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ABSTRACT oL : .

As part of an evaluation of its scientific and
technical ‘informatiow program, 'the National '‘Aeronautics and Spice
Administration (NASA) conducted a review and analysis of structural, -
language, and presentation components of its techmical .report form.
The investigation involved comparing and contrasting NASA's ' .
publications standards for technical reports with current usage .and
practice of report preparation, prescriptiver standards and criteria -
for such reports, and findings from the literature specifically
concerned with the.organization, lahguage, and presentation
components of the report. The findings. suggest, ambng other things,
that (1) ¢ st¥ucture and sequence of a-technical report should be
flexible elidugh to accommodate the contents, and intended audience;
(2) gproducers of technical report§ should develop and adopt an-.» .
outline containing a sequdnce of report components that is flexible;
(3) summaries and abstradts should be ¢lear and concise; (4) tables
and figures should be-integrated into the text; (5) in terms of
readability, summaries and abstracts>should score as less difficult
to read than,the text; (6)“the use of the ‘passive voice should be
tempered;’ (7) a magimum number of multiple plots on a single figure
should be esfablished; and ‘(8) the accepted rules of style, grammar,
and punctuation used in constructing the prose of the text should be
used for mathematics, -whether Appearing in the text or set off in
display. (FL) . o ) .
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THE TECHNICAL 'REPORT: AN ANALYSIS OF INFORMATION “ _
DESIGN AND PACKAGING FOR- AN INELASTIC MARKET

° . by ' -

. ~ 1
Thomas E. Pinelli * ., Robert McCullough. ° Virginia M. Cordle:
NASA Ames Research Center' 01d Dominion University < College of William and Mary
Moffeft Field, CA 94035 _§prfolk VA 23508 ’ Williamsogrg, VA 23185
) . >
SUMMARY Lo \
Economists measure how reSponsive or sepsitive consumers are to change in the

price of a product by the concept of éZasticgty.‘ The demand for some products is

such that consumers are relatively responsive to price changes; price changes give
"rise to very considerable changes in the quantity purchased The demand for such
products is said to be elastic. For other products, consumers are relatlvely unre-
sponsive to. price changes; that is, price changes result in modest changes in the
amount purchased. In such cases demand is inelastic_ (McConnell, 1978). .

oy
The demand for scientific and technlcal unformatlon (STI} is considered to be
irielustic because up to a certain point the consumer will con 1nue to try to obtain
the information regardless of moderate increases in cost, eit] r' in terms of real
dollars .or in terms of effort/time required to make the acqu151t10n On the othér
hand, the demand for such specific information products as the technical report is
considered to be elastic because as cost, either in terms of real dallars or in
terms of effort/time required to maké the acquisition increases, the information
consumer is likely to substitute another STI product such as a journal, Book, con-
ference/meetlng paper, or preprint, assuming the desired information can be foynd -
in an alternate product. ‘However, when the desired information is available. from
only one product, demand becomes zneZastw. e &

-

For many R&D agencies of the federal governmenj, including the National .
Aeronautics and Space Administration (NASA), the technical report constitutes an
information product, a primary means of communicating the results of research to
the user (Stohrer and Plnelll, 1981). Studies of STI usage among engineers and
SC]entlstS indicate vatying amounts of:use for the technical report (COSATI, 1968).
. The technical report was preferred by applied “technologist’s while thedretical )

scientists preferred the refereed journal. Between these two extremes exists what
.is referred to as the ”marglnal” user, thé engineer or scientist who makes .bcca-
sional or moderate use of technical reports. . . . - v

As part of an evaluatdion of the NASA SFI program, a review and analysis of the
technical report was conducted. The ré&sulfs, which are contained,in NASA Technlcal
Memorandum 83269 (McCullough, Pinelli, al., 1982), will be used by NASA to eval-
‘uate the current design and packaging of its technical repo?ts. This paper high-
lights the results of the study and focuses on 1mprov1ng the ut111ty of the

technlcal report by marg1nal users
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. _ ' ~ INTRODUC‘TION
. : . 'The technical report serves as a primary means of commun1cat1ng the resul
. of NASA's research, Consequently, NASA technidal reports must be’ organized and
written to accompllsh effective communication. NASA employs udiform publications
.standards which are designed to ensure clarity, quality, and utility of its tech-
¢ . nical reports These standards include a basic report format which defines the
report's components and establishes their sequence. The standards address, in'a .
. " limited sense, language (verbal and wisual) and presentation (typography, raphlc
design, and physical media) components. To date, these standards have not been ™
examined to determine the extent tdé which they contribute to the effectiveness of
E the NASA technical report as a product for information dissemination. However, ‘ &
#here are no generally.accepted standards against which NASA publications standards |
_for technical reports could be compared., ' ‘

The survey and analysis of the techn1cal report 1nvolved comparlng and con-
trasting NASA's_ publications standards for technical report preparation with Current
usage and practices for'technical report preparation, prescriptive standards "and
criteria for technical reports, and experimental/theoreticad findings from the

. literature spec1f1cally concerned with the organization, the language, and the ~
presentation components of the technical report. Current” usage and practices were-
determined by systemat1cally analyzing teqhnlcal reports and related material .
obtalned.from a survey of' technical report producers@ Prescriptive standards and . !
criteria were obtained from a review of style manuals, publications guides, and t

. textbooksgconcerning technical writing and editing, verbal and visual presentatlon, |
|
|

1

o
3

and "typography, graphic design, and physical media. Experimental/theoretical®

findings were obtained from a survey of the 11terature Manual and machine-readable .
data bases including Defense Technical Information Center (DTIC), Educational

Resources Information Center (ERIC), Library and.Information Science Abstracts

(LISA), National Technical Information Service (NTIS), and NASA's-Remote Console

(RE@ON) were searchéd’to obtain the experiméntal/theoretical findings.

