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The Science of Scientific Writing
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If the readeris to grasp whatthewriter means
thewriter must understandwhat thereaderneeds
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d.~ce often hard to read.Most.people assumethat its
difficulties areborn out of necessIty,out of the extreme
complexity of scientific concepts,data and analysis.We argue here that of
complexity
of we
thought
neednota lead
to impenetrability
expression;
demonstrate
number
of

three minutes and records a list of temperatures.Those
data could be presentedby a number of written structures.
Here are two possibilities:
.
.,
.
t (~e) =15, T (te:nperature) =,32°;
t = 0, T = ,25°;

rhetoricalprindplesthat canproduceclarityin communi-

t =6, T= 29";t = 3, T= 2~; t=12, T= 3~; t =9, T= 31°

cation without oversimplifying scientific issues.The results are substantive,not merelycosmetic:Improving the
quality of writing actually improves the quality of thought.
The fundamental purpose of scientific discourseis not
the mere presentation of information and thought, but
rather its actual communication.It doesnot matter how
pleasedan author might be to have converted all the right
data into sentencesand paragraphs;it matters only
whether a large majority of thereading audienceaccurately perceiveswhat the author had in mind. Therefore,in order to understand how best to improve writing, we would
do well to understand better how readersgo about reading. Such an understanding hasrecently becomeavailable
through work done in the fields of rhetonc.linguistics and
cognitive psychology.It has helped to produce a methodology based on the concept of reader expectations.

time (min)
0
3
6
9
12
15

temperature (OC)
25
27
29
31
32
32

;:,;

Writing with the Readerin Mind: Expectationand Context

Preciselythe sameinformation appears in both formats,
yet most readersfin~ .the;second easierto interpret. It may
that the very familiarity of the tabular structure makes
It easierto use. But, more significantly, the structure of the
secondta~le p~ovid~ the re~de~~th ~ easily.perceiv~
context (time) m whic:hthe sIgnificant piece of infOn11a?on
(temperature) can ~e mterpreted. The contextual matenal
appearson the left m a pattern that produces an expectation of regularity; the interesting results appear on the
right a lessobvious pattern, the discovery of which is

Readers do not simply read; they interpret. Any piece of
prose, no matter how short, may "mean" in 10 (or more)
different ways to 10 different readers. This methodology of

the pomt of ~e table..
.
.
If the two sides of this sunple table are reversed, It becomes much harder to read.

reader expectations is fo~ded on, the reco~tion tha.t
readers make many of thelr most l1T\portant mterprebve
decisions about the substance of prose based on clues they
receive from its structure.
This interplay between substance and structure can be
demonstrated by something as basic as a simple table. Let
us say that in tracking the temperature of a liquid over a
period of time, an investigator takes measurements every
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Since we read from left to right, we prefer the context on
the left, where it can more ~ffectively ~amilian::e the
~ader. ,We ~refer ~e n~w,,l1T\portant
mformabonon the
nght, smce:ts J,:b.lSto mtngue the rea~er.
.
Informabon IS interpreted more easIly and more unI-
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These needs and expectations of readers affect the inter-
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at the level of the largest

UI1.itsof discourseo(A unit of discourse is defined as anything with a begimting and an end: a clause,a sentence,a
section, an article, etc.) A researcharticle, for example,is
generally divided into recognizablesections,sometimes
labeled Introduction, Experimental Methods, Resultsand
Discussion. When the sectionsare confused-when too
much experimental detail is found in the Resultssection,
or when discussion and results intermingle-readers are
often equally confused. In smaller units of discourse the
fw1ctional divisions are not so explicitly labeled,but readers have definite expectationsall the same,and they
search for certain infonnation in particular places.If these
structural expectations are continually violated, readers
are forced to divert energy from understanding the content of a passageto unraveling its structureoAs the com-
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era! will also suggest that it requires specialized background knowledge. Thoseproblems turn out to be only a
small part of the difficultyo Here is the passageagain, with
the difficult words temporarily lifted:
The smallest 0 f th e URF' s, an, [A] has been 1d en tifi.ed
[B] b
8
TheL..- 0 nal .
,
other URF s has been, on the contrary, elusIve. Recently,
.
.
however,[C] expenments,as well as [D] studIes, have
°

pretation not only of tablesand illustrations but also of
prose itself. Readershave relatively fixed expectations
about where in the structure of prose they will encounter
particular items of its substance.If writers can becomeconsciously
aware
they can better control
d
f of theselocations,
d
ha
d will

1 I This 0

omp exb.

