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Preface

Ihere has been ruch talk in recent sears ahout "writine acros the
curriculion”  The studies i tins wlww offer evidence to support the
belict that writing can indeed aid student learmng.,  In them, the teach-
erg evpiore the yuestion of the value of using persenal, expressne
writing in teaching hich school screnve,  Lach went about stud ne the
question mm o ven uifrerent wav. .

W hotrineg, an inulih teacher, enrelled in hieh school choristin,
dosourse sho fud et pravioushy tahen, she used what she calls oo

10 us~1~t her o lemnthe (0 the coutse, and she worked with
otlwr ~tudents to ~how them Low to use the teehnigte and reports ther
MRwesFes aid failures with i,

Bohert Tiernev, o Dielowy teacher, enlisted the cooperation of a4
collenaue in ~ettiay we o more thaditicnal methed <tuds u<ine evpert .ontal
and vontrel Stoups. o evpernwental croups, taueht for ohe unit v ocach
teacher, 2tadetits '.-.rotc-l_llnlv dbout their learnine noa variery of faps
for o viviety of adiences, '

e corvlusions teached 1 hotl these ~tudies e gmplicition-, not
merely o sorence towrhors, but for oIl teacher~ mtetested an finding

s to help stuwdent - learn potent by dsflaonlt sybrect mattoy an am
St

James Gray, Direotor

Al J;I‘"X :‘.’r‘:‘tf?‘:g .‘.)I’f‘.?'-'.'t
shor e of Elusarion
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ry of Tallfiemia, Fepeclew

e
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Writing to Think About
High School Chemistry

.Anne Miller Wotring

INTRODUCTION
"Writing to Learn® Across the Curriculum

The IOEI “writing to learn” includes any kind of writing which is
done by a student in tne learning process. It includes the notetaling
a4t the presentation of the materiul, the written work on a homework
assicnment, and the written answers on test’(yuestions. fducators have
used writing in these ways for vears although 1t hasn’t been until
recently that they realiced the importance which writing has for therr
students beyond expediting the evaluating of students through their
written cfforts, Most teachers know that the activities of reading,
listening, talking, .md writing are all crucial to their students’
ability to understand, '

Recently, writing rescarchets have viven the phrase "writing to
learn' a more particular meaniog. They have seen how students learn
by writing freely and personally about the subject in their own words,
and using their own experience. Thev suggest that teachers necd to
offer their students many opportunitics to write in their own temms in
a nongraded atmosphere dhOlltﬂ‘l school 5uhject.l In kel ing ol Leaming

Lo

oot T’ p g fe3l0,T the authors suggest Ma personal log book™

or "Jiarm™ a» a meuns for offering students “expressive” writing ex-

7
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periences in school.  other vesearchers® suggest Mjournala" tor the
ST PLPOS e,
LISt st when Lavet Pat iy, co-author of «u, 1 sas about
to evhark on 4 writing 10aearch project.  She suggestad that af she had
- the oppuctunity, che would join 2 class of hich school students studving
£ aubedt She'd mever tahen and inowbich she diintt have an taptitwde,”

[

Lo student she would heep " personal log beok™ while she learned.
In addition =he nould ohserve other students in the ¢lass who also
wrote (o learn. 1 was fascinated with the wdea and knew Just shat
subjiect [ wanted to ~twdy, with Doy 's blessing and o promse that
i would Tet her hnow nhat happened, [ became the only Zd.year-ald
student 1 o0 ek school chemiatry Clias and =cb out to Jiscover nhat
PP~ wien stielents »Tate in povsondl tems about hich school vhemis<try.
[ h.zd‘ Bren led to belweve carbe oy awohool career that sciene
amd ath were ot for ey [ had no "aptrtude™ an these areas. I il
not tahe Jwristns e hich scheol because | had been com imeed that it
wonld be too hard and that [ weuld do pooriv 1f 1 tried. W mother got
O UPTan it 1o took hiology and CTarth Scichee" to \.OTllpl(.‘tO-’m\' science
ariduation reqiirawent~ o both high school and coilcge. [ secvetly
Liked thest both, wanmd ~ecrethy | owiahed 1 ocould know what chomistry was
all shout. dhen [ orealized that by doine research about writing |
mphit 2ot 4 Seoied cliinee 10 g0 back to lavh ~school and take a subject
[ had altss been cutgous abont but hada't Jared take, that the prade
would not aatter, and that 1 would have plenty of owtises lor doing

poordy, T ouas suoretiv eacrted,

My Research Constructs
)
S rarobn bavallee, g volleasie ot south [abes Hish ~chool, Tartas

tounty, viratnig shere kel tooeht Loclhiah, enthu-rastcally agread to
let me become 4 =tdent 1n her fourth perrod chomistin la~s, T oattended
dai v, Bl 4 Lab partner, did the hotework, took the tests, recenved

arades, was bnown by my G-t nasw, and catbled the teacher by her Last,

) : 8
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I was a high school student again. M husband receivedl m repart cards
in the mail and 0 atern call from the associate prencipal, mv long time
(riend atud colleagus, shen 1 cut ¢lazs one Jay.

Carolyn alfo agroed to ash and encourage each =tudent to heep what
we Called interchangeahly o didry @1 a0 jowrndl in which each would heep
hr= thinhtng about chemistry. fach would 1nclude any thing he had read, s
heard, or Jdotie in ¢liss as well ds any related thoughts [iom his expe-
rionce. The students would wlite shenever thev wishal, o whenever the
teacher thought we had gone over Jdifficult or confusing matetial, o1
whenover |, az a studeht of chemistrs, was confusad o felt the need (o
write. | knew that because of my background 1 writing, | would mere
miturally gravitate to pen and paper than the other students, even
though they might Le just as conused abaut chemist r‘_\'. I ashed Carolyn
to direct the writings, whether they sere initia*ad by me or her. |
wanted her to mahe the assignments bevanae 1 asstored thie students might
be more inclined to do them at her instruction than it the instruction
of a perzon who wa» just unather student in the class.