[3
°

RELATED RESEARCH AND LITERATURE . :
< ' . E
The historical developmenis of technical report literature have been ptresented
by Tallman (1962), Boylan -(1970), and Auger (1975). The complexity of technical
report literature has been described by several authotrs (Wright, 71963 and Hartas, ’
1966) . Studies by Earle and ¥Vickery (1969) and by Coile (1969) determined the use
of technical reports as citations in scientific and technical publications such as
_ books, periodicals, and monographs. Wilson (1958), Fuccillo,(1967), and Randall
(1959) conducted separate studies to determine the half-life Jf technical reports.
The SATCOM Committee (National Academy of Sciences, National Academy of Engineering,
‘* 1969) and the report of the Weinberg Panel (Execut1ve Office of the<President, 1963)
were concerned with the structure, organization, and transfer of scientific and
technical information and the Tole' of the technical report w1th1n an STI system.
Perhaps the largest and .most comprehensive studies devoted to’ the technical Teport
were tonducted by the American Psycholog1cal Association, (Garvey and Griffith, 1965)
: and a COSATI Task Group (1968) under the direction of Sidney Passman. Very little
definitive research on- the technical .report has been, conducted since the early -
1970's., T ) <. .

.
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The technical report wa's éﬁown to possess characterlstlcs which make it unique
as a medium for informationAransfer. As an information product the report has been
c;1t1c1zgd and praised. Critics charge that the technical report does not meet the
rigors or criteria edtablished for scientific journal publication. Lack of screen-

" ing or peer review was the characterlstIc listed most frequently as a major weak-
ness. Proponents saw merit in such features of the technical report as timeliness,
comprehensiwe treatment, and inclusion of- anc111ary information. Notw1thstand1ng
the controversy over its status, the ‘technical report was shown to conStitute an
important vehicle for disseminating, the results of research. Both the technical
report and the scientific journal played distinct roles in the communication of |
scientific and technical information (COSATI, 1968). . . .

-
.

Three studies which utilized féedback from users of NASA STI were conducted to-
help evaluate the NASA STI program (Monge, 1978; Pinelliy 1980; and Pinelli, 1981).
This feedback indicated that NASA technical reports were being used and that the,
.perceived, prestige of NASA technical reports was high. Specific concerns of the
users included consistency in terms of adhgrgnce to NASA publications standards, the
t)pe of binding used for certain NASA technical reports, detailed summarles and
abstracts, development of conclusions, relating the results to previous_ and/or
ex1st1pg work, absence of grids on graphs, 1nsuff1c1ent tabular data, and the exclu-

sien of negative data. ¢

RESEARCH | PROCEDURES - , ]
= The complete research proceddre for the reviéw and analysis is contained in
NASA Technical Memorandum 83269. An_abbreviated procedure is presented for the.
analysis of the technlcal reports and related maEer1als, the sequent1a1 components,
the language components, and -the presentatlpn components.

-

Technical Report Analysié

. “

A sampke frame was establlshed to survey and a::?>5e technical reports. The
membership of the SOC1etx_for Technical Communication (STC) and institutions/
organizations on NASA's aut®matic distriBution list for technical pubklcatlons were
used for this purpose. Each member of the sample frame was requested to ‘provide
(1) copies of technical Teports produced by their organlzatlon/lnstltutlon for
external distribution, ,(2) copies of in- heuse .style manuals and publications/

—_—

productions guides, and (3) information concerning the use of commercially available,

~style manuals and publications guides. The documents received were classified into
predetermlned categories. Data were extracted and recorded onto elght data cards.

\ N

- ° . - - LN

Sequential Components “ . . : ~ . T
S ' A . L é
From.an ahalysis of 99 reports, an exhaustfca list of structural components
for report organization was prepared.. The position of eagch component was compiled..
Six generally accepted and recentﬁy publlshed writing and editing textbooks were
consulted to determine their recommendations for report organization. Four style’
manuals apd two publications guides used by the survey respondents were analyzed to
+ produce a listing of structural components for report organization. The standards
for reporuzpreparatlon contained in the NASA Publications Manual were compared °
and contrasted with the data from the survey, the data compiled from the wrltlng
and editing. textbooks, and with the reqommendatlons.of the style manuals and -

N . . - .




= publications guides.
placement as front,
Prepared.

body, or back matter,

'3

4

A suggest3d~outlihe for report components indicating both
and ordering within these divisions was

This outline is included as an appéndix.

The extent.tp.which tables-and,

figures were.ﬁntegrated into the text was

»

calculated.

N R y

L] »
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Laﬁgyage-Componéhts oo .

- )

Three.readability tests were used'to measure the readab

reports.

1 K4 . «
The voice (active or passive)
determined a

Three matﬁematical style books were ¢

One hundred\wqrd samples were used and, whenever.possible,
taken from.the summary, ‘the texth, the headings,

-~

€
\

.against which the guideline€s in the NASA Publications Manual and actual

*

ility-of the survey

samples were.

and the captions of the reports.

and pérson (first, second, and third) were.also

d recorded for all summary and text samples
and the samplle NASA rgport on which ‘readability tests were TUun. -

" compared with the presctriptive standards/criteria and eyp

fdom’ the survey reports
The results were -
er%yental findings.

v

gnsulted to determine general standards °

.usage in

the sample NASA report were compared..
présence 'or absence of mathématical mat
- observations were madé concerning punct
language components, the total number o
were counted. Figure-to-page ratios an
data were compared ‘with the prescriptiv
theoretical findings,from the literatur
NASA Publications Manual. ‘

~ v

The survey reports were analyzed for the

erial.in text and/or in display; but no

uation® or breaking of equations. For visual

f tables and figurés in each survey report

d table-to-page ratios were prepared.. The

e standards/criteria and.experimental/ -

e and with the guidelines set forth in the
. . ’ ®

.
) M . R
. , -
. . .