0

15

It may now be easier to survive the journey through the
prose,but the passageis still difficult. Any number of
questionspresent themselves:What has the first sentence
of the passageto do with thelast sentence?Does the third
sentencecontradict what we have been told in the second
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ty of misinterpretation or noninterpretation increases
dramaticallyo
We present here some results of applying this methodol- sentence?Is the functional significanceof URF's still "eluogy to researchreports in the scientific literature. We have
sive"? Will this passageleadus to further discussion about
taken severalpassagesfrom researcharticles (either pubURF's,or about Complex L or both?
lished or acceptedfor publication) and have suggested
Knowing a little about thesubjectmatter does not clear
ways of rewriting them by applying principles derived
up all the confusion. The intended audience of this pasfrom the study of reader expectationsoWe have not sought sagewould probably possessat least two items of essential
to transform the passagesinto "plain English" for the use . technicalinformation: first, "URF" stands for "Uninterof the general public; we have neither decreasedthe jargon rupted ReadingFrame," which describesa segmentof
nor diluted the science.We have striven not for simplificaDNA organized in such a way that it could encode a protion but for clarification.
rein, although no such protein product has yet been identified; second,both ATPaseand NADH oxido-reductaseare
Reader Expectations for the Structure of Prose
enzymecomplexescentral to energy metabolism. AlHere is our first example of scientific prose,in its original
though this information mayprovide some senseof comform:
fort, it doeslittle to answer the interpretive questions that
The smallest 0f th e URF' s (URFA6L) ,a 207 nucleou
h d
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the other URF,s has been, on the contrary, elusIve.
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or complex I]
b
m OVUleh eart , as we11 asenzyme fr acti onauon
studies, have indicated that six human URF's (that is,
URFl, URF2,URF3,URF4, URF4L, and URF5,hereafter
referred to as NDl, ND2, ND3, ND4, ND4L, and NDS)
encodesubunits of comp lex 10This is a large com p lex
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As~ any ten people why this paragraph
and rune are sure to mention the technical
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15hard to read,
vocabulary; sev-
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To get at the problem, we need.to articulate something
about how readersgo about~ading. We proceed to the
first of severalreader expectations.
5 b ' ct 'T_~ S
U Je -vall
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Look agaIn0 a t th e first sen tence0 f the passage a oted ave.
bo
It 15relatively
long,
42
words;
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turns
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themaIncauseof Its burdensome
complexlty.Longsen-

tences need no t be difficult t0 rea;d they are 0nl Y difficult to
have seen sen tences 0 f over 100wor ds that fl ow

wn te. 'AT
rye
o

(nt) reading

H

"Thefull paragraphincludesonemoresentel1ce:
"Supportfor
suchfunctionalidentificationof the URFproductshascome
from thefinding that the purifiedrotenon~itive
NADH

d~ydrog~ fro~ ~eurospora CTassacontains several subUnIts Synthesized WIthin the Inltochondria, and from the observation "that the stopper mutant of Neurospora CTassa,whose
mtDNA lacks two genes homologous to URF2 and URF3, has
no functional comp1ex I." We have omitted this sentence both
because the passage is long enough as is and because it raises
no additional StI1JCtural issueso
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easilyand persuasivelytoward their clearly demarcated
destination.Thosewell-wrought serpentsall hadsomething in common: Their structure presented information to
readersin the order the readersneeded and expectedit.
The first sentenceof our example passagedoesjust the
opposite: it burdens and obstructsthe reader,becauseof an
all-tao<oIIUI\on structural defect.Note that the grammatical subject ("the smallest") is separatedfrom its verb ("has
beenidentified") by 23 words, more than half thesentence.

B

Theserevisions lead us to a secondset of reader expectations. Eachunit of discourse,no matter what the size, is expected to servea single function, to make a single point. m
the caseof a sentence,the point is expectedto appear in a
specific place reservedfor emphasisThe Sb"essPosition
It is a linguistic commonplacethat readersnahlrally emphasize the material that arrives at the end of a sentence.We
refer to that locationasa "stressposition." If a writer is consciouslyawareof this tendency,shecanarrangefor the emphatic information to appearat the moment the readeris
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contents.
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The inclination
to direct more energy to that which
arrives last in a sentence seems to correspond
to the way we

sense

0if m. omentum

work
at tas~
through
time.
Wetotend
takenew
something
like
a
"mental
breath"
as we
begin
readtoeach
sentence,

thereby summoning the tension with which we pay attention to the unfolding of the syntax. As we recognize that
Readersexpecta grammatical subject to be followed imthe sentenceis drawing toward its conclusion,"Webegin to
mediately by the verb. Anything of length that intervenes
exhale that mental breath.The exhalation produces a sense
betweensubjectand verb is read as an interruption, and
of emphasis.Moreover,we delight in being rewarded at
thereforeas something of lesserimportance.
the end of a labor with something that makes the ongoing
The reader's expectationstemsfrom a pressingneed for
effort worthwhile. Beginningwith the exciting material
syntacticresolution, fulfilled only by the arrival of the. . and ending with a lack of luster often leavesus disapverb. Without the verb, we do not know what the subject 15 pointed and destroysour senseof momentum. We do not
doing, or what the sentenceis all about. As a result the
start with the strawberry shortcakeand work our way up
readerfocusesattention on the arrival of the verb and reto the broccoli.
sistsrecognizing anything in the interrupting material as
When the writer puts the emphatic material of a senbeing of primary importance. The longer the interruption
tencein any placeother than the stressposition, one of two
lasts,the more likely it becomesthat the "interruptive"
things can happen;both arebad. First, the readermight
material actually contajns important information; but its
find the stressposition occupied by material that clearly is
structural location will continue to brand it as merely innot worthy of emphasis.In this case,the reader must disteIruptive. Unfortunately, the reader will not discover its
cern, without any additional structural clue, what else in
true value until too late--until the sentencehasended
the sentencemay be the most likely candidate for emphawithout having produced anything of much valueoutside
sis. There are no secondarystructural indications to fall
of that subject-verbinterruption.
back upon. In sentencesthat are long, dense or sophisticatIn this first sentenceof the paragraph, the relative imed, chancessoar that the reader will not interpret the prose
portanceof the intervening material ~ ~cu.1~toev~uate. precisely as the writer intended. The secondpo.ssibility is
The material might conceivablybe qwte SIgnificant m
even worse: The readermay find the stressposItion
which casethe writer should have positioned it to reveal
occupied by something that does appear capableof receivthat importance. Here is one way to incorporate it into the
ing emphasis,even though the writer did not intend to
sentencestructure:
give it any stress.In that case,the reader is highly likely to
small
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times It extends to severallin es. The defini-tIve
this: The stressposition coincides with the moment of syn-

