
Introduction to N
eural N

etw
orks

U
. M

inn. P
sy 5038

D
aniel K

ersten

O
u

tlin
e

L
ast tim

e

N
on-linear, m

ulti-layer, feedforw
ard netw

orks and error back-propagation.

T
o

d
ay

Science w
riting

S
cien

ce
 w

ritin
g

G
en

eral p
o

in
ts

‡
W

here your teacher is at

I have spent a lot of tim
e critiquing m

y ow
n w

riting and that of others. B
ut I'm

 still learning. It is one thing to know
 w

hat to 
do and another to actually do it. It is also one thing to do som

ething w
ell, and quite a different thing to explain how

 you do 
it w

ell. I don't claim
 to alw

ays w
rite w

ell or to know
 how

 to w
rite the best. B

ut I do w
rite better than I used to.  I've learned 

from
  m

y advisors, journal review
ers,  and from

 m
y ow

n students. I continue to learn from
 self-evaluation. So here I'll 

sum
m

arize m
y  ideas and advice.

T
w

o favorite sources: 

G
open &

 Sw
an:  Provides an excellent discussion of general principles. N

ot a cookbook.

A
 Pocket Style M

anual 2nd E
dition. D

iana H
acker: A

 good cookbook.

I w
ill talk about science w

riting, rather than other kinds of w
riting, for three reasons: 1) T

his is a science course and you'll 
get practice doing it; 2) I'm

 your teacher, and it is the only kind of w
riting that I know

; 3) A
t a general level, the kind of 

w
riting doesn't m

atter too m
uch, because the m

ain principles generalize to any accurate com
m

unication of inform
ation. So 

even if after this course you never w
rite about scientific results again, you w

ill have learned som
ething about clear com

m
uni-

cation that w
ill pay off later. 
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‡
W

hy bother?

W
hy bother learning to w

rite w
ell? A

fter all, you m
ight argue, a good scientific result should stand on its ow

n. T
here are a 

few
 cases w

here just a hint of a m
ajor discovery is so m

otivating that exactly how
 the inform

ation is conveyed is relatively 
unim

portant com
pared to the result. (T

he structure of D
N

A
, E

instein's theory of special relativity, the proof of Ferm
at's last 

theorem
.) B

ut for m
ost of us w

ho w
rite up scientific results,  good w

riting is essential to success. H
ere are a few

 reasons. 

O
ver 99%

 of scientific papers contribute only increm
entally to know

ledge. K
now

ledge is advancing at such a trem
endous 

rate that on average, a published paper m
ay get read by only 2 or 3 people. O

n the one hand, this figure is depressingly low
. 

O
n the other hand, this is an opportunity to gain 2 or 3 advocates. A

n increm
ental contribution can be am

plified or m
ini-

m
ized by the qualtiy of the w

riting.  

G
ood w

riting is altruistic and polite--it respects the reader. 

G
ood w

riting is also selfish--som
eone else w

ho w
rites better can get the credit. I know

 of papers in m
y field w

hose 
(im

portant) results never gained w
idespread recognition, and w

ere  superceded by a better articulated paper. T
he author of 

the second paper is the one that gets rem
em

bered in citations and textbooks. G
ranted it isn't just the clarity of exposition, but 

often the depth and breadth of the second paper. H
ow

ever, this depth and breadth can em
erge in part from

 an effort to 
clearly com

m
unicate thoughts and intuitions that are otherw

ise to vague to be useful. T
hus...

probably the best reason to practice w
riting w

ell is that it w
ill help you think m

ore clearly. A
nd if as a scientist you think 

m
ore clearly, you m

ay end up discovering m
ore. A

s G
open and Sw

an put it: "Im
proving the quality of w

riting actually 
im

proves the quality of thought". T
here are m

any tim
es that I've thought that I've thoroughly understood som

ething, only to 
be stum

ped w
hen having to explain it. 

A
s an aside, the sam

e goes for program
m

ing. It is one thing to have a good idea, and quite another to design com
puter 

program
 that im

plem
ents it. T

here are m
any apparently "good" theories in cognitive science that stum

ble at the im
plem

enta-
tional stage. T

hat is w
hy I teach this course using com

puters. Program
m

ing forces you to m
ake your assum

ptions and 
theories sufficiently explicit to be tested.

‡
D

eterm
ine your audience

 G
eneral public, kids, undergraduate, graduate students, scientific layperson, scientific professional, scientific colleague in 

your field, scientific colleague in your speciality.