Presentation Components

s

L]

experimental/theoretical findings

The typographical asﬁects of three report elements were considered. The

-were used to develop:minimum and maxipum accept-

able limits for type size,

line length, number of ‘characters per line, and line

‘length for a give

type size. ,These parameters,

as they appeared in the survey

results, the NASA sample-teport,”

and the guidelines set forth in the. NASA -

Publications Manual, were compared with the 1imits of acceptability developed from *

I\‘ . . e {

the experimental/theoretica; findings. ~~ .
Ny i )

' -~

Nine aspects of graphic design we;q tabulated, calculatéd, and analyzed for

‘the survey feports.. These data; were compared with the g

uidelines contained in the,

NASA Publications Mahual and with the experimental/thqoreticai.findings from the

literature. The type of paper used in
of binding used for the survéy reports

ﬂg survey £epoxst
wa

s~also-recorded.

s was identified. The type
NASA guidelines for the

preparation of copy for microfiche were examined relativé. to other literature.

recommendations for documents which will ‘be re-imaged.
atiens (paper, type of binding, and guidelines for ‘micro
* the NASA pulsiications guidelines,

A1l physical.media consider-
fiche) were compared with

the practice in the sample NASA roport, and with

the-experimental/theoretical findings from the literature. . . s

. .
% - * ¢
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FINDINGS

. The results of the review and analysis were.compiled and presented® according
*-to the sequential, I?nguage, and presentation components ,of a technical report.
The data are discussed in terms of .their relationship to the NASA® publications
standards for technical reports as coﬁ?ained in the ‘NASA Puhlications:Manual - 1974.
A . SN ,
Sequential ‘Components - )

- -

yThe survey %eports showed wide variation in the number, kind, and placemert of
sequential components. fhe\99.reports surveyed used 96 different components. Orly
five components (cover, title pdge, table of cantents, introduction, and appendixes)
were common to half o more,of the reports; however, strong aéreement'LSZ percent or

more). existed in'régard to placement of these fiv%’components as front, body, or -
back matter. . . - ° B . .
o Al ” . -

‘Thsvsix style manuals and publitations guides were -not unified in_the number
of names of components recommended for “inclusion in tech icaéhreports (see'Table A).

*

While-16 of 24 components were recommended by a majority of these sources, unanimous
agreement for inclusiop existed for only two components: ‘the introduction and the
appendixes. The publfcatéﬁns guides were even more, dividéd in the recommended | -
sequence of the report co onents. Actual usage as determined by the analysis$ pro- .
vided the most variance in terms of numbers, locatdions, and descriptions of report
components. st et L - : :

i s .
»

The three sources used in the sequential components portion of the study
(survey reports? style manuals and publications guides, and. textbooks) were comparéd.
to produce a list of components recommended for inclusion by 50 percent or more of-
any of the three sources. This comparison, shown in Table B, 'is presented to indi-
cate whether each source, as a consensus, advocated that a partidular component -.
should be included as a structurdl component of a technical report. Components
recompended by NASA are included for comparison. The survey reports represented
ghe'iimiting factor ip that, as shown previously, only five components were common
to more,than half.of the reports. Considering only the textbooks and sgiyle manuals,’
agreement existed on 12 comiponents: the cover, title page, abstract, contents, list
of figures/illustrations, list of symboﬂs, introﬂﬁzfion, body (text), bibliography,
references, appendix, and glossary. . The NASA Publi¢ations Manual discussed 10 of
these 12, omitting only the list of figures, illustrations, and the glossary. -

('
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Sciegtific and Teghnical Informatiop

e

Puhlications manuals--American NationayStandards Instituté and Committee on .
¢ . = L . . s,

. Textbooks--Houp & Pearsall; Lannon; Oliu, Brusaw § Alfred; Mathes § Stevenson;

Mills & Walters, and Pauley ’ ‘ : C

¥ \ 5 b A N ’
J “ . . ,
j . R / e
Lot f. - - .
~ .
y . .. - * '
; TABLE A ~ ¢ r.
. < 7 .o ! )
. Summary of Sequential Comporientg < i
° ! v - e . v LY M
A Y . Style manuals . R .
T ! and . v . )
. * publications . - ~ Suryey
Compotien t# . guides “Textbooks sample , ° NASA
‘ » o =) " i (n=6) - = (n=99) ,
‘| Cover - ;" ©,50 v .83 68" . X
Title page . Lo .83 ok 1.00 .73 4 X
Foreword T ! . _ A7 47 .19 X
Preface - . . .83 . .33 . 24 X
_A'cknowledgement' . . .33 . ' - .24
"Letter.of transmittal RS V) . 1.00, ) s=- .
Contents X ‘ 83 1.00 5 B
List’ of figures/ ’ { ‘ . ' . . .
illustrations .83 " 1.00 .39 D
| List of tables .~ . .67, .33 230 7|
List .of symbols and/or- ) v ’ CoL -1
abbreviatjons { - .s0° 1T ° .83 ° .18 x
Glossary AL 83 . 1 .33 ..23 .
Abstract . .50 1.o0. - - 39. X
Introductior . o 1.00- - ) 1.00- .58 X
Body S T LA ¢ .83 .35 X
«{ Method ™ - .17 IR S22 Bt
| Results (Data) . 33 R .27 x
.| Discussion .. s , 17 . .50 ¢ .11 X
Conclusions- ., - HEE S X . .83 1. .31 X
Recommgpdations . . .33, . .67 . .07
#References: o F .83 ) . .50 / .39 . X
Appendix . T .00 ' 1.00 ‘.60 Xy
‘Index . x Lo ..83 R ..25 . T
|'Bibliography -, .50," . .83. . .15 X
" | Summary ° ' 17 - . .50 .30. X
. b ) - -
38 . Lt ¢ : T N '
Style manuals--Amgrican Psychological Association, Chicago Manual of Style,
+. National Academy of Sciences). and U.S. Geological .Survey ' :

s



TABLE* B". :
.. Qsmponths°Inclqgeq by Half dr More of Edch, Source

M 0 AN
y . . ¥
’ . ! - ~

-
= . *Source

»

‘Included by,

half or more of

style manuals
gnd;guides~

.Encluded by~ | Listed by .
Half or more of
textbooks
.