On the other hand, the intervening material might be a
mereasidethat diverts attention from more important ideas;
in that casethe writer should havedeleted it, allowing the
prose to drive more directly toward its significant point:
,
.
'. The small~t of the ~RF s (URFA6L) has ~
Identi
fled as the animal equIv.alentof the recently dISCovered
yeastH£-ATPasesubUnIt 8 gene.

tactic closure. A readerhas reachedthe beginning of the
stressposition when she knows there is nothing left in the
clauseor sentencebut the material presently being read.
Thus a whole list, numbered and indented, can occupy the
stressposition of a sentenceif it has beenclearly announced as being all that remains of that sentence.Each
member of that list, in turn, may have its own internal
stressposition, sinceeachmember may produce its own

Only the author could tell us which of these revisions
more accurately reflects his intentions.

synt~c~cclosure.
-"
WIthin a sentence,secondarystresspOSItIonscan be
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ATPasesuburut8 gene.
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expenments
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must wade through 27 words ~incl:udingthx:eehyph~ted
compound words, a parenthetIcalInterruption and an as
well as'' phrase)before alighting on the highly urJinformative and disappointingly anticlimactic verb ("have indicated"). Without a moment to recover,the readeris handed a
"that" clausein which the new subject("six human
URF's") is separatedfrom its verb ("encode") by yet another 20 words.
If we applied the three principles we have developed to
the rest of the sentencesof the example,we could generate
a great many revisedversions of each.Theserevisions
might differ significantly from one another in the way
their structuresindicate to the reader the various weights
and balancesto be given to the information. Had the author placed all stress-worthy material in stresspositions,
we as a readingcommunity would have beenfar more
likely to interpret thesesentencesuniformly.
We couch thisdiscussion in terms of "likelihood" becausewe believethat meaning is not inherent in discourse
by itself; "meaning" requires the combined participation of
text and reader.All sentencesare infinitely interpretable,
given an infinite number of interpreters. As conununities
of readers,however,we tend to work out tacit agreements
as to what kinds of meaning are most likely to be extracted
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Recently,however,immunoprecipitation experiments
with antibodiesto purified, rotenone-sensitiveNADHubiquinone oxido-reductase[hereafterreferred to as respiratory chainNADH dehydrogenaseor complex 1]
from bovine heart, as well as enzyme ~ctionation studies,have indicated that six human URF's (that is, URFl,
URF2,URF3,URF4, URF4L,and URFS,hereafter referred to asNOl, ND2, NO3, ND4, ND4L, and NDS) encode subunitsof complex I.
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from certain articulations. We cannot succeedin making
evena single sentencemean one and only one thing; we
canonly increasethe odds that a large majority of readers
will tend to interpret our discourse according to our intentions. Such successwill follow from authors becoming
more consciouslyaware of the various reader expectations
presentedhere.
Here is oneset of revisionary decisions we made for the
example:

0

By using a semicolon,we createda secondstressposition
to accommodatea secondpiece of information that
seemedto requireemphasis.
We now havethree rhetorical principles basedon reader
expectations:First, grammatical subjectsshould be followed as soonaspossible by their verbs;second,every
unit of discourse,no matter the size,should serve a single
function or makea single point; and, third, information intended to be emphasizedshould appearat points of syntactic closure.Using theseprinciples, we canbegin to un-

roo

Slg-

nificance of other URF's has been more elusive. Recently, however,several human URF's have beenshown to
encodesubunits of rotenone-sensitiveNADHubiquinone oxido-reductase.This is a large complex that
also containsmany subunits synthesized in the cytoplasm; it will be referred to hereafter as respiratory
chain NADH dehydrogenaseor complex I. Six subunits
of Complex I were shown by enzyme fractionation studies and immunoprecipitation experiments to be encoded

:
by

six human
URF's
(URF!,
d URFS)'
th
URF'
will

NO!, NDZ,e:o3, ~,

URF2,
URF3,
URF4,
URF4L,
be referred
to subsequently

ND4L, and NOS.

Sheerlength was neither the problem nor the solutio~ .
The revised version is not noticeably shorter than the ongtna1;nevertheless,it is significantly easier to interpret. We
have indeed deleted certain words, but not on the basis of
wordiness or excesslength. (Seeespecially the last sentenceof our revision.)
When is a sentencetoo long? The creators of readability
foImulas would have us believe there exists somefixed
number of words (the favorite is 29) past which a sentence
is too hard to read. We disagree.We have seenlD-word
sentencesthat are virtually impenetrable and, as we mentioned above, lOO-wordsentencesthat flow effortlessly to
their points of resolution. In place of the word-limit concept, we offer the following definition: A sentenceis too
long when it hasmore viable candidates for stresspositions than thereare stresspositions available. Without the
stressposition's locational clue that its material is intended
to be emphasized,r~adersare left ~oomuch to th~ own
devicesin deciding Justwhat else In a sentencemIght be
considered important.
.
.
In revising the example passage,we made certam deosions about what to omit and what to emphasize.We put
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subjectsand verbs togethez:to lessen.the reader's syntactic
burdens;we put the material we believed worthy of emp~is in stresspositi~ns;and.w~ ~arded ma.terialfor