Although Carolyn “divected" the journal writing, she agreal she
sould not eviluate nor penalize students who Jid or Jdid not write. ]n
fact, she didn't rcad the jowrnals unless a atudent requested her to.

Me »tudent Jdecuded 1f Lie wmiote and what he wrote, aml Aew that
would want te read his pournal for m research,

foquichly discovered thet [ dadn't hne time to be both a rescarcher
and 1 chomistrs student at the same tune. | tried very hand, to do both,
to keep up with myv own jourtiel and the homework and labs, as well ag to
read the students' diatie~ each week or two and to tulk to thom about
thelr writine. T ~iply Jdidn't have cnough time or encryy, 30 1 Jecided

to robay and engay Leomiang and writing about chiemistey without worrving # 5

dEout shat tas happening to amone else. 1 hiew there sould be ¢ me
fater to obterve what happened te the other students.

[hi~ paper focuses on the mperence of teo students, Laura and
L. Vdesornption of vw eapetiawe fellews e the conclusitor.  The

Amtbar eaperienyes of two others, T and Pieia, are omitted Crom this

e J
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oo - paper.  Jim's thinkbook was misplaced, and Piera's persomal descovery
of thinkh-writing two years ago in addition to her chemistry writing
deserves (0 be the topic of another paper.

Formnlation of My Question .
. 0

T used the descriptive research medel of Donald H. Graves, Director
of the Writing Process Laboratory at the University of XNew Hampshire,-to
ask and answer my research question: 'What hapsens when students write
to think about ﬂigh school chemistry?'' My original question had been,
"What happens when students wpite <o L arm about high scheool chemistry?™
However, in the course of doing the research, 1 came to see that the
phenomenon which 1 obseried in four student: and ®aperienced myself was,
in fact, very different from what my original question was asking.

When we discussed the chemistry writing, the students and [ never
called it "writing to learmn.” "I most naturally referred to it as "ig-
uring out writing.” Tim told me about the "pet intd it writing" he’was
doing. Laura said she did "write it out writing.” At times, we a136
called it "gérting it straight writing,” “rough writmg” (vhat Tedd'y
Roosevelt did}, and “pracrice wrpting.” As Suzamne Langer notes an her
work falosorfty Tn oa sew ,&'ey,‘l the correct word is by nature symbolic
and powerful i meaning., T realized 1 hal to revise the term | had
adopted from 3%Z. In the process of writing about my vescarch, 1 cuame
to se¢ that no matter khat we had called 1t, no material pot "f1gu.ed
out,” "stratghtened orut-,“ or "gotren wite” by the writer, unless he was
thinking about hig material.

People have written to learn for vears. They [ind thevy can acguire
amd retain information if they write it Jdown in their own hand.  Some
people take notes for this reason, aml] others write oui evervthing they
know so they will remember it better. But thinking 1s not necessarily
part of this acquisition process. [n addition, we commonly msuse the
word "learn.” A7 the dinner table children ritualistivally tell their
parents what they "learbed” 1n school, shat they mean 1s "were presented

ERIC 10
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with." But presentation iIs only the first step in the Iaea;ning Jrocess,
Simplistically, after rhe student is presented with the wmatertal, he .
must do something with it before he can learn it. He may memorize it,
or he may physically work with it, but no matter what activity he pur- .
sues, his participation precedes the acquisition of kmowledge. By thd .
same ioken, the activity of thinking comes before learming is acquired.
Wriving for us was the visible physical acrivity of chemistry thinking
which was going on iwisibly in our heads. As we wrote, we coul‘d ERE
what we knew about it. What we saw in our writing were (ulestions we .
had; that is, we knew what we still necded to know. Or what we sow in
our writing were answers;' that is, we knew what we lknew.

I use "thinkbaok" in this chapter to denote the book in which we
wrot~ about chemistry for the same reason I revised my question. In
the case study scctions, Tim and Laura refer to it as "journal® or “diary”
because at that timeg we Jdide't know the new term. Studenis associate
journals with Inglish teachers; we,were writing for chemistry. Diaries
are {or personal thoughts: chemicpd ¢

ncepts are not personal. Mote-

books are for recording th. teachst’s words; we were using our own.
Logbooks arc for keeping. records of information; we weren’t recording.
Writing Book iz vague. Practice Bcok and Workbook imply drudgery; what
2 we were doing was often invigorating and refreshing.
[ believe that the redefinition of "writing to learn™ to "writing
to think” will be of great interest and help to writing researchers,
educators, and students atike. It fowms the basis for my future 1'es-ezl_:=ch

in the field.

ERIC 11
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: LAURA T .

“It's usually better for me to [write]

at night, after...a1l that...has time

to rest.... T can think a lot better.”

"1 just started writing the things 1
didn't understand.,.. | started

writing questions. .. fwhich weregll
specific.... Then T brought them up .
to [the teacher| and she could answer

them tor we.... That way all my v
questions were cleared wp,"

“Some of the questions I would have '
never thought of [if I hadn't'written].”

"I found that when it was tife to study *
[for a test], there really wasn't wwh

I had to study because | knew every-

thing."

"If 1| did take the time to write it
out, the confusion would be {resolved]

: or T would .have questiens to ask {the
teacher] tomorrow.”