Component ” - Inclydéd by a
- T ~ majority of
¢ ,
survey reports

NASA
Publications
" Manual °

L '

[ Covéyr . . . .Yes ., | ‘Yes Yes. ' © Yes
-Memo/Tetter of L * No Yes “No
transmittal . . - '

Titre pade ° ) . " 'Yes.,
Abstract o Yes
Contents . - T ! : ~Yes -~
List of figures/ : , Yes
_~illustrations s )
List of' symbols
{ntroﬂuctioh
Sumpiary .
Conclusions
Recommendations
Body (Txt)
Discussioq_ .
Bibliography ’
References
Appendix
Forewdrd
Preface

List. of tables
. Glossary

Index

The NASA Publications Manual agreed with "the survey reports in both dnclusion” ..
Jnd placement of the five components. for which. a consensus existed. NASA' included
-all three components (title pagé,,inproduétdpn,-and appendixes) recommended uﬁap44~~
mdusly by the style manuals/publications guides. ‘Of the 16 compenénts recommended
by half or more of these_sources, 11 were mentioned by the NASA standatds.. ' The five
not included yere’thé foreword, list of tables, list of iliustratiqhs/figures,
glossary, and jindex. The NASA-Publicatiohs Manual included five ot the six compo-
‘nents recommended by all ‘the textbooks (title page, abstract, contents, appendix,
.and introduction) and 13 f the 17 coniponents méntioned'by three or.more of the six.
textbooks. Components‘om ted by NASA were the memo/letter of transmittal,.list ‘of -

illustrations/figures, recommendations, and glossary. ~ ~ -
- . -~ o R . . -
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NASAfs guidelines coﬁbared,favorably, in general, with' the survey usage anq‘thg -

*l-a  recommendations of the style manuals/publicafions guides and textbooks where a gon-
) sensu$ existed. However, no one recognized ‘structure for the sequential somponents
‘of technical, reports was found to exist. This.lack of a single agreed-upon organi-,
.« zation is probably due to the wide variations in the content, purpose, and disci- - -
pline of technical reports‘and to the waried audiences to which they are directed.
. ) Components_present in a report, particularly in the body or text, will also be
§§ affected H& the nature of thé report--whether it is informative, analyticai, or

i . assertivey . - o . ’ . \ C

7 .The"'majopity of the:.prescriptive sources and, the experimental/theoretical
. findings rbcommen&éd that figures and tables be integrated into the text.
“ g;ﬁ’Figth-IWb percent of the survey reports integrated Both figure$ and tables with
™ the text as idlustrated in Figure 1. Jhe NASA Publications Manual (p. 17-18, 32;381
,stated that where practical, tables and figures were preferably placed in the bddy
v .. of the report as soon as possible after mention in the text; however, when visuals
were of such volume that insgrtion in the text would impair readability, they should
be plaged in the back matter, following the appendixes and references. The sample
NASA report did not contain any tables. Figur'es were grouped in the back matter of
the report. o } . _ . E
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Language Components

P

-

\

*Results of the Flesch (1948)., Fog (Gunning, 1952), and Kincaid (Hull,

]
P
-

1979)

readability tests of the survey reports and the sample NASA report are shown in

Table C.
level reported

. -
v

TABLE C° _

Reaﬁebility Results

Numbers in pagentheses 1nd1cate the sample size for each readability
These sample sizes were determined by the avallablllty of 100-word
- passages 'in the survey reports. -

Report sample _*

x5 -
Report section

*

Tekt

Summary*

Headings

Captions

[4

Fog index (grade 1

evel)

Overall survey
ABDEN reports

NASA report

o

Q@

.7 (50)
.3,(28)

.6 (1)

19.5 (42)

20.1 (27)

17.0 (1)

14.7 (36)

15.1 ,(19) .

- oy

B

13.5 (10)
13.9 (6)

(0)

. Kincaid index (grade level),

N
AN

AN

~

Overall survey

NASA report

| ABDEN reports 4 -

.2 (50)
.0 (28)

+3 (1)

"16.0 (1)

16.7 (42)

16.9°(27)

N

12,0 (30)
12.4 (19)
-

- {(0)

12.3 %491\\

12.2 (6)

. Flesch formula (grade level)

‘Overall survey
ABDEN reports

| NASA report

19.3" (50)

19.9 (28)-

18.7 (1)

5

21.3 (42)

[J
21.8 (27)

18.7 (1)

22.4 (36)

22.5 (19)

22.5 (10)

\2\.0 (6)

(0)

. e - N4 - - -
*Summiary samples were drawn from the introduction, summary, or,conclusions sections.

>

This "definition'" was used only for wreadability tests.
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The average readabili'ty scores of the survey.documents ranged from grade 14 to
grade 19 for the text and grade 17 to .grade 21 for the summary section. Headlngs
and captiqns scored between grade 12 and grade 15 on the Fog and Kincaid 4ndexes
The text and summary of the NASA report fell within the ranges scored by the survey
documents. Survey publxtatlons on NASA-related subject “are€as (ABDEN) scored as .
more difficult than the overall survey. TheaNASA sample report generally scored as

easier to read (lower grade level) than the ABDEN reports. The levels obtalned
'\txperlmentally (14 to 19) for the texts of survey and NASA reports agreed falrl)

ell with the general level of grade 16--college graduate--reportgd in the litera-
turg for scientific material. Summaries tested as somewhat higher--grades 17 to ’1.
The data extracted from survey reports _conceraing use of person and voice are
given in Table D. As can be npted, there was a strong tendency toward use of the
thlrd"person in the text material (88 percent of reports) and in the summary
material {95 percent of report§% The passive voice was used more often than the
active voice in both.text and’ sﬁ%hary sections. In the texts, 56. percent of the
reports used the passive VOlC&A@XClUSlVEIY, 38 percent-used the active voice
exclusively, and 6 percent used both voices.” No data were obtained on the use of
person or voice in headings and captions. ' . o

\ :
- ! k-3 L4

TABLE D ‘

<

e

Use of Person and Voice by Survey Reports

. . Person (No: reportg using) Voice (No. reports us?ng)
Report section 2 = . :
: o . Ist. 2nd. |* 3rd.| Varied ;| Active | Passive Both )
C+ fText (n £350) 2 2o A = 2 19 “ 28 3
summary (n = 42) | J< | o [ 40 1 S 18 e 23~ 1|,

o
Py

'