!e~ as "old info~ation." Conversely, material making
Its first appearancelI'I a discourse is "new information."
Wh~ n.ewinf~rmation is important enough to receive em-

which
not discern
sIgnificant
connections.
doing so,we
wecould
haveproduced
a clearer
passage-but
notmone

phaSlS,
Itold
functions
bestinconsistently
the stressposition.
When
information
arrivesin thetopic

that nec~y
refl~ the author's ~~enti°x:s;it reflects
only our lI'Iterpretationof the author s lI'Itentions.The
more problema~c ~e structure, th~ less~ely it he:°mes
that a grand maJontyof readerswill perceIvethe discourse
in exactlythe way theauthor intended.
It is probable that many of our readers-and perhaps
even the authors-will disagreewith someof our choices.
If so, that disagreementurtderscoresour point: The origi-

position, it helps readersto construct the logical flow of the
argument:It focusesattention on one particular strand of
the discussion,bo~ harkening backward and -leaningforward. m contrast,if the topic position is constantly occupied by material that fails to establish linkage and context,
readerswill have difficulty perceiving both the connection
to the previous sentenceand the projected role of the new
sentencein the development of the paragraph as a whole.
Here is a secondexampleof scientific prose that we shall
attempt to improve in subsequentdiscussion:
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he in/ormation that beooinsa
:1\
sentence

reader a

establishes

0.
fi or the

Perspectivefior viewin g the

sentence as a unit.

.

.
.,
.
.
.
nal failed to commurucateIts Ideasand theIr connectIons
clearly.If we happenedto have interpreted the passageas
you did, then we can makea differen.tpoint No one
should ha.veto work ashard as we did to unearth the content of a slI'lglepassageof this length.
Th 'Ii . P .ti.
OpIC. 051
'Ii0 esummarIZe
thon ..
I
ected .th th tress
e pnnap es conn
WI
es
position, we have the proverbial wisdom, "Savethe best for
last." To summarize theprinciples connectedwith the other end of the sentence,which we will call the topic position, we have its proverbial contradiction, "First things
first." In the stressposition the reader needsand expects
closureand fulfillment; in the topic position the reader
needsand expectsperspectiveand context.With so much
of reading comprehensionaffected by what shows up in
the topic position, it behoovesa writer to control what appearsat the begiI1ningof sentenceswith greatcare.
The information that begiI1Sa sentenceestablishesfor
the readera perspectivefor viewing the sentenceas a unit:
Readers
expecta unit of discourseto bea story aboutwhoevershowsup first. "Beesdispersepollen" and"Pollenis
dispersedby bees" are two different but equally respectable
sentencesabout the same facts.The first. tells us
.
something about bees; the second tells us something about

pollen. The passivity of the second sentencedoes not by itself impair its quality; in fact, "Pollen is dispersedby bees"
. th
if .
.
h that .
15 e supenor sentence
. . It appears In a paragrap
, lI'Itends to tell us a continUIng
story
about
pollen.
Pollen
s
.
.
story at that moment lS a passIve one.

R d also
th
rial
.
th t .
ea ers
expect e mate
occupYing e OpiCposition to provide them with linkage (looking backward)
.andcontext(looking forward). The information in the topICposition preparesthe reader for upcoming material by
connectingit backward to the previous discussion.Although linkage and contextcan derive from several
sources,they stem primarily from material that the reader
has already encounteredwithin this particular piece of discourse.Werefer to this familiar, previously introduced ma554
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Large earthqu~kesalong a given.fault ~ent
do not
occur at random lI'ItervalsbecauseIt takes tIme to accum~te the s~
energyfor the rupture. The rat~sat
which
tectOIUC
plates
move and accumulatestram at
. boundari.es
.theIr
ar.eapproximately uniform. Therefore,

,c""
c'

j
I
I

I;
\
!'
,

In first approXImation,one may expectthat large rup-

turesof thesamefaultsegment
will occurat approximately constant time intervals. If subsequentmainshockshave different amounts of slip acrossthe fault,
then the recurrencetime may vary, and the basic idea of
periodic mainshocks must be modified. For great plate
bourtdary ruptures the length and slip often vary by a
factor of 2. Along the southern segmentof the San Andreas fault the recurrencemterval is 145years with
variations of several decades.The smaller the standard
deviation of the averagerecurrence interval, the more
specifi
.
d
. .
c coul be the long term Prediction of a future
. hock
malI'lS
.
This is the kind of passagethat in subtle ways can make
readersfeel badly about themselves.The individual sentencesgive the impression of being intelligently fashioned:
They are not especially long or convoluted; their vocabulary is appropriately professionalbut not beyond the ken
of educatedgeneral readers;and they are free of grammatical and dictional errors. On first reading, however, many
of us arrive at the paragraph'send without a clear senseof
where we have been or where we are going. When that
happens,we tend to berateourselves for not having paid
closeenough attention. In reality, the fault lies not with us,

but with theauthor.
Wecandistill the problemby lookingcloselyat thein-

~'
.~

};;

formation in eachsentence'stopic position:
Largeearthquakes
The tes
bere ore..t. one
su sequen malI'lSh oc ks
great p Iate boun d ary ruptures
thesou th ern segment 0f the San A ,dreas faul t
. .
the smaller the standard devIation...
Th

~

-

Much of this information is making its first appearancein
this paragraph-in precisely the spot where the reader
looks for old, familiar infonnation. As a result, the focus
of the story constantly shifts.Given just the material in
the topic positions, no two readers would be likely to
construct exactly the samestory for the paragraph as a
whole.
If we try to piece togetherthe relationship of eachsen-

Ii

r'