N
ot alw

ays easy. M
ay take som

e research and discipline to figure out your audience.

B
ecause of specialization, there are big differences am

oung m
em

bers of the category of professions that know
 and 

use science:

Social scientists, physical scientists, biological scientists, scientific professionals, engineers, grant review
ers.

Y
ou m

ay w
ant to w

rite to reach tw
o audiences. T

here are good and bad w
ays of doing this too.

T
ip: W

rite as if to som
eone you personally know

 w
ho represents your audience. If you have a chance, have that person read 

a draft. E
ncourage the person to be frank about w

hat is not understood.

A
s G

open and Sw
an put it: "If the reader is to grasp w

hat the w
riter m

eans, the w
riter m

ust understand w
hat the reader 

needs"

In your final paper for this course, your audience is not m
e! T

he audience is your peers!
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‡
G

ood
 w

riting is hard w
ork for m

ost of us

G
ood w

riting is hard because it is the result of clear thinking, and clear thinking takes w
ork. G

ood w
riting is also hard 

because it requires thinking about expectancies and logical flow
 at m

ultiple levels. L
et's understand w

hat is m
eant by 

expectancy, logical flow
, and levels shortly.

E
xp

ectan
cy; F

am
iliar stru

ctu
re, b

u
t w

ith
 sm

all,  slig
h

tly su
rp

risin
g

, in
stru

ctive
 

d
eviatio

n
s

Principle applies to: hum
or, creativity in art, m

usic,  learning, fiction, non-fiction, and science w
riting.

A
 joke is a caricature of w

hat you w
ant to accom

plish w
hen com

m
unicating. 

(E
ven predictive coding by the nervous system

. E
xpertly applied, good w

riting probably results in the periodic secretion of 
endorphins!)

"T
he pow

ers of instruction are seldom
 of m

uch efficacy except in those happy dispositions for w
hich they are alm

ost 
superfluous"--G

ibbons.

A
void spurious inform

ation. B
ut spurious is relative. If details obstruct understanding for m

ost of the audience,  but are 
im

portant to a m
inority, put the details elsew

here (e.g. in an appendix). D
eterm

ining your audience helps determ
ine w

hat 
goes w

here.

O
pening sets context &

 m
otivation and general expectation. C

losing (stress position) brings fulfillm
ent to expectation.

W
hen you w

rite up your final projects, I w
ant you to follow

 a particular form
, not because "that's just the w

ay it is", but 
rather because the form

 m
akes explicit the role of expectation. E

xpectation is w
hy there is often a standard form

 in science 
papers: A

bstract, Intro, M
ethods, R

esults, D
iscussion. 

V
iolating the order can disregard the tacit structural know

ledge of our audience. W
hen is that good? 

M
any scientific journals have changed their form

at to put the M
ethods at the end. W

hy?

"L
o

g
ical flo

w
" &

 exp
ectan

cy

‡
"L

ogical flow
"

A
ny piece of w

riting should carry the reader along w
ithout extraneous m

ental intrusions into the flow
 of the description. 

T
he w

ay to do this is to follow
 the principle of logical flow

.

W
hat is "logical flow

"? 

From
 G

open &
 Sw

an: "Put in the topic position the old inform
ation that links backw

ard; put in the stress position 
the new

 inform
ation you w

ant the reader to em
phasize".

T
he topic position is typically at the beginning to set context. T

he stress position is usually at the end to provide the 
new

 inform
ation.
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W
ork tow

ards logical flow
 w

ithin units and betw
een units (a unit can be a sentence, paragraph, or section). U

se the lead 
subject w

ord to link w
ith previous sentence or paragraph. O

r you could set up a list of expectations at the beginning of a 
unit, and then follow

 through. A
t a coarser scale of abstraction, a paragraph or section plays the role of a unit. E

.g. use the 
opening concept or paragraph to link backw

ards. U
se the closing paragraph to em

phasize/sum
m

arize the new
 inform

ation.

T
ip: W

atch your "referents"!! E
specially at the beginning of a new

 paragraph.

"T
his w

ill help you w
rite better"--w

hat did "this" refer to? D
on't assum

e the referent is as obvious to your reader as it is to 
you.

‡
L

ogical flow
 at m

ultiple levels

A
nalogous to "m

ultiresolution": Structural sim
ilarities: W

ithin a sentence.W
ithin a paragraph.W

ithin a section.W
ithin the 

paper.