* Laura worked hard in all her subjects. -In most classes ‘she received
superior marks. Chemistry sas ler most Jdifficult cotrse, and she worked
especially hard and received anywhere from below average to excellent —--
d:'!_ily grades. Her farorite subject was World Civilization,

From her First entrics it was evident Laura trusted we amd was
comfortable writing o me; ‘“there have been many things § have Tearned
so far in this course. As 1 was watching the candle burn ip lab 1-3,

I remesmber thinking how Jdumb it wus. To tell the truth, I thought that

RIC | .12
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Mrs. Lavallee was o' litt?2 strange for making us do it.” fn addition
to her truthfulness, Laura carefully maintained perfect punctuation,
handwriting, and sentence structure, Anything she crossed out, she ‘
crossad out neatly with a perfectly straight line through it. Her only
crogs-outs were made at the completion of her effort, to edit out gram-
matical crrors she made in the course of writing. For example, in the
first writing she crossed through "was™ and changed it ro “is,” making
the entire writing in the present tense, and she crossed through an
improper nominative pronoun "I and changed 1t to the objective "me.” -
Laura explained later how she felt about Joing the writing:

In the beginning, I thought it was
the dimbest idea in the world. 1 was - .
really mad, and I didn't want to do
it. [But)...you and Mrs. Lavallece
were really insistent, so [ fignred
toh well, I'd better start writing.’
I was really hesitant te write
because 1 knew you weve an Inglish
teacher.... 1 felt like it was an
asuded thing, where the writing would
have to be perfect.

Bur Laura wrote because she thought that she should participate in the
TC:‘EC.'H'CI‘I project which ner teacher and 1 were encouraging her to do.

By the end of the first guarter, Laura was very {rustrated with
chemistry and writing, "Ivervthing [ was writing wasn't helping mne at
all." She was writing towe and for me, as the rescarcher, abour what
she was learning in chemistry and how she felt about the class and the
tests.  Lloura missed an “A'" that quarter by one point. *'T was kind of,
real upset about that...." hith a fresh gyrading period beginning,
Laura vowed to work for an A" the next time. She still felt that I,
as an Inglisk teacher, could not help but silently evialuate her us |
read wlat she wrote, She liked me and nanted me to like her and respect
her intelligence. laura felt encouraped by something ! said.  "You
kopt telling us to start writing what we learned and what [we] didn’t
uderstand.

With her overriding desire to learn the material so she could get
better grades and a notion that it might he acceptable for her to

- -
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actutlly write Jdown things she Jdidn't understund, Laura used her think-
book to woih through some metric comersion problems. the class wax given.
She Jid her scratch work in the book she had previcusly reserved for
writing only the things she was sure of. She had no idea of whether

she would be able to Jo tlie poblems, Her caution in writing nas evident.
ller emlier entries werc in pen. The metric conversion problems were

in pencil. She wrote with the security of lowing that slie could erase
anything which wus too wrong or too messy before I ever read 1t.

Thiz writing (reproduced on pp. 16-17) showed the first evidence

. that she was writing to herself for herself. It leoked quite similar
to the writing a math student Joe-~ te "show his teacher his work;”
liowever, the difference was that Laura wrote all the thoughts going on
in her head, not just tho-¢ which related directly to the product of the
problem. Slie wrote words which were “extrhneous to the product of the
problew, the vords of thought »he was thinking to herself aad for herself
a3 she worhed through and selted the problems. They were the clue that
ane was el elng ro pd Tor Baecslr.

Laura bepan the metric comersion problem~ by writing words of
encouragement to herself. Her encouraging voice got her sturted by
saving Yohay ---." She wrate the comverston formulas as she hal meme-
rized them. She congratulated herself by writing "So far se good --

Now --." She proceeded to figure out the first problem by writing out
the steps of her thoughts. When the problem was soliad, she exclaimal
on the paper, "I Jid it!” Laura turned the page and started another
prehlem. When it, too, was selved, she Jid another. With twe wmore com-
pleted, she begun to Teel more confident and wrots, "1 think I'm catching
on.” She copied another, more complicated then the others, Mgain she
couldn't help but eaclaim to herself aboui her ability to solve eyuattons
she had thought wete umpossible.  Al'ter worhing throupl one more, ~he
 Telt vontident oﬁough to stop. She felt slic could Jo Jany of them now,
She realized, though, that she still wesn't coniudent about “rounding
of ™ mmber s, dil 50 she wrote a fon 1ominders to herself, With these
recorded on the paper and in lier mimd, =he confidently chided herself,

[ better pass this dimb yuiz. Don't foryet!™ She completed the writing

o s1q
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by ocutlining to herself vules for detemining the significant {igures
in an equation.

Laura’s caution in her {irst think-writing entry carried over into
her next, but in & dif{erent way. When she was confused and frustrated
with her inability to understand, she often asked the teacher for help.
But she wasn't always able to tell the teacher exactly what it was that
she didn't understand. The teacher was frustrated, too, with general
statements of non-understanding.

Whenever I went up to Ms. Lavallcee...
and said, 'l don't umderstand,* she
couldn't help me...hecause. ..} didn't
tell her zhat | didn't understand, ...
So, I started writing questions
down.... [ just started writing the
things that 1 didn't understand and
then I brought them up to her, and
she could answer them for me and |
could just...write them out..., That
way...it was all specific and all my
questions were cleared up,*

laura was delighted to find that she could write questions she
thought of on her own ahout lLer own confusion. "Some of the questions
I would have never thought of.... uhen [ went home and thought about -
it, new questions came up, and so 1 would just write those down. "
Befove thig, she hadn't realized that she had the ability to ask the
questions which could help her understand the material. She didn't yet
have the confidence in her own ability to attempt to answer the questions
for herself. She was st-11 comvinced she needed the teacher's help.
She wrote the questions ..nich she had discovered on her own and for
herself so that the teacher could amswer them for her.