.
tenceto its neighbors, w~ notice that certain bits of old infOrn"lationkeep reappeanng. We hear a good deal about
the recurrencetime between earthquakes:The first sentenceintroduces the concept of nonrandom intervals between earthquakes;the second sentencetells us that recurfenceratesdue to the movement of tectonic plates are

fi~d if subsequentmainshockshave different amounts of:
slip acrossthe fault. [Indeed?),the length and slip of
great plate boundary ruptures often vary by a factor of
2. [For example?],the recurrenceinterval along the
southern segmentof the San Andreas fault is 145 yeatS
with variations of several decades.The smaller the stan-

mole or lessunifonn; thethird sentence
adds thatthere-

dard deviationof theaveragerecurrenceinterval, the

I

currencerate of major earthquakesshould also be somewhat predictable; the fourth sentenceadds that recurrence
ratesv~ry with some con~itions; the ~~ sent~ce adds information about one partIcular vanation, the Sl.xth~tenceadds a recurrence-rateexa.mplefrom Califonua, and
the last sentencetells
us something
about how recurrence
.. all This fr .
f"
b d
.bed
rates ~an e
. statistic Y'.
r.e am 0 recur-

more specificcould be the long tenn prediction of a future mainshock.
Many problems that had existed in the original have
now surfacedfor the first time. Is the reason earthquakes
do not occur at random intervals stated in the first sent
.
ence or m the second ?. Are the suggested choices Of " how

rence mtervals

press e connec ons a ose.
(All these connections were left unarticulated in the original paragraph.) If
"for example" is an inaccurate transitional phrase, thenexactly how doesthe San Andreas fault example connectto
ruptures that "vary by a factor of 2"? Is the author arguing
that recurrencerates must vary becausefault movements
often vary? Or is the author preparing us for a discussion
of how in spite of such variance we might still be able to
predict earthquakes?This last question remains unanswered becausethe final sentenceleavesbehjnd earthquakes that recur at variable intervals and switches instead
to earthquakesthat recur regularly. Given that this is the
first ara
h of the article, which type of earthquake
p grap

~

constitutes the major stnng of old infor.
mation in.the.paragraph.Unfortunat~ly, It rarely appears
at ~e ~gmrung of sen~ences,
.wh~reIt would help us
mamtam ?ur f~
on Its continUIng story..
In rea~g, as m most e~~nenc.es, we appreclatethe
opportuni1-jto becom~f~
~th a new enVlIonment
~fore havmg to .function.Ullt. W~ting that con~ually
gIns ~tences ~th new information and ends WI~ old mf?rmation forbids both the senseof ~o~ort a:ndonentation at th~ start and the senseof fulfilling am:val a,tthe
end. It mlSleadsthe reader as to whose story ISbemgtold;
it b~dens the r.eaderwith new information that must be
carrIed .furthe! mto th~ sentencebef<:>re
~tcan be connected
to the discussion;and It createsambiguIty as to which material the writer intended the reader to emphasize.All of
thesedistractions require that readersexpend a disproportionate am?unt of energy to ~aveI the stru~
of the

~

prose,leavmglessenergyavailablefor perceIvmgcontent.
We can begin to revise the example by ensuring the following for eachsentence:

1:The?~ckward-linking
oldinformation
appears
in the

I

n ourexperience' the
misplacementof oldand new

information

turns out to be the

tOpICposition.
2. The person, thing or concept whose story it is appears

,.No.1 problem m
AmerIcan

in thetopicposition.
3. Thenew,emphasis-worthy
informationappears
in

.
professIonal

the stresspOSItIOn.
Once again,if our decisions concerning the relative values of specificinformation differ from yours, we canall
blame the author, who failed to make his intentions apparent. Here first is a list of what we perceived to be the new,
emphatic material in eachsentence:
time to accumulatestrain energy along a fault
approximately uniforn"l
large ruptures of the same fault
different amounts of slip
vary by a factor of 2
variations of several decades
predictions of future mainshock
Now, basedon theseassumptions about what deserves
stress h
sed
. .0
,

ere 15our propo

revlSI n:

Largeearthquakesalong a given fault segmentdo not
occur at random intervals becauseit takes time to accumulate the strain energy for the ruprure. The ratesat
which tectonicplates move and accumulate strain at
their boundaries are roughly uniform. Therefore,nearly
constanttime intervals (at first approximation) would be
expectedbetween large ruptures of the same fault segment. [However?], the recurrence time may vary; the basic idea of periodic mainshocks may need to be modi-

-

ever," "indeed," and "for example" the right ones to exth
ti.
t th
porn
' ts '

. .
wntmg

"

"e

if

today.

.
..
.?
will the artIcle most likely proceed to discuss. m sum, we
are nc:w awareof how mudt .theparagraph had not commUIU~atedto us on ~t reading. We c~ ~ ~t most of
our difficulty was owmg not to any defiaency m our reading skills but rather to the author's lack of comprehension
of our structural needs as readers,
In our experience,the misplacementof old and new information turns out to be the No.1 problem in American
professional writing today. The sourceof the problem is
not hard to discover:Most writers produce prose linearly
(from left to right) and through time. As they begin to form~te a sentence,often their p~
anxiety is:o capture
the Important new thought before It escapes.Quite naturail y th ey rush to record that new informatIon
.
on paper,at

-

ter which they can produce at their leisure the contextualizing material that links back to the previous discourse.
Writers who do this consistently are attending more to
their own needfor unburdening themselvesof their information than to the reader's need for receiving the material.
The methodology of reader expectationsarticulates the
reader's needsexplicitly, thereby making writers consciously aware of structural problems and ways to solve
them.
1990 November-December
555

~

-

'

c.