" In the past, a strong tradition existed for use of the passive voice 1233p10n-
tific and technical literature. This is, no longer true as was evident from—a review
of the téchnical wr1t1ng/ed1t1ng textbooks, style manuals, and publlcatlons manuals
previously cited in Pﬁble*A and-other literature sources (e.g., Strunk and White,
1978; Stanley, 1975; and Holloway, 1974). A very strong consensus of current
th1nk1ng indicated that active voice should be used whenever possible because it
is usually more direct, natural, and concise. . The active voice was favored over
the paselve voice whenever verbs concern the 1nteract10n of inanimate objects and/or
the writer wanted to emphasize who or what performed the action. The passive voice
was recommended when the writer wanted to emphaSJZe the rece1ver of the action
rather than the doer. - —
}

The textbooks, style manuals, and publlcatlons guides were more divided on the
question of person. Most dic¢ not tréat the subject of persan. The Publication
Manual 6% the American Psycholtogical Association (1974) indicated that experienced
wrigers can 3se first person without sacrificing objectivity or dominating .the
communicatio (These are the usual arguménts agalnst use of the persopal pranouns

-,

- -,

[y

10




" hean usagg in the survey tended to limit multiple piots on a 51ngle flgure to a

’
o
[ 3
-
)
.

. a . . R M
.‘6 . .. .\ P

- \
"I".and "we.") On the other hand Pauley (1979) stated' that the use of first and
second persons should be avoided, and Mills and Walter (1978) advocated avoiding
first person or using ‘it only Sparlngly

r
.

-

The sample NASA report used third person, p3551ve voice in both text and
summary sections. The NASA Publications Manual 1974 did not discuss person or
voice. However, the current practlce in editing branches of the Agency is to
encourage use of.the active voice whenever p0551b1e, while recognlzlng that the
nature of scientific and technical material makes the use of the passive voice
necessary or preferable in certain situations, Current NASA practlce in regard
to person-is that third person is prequ&ed but first person is permitted if the
author prefers thls.form . ’

-

.The m number” of data paths plotted on one figure ranged from one to “ten

. for th§ survey documents, with a median value of four and a mean value of ‘five.

The corresponding. figure for Jghe sample NASA report was eight. NASA guidélines did
not set_a maximum number, but?@ight types of -lines (qat//paths) were presented and
.an'order re;ommended for their ntroduction in flgures Literature sources 4nd

.

lower number than NASA usage (see Table E) , . )

therature recommendations varled regardlng symbols for data p01nts and data
paths in multiple plots on single figures. No data were obtained from the survey
documents on this subject. The first three data-point symbols recommended by the
NASA Publications Manual agreed with those of Harvili (1977), but NASA suggested
varying data paths, while Harvill used a straight line for all- paths

- s
-

4 .

Vs TABLE E’ :
~ .
% / » . — .
Preferrad DaTz~Points and Data Piths .
. -
SOURCE DATAPOINTS - DATA PATHS . ‘
- ’ .
HARVILL |- °, o b L,
. . - (1977) . 0 X ' —_
o . ' . . ;
- ¢ - -, N ¢ ! s . .
: SCHUTZ + M
{1961, 11 . —— O e .
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Presentation Component5°

.

Table F contains the resylts of the analy51s of 11ne lengths of survey docu—
ment-s ‘as a function of type size.

p. 13-14).

The mean and med1an values for all type-sizes - .
were "above the ranges .recommended by Arnold. (1972, p. 84 85) and Burt (1959,
The sample NASA report used 1l-point type:

ﬁItS 41- -pica lofigest *line

- excéeded .the maximum acceptable length recommendations of Arnold and Burt, and it
was also above the fhean and median values for survey documents which used 11-point

¢

E

-

.type - NASA gu1de11nes did not discuss 11ne length in terms of type size.

_ TABLE F
4ipes Length as a Function, of Type Size for Single-Column Survey Décumentg
Type size No. of . Mean Median .Range
(points) " documents longest-1line longest-line" longest-line
. 1 (picas) *(picas) (picas)
o 7. ECEN 39 36 - 43
10 7. . " 38 1 37 34 ~ 42,
11 12 - 37 38 27 - 42
13- 1 39° - e
- h » ‘
" ﬁ -~ «

Recommendations from the literature on minimum, maximum, and optimum character
counts per line are listed in Table G.” All were directed toward general literature .
rather than scientific/technical documents in partlcular

’

Taking the lowest and

highest values cited by any sources gives a ''most lenient" acceptable range of 50
to 80 characters per line.

The 37 single-column survey documénts had a mean count of 74 charac
line and a median value of 72 characters per line.
, 58 to 110 characters per line.
"+ characters per line establlshed from Table G.

-

Individual values r

2

Ts per
nged from

No documents were below the minimum limit of 50

Elght reports, or 28 percent of

the one-column publlcatlons were above the upper 1limit of 80 characters per line.
No statistics were prepared on the character counts of multi- column publications.

‘The NASA sample report had an average of 84 characters per line and thus
was above the upper limit of 80 characters per line obtained from the literature.
The sample NASA report ‘was also above the mean and median values for the survey.

The NASA gu1de11nes did not treat the subJect of character count.

Spencer (1969, p 35) expla1ned the underlying basis of the need for line
‘Short lines tend to increase the numberiof

length and character count limits.- l
fixation pauses the eye must make, while Long limes tend to increase the number of

regressions the eye must make.
errors in comprehension.