In a few weeks Laura was taking complete responsibility for her
Icarning. Not only was she still discovering and asking her own ques-
tions, hut she now had discovered that she herself could often answer
the questions she poscd. She realized that writing helped hor understand
the material.

Laura wrote the entry on Thomson (reproduced on pp, 17-201 and
electrically charged particles with the confidence that she would be
able to [ignre out the marerial on her own. She knew that if some of

Aruntoxt provided by Eic:
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the material failad 1o make scaze to her, she could alwavs ash the
teacher tor help.

She bewan the entsv wrth g reminder to herself which had great -
sigmificarce for her. She underlined "particle™ four times amd endad
the sentenge with three eaclamation points. Then she got into the mate-
rial which she neaded to think about.  Fhe key word for ler was “Thomson."
the reader can actual v see wund hear her thinking here.  She wrote the
name and paused and thought to herself, "Ohav,  what Jdo I kiow ahotrt

Thomson?" Writing "ohav™ gave her tume to think. She wrote the (irst
thing which came to mind: "¢ Jid an experiment with a ball." That
triggered her thinking abeut the eapeviment: "If the ball .z chargel,”
and 50 on. She told herself what happened in the experiment. This
catsed her to wonder why that =hould happen. She ashed herself "uwhy?"
and answered herself,

[n thiz ent;y Lwra was no longer voncernel with perfect prese.
Laura knew the rules of grampur weil enough to knon that "Because elec-
tracity interacts with o mugnetic field' is a scutence fragment, But
she wis writlhy fast, concentzating on chomistry, and was not thinking
about the rules of gramma: at this time. She was only coiwerned ahout
getting her thinking out on puper, not with Jdemonstrating her tnowladae
of "proper writing.” -

At the ond of irac 12 she exhausted her tran of thought and pansad
agaitt to write the "ohs™ on Lwne 13 and hegin ~ome new thinking, She
wondered about the varndbles imolied in the experiment,  She answered
her yuestion (line~ 11-17) only to realize that she couldn’t follow 'so™
with « conclusion from the information slic had. She realized thitt she
hal forvotten about a hey occurtence in the experiment amd couldit’t vet
Jraw the conclusion which sle Tad been told was the corroct one,  Becuause
she waswriting white he was thinking, she . whore ahe was” junping
to the contlusion too qutchly, O Imes 1719 she paventhet jcally re-
mindal hersel( that slo "oreot .bout Joflection.” She bewan a scction
on deflection. She dnvislal ler thinking inte sections like paragraphs
except her indentations were reversel.  Lach section dvalt with a new

1n
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she definal her understanding of detlection on Lines 19-20 and on-
plained how 1t related to Thomsen ' = evpertnent,  She sas et dentiv de-
lighted with the information she had about Thowsen winl Jdef tection because
she felt the pead to ewclalm abont what a “smart pus!" he was for dis-
covering that Jdeflection wis 'the arc of a perfect vcircle,™ hith the
exception of the "O.K.'s" and the reminder at the top, Laurs often used
parentheses 1o enclose the vorten t s she made to herself abour what she
wiz thinking. She marcled at the scientist's work and stopped horself
when, she realizeld zhe Jhad torgotten something impor tant wmich <he neeleld
to »Tite about =0 all®the Jdata minle sense together.

"on” gave her another chance to pase and recap e her thinking
before she plunged into the pont ideas, lines 25-27 were her [irst
attempt at putting tovether the information ahe bad lawd out in tle three
previous sections. She took a stal at making the connectrons. Uhe min-
ute she bogan to write, she realized the material couldn’t make senze
vet.  She wrote, YMit, that Joe=n't wake sense,” the thouzhts i [ret=on
sometimes v ot lowd wheh she tealizes that the idea which secmed to
mihe sense in her head doesn't muhe sense when she savs at, Just as
that perzon might try 1o rcethink out lowd, Laura attempted to vet it
atraight on paper.

Laura koow it was okay for her to let lirea 35-27 stand and didn't
take the tire to put scratch mihs through them,  She trusted the wniting
to know that the impertent thing wa~ for her to go ont and write some
more, not to take the time to crosa out what she hid,  She realized her
purpese for writin, was not to rewd and umlerstand fatev on what she had
writton, that once she had written amd votten it all straicht, she
wouldir't need to o hak and read it later because she would alyeady
understand” the inlomation.

With her new attempt ot puz2ling it out, she felt closer to under-
stamding and qihou,;ht fastet, naing shot thand wiron s1ouls to 1epteseit

i

“increases'” and "decrease~," What she said on hines SB-31 seaned to

mthe sense to her, but she wanted to try the Ldea aeain, this time in

11
O
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other words, which were signaled by "o1” in Line 32. She wondered why
deflect ion Jdecreased.

Between lines 30 38 she got the idea straight and cven drew a dia-
grat to » ¢ even better how deflection works. In the next two sections
she tried out her idea of Jdeflection by sctting up two hypothetical
problems which she prococdc\j to worh through so that they corroborated
the idea she had sct forth and agreed with each other. Again, she left

* tize sentence frageent in lincs 41-43 and the "than" on line 40 and 435,
Laura knew the Jifference between "than” and “then” but couldn't be
concerned wifth pursuing letter-perfect prose shen she was more concerncd
with pursuing ber undersganding to its end.

At line 49 she needed to recap what she had just learncd from
writing out the hypotheticals. She listed the {four variables involved.
then it occuirred to her {lines 56-57) that therce wus one more variable
which was known, and 20 she noted this.

Then shg wrote from her notes the exact words about deflection the
teacher had given in class lecture: "Deflection 15 proportional to the
charge of the particic and the strength of the magnetic field.” As she
wrote each word, she thought to herself "Jdo I understand? and, as she
understood, she continued to write. With the writing of these words,
Lwra checked to « o that, indeed, her own train of thought and langpuage
had 1ed her to the same vonclusion, She sue that the teacher's words
fit into her understamling of the experiment. The teacher's words,

succinet amd to the point, now mide sense to Laura because she had playod
with the ideas in ber own order and way.