P

,

thorsperfonnedthefust directmeasurement,
recognizing

ut in the'to pic Position the old
information

that links

:I i

backward'
the

new

reader

,

their agency in the topic position may well be appropriate.)
2. Since "dC" and "dC" become the old information
iI\

~e secondsentence,
keepthemup frontiI\ the topicposition.

Put in the stress Position

information

you

want

. 3. Sin~e "triisopropylsilyl.groups"
is n~~ and important
iIUormation here, create for It a stress POSItiOn.

the

to emphasize.

4. "Triisopropylsilyl
groups" then becomes the old irIformation of the clause in which its effects are described;

~f~
~

placeit in thetopicpositionof this clause.

:~fJi;

5. Alert the reader to expect the arrival

effects by usiI\g the flag word

A noteof clarification:Manvpeoplehearingthis structural ad Vice
.
ten d to overstmp lify
'.
1. t t 0 th e f 0 11OWIng
.
rul e:
"Put the old information
in the topic position and the new
"

information
in the stress position." No such rule is possible. Since by definition all iIUonnation
is either old or new,
the space between the topic position and the stress position must also be filled with old and new information.
Therefore the principle (not rule) should be stated as follows: "Put in the topic position the old information
that
links backward; put in the stress position the new information you want the reader to emphasize."
Perceiving Logical Gaps
When old information
does not appear at all iI\ a sentence,
whether in the topic position or elsewhere, readers are left
to construct the logical linkage by themselves. Often this
happens when the connections are so clear iI\ the writer's
mind that they seem unnecessary to state; at those moments, writers underestimate
the difficulties
and ambi~ties inherent in the reading process. Our third example

;,

~

".

, .,"

attemptsto demonstrate
how payingattentionto the
placement of old and new iIUormation
can reveal ~here
writer has neglected to articulate essential connectIons.

.

c"

,
,

The enthalpy
the nucleoside

of hydrogen
bond fonnation
bases 2'deoxyguanosine
(dG)

"both."

of two distinct

"Both"

notifies

",;;.,

the

~ader that two I:'~eces
of new iIUormationwill arriveiI\ a
sIngle
H. stress pOSitiOn.
artial
..
b
d
th
d..
ere lS a p
reVlSIon ase on
ese eClSIons:
We have directly measured the enthalpy of hydrogen
bond formation between the nucleoside bases 2'deoxyguanosine (dC) and 2'deoxycytidine
(dC). dC and dC
were derivatized at the 5' and 3' hydroxyls
with triisopropylsilyl
groups; these groups serve both to solubilize
the nucleosides in non-aqueous
solvents and to prevent
the ribose hydroxyls from forming hydrogen bonds.
From isoperibolic titration measurements,
the enthalpy
of dC:dG base pair formation
is -6.65 :t 0.32 kcal/mol.
The outlines of the experiment
are now becoming visible, but there is still a major logical gap. After reading the
second sentence, we expect to hear more about the two effects that ~ere important en<;>ugh to merit placement irI its
stress pOSitiOn. Our expectations are frustrated, however,
when those effects are not mentioned in the next sentence:
"From isoperibolic titration measurements,
the enthalpy

of dC:dCbasepair formationis -6.6?:t 0.32k~/m~l."
a

between
and 2'de-

oxycytidine
(dC) has been dete~ed
by direc; mea-,
surement. d~ an~ .dC were d.envatlZed at the 5. and 3
hy.ciroxyls Wlth trus.opropylsilyl
groups to obtaIn solubility of the nucleosldes In non-aqueous. solvents and to

The authors h.ave .ne~lected to explain the .relatlonship
between the denvabZation
they performed (In the second

sentence)
andthemeasurements
theymade(in thethird
sentence).
Ironically
make here.'

that

is the point

thev

most

w1shed

to

,

At this juncture, particularly
astute readers who are
chemists might draw upon their specialized kItowledge,
silently supplying
the missirlg connection. Other readers
are left in the dark. Here is one version of what we think

preventtheri.bose
~y~X):'1s~m fomunghydrogen

theauthorsmeantto say,with two additional sentences

bonds.

supplied

enthalpy

From

lSopenbolic

of dC:dC

tI.tration

base pair

~e~ements,

formation

the

15 -6.65

from

a knowledge

of nucleic

acid

chemistry:

:t 0.32

kcal/mol.

~
We have

directly

measured

the enthalpy

of hydrogen

. .
..
Although
part of the difficulty
of ~a~g
this p~ssage
may stem from its abundance of.~ecialized
teclmi~
~,
a great deal more of the difficulty
can be a~~u~
to Its structural problems. These problems a~ no.
ami!
iar: We are not sure at all times whose story 15 ~eIng told;
in the first sentence the subJect and verb are wldel.y. separated; the second sent~nce has only one stress position but
two or three pIeces of information
that are probably wor-

bond formation between the nucleoside bases 2'deoxyguanosine (dC) and 2'deoxycytidine
(dC). dC and dC
were derivatized at the 5' and 3' hydroxyls
with triisopropylsilyl
groups; these groups serve both to solubilize
the nucleosides in non-aqueous solvents and to prevent
the ribose hvdroxyls from forming hvdrogen bonds.
Consequently, when the derivatized 'nucleosides are dissolved in non-aqueous solvents, hydrogen bonds form
almost exclusively between the bases. Sirlce the iI\ter-

thy o.f emphasis"solub~ty...
solvents,':, "~.revent... ~m
fomun~,hYdrogen
bon~s and perhaps
trtisopropylsil.yl
gro~ps.
These perceptions suggest the folloWIng reVISion

base hydrogen bonds are the only bonds to form upon
mixing, their enthalpy of formation can be detennined
directly by measuring the enthalpy of mixing. From our

tactics:

isoperibolic titration measurements,
the enthalpy of
dC:dC base pair formation is -6.65:t 0.32 kcal/mol.