A
n outliner can help to m

ake the logical flow
 at m

ultiple levels explicit. E
.g. this subsection should have a logical flow

, and 
if you close the cells, the section should also have a logical flow

. Y
ou can use parts of an outliner like a scaffolding that gets 

rem
oved once the structure of the text has been built. Som

etim
es I use m

any m
ore outliner levels w

hile w
riting than I need 

for the final draft. It helps m
e organize m

y thoughts at m
ultiple levels. B

ut once I've figured out the structure, the text stands 
on its ow

n w
ithout an overdose of subsubsections, subsections, and sections. T

oo m
any of these can also disrupt the flow

.

P
ap

er stru
ctu

re

‡
A

bstract

M
ini-version of the w

hole paper. Still a unit of discourse w
ith logical order: set context &

 m
otivation, raise question, give 

answ
er. M

inim
ize details from

 the m
ethods, unless the m

ethod is a prim
ary contribution.

‡
Introduction

M
otivation, m

otivation, m
otivation. A

rticulate the question for the target audience.

"F
unnel" principle

Start intro by m
otivating w

ith the big picture, and gradually focus in on the scientific question/hypothesis being tested. T
he 

m
etaphor is that your paper should provide a channel into w

hich readers w
ith diverse backgrounds can be brought into an 

appreciation and understanding of the focused scientific question of the paper. A
djust the "w

idth" of the funnel to the 
diversity of the audience. U

sually the length of the "funnel" is fixed, determ
ined by scientific journal convention.

H
ere is another w

ay of thinking about the "funnel principle". T
he average num

ber of readers per scientific journal article is 
sm

all. Further, the num
ber that actually m

ake it all the w
ay to the end is even sm

aller. T
he introduction can serve to m

oti-
vate and reach an opening audience that m

ight be different than the closing your audience. 

B
y the end of the introduction, the funnel is narrow

--it is w
here you, the expert on the m

aterial, are at.

E
xam

ple
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"Soon after I started physiological research, I w
as lucky enough to m

ake an interesting, but as it turned out unoriginal 
discovery (B

arlow
, 1950). I w

as repeating som
e experim

ents that H
artline (1938, 1940) had done on the frog's retina, w

ith 
the idea that the very large receptive fields he had discovered m

ight not be sim
ple spatial integrators of light, as he had 

suggested, but m
ight have som

e form
 of pattern selectivity. T

he experim
ent w

as to m
easure the threshold for eliciting 

im
pluses from

 a retinal ganglion cell as a function of the area of the stim
ulus spot. If spatial integration occurred, and the 

sensitivity over the receptive field w
as uniform

, ..."

From
: B

arlow
, H

.B
. Perception: w

hat quantiative law
s govern the acquisition of know

ledge from
 the senses?

T
he  P

unch-line of the introduction

C
ontext at the beginning. T

he "punch-line" at the end. T
he "punch-line" is the crucial, exciting scientific question, i.e.  end 

the introduction section w
ith a clear statem

ent of the hypothesis to be tested. B
y the end of the introduction, your readers 

should be w
aiting w

ith bated breath to find out both how
 and w

hat your answ
er is. D

on't give aw
ay the w

hole story. B
ut no 

hard and fast rules. Som
etim

es a titillating preview
 of the results can be a good idea--the equivalent of a m

ovie trailer. 
A

gain, consider the diversity of the audience. 

‡
M

ethods

E
xplain how

 you answ
er the question posed in the introduction. Som

e of this explanation m
ay go in the Introduction, but 

the details go in the M
ethods.

‡
R

esults

C
ontext is the data and analysis. T

he stress is their interpretation in the light of the question(s) posed at the end of the 
Introduction.

‡
D

iscussion

D
escribe the broader im

plications of your results. T
he place for hum

ble speculation.

‡
G

eneral principles: E
conom

y, sym
m

etry and elegance

Principle of (translational) sym
m

etry. If points 1,2,3 are raised and highlighted in the intro, those points should be follow
ed 

up in the experim
ent, results,and discussion. (special case of using reader expectation)

D
on't change the order the points are addressed. 

W
hen introducing a key concept, give it a nam

e and use only that nam
e w

hen referencing it later

If jargon is necessary,pick one w
ord per concept and stick w

ith it. D
on't use m

ultiple jargon w
ords that m

ean the sam
e 

thing. 
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S
en

ten
ce

 an
d

 p
arag

rap
h

 stru
ctu

re

‡
R

hetorical principles from
 G

open
 &

 Sw
an:

Subjects should be follow
ed as soon as possible by their verbs

Inform
ation to be em

phasized should be placed at "points of syntactic closure".  E
.g. stress positions in a sentence are 

typically at the end.

i.e. "save the best for last"

Place the person or thing w
hose "story" a sentence is telling at the beginning of the sentence, in the topic position.