Both situations decrease read1ng ‘speed and increase

12
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S~ . ‘ . TABLE G .
) Literature Recommendations for Characger Count Pper L1ne -
No. of characters per l1ne :R ference
Minimum Optimum Maximum etersn A
, 50 55-60 704 . |, Lee (1965, p. 98) =
Y I R I Dowding (1957,*p. 6) _ 9
o 55 e 80 . *Burt (1959, p. 13-14) C
. -= 60-70 -— . "Morison ETQSI, p. 9)
N ~ . [N .
: -- 60-70 -- Spencer (1969, p. 35) I
£ . ‘*Experimental findings ) )
. 4
N . . . o
The deOT cause of. vapylng leading within a.repart is the presence of stacked R
- - fractions¥in the text. Literature sources (Strawhorn 1978, p. 1.4.5.1; Chaundy,
1954, p.~27; and Swanson, 1971, p. 16) rccommcnded that mathematics in text should .
* be linéar. Chaundy (1954, p. 26) stated that linear arrangements of mathematics T

are mére legible, and research by Tinker (1926 J»f465) confirmed -this oplnlon

Stacked frdctlons of “the ﬁorm %. can be exprdssed linearly as a/b by use of |

the solidus (/) or as ab” -1 by use of the negatlvc ‘exponent (Swanson, 1971, p. 16;
Chaundy 1954, p. 26-27; and William Byrd Press, 1954, p. 32, 35).

o

Swanson (1571, b.,24)\stated thaexradical signs should be avoided whenever
possible. She and Chaundy (1954, p. 29) advocated substitution of fractional

exponents in the form al/n for roots of any poweri
-

]

" Seventy- six percent of the survey publications containing mathepatics in the t.
text used the SOlldUS to eliminate stacked.fractions. No roots of any form werc
located in the textual.passages of these publications; therefore, it was fiot possi-
ble to assess the usage of fractional exponents to replace radicals in the text.

Oxford University (Chaundy, 1954, p- 29) and the American Mathematical
"Society, (Swangon, 1971, p. 16) recommended that the solidus, negative exponents,.
and feactiona exponents be used in displayed mathematics as well as mathematlcs
in the text to lace fractions and roots. . ¢

Figuré 2 shows the percentages of survey documents which used the solidys and
fractional exponents in displayed mathematics. _Almost half (45 percent) used the |
solidus; 35 percent used fractional exponents. A maJorlty of reports publidhed

by government agenc1es and of ABDEN reports employed both conventions. ‘
T , - — : ’ .. . ‘ )
. ‘ - . ‘
! 13 18 ) .
TN
- . N\
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The solidus was not used to replace stacked fractions in the NASA.sample rcport *

-although ‘stacked fractions were present both in text and in display.” The NASA
Publications Manudl 1974 did not include any refercnces to use of the solidus, -
negative exponents, or fractional exponents for mathematical expressions either in
text .or in display. The sample NASA report did not contain any' roots; thérefore,
use of fractional exponents to replace radicals in text or display could not be
assessed.., No data were collectéd on the use of negative exponents in the.survey or
in the sample NASA report. e

v

ot

" The majority of the overall survey and all categories except technical manudls

and reports published by industrial organizations used the same type 5ize, style,
and weight- for headings as was usé€d for the text.' Figure 3 illustrates the data
tabulated for this parameter. It is most likely that reports using the same type
for text and headings were prepared by some type of "strike-on' .typesetting system
(typéwriter, word processor, computer wheel, or chain printer). Technical manuals
dnd reports from industry tended to use more sophisticated typographic techniques.
NASA employed a "strike-on" composing system for the sample report. .

" Shown in Figure 4 is the percentage use of all capitals versus upber and loQér

casttype for atiheadingtevels—in the survey.—The Tatio of all capitals to upper
and lower case was highest in the.first level of
the second and third heading levels. This trend was present in the overall survey
and in 411 document cdtegories.. No_clear tendency was observed for the fourth and

Fifth heading levels. Seventy-five percent of the survey used all itals for

first‘1evel headings, and fifty percent used all capitals for second level headings.

> .

#&/‘e i . ' - - 14 . : -

.

headings and decreased .stepwise,in_
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* Literature sources (e.g., Harvlll 1977 p</;7) str&ggly advocated- that
flgures "and tables be aligned with the'text so that’ the réader does not have to
rotate the publication to use thqm Hartley (1974, 'p. 20) and Strawhorn (198, .
.p- 1.3.5.2) stated that if there are a large number of tables and figures and it
is not feasible to reduce them to fit the page, it may -be preferable to alter the
format and or1entat10n of the entlre publicggion. ‘

Analysis of the survey showed that’ these.recommendations were noet obsepved in
practice. The majority of.the survey publications contained ¢ne or more tables cr
figures placed. perpendicular to the rest of -the text (see Figure 5). This observa-
tion held trye for all survey categqries’except technical manuals and reports*from .
industry. Afl government publications haa at least one v1sual placed_sfideways.

Only once had a report format been altered ‘to accommodate oversized tabular material .
’whlle maintatning text agpd table allgnment

/

.
3

o

(CJ ALL VISUALS ALIGNED WITH TEXT *

100 Ml ONE OR MORE VISUALSNOT -~ .
~ - ALIGNED WITH TEXT ’ . )
90 |+ “\ U ..— Y . »
[72]
- 1
' =
. w
. % ’
p [ v
o £y
o . T b
.
o . L 4
" Tw .
Q
‘g
= . .
= N
w
Q
. ,
- w
.o- L4
b A . s
& .
@-
[ ]
- _ w .
REPORT CATEGORY . “*
L] _ - " - . ¢
Figure 5. Orientation of tables and.figures in the survey reports
S . - ®
R . . 2.": i ) . - .
T & -
-~ 4 - 16 o -

-




PRGN <

~_"'.,,‘. ‘_6-,‘;‘ R - . . . . -
@%;qf:yggious methods to bind survey documents is illus- .
Yoo § yey=gPa whole, perfect binding was-used most often

9} lowed by saddle épitchiqg (22 percent), and side-

»A¥l perfect bound documents used hot melt or-glue;

- wire stitching .pepsé
none were -sewn. Lltgus sr§cehble trend was .the frequent use of ring binders for
technical manuais (¥8 ,~" S ”g_f".cat%gor)g) . :
* ‘ 3‘ . .d‘.,:#:_ M. . : . R ) = *
: - R %% L S .
h” ., :' Aty “?‘.{.‘ - i - . i Y
.o . i e . -
SADDLE «.§)D .%_’;ﬁRFECT PLASTIG . =« 3-RING .
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Figure 6..Bind1ngemethods'u§ed for the survey documents ; “« .
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Many of,the-same.facto;s’that apply to mormal typographic considerations of

Tegibility are also factors which govern how well a recopied document can.be recad.

