (penad 1),
and from | October chrough 28 Ovtober 1979
tpesnnd 1)

Thiee temale gontlas were boen ar the zoo m 1974
and 1974 The tetch dates wone | January 1973 for
Amant, 15 Aprl 1974 fur Tars, and 21 Augusr 1974
tie Mats Hare 3he amimals were caged together
duning 1977 They were abserved from 18 Novem-
et chrough 1) Deaemtxr 1977 (perad 33

The gorddlas aage comsested ¥ 3 publec-vicwing
vompartment, approsimuacely $9 X 43 X 46 m,
and & felreat Comparteeg, approssmarcly 19
x 12 x §2m By unng the cages han and wall
sties as sioual cues. the publn -vicwing compartment
ad divided nto 30 unita. rach approximately
Pax 1% % 1 1w Seven «d che uruts could mo
I emcupied duc o thor Lk of bars, chams
platd wmis tor supporting the gosillas The remuin.
e 2 unnts amd the FCHCA GENPArt AR were e h
adentitrd by o s pumber tor vheervatum purpeses
i 11 Mres T wene an the south section of the
vapge. B IX sen an the maddle, and 1930 woere n
the poeth Sirea 1S 1Y and 19220 weran tie
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eat sation, 0.7, 14-15, and 23-26 were m the
centet, B-9. 16- 18, and 27- 3 weee m the omt

Data eere wolloured duning 1218 muputes of pe-
rrxd 1, 494 munutes of pered 2, and 1727 nunutes
of perual 4 A nme semphing technngue was employ-
ed, wheran reconds were made of the gunllsy’
haations a8 the second hand passed the mmute
mack Al vhscrvations were made between 900 snd
16 0 EST

The “spread of partripation.andex,” a numerical
measure of spevial behavior (Dukeas 1999, Sund-
strom and Aleman 1974), was walculsred for esch
subjert for each of the chservation perrods 1-3. The
mdes 13 calculated by the formuls

o Min = n) 4 (F - F)
XN -~ M}

$

where

N = toral number of observanons of the subjecr;
M = mesn frequency of observations i all of the
CARE MECS = ey

. = number of uecs with frequencres bess than M,
n, = number of sixes wich frequencies giceter
than M,

£, = toml number of obscrvatront m tites weh free
Quem scs geeater than M,

Fy = rotal number of obscevatrons i sres wich fre-
quend 1o fos shan M

The specad ol parte spasion sdex mnges trom gro o
sn uppes e of one Low scorcs indcase equal
waage ot nany ures. The hugher the sore, the grex-
ef the rendenoy of 2 subgect 8o use just 4 few sires. As
mdex of 10 sadiares & subrcds use of 2 sngle site.

RESULTS

Spread of participation index values are
listed in table 1. During the 2 periods
when Sam, Samantha, Ramses and Kamari
were observed, the mean index values were
0.547 and 0.563 The slight rise in the
mdex dunng persad 2 suggeses chat the
subjeuts made more frequent use of pastic-
ular sstes than durmg pesiod 1. However,
& parredd -test ancicated that the period 2
incredse Was not sigmtuant.

Sam, Samanths, Ramses and Kaman
cach spunt more tme i the west secton of
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the cage than o the cast of center s tions,
In 4 north-south onentation, however,

KNamar was the munt common residens of

the south s oon. Ramises mostly exeupied
the north sectuon., and Sam and Samantha
spenit mwsst ot ther tme s the ouddie
saction (g N Duemg penod 3, Amana,
Tars and Mata Hars spenr more tune in the
north section than m the south or middie
sevtims, From an cast-wast aspect, however,
the most wommon ressdent an the west
scetion was Amani, n the cast was Tara,
amd 1 ghe conrer was Mata Hao g, 3),

DINCUSSION

The gondlis desplayad habitual use of
particalar sations of ther enclosure. OF
T osubpcts, 2 exhisbuted the same spatial
pretorcices . Sam and Samantha spent ap-
prananaely  of thar tone i the muddle

EENSS ITTT S m e southe and o n the
north tfig 2 The two guriflas were B days

Capart i agee, aiid hud been rased together
stint thicr brrehis thonhaw 1975 The spa-
tral attant v of S aud Samantha s con-
sistent wath beld obsersations thar gordlas
tammbar wath cach other traom mmatunry
speid smore tane togethers than do gondlas
that dad not Kuos cach other o unma-
tuniry tHascours 1470,

The sabjects tregquent use of certan
“attes s uantitied by thor spread of pare
tnopation mdey sadues aable 11 The cal-

NSaIR
0 I 1. 1}
W Sare
Ll
=
=
£
-
8
=
-
=
E n I
] - ..
s SAEANTRA s ARMABI
f o0 Nt U sraat gt als darue
whe Vo corada wos Toanat et e
N e e o gt ond e ntar et i
[ITTLREO RN L EFTY PRVENC PURPRIS IF IS INK PO SR VS TPV IS SCRURTRE L NRRVONTS
watotad
Q

RIC

Aruitoxt provided by Eic:

SELOE USE BY CAPTIVE GORILLAY 249

ues. all between 04 and 0.7, indiate that
there was an uneven shatnibution ot fo-
watsonal data for cach of the gonllas. The
ndex values also disclose & pusitive re-
Lionship between bady size and the de-
pree to which 4 subgece hmired his space
use. Sam and Sarnantha had hugher index
values than did the smaller Ramses and
Naman during both perusds t and 2. A¢
the end of pernod 2, Sam and Samantha
vach weighad 45 kg, and Ramses and
Kamars cach weighed 29 kg. Amani had a
higher index value than did Tara or Mata
Hars during period 3. Ar the end of perend
5, Amamt weighed 45 kg, and Tara and
Mata Hary cach weighed 32 kg,

Within groups of juvenife gorillas, body
sizt 18 positively corrclared with status in
the ditminance hicrarchy (Schaller 19063,
Frecman and Aluxk 197 391, On che basis of
mreractions shown in response to food,
Sam amnd Samanths were dominant over
Ramses and Kamar, and Amani aas dom-
mant over Tara and Mars Hars,

Fissher amd Nadler (1977, 1978) have
ponted our thar spacng 0 a wild gonlla
group 1s tacthitsred by dominance behavior,
A Jess dominant member avords the space
aroed @ Jomunane gimal. Siee doms-
nance maaght also be related to spacing in
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saged groups of gonilas. As 10 a free-
ranging troop, a larger dommant gosilla in

" a confined group may eccupy a space that
-he peefers, leaving the subondinares o dis-

trthute themselves throughout the reman-
der of the cage. Alchough the dominant
amimal 15 able o roam the enure wage.
there 15 a postive relationship between
dominance rank and frequent use'of cortain
areas. Consistent with thus idea, a stady
of male pnson inmates found that domi-
nant group members were most mobile
amd dlso Jaimed the must desirable places
tAustin and Bates 1974). In other confined
human groups, dominant members most
trequencly used the preferable arcas in a
rehabilitatiun conter cottage (Sundscrom
and Altmman 1971 and 10 summer camp
wabim (Blood and Livant 1957, Savin-
Williams {977,

In resticted gronips
tish, dominant indiveluab roured ther
entsre enddosure, bur preterred certain
arcay (Blach-Climorth 19701, Likewsse,
gorilas o the prosent study displayad
habrtusl use of parescular secesons of therr
emdosure The dominant larger gordlas
bimvstead their space use more than Jid the
smaller gonillas
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