Cn line 03 she wrote the equation which represented the idea ox-
pressel in 59-62. In lines 64-06 she copicd anothelr passage from her
motes as il to say "ves, | understand this idea gow too. These words
mike sehise to me.” So she wiote the cquation which represented the idea.
Then she combined the two eyvations, as she had scen done in class.

But this time, o Jid the combining, not the teacher. She could do it
not because she had scen the teucher do it in class or hecause she had
comnitted it to memory, but hecause she had worked it through herself.

12
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She *xow how the tho equat ions corresponded.

with the equations 1 place, both on the page and 1n Laura's head
and in complete harmony with 411 her other information, she prepaved
Little quiz for herself. She knew each question wus Jan mportant one
to ask. She posed these quo:s:iom;,"not because she knew the answers,
but to see “she did. If she didn't, she knew she would have to get
help. But by the time she had completed writing each guestion, she fa 2 .
che s the answer.  As she san that she could ansuwer euch, she did.

After the questions on lines 76-78, she replaced the conventional
question mark with an arrow which pointed the way to the answer, as if
to say, "F can ask the questions and I can alzo unswer them!" These
arrows reveal her delight at her ability to understand chemistry.

Whena teacher delivers o lecture, he presents hrs own experience
and knowiedge of the subject. when a student hears the leeture, he
applies his own experience and knowledge to the materiat 11;-0::011tt.>cl.

The teacher’s ideas and order of presentation may be ‘complutcl\' Jifferent -
from the student': own ideds and train of thaueht. It is difTicult for
him to listen to the new ideas and at the same time to relare them to

his own ldeas. Until laurs fet the ofd and new ideas in her mind flow
ouit, 1 scen, amd miv together, she couldn't assimilate the Weas so

that all the infomatien was in accord,

During the first quarter, she had followed her usual stinly habits,
which memnt she hept up with the material 1equired on the Jay-to-dis
worhsheets, lahs, qui::o-:-, evercises, and homeword. lhen, as Lanvi
told it, "“fon] the nicht hefore a test, [ [had] to cvem tor evervihing
apd momorize evervthine,” Rz in chcﬁnistr,\'.' Lavra yound that

wlien 1 furote] down every <ingle day
what { learned, and [ understood e¢very-
thing every day, | Tound that when it
witd time to study [for a test] there
really wasn't mueh 1 had o study he-
case | okheh evervthioc., ..« It's a Jeot
caster doine it this wav.... lhis
qarter in this olass [ haven't

bad to feram op memorize| oiwe....

But vouk bive to do it dav-bv-dav, ...
ivery sinele day voulo hine to
understand what's going on.

13
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Liura’had come to reatize she duin't have to spend ler energy
crasming evervthing and memorizing everything if she spent her encrgy
thinking about everything as it was presentad. Previously, <he had
never actually thought about the matetial presented in chemistry because
she never realized o7 coild think about it or really underszand it.
in other words, not only Jid the writing cnable her to think about a
<ubject which was Jifficult for her, but it also enabled her 4o under-
stand k. Eat cven as Laura told me how she no longer had to cram to
sttdv on the night before a test, she didn't yet reslize or understund
that by discovering and asking guestions about the material dayv- to-day,
she vz studying.

As the class proyressed and Laura contimed to write, she bepun to
read over her writing befure a test and found that even thouph she

~didn't cross out things which she knew were wrong ¢t the time she wrote

them, she could strifl tell which things were right and which were not.
Fventually she changed her review habits. On the night hefore a
test she would write

inmy diary just everything [ knew,
i dida’t ¢ven look in‘my notes. |
wrote cvervthing T knew, and then,

I checked my notes to see if 1
left out anvthing or if everything
['d written was vorrect and it waz.™

She replized that the writwng she did in her thinkbook wats important
for thinking about .and (iyuring out chemistry. But for the purpose of
reviewing for a test, she found it more helpful to read vver her notes
from the lecrure.  [he notes organized the material 10 the most succinct
ard understandable winy and were  aaier for her to,read than to take the
time to read her writing., The Do-Fesnomasrp o7t e el
for her in heing :‘lbl(" to usc the t(‘élCIll‘l;'S NOTes,

Lmwa found that the class time she was ghien 1o write nas unsatis-
firctory for hick purposes,

[Ten mimutes in closs| wswl by
doesn't vive me cnough time be-
anse it tahes me a lohw time o
thenk....  Inowelass, | oseom really

' 11
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confused and 1 don’t have every-

thing straight in my mind.... It's

usual by better for me to Jo it at -
night after [class] because all

that, that [the teacher] said, has

time to rest, And [ ¢an think z lot

better.

Her reasens revealed what happened to the information she had taken into
her brain while she was in ¢lass. She ceuld tell that her brain needed
4 chance "'to vest," to mull the information about sub. omsciously until
-a little while later vhen it would be able to process it. To borrow an
analogy from Pat D';\rc_\-,s this phenomendn is much like the process of
phofography.” An image is made on the film when a picture is “taken"
and is then "developed" over a period of time and under special condi-
tions before it can become clear amd forever-captured. For Laura, it
took time and special conditions for the information she had been pre-
sented with in class to develop in her brain before it became clearly
{formed and not easily forgotten.

Lanra discovered that she didn't have to write cvery day. She only
noeded to write over the period of time new material was presented.  She
coltected the material in her head until she felt she had cnough tdeas
which neaded to be thought about and connected together., Laura explained,

Last night [ didn't do [the writing]
and T still...haven't thought about
what she said yesterday at all, so

I'm still really confused about it.