Hawken (1966,-p. 30, 34-35, 83) mentipned type size, brightness, height of tHe .

lower case 'x,'"- counters, and space.

Erdmann (1968, p. 108) concluded that size

was an accurate predictor of legibility -for digitally reproduced characters.

Hawken® (1966, p. 34-35) stated>that the height of the lower case "x". and not
He also -
cited the ratio of thin stroke width to thick stroke width jn a letterform as one

absolute size of the type was the factor influencing reproducibility.

the

< sp

of the most important factors affecting legibility, with an even stroke ratio, 1:1,

being the ideal for reproducibilitl, .Hawken also stated that this ratio be
more critical as the overall type.size decreases, NASA guidelines (Technical
Publications Program, A Working Guide, \1979, p.

10 points (approximately 3.5 mm) or larger. . . v -

' The results of the typogiapﬁﬁi degradation s?udy;reportgg herein aégeed with
As shown-in Table H, thé''most legible' documents had”

Erdmann's conclusibns.

mes

iS) stated that type, size should be

)

larger avetage type sizes thah the documents deemed “least legible" subjectively

"and by error count in reading. y
values for all 8ther variables.?gasuréd and reported in Table H,
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The' "most legible", documents also had higher average
except that there
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" was virtually no difference in the ratio of lower case "x¥ height to capital letter *

height -between ”léa§t"°and."most«legible"ntype. The NASA sample type was in the
mid-range, ,for most typographic charactgristils, Bétween most and least legible

" docunfents, except that the thin stroke width of NASA's type(was-very low. This.
also resulted in a_low thin stroke to thick. stroke width ratio.

¢ B oy
e - './ - y . -
. . - - ' TABLE H . - ‘
‘ ces N -0 . . v N g
’ Average Typography Characteristics of Survey' Documents Which Scored as
. : Most and Least Legille Aftew Degradation ° .
’ Characteristic® ‘Least legible Most'legible . " NASA sample
) oo .. documents * documents report
Type size, mm - s 3204 3%z 3.30 - ' \
: @ e o . .
Cgpital letter’ . ) ) '
height, mm . Boe 2036 N 2.67. .- 2.54
- | Lower case “x" Noeo L V4 a
height, ‘mm .+ .1.70 '1.96 1.91
S ixtheight . ‘ '0 7; . ) ; 0.7
- | capital height . ) P T
Thin stroke ) to. o _:
width, mm : 0.203 0.279. = ¥ *0.127
Thick stroke o o ' ‘e -
width, .mm 0.279 , 0.355, ) 0.381
Thin stroke width ’ “ ] .
Thick stroke width . 0.73, \\\ . 0.33
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.o Lo RECOMMENDATIONS FOR CHANGE
Producers of technlcal reports can increase thelr potentlal use as dn informa-
tion product, by making certain changes to the sequential, language, and presenta-
tion compoaents. These rmpnovements, which affect the overall de51gn and packaging
of ~he procuct, are discussed below. These improvéments are not, however, without °

. economic consideration. For this reason, cost factors should be calculated to ensure

that benefits to the user and/or increased utility w111 outwelgh the cost to the
producer. . - £ - ‘ . . T
J— : . . . < . R

The structure and sequence of.a technical report must be flexible enough‘to
accommodate the’contents presented and the intended audience. However, the over-.
whelmlng variety of components and the numerous positions of placement can place
.severe cost penaltles, in terms of time and effort, on the user who must review

large numbers of geports to obfain needed data. Therefdre, it is concluded that

o

“uniformity, concise organization, and clearly defined report componénts would pro-

4

_ mote clarity and’ utility. Consequently, fechriidal reports which.display these )

features would be considered an asset and would be percelved as “helpful by informa-

tion Gsers as well as 1nformat10n "spacialists." It is further suggested that

ggprovements to the design arid packaglng of technical teports would. ultimately
creasezthelr use by marginal, users.l- Vg . *

" Producers of technlcal reports should develop and adopt an- outline containing
a sequence of report components which is, flexible and can be-adapted to the type of ~
material presented (content), the4message to be conveyed, and the audience to be
reached. Doing so may bé complicated by the fact that there appears to be no single,
retognized, and agreed upon organization and structure for “Sequential components of
a technical report.. The outline should be 'tested" using a reader preference Burvey
conducted’among technical report producers and users. - The results of %he survey
would be usgd to modify or finalize the outline. The outline should be _imcorporated
into a style and/or publications manual. A system of gme¥iew would -then be initiated «
to foster and emsure consistent app%1¢at10n of the publication standards contained .
within tbe guide. Thls gutde would be periodically reviewed and updated

Summaries and. abstracts should be clear and concise. Descri tive abstracts
are preferable to 1nformat1ve abstracts. ahe abstract’ should prgvide an overall
descniption of the research while the, summary should contain thé essence %f the .
findings or results. : ., . L

Tables'and figures should be integrated into the text. Only when tables and
" figures are of such volume that insertion in the text would impair readability,
should they be placed as back matter. Integratﬁon of tables and figures shoudd | .
help overcome the difficulties associated with the use of microfiche. -

[ -\ - .