Place context or "old inform
ation" at the beginning for linkage backw

ard, and contextualization forw
ard.

U
nit of discourse (e.g. sentence, but regardless of size) should serve a single function or m

ake a single point (applies to 
m

ore than sentences). 

(T
ip. Y

ou m
ay have several points you w

ant to m
ake in a paper. B

ut it is rare that all points have equal im
portance. D

eter-
m

ine the priorities. T
here should alw

ays be a "take hom
e m

essage".)

R
eaders expect the action of a sentence to be articulated by the verb. U

se inform
ative verbs (as in inform

ation theory. "is, 
"are presum

ed to be", "has" are low
 inform

ation w
ords.)

Provide context before asking reader to consider anything new
 ("m

otivation m
otivation m

otivation")

T
ry to ensure that the relative em

phases of the substance coincide w
ith the relative expectations for em

phasis raised by the 
structure.

‡
E

conom
y, "redundancy reduction"

I often review
 scientific journal subm

issions that are too w
ordy. O

ne of the best w
ays of avoiding unnecessary verbiage is to 

follow
 the principle of logical flow

 at m
ultiple levels. T

here are too m
any sentences (or paragraphs or subsections) that just 

seem
 to be elaborating on w

hat w
ent before, or that are tangential. In other w

ords, the article fails to follow
 the principles of 

logical flow
. O

ne could advocate a kind of m
inim

ax rule: "m
axim

ize inform
ation transfer w

ith the m
inim

um
 num

ber of 
units", but I don't think advice is that useful. B

ut I do think it is the result of w
orking tow

ards logical flow
.

B
ut, don't over-do-it! I.e. avoid telegraphic w

riting. 

G
reat quick overview

 here:

A
 Pocket Style M

anual 2nd E
dition. D

iana H
acker. 

P
ractical ad

vice o
n

 th
e ro

le o
f fig

u
res

 an
d

 cap
tio

n
s

A
 reader should be able to understand the basic take-hom

e-m
essage of a paper from

 its abstract, figures, and figure captions.
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A
 paper can often be substantially shortened and clarified w

ith a good figure. A
s w

e've all heard, "a picture is w
orth a 

thousand w
ords", and beautiful exam

ples can be found in T
ufte's classic books (see R

eferences).

D
on't inundate the reader w

ith lots of figures. Figures are often your best chance to w
in an advocate.

E
xam

p
les

 o
f g

o
o

d
 w

ritin
g

:

Scientific audience: B
arlow

, L
egge, H

urlbert

Scientific layperson: G
eorge G

am
ow

, Freem
an D

yson, Steve Pinker

E
xam

p
les

 o
f b

ad
 w

ritin
g

:

G
open and Sw

an provide som
e exam

ples of bad w
riting, and it is w

ell w
orth the read.
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I should be practicing w
hat I preach, and w

rite a w
ell-w

ritten notebook about w
riting. So far it is m

ainly a lecture outline. 
For m

e, I allow
 m

uch m
ore w

ork to w
rite a paper (40+

 hours) than to prepare a lecture. T
his notebook w

ill evolve, and then 
hopefully som

e day I can look back at earlier drafts and see how
 w

ell the notebook follow
s the advice it contains.

In the m
eantim

e, feel free to point out inconsistencies!

M
id

-term
 exam

N
ext w

eek's
 to

p
ics

R
eferen

ces

H
acker, D

iane. A
 Pocket Style M

anual 2nd E
dition.

A
 good cookbook. Short, handy, good exam

ples, w
ith the m

ost im
portant and useful stuff at the beginning.

G
open, G

.D
., &

 Sw
an, J.A

. (1990). T
he Science of Scientific W

riting. A
m

erican Scientist, 78, 550-558. 

Provides an excellent discussion of general principles. N
ot a cookbook.

T
ufte, E

.R
. (1983). T

he visual display of quantitative inform
ation. (p. 197). C

heshire, C
onn. (B

ox 430, C
heshire 06410): 

G
raphics Press.

T
ufte, E

.R
. (1990). E

nvisioning inform
ation. (p. 126). C

heshire, C
onn.: G

raphics Press.

T
ufte, E

.R
. (1997). V

isual explanations : im
ages and quantities, evidence and narrative. (p. 156). C

heshire, C
onn.: G

raphics 
Press.
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