But | know that tonight, if T Jid

take the time to write it out, the
confusion would probabty be [resolved],
or 1 would have quastions to ask her
COMOTTOW.

Laura's confidence in her ability to "write it out" and either, be able

to understand the infommation or to ash guestions about tt is remarkable *
for a student who had littic confidence about ledarning chemistry in the
beginning. She knew that if she wrote she would be able to understand
the information.
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T et . aas .
e Wl ot on relt Dy ryeed Srom o dep ot "nisboott )

Okay ~--

1 k= 1000 m
Y ho = 100w’
Whn = WOm
Y dim = I
100 ¢m = Im ‘
1000 mm = Im
So far so good ---
Now --- .
o = _____l\m
e 10w 001 ko
I'm
L0005 gig, fips
X v 2 sig, figs

“Otn
00}
(s

.01 b = 10m

] oid itr
.-‘,f - ! ar l:! )
JO00RL i
2t = 250 ' :
1000
l=,25

L25 L= 250 mt

2 k2= 20005 001 F:
"k

2= 2000 7
I think i'm catching on
Tel = 10 pK i 100+
U A T

16

22




= 10700
N

=1 e
b oel= W]

ALl right!

<=7 10
19 1T
IR TN

Just remember to place the
units in the right order so you
can cancel out. Remenber

to go up to major unit if
necessary & then proceed.

[ better pass this Jumb quiz
Don't forpet!

All digits are sig. {igs

Al zeros betweea 2#'s are
sig Figh

All zevos after a = § after a
decimal are sig figs

All zeros after a » & before
a Jdecimal are slg figs

micro
micrometer

u
i

mou

Lawprte ceitieg ov Thoraor 1eypeld feem hep thinkboor)

flohi't forget to pretend
that the ball is rveally
4 particlel!!

Thomson -~

0, K. He did an experiment
w/ a ball & a magnetic field
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If ==» the ball is charged, there
is a greacer attraction
betweent the ball § magnetic
field. Why? Because «
electricity interacts w/ a
magnetic (ield.

0.K.  that if the mass of the
ball wis changed? The
magnetic Cield would have
a harder time attracting the
ball. So --- {1 forgot
about deflection)

Deflection is a change in
direction. Thomson
fourdd in his expetriments
that deflection was the
are of a perlece circle.
(Smart guv!)

Now = As the hall w/ the
larger mass goes through,
the deflection goes down.

Rait , that doesn't make
sénse.

As mass of ball T ,
deflection }
or
It takes longer for the
magnetic force to
attract theyball (Why?
becausc of the added
weight) §..the deflection
er arc is pet as curved.

a
Y

.r' n\ i a’ﬁ; r.*e”g._
AT
\ r\ | J\‘ ’z&
€. =
* e RS
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If the balls spead is increased
than deflection ia less again. 40
Becouse it takes lomger for

the magnetic {ield to attract
it.

If the magnetic field is
increased than the ball 45
will have a greater deflection
bedause the attraceion is

greater.
. So tar -- 3 variables
imvolved.

1] charge of moving particle
2) speed of moving particle
3) mazs of particle .
41 srrength of magnetic
Field. 55

The weunt of deflection
citn he meastired,

So 5 variables now.
deflection is proportional
to the charge of the particle bl
& the strepeth of the
magnetic Field
d = oB
deflection is inversely

proportional to the mass 65
ard volacity of the particle

Combine lquations

Jds B
- \
can deflection he caleulated? yes ¢

Can the charge of the particle
be calculated? no
Can the mgnetic ficld be
calcalated?  ves .

1%
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Can mass of purticle be ; y
. ,/ caleulatel=>no ° ) -
‘ Can speed of particle be - ’
caleulated =3 ves
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TiM

“Since I [pot] it confused even
writing it, obviousiy, if I was just
trying te hold it all in my mind, it
would have confused me, probably
even more."

"I you just try to sit there i your
mind,...the ideas arc all mixed up amd
Lard to figure out."

"If 1 [hadn't written] it, 1 never would . .
have thought about it until thc Aay
before the tesc."

"If 1 hadn't written it out, then [
probably still would have been con-
fused.*

"1 guess 1 was confused, and 1 kept
writing to try to Figure it out in
my mind,™

"It was more like just writing out
what I [was] tyying to do, tven
thongh [ didn't khow."

, Tim's aptitude lies in the sciences including chemistry. lle always
satKin the front row, paid rapt attention' to the teacher's lectures, and
fear és‘sly asked any duestion which occurred to him in spite of occa-
sional groans from the other students. He wanted to learn. Tim thought
writing to think sounded interesting and was curious about my research,

At first he wrote everything to me and for me, as if he were writing
me a etfer recording the day's events in cliemistry. His handwriting
was very neat and his grammar flawless. Later Tim said, "It's usually

~
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hard for me to wiite for me because 1'm used to writing for what...the
roader is going to think about it."

In no time at all, he began writing for himsciiy however, he con-
tinued to wrete to me. He still nrote to tell me the material being
presented, but he ipchued, for himself, more detmled and specific
mdermation. Bith more complete information recorded Jails in his own
words, he retlized hie sould be able to review easily and quichly for a
test by teading through lis thinkbook. At this paint he used his think-
book u= a log book.

- He naz stiil conceorned nbouit his reader:

...1f Anne saw this, T [would] want

her to think that T know what T'm

talking abont.... To me...whett [1'm| T
writing fomething..., even if it's ’ ’
nothing important, [ think about cor-

rect gramnar and corvect punctuatio,

aixd docs this sentence make senze?

and iz it clewr? and ali that stul'f.