.

1. Invert the first sentence, so that (a) the S~?Jec,;-verbcomplement connection is unbroken, and (b) dC and
"dC" are introduced in the stress position as new and inter-

Each sentence now proceeds

logically

from its predeces-

estinginformation. (Notethatinvertingthesentencere-

sor.Weneverhaveto wandertoo far into a sentence
with-

quires stating who made the measurement;

out beIng told where we are and what fonner

~~f

Ampnran Sri~"r;~t. Vnlump 7R

SlI1ce the au-

;1

strands of

i

discourse arebeing continued. And the "measurements"
of the last sentencehasnow becomeold information,
read1ing backto the "measureddirectly" of the preceding
sentence.(It also fulfills the promjseof the "we have directly measured" with which the paragraph began.) By following our knowledge of readerexpectations,we have
beenable to spot discontinuities, to suggeststrategiesfor

bridging gaps,and to rearrangethestructureof theprose,
thereby increasingthe accessibilityof the scientific content.

makea personal interpretive guess;the writer no longer
controlsthe reader's interpretive act.
Worsestill, in this passagethe important actions never

A

. .

..

s crItIcal scIentific readers,we
.

would lIke to concentrateour

Locating
theAction

energy on whether the experiments

Our
exampleadds another major reader expectation
to the list.

Prove thehypotheses
.

~

Transcription of the 5S RNA genesin the egg extract
is TFIllA-dependent. This is surprising, becausethe concentration of TFllIA is the sameasin the oocyte nuclear

extract.TheothertranscriptionfactorsandRNA poly-

.th~verbsthat connectthe-:eplayersare

merase ill arepresumed to be in excessover available
TF!llA, becausetRNA genesare transcribed in the egg
extract. The addition of egg extractto the oocyte nuclear
extract hastwo effectson transcription effidency. F~,
there.is a ~eral inhibition of tra~p~on
~t can be
alleVIatedm part by supplementationWIth high concentrations of RNA polymerase ill. Second,egg extract
destabilizestranscription complexesformed with oocyte
but not somatic5S RNA genes.

It. If we express.ili~ actions.as ve,:bsand pla~~ the most
,ttequen~y<?<=cumng
.info~~tionegg extrac: an.d
'TFIllA -m the tOpICpOSltio~~henever possIble, we
cangeneratethe folloWIng reV'.5lon:
In the egg extract, the availability of TFllIA limits
transcription of the 5S RNA genes.This is surprising becausethe sameconcentration of TFllIA does not limit
transcription in the oocyte nuclear extract. In the egg extract,transcription is not limited by RNA polymerase or
otherfactorsbecausetrans.cnptionof tRNA g;enes
indicatesthat thesefactors are m excessover available
TFIIIA. When adde~ !Othe nuclear ~tr~ct, ~e egg exa:actaIf.ect:d.the effiae~cy .of tranSCrIption~ .tw? ,,:-,.ays.
FlISt,It inhibited transcription generally; this inhibItion
could ~ ~eviated in p~ by supplementingthe mixtureWIth high concentrations .o~RNA pol~~
ill.
Second,the egg extract destabilized tr~ption
complexesformed by oocyte but not by somatic 5S genes.
As a story about "egg extract," this passagestiI11eaves

Theban'iersto comprehension
in thispassageareso many
that it may appear difficult to know where to start revising. Fortunately, it doesnot matter where we start, since
attending to anyone structural problem eventually leads
us to all the others.
We can spot one sourceof difficulty by looking at the
topic positions of the sentences:We cannot tell whose
story the passageis. The story's focus (that is, the occupant of the topic position) changesin every sentence.If
we seard1for r~ted
old information in.hope .o~settling

~

.
.
.
appear.Basedon OUIbest understandm~ .of!~ ma~;~,

a good candidate. for several of the topIC pOSItiOns, we

find all too much of It: egg extract. TFllIA, oocyte extract,
RNA polymerase ill, 5S RNA, and transcription. All of
thesereappear at various points, but none announcesitself ~earl~ as our primary f~.
It ~ppearsthat the pas.sage15trying to ~ellseveralstones SImultaneously,allowmg none to donunate. .
.
Weare 1.mable
to deade among ~ese sto~es.because.the
author has not told us what to do WIth all this informatIon.
We.know who the players are, but we are.ign.orantof the
actio~ they arepresumed to "PeI!°rm.This VIOlatesyet ano:therImportant reader e~tion;
Readersexpect the action of a.sen~ce to be arti~ted by the verb.
Here 15a list of the verbs m the exampleparagraph:

limit and inhib-

something to be desired. But at least now we can recognize

that the author has not explained the connection between
"limit" and "inhibit." This unarticulated connection seems
to usto contain both of her hypotheses:First, that the limitation on transcription is causedby an inhibitor of TFillA
presentin the egg extract; and, second,that the action of
that inhibitor canbe detected by adding the egg extract to
the oocyte extract and examining the effects on transcription. As critical scientific readers. we would like to
concentrateour energy on whether the experiments prove
the hypotheses.We cannot begin to do so if we are left in
doubt as to what those hypothesesmight be-and if we
are using most of OUIenergy to discern the structure of the
proserather than its substance.