In terms of readability, summaries and abstracts should score as less diffi-
cult to read than the text. This is.significant because readability scores are
more accurate predictors of readership and reader concepts of suitability of
material than they*are predictors of comprehension. This becomes extremely impor-
tant to the information user who must read numerous summaries and abstracts to

-’

determine if further analysis is necessary or if the actual report should be
obtainéd. The information specialist, who is often engaged in the preliminary




: - ~
ok - . <
. . &
¢ . o .- ) .« - . .
acquisition and 3creening of related literature prior to the' undertaking of a

. research effort, would'also find considerable merit” to this improvement._

. - - . ‘. . ( . - .. . ]
. .« . The strong tradition of using-the passive voice in technical report preparation

- . +should be .tempered., The active voice should be used’tq develop a more direct,

natural and conc1se~presentat10n The active voice is favored over the‘pa551ve .
voice whenever verbs concern the 1nteract10h of inanimate objects and/or the writer .

wanted to emph351ze who or what performed the action. The passive voice is recom- “.
mended when the writer wants to emphasize the receiver of the attlon rather than
o - the doer. . .- )

7 . \

" 'A maximdm permissibie number of multiple plots on a, single figure should be |
established. Daing. so should help to Teduce some of ‘the problems associated. with
graphs; namely!too much_data and grid use/nonuse. These problems become more
pronounced when technltal reports are mrproflched and facsimile copTes are produeed o

- rd

’ Realizing that the “phy51Cdl" appearance of an information product influences
the users 'mind set" regarding the value of the material, standards™for compositjion
should be developed which take into account the findings from the experimental/
theoretical literature. The standards should cover such factors as type size and .
" style, 1mage area, line length and character den51tyJ and gutterwidth’ '
- A ! v ~.
The accepted rules of style, grammar, and punctuation used .in censtructlng .
. the proSe of a texy should also be used,for mathematlcs, whether appearlng in the’

text or set off in display. The SOlldUS and fractional éxponents should be used - .
to repiace stacked fractlons and fractional exponents should be used to eliminate
radicals both in the text and in display. . e . A *

» - e ’

Figures and tables should be allgned with the “text so that ‘the reader does not ..
have to rotate the report. If there are a large number of tables and figures and
.+ it is not feasible to.reduce them to fit on the page, it may be preferable to alter
the format and -orientation of the entire publication.. , S

- . -

—~—

g

~ The type aof b1nd1ng used should be determined 1n~9art by how the report-will ,
,  be used. Ring binders should be used for material which is updated. Perfect ,
‘ binding -should b€ used for large publications, usually .more than 140 pages. in length,
which haye a relatively long shelf life. _Binding which does not permit a publ!ca-

- -. tion to lie flat when opened should be av01ded ‘ - - ‘.
- z ~ - N . V4
N . .
. Re-. 1mag1ng technologles, which involve dupilcatlon reproduct1on and mjcro-
graph1e5"and alter the traditional views of the printed feport, necessitate the O

' development of guidelines for copy preparation. A pho;ocopy of a. technical report
will no longer be on the same paper, nor will it be bound in the same manner.

If the ,report has been converted to microfiche, it may later.gppear as g¢ither a
p051t1ve or negative image. Re=imagin} degrades the report either at the loss of
original data (especially when tables, flgures, and -graphs are concerned) or by the~ i
addltlon ;fkextraneous informatien. - . . - ) . .

. ~ ’ M . < —
- - . - -~
J . N




- . ." CONCLUDING REM§RKS .

. b 3

5 génerally recognized to be one way of ~
increasing the absolute number of units which can be sold, By.extension, this paper,
"» has attempted to show that improvements in terms of the, sequéntial, language, and T
presentation components will-improve thé utility.of the technical report. It was ° )
further ::ated'that dncreased utility would‘haye its greatest effect on ‘the marginal
user. ‘ . e : : ! : ” ’

Ihbroving the paékaging of a product i}

.= AR S . . ; -

- . ’ o . Coe

In terms of elasticity of demand there-Would be incPedsed demand by the user -+ .
and -there would also be increased costs. to the producer.i'ﬁbe§e‘two‘féétqr§ would,
have to .be’ compared and analyzed to determine if the incrgased cost per-unit would
.be justified by the increased utility. = ' : N / ] ) . ’

There are fnstances where improvements could'not‘be*fﬁktjfied because |increased |

utilization would not-be the primary. concern ‘of *the producer. This would most .

- likely be the case for publications that are characterized_by'intentionally'. ;

restrictedscirculation, contdined volatile data, or have ‘extremely lfmitedidi§?ri—

butions and/or specialized contents. However, when tbe producer is’ charged wi;h

. te ~

making the-data availablé to the wides

t possible,audience (as many ‘governgent

agencies including NASA must

dissemination of data, then thé increased cost of production may well be justified.
_ < oo ! .00 ' .

4

) or finds it desirable to seek the widest possible

{

-
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- APPENDIX

SUGGESTED OUTLINE FOR SEQUENTIAL COMPONENTS -

The following outline of front, body, and back matter comﬁonents was developed

after consideration ¢f the recommendations of style manuals, publications guides, and
textbooks; practices of the surveyed reports; and the general literature review. Not
all of the headlngs listed would bé necessary or even appropriate to each technical
report; however, this list includes most headings.which might occur so that it could
be- consulted for component name and placement in preparing more involved reports
requiring many components. The outline includes more components than those on which
a consensus existed among the sources consulted because majority agreement existed

on too few components to yield a usefil guide for réference use in report preparation.

The assumption was made in preparing the outline that tables and flgures were inte-

grated with the text.

Front Matter <
Cover . .
Title Ppage .
Disclaimers .
Notices (including copyright) .

".COSATI standard title page (NTIS Blblloggaphlc Data Sheet)
Distribution lists . N
Table of contents '

List of figures/illustrations .

List of tables/charts .

Abstract .

Foreword 2 . .
Acknowledgement R : .
Preface . .. . :

Body Matter ‘ - ) ~ , . - .
Summary . . ' ‘ -~ '
Introduction = -

Text* . “ : '
Methods .
Assumptions . . N
Procedures . ’ ' - : 3 .
Results . o _ ’ )
«+» Discussion : . . ; o .
Conclusions - e ) X .
Recommendations . ) ; ..
Applications » -

Back .Matter o
References . L. :
_Bibliography o 3 ’ IR
Appendixes (including lengthy mathematical derivations; descrlptlons of

novel _techniques; and procedures and equlpmenfjnot essential to the .
main purpose of the feport)- Co . .
Glossary (1nc1ud1ng list of abbrev1atlen%r écronyms, or Syﬁbols)**

\ .

‘**Alterfiate recommended placement is in the ffbgéﬁmatter follow;qg the locator

*Related research should be included in the text portlon of the report, either
‘where appropriate or in a separate sectlon. ks

components. ~In.either case, the assumption wag made that each item was
ﬁeflned at first use in the report. - ) -

-
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