Amd so I you're writing ‘the elec-

trons are negative, ' you have to

make sure that you say it right and

it sounds pood.

Shorely after he begdan writing (or himsell, Tim slecided to "take”

hi> levture notes an his throkbook (lopg with his writing. e decided
: 1t would be comentent to heep all his information recorded on the pages
of oie book, liereafter, lus jourmal shows pages of Jdated netes taken in
cluss wnterspeised between Jated entties ef writing. ke wrote the entries
from his memoty of the material presentod in class.  Abthough it often
seemed to him 1 edundant and wmeffivient to srite the materigl over again
from memory which Le bkl dlreddy reconled in his notes on thie,provious
page, he vontinted thes practice, Finding Ehe rewriting helped him re-
member the material. He sas "writing to remember.” lo was also "writing
to checd,” for, after he made an entrv, he alsays checked it ugainst hix
notes to be sure the infonmitron he wrote from memory was correct and
camplote. :

At this twme, he recorded the matevial from rote memory and recall.
He listed in sentences tlie facts he could remember and referred to his

5 12228
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notes to continue the list for fucts he could not recall. He Jiudn't
make connections between facts or put them in am particular order. He
didn't draw any conclusions or look for any relationships. #e Jidn't

aetually thinx abour the materiul. Tim explained, "I just sort of write
down what I think I learned.” In other words, he wrote Jown the {ucts

- which were presented, not those which he had thought about. He made
most of these entries in the ten minutes of class time allotted for
think-writing or during his lunch period which preceded the chemistry
class.

With the ond of the quarter approaching and his prades falling
short of his gosls, he decided to get morc serious about studying. The
teacher lectured Jaily about clectiically charged particles. She intro-
duced three vers nportant experiments which were historically based on
one another. That is, it was necessary to undetrstand the first, Thom-
son's, to upderstund the secomd, Millikan's, to understand the third,
Goldstein's.

One day the teacher was cut off in the middle of something important
when the bell rang. .Tim Jidn't have his ususl time to write in class.
The next Jay there was no time left again. On the third day without
time to wyrite, Tim kaew he L. to get all the material straight. e
was reatly confusel. That cvening, he took home his thinkbook with his
notes in it. This was the fi1st time he had ever written about chemistry
at home. Tim explained what happened:

I was really having probloms with
something. [ Jdidn't know what was
going on.... 1 think it was like
the Juy or o couple of days after
. we had actually done the lesson, and
. [ went back to [my notes] and T gaid,
e "what is thiz?".... [nstead of say-
ing [to meself), “now if Anne s
thiz, § want her to think that [
iow what ['m talking about...,” 1
started just writing in mw journal
wiat § romembered. ...

le bewan writing about Coldstein’s caperuvent (reproduced on pp.
1830). He recorded the facts he vemembered until he got to line 9.

O
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~ There he found himself writing something which didn't fit with informa-

tion présented by the teacher. ile couldn't continue to introduce any
more facts ontd the paper until he had the f{acts on the paper correct
and ia order. le realized he truly wasn't sure how Goldstein_lmd set up
the experiment and consequently wasn®t sure about any of the facts he
had written to that point.

I was writing about that drum that
that guy made where he caught the
oil drop. .. 1 was writing along
and | was purting...'and then he
had two negative plates...nnd the
atom ot the electron got attracted
towards onc.’ And, all of a sudden,
I say, '"Wait a minvte! It wouldn't
get attracted if it was negative!!
nd so [ wrote that: ‘it wouldn't
et attractew if it was negative.
This is wrong!' I wvote 'this is
wrong...., Wait a minute. Let
me...go back,' [ wrote that down.

Seeliny the coniused material on the paper forced Tim to see h;.s confusion.
For the first time, he recognized that the words on the paper were the
symbolic representation of the ideas which had come from his head,

Tim was increduloeus that he had actually allowed himself to coltfess
on a piece of paper that he hadn't understood something, By writing
thosc words, he felt as though he.had admitted to the world, or at least
to me, that he Jdidn't always understand evevything., Tim took the chance
and wrote these words to himself with no concern for the opinions of
anyone clse who vead them, For the first time, he realized that se was
the only audicnee he necded to worry about when he wrote to think about
chemistry. If he necded to write Jown I am 'totally confused,” then it
nas important that he wrire it. If h2 was thinking those words, then
he wanted to write then wlong with the other words he was thinking.' Ile
realized that his need to get things straight was far more important
than his need for the cader to see that he s snurt because he under-
stands cverything. 1

Ie had written first that protons were sent throuvgh the chambey,
and, at this point he womlered if that was wrong, He decided that |

24
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perhaps this was the errot causing cverything else not to make sense
and come together. So on tine 13 he Jdrew a Jdiagonal line after the sen-

tence which had led him to 4 dead eml. e began again with an idea he
thought of while writing. At line 15 he told himsclf that what he was
writing presently mus* be right, Yet, by iine 17, he obviously had 1un
into another snag. From line 17 to fine 21 lic made his first cross-
throughs.