is
is...is
arepresumed to be
aretranscribed
has
is...can be alleviated

Writing and the Scientific Process
We beganthis article by arguing that complex though.tsexpressedin impenetrable prose can be rendered accessIble
and clear without minimizing any of their complexity. Our

destabilizes

.We havechosen these two pieces of old informationas the controlling

The list gives us too few clues as to what actions aCtually
take la . th
.
be f oun d
.
p ce m e passage.If the actions
are not to
m the verbs. then we as readers have no secondary

struc-

tural clues for where to locate them. Eachof us has to

contexts
for thepassage.
Thatchoicewasneitherarbitrarynorbornof
logicalnecessity;it wassimply an act of interpretation.All readers

make exactly that kind of choice in the reading of every sentence.The
fewer the structural dues to interpretation given by the author. the
~
variable the resulting interpretations will tend to be.
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examplesof scientificwriting have ranged from the merely
doudy to the virtually opaque;yet all of them could be
made significantly more c?mprehensibleby observing the
followmg structural pnnaples:
1. Follow a grammatical subjectas soon as possible with
its verb.
2. Placein the stressposition the "new information" you
want the readerto emphasize.
3. Placethe person or thing whose "story" a sentence
is telling at the beginning of the sentence,in the topic
position.
4. Placeappropriate "old information" (material already
stated in the discourse)in the topic position for linkage
backward and contexrualizationforward.
S. Articulate the action of every clause or sentencein
its verb.
6. In general,provide context for your reader before
asking that readerto consider anything new.
7. In general,try to ensure that the relative emphasesof
the substancecoincide with the relative expectationsfor
emphasisraisedby the structure.
None of thesereader-expectationprinciples should be

I

I

.

t mayseemobvIousthat a
.

.

. .

.
the InterpretatIon

.

scIentific document IS Incomplete
.
wIthout

if he
0 t

bvi
wnter; zt may not e so 0 GUS
ha hed
t
. t"
..

t

t t

b

ocument

canna

LL

eXIS

erpretation Oif each
W ithout the in t
rea

der.

.
considered"rules." Sla.vishadherenceto th~ will ~~~
no better
hasslaVISha~e~
to avoIding sp~t infinitives or to USIngthe actIveVOiceII1Stead
of the passive.There
canbe no fixed algorithm for goodwriting, for two reasons.
First, too many readerexpectati~ are functio~g at any

~

given moment for structural deaslons to

~

clear an~

orhinders
thereader
in the process of interpreting

the sci-

Thewritingprirlciples
wehavesuggested
heremake

consciousf~r the writer someof the interpreti,-:eclues
readersdenve from structures. Armed wIth this awareness,the writer can achievefar greatercontrol (although
never completecontrol) of the reader's interpretive process.As a concomitantfunction, the principles simultaneouslyoffer the writer a fresh re-entry to the thought
processthat produced the science.In real md important
ways. the structure of the prose becomesthe structure of
the scientificargument. Improving either one will improve
the other.
Themethodology
described
in this articleoriginatedin the
linguistic work of JosephM. Williams of the University of

Chicago,GregoryG. Colombof the GeorgiaInstitute of
Technology
and GeorgeD. Gapen.Someof the materials

skillful violators; but in order to carry

presented here were discussedand developedin faculty writing

~

off. ~ey ~ust ful-

fill expectationsmost of the time, caUSIngthe VIOlatiOnsto
be perceivedasexceptionalmoments,worthy of note.
A writer's personalstyle is the sum of all.the structural

UX1rkshops
heldat theDukeUniversityMedicalSchool.

choices that person tends to make when faang the chal-

Williams,JosephM. 1988.Style:TmLessons
,nClarity andGraceScott,

information in the stress position of many sentences 11\one
document are likely to repeat that unhelpful structural patt B t fo the Very reason that
. all th d
tern 11' 0 er ocum.en s. . u
r.
.
wnters tend. to be consIstent ~.making such choiCes, they
can learn to lInprove theIr wnting style; they .can penna~

nentJyreversethosehabirual strucrural decISionsthat mISlead or burden readers.

We have argued that the substanceof thought and the
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entific writing.

easilyactivated.Second,any rea~erexpectaooncan be VIolated to good effect.Our best stylists ~ out to be our most

lengesof creating discourse.Writers who fail to put ~ew

i
I

expressionof thought are so inextricably intertwined that
changesin either will affect the quality of the other. Note
that ?nly the first of.our examples~theparagraph about
URF s) could be revIsedon the basISof the methodology to
reveala nearly finished passage.In all the other examples,
revision revealedexisting conceptual gaps and other problems that had beensubmerged in the originals by dysfunctionaI structures.Filling the gaps required the addition of
extra material. In revising each of theseexamples,we arrived at a point where we could proceed no further without either supplying connectionsbetween ideas or eliminating someexisting material altogether. (Writers who use
reader-expectationprirlciples on their own prose will not
have to conjectureor infer; they know what the prose is intended to convey.)Having begun by analyzing the structure of the prose,we were led eventually to reir\vestigate
the substanceof the science.
The substanceof sciencecomprisesmore than the discovery and recording of data; it extendscrucially to indude the act of interpretation. It may seem obvious that a
scientificdocument is incomplete without the interpretation of the writer; it may not be so obvious that the document cannot"exist" without the interpretation of each
reader.In other words, writers cannot" merely" record
data, evenif they try. In any recording or articulation. no
matter how haphazard or confused,each word residesin
one or more distinct structural locations.The resulting
structure.even more than the meanings of individual
words, significantly influences the reader during the act of
interpretation.The question then becomeswhether the
structure createdby the writer (intentionally or not) helps
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