tt is important to know that he Jid not miahe the cross-thronghs
until he had almost finished with the writing. In othet words, he did
not know until later in the writing that what he had written on those
lines wasn't gaing to continue to mahe sense with later things he wrote.
As he added 1o the fdea, he had to Jhange and/or reword earlier ideas to
make them all agree. What is crossed out mow remiinel wicrossed out
antil Tim did further writing and came to a point shere ayain the infor.
mation didn"t continue to relate, When he realized the problem, he went
back and made these cvess-throughs and wrote in the cerrect informatton
which made this section accord with the rest.
) Wheit he First wrote them, Tim wasn't totally sure lines 17-21 made
soilse, but he left them amway. He wis frustrated. ¥ knew he couldn't
go any further in thinking about lines 17-21 as they stood. I he winted
to uo on wigh this same train of thought, he would have to-figure them
ont. le a'~ozx* knew how it akl went, but not quite, and it didnft seem
important ‘to work out shat scemed at that point to he 4 small hink 1n

the process, He wis still in the Jubit of writing for other people;

conseyfuentdy , he Jidn't vare about correcting fine thinking errors he

sensod e was making in o nriting lew would =ee. fle thought fine thinking
errors were correeted 1 writing 1o hetp the teader read, e didn't know

that the correvtion of & Tine thinking 1o enableld the writer to think
througl and mulerstand the raterial, I he had felt his own writing

sere imgortant tv fum aid not ju.t to ether people, he might have pur-

suel that hazy Fine of thoucht. 10 be Wl ket the relationship between
writing amd thinking, e would luve tealized the tmportance of puzzling

out the anformation for himself, =0 that he could understaml it, .

o
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Instead of tahing the timc to write the thought through again so
that it made total sense, he shilted gears. He jumped to a new train of
thought. fle was sure he could pursue another thought 'succcssfully without
ever having to sork through the problem with the previous onc. lie began
the new thought with “anyhow," a cluc that he was jumping from his old

“train of thought to amotier, a cluc which could foreshalow a bigger pro-
blem ahead. The “anyway" signified that "cven though this previous
statement docsn't make complete sehse to me, I'm going to go on." He
continued on with new facts of the experiment. 1In lines 25-28 he clari-
fied the previous words for himself in the parenthetical statement. He
simply reworded the idea into words that made better sense. e went on
with 1ittle trouble until line 39 when he¢ realized that what he had just
written was very wrong.

He drew an arrow and gave himself the bad news, "But." He realized
that the information in his hcad no tonger coincided with what he had
just written. To prove to himself that it wouldn't work, he next wrote
this data from his head so0 he could ses that it couldn't. Then he told
himself to wait and thinh the problem through. He contimued to write
these thoughts on paper. He chose a plural subject "we" (an line 42) as
if he were two people working on this problem togcthey, a- if these two
people were talking about the experiment, and +he of them was going to
try to sct the other one straight about his misunderstanding. . Tim started
drawing diasgrams which illustrated to his other self what was happening.

- Then he "ckayed" himself as if to say to his other self, "I understand %o
far, go on." | ' 3

At this point he went back and rethought some of the information
about Miilikan’s experiment, cven though when he had begun the writing,
he had thought he understood -it fully. [ie needed to understand i1t now,
not in Isolation, bur as it related to Goldstein's experiment. After
having Jdone the writing about Millikan's work, he went bach and crossed
through most of those earlier troublesome lines (17 21} to make them
agre¢ materially .md prammatically with his <ompletely revised thought.
What he hald helieved was a small hink in the process turned out to be

2632
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an important kink in understanding the big picture.g

At the time he talked to me about this writing, e scratched the ‘
two light diagonal crossout lines over lines 40-42. He did this because
he said that he still couldn’t helieve that he had actually written those
embarrassing words, and he considered this aside to intrude upon my
reading and understanding of this section. He still hung on to the idea
that 1 was reading his journal to appreciate his knowledge of chemistry.

The correction he made on lipes 17-21 was his last word in that-
entry. That correction was the key ro his llnc}erStandiné all the cxperi-.
ments. He didn't nead to continue to write dbout Goldstein's research
because, with the correction, he had it straight. He had accomplished
his purpose for writing; his thinking process was womplote, and it didn't
matter if his product wasn't. Had his purpose been to record everything
about the éxperiments, he then would have written a complete, accurate
and neat explanation of his understanding on another page.

Tin now knew that he Jidn't need help understanding the three ex-
periments.  He had had all the knowledge: he just needed to kmow what
he had and get it in the right order. Ile had used his hand to write it
down, his eyes to see it, and his brain to think about the connections
it made. )

In an interiew, Tim told me about his usual learning experiences:

When the teacher is writing the thing
on the board, vou understand how she's 2
doing it. But when you get home and
look at the book, you have no idea.
And ther when she explains it the
next dav, you understand what she's
suying, but you still would never be
able to figure that out yourself....
She's almost relling vou too much,
She's telling...you...a + b is going
to equal ¢, but she’s not telling you
how to get there,... 1t's like Mrs.
lavallee is telling us sometning ahout
the electrons. She says, 'okay, the
electrons do that and they do this.'
Then | get home and | say 'veah, but,
how did they do that oi what happens
if theyr don't do it?' That's when
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you get confused because you...sort
of understand what they're doing but
not why theyfre doing it. And it's
hard to understamnd what something °
does vhen you can't understand why
they're doihg it,...or what's going
to happen when they dlo it, or why
the other things don't do ic.

He also comented on his experience writing in chemistry class:

Sometimes you pet into it [the
“writing}..., meaning that you
¢ really want to do it, vou really
want to find out why it didn’t
work or what's wrong. Other
times vou'll just say, 'ol, well.
I don't understand.' And you won't
write down why you don't or vhat
you don't [understand]. You just
write you don't undevstand. [But
’ , when ['m sevious about trying to
understand,]...it's easier to get
into it and just write.... And so
if you tried not to worry about
wvhether it soumds good and whether
- it's correctly punctuated and you
just write it, it's a little bir
easier. BRut it's.hard to [not
worrv]. 1t's like untraining the
way you've been trained.... [When|
I didn't have to stop and think
- — . —— __.pbout writing, I just .thought about
chemistry and...l just wrote what
I was thinking.

+

Piwta sanuary 22 writing {tuped from his thinkbook)
Januwary 22 entry

e learned about the mass
spectrograph.  Goldstien deviged this
apparatus to measure the miss of
protons. A current of protons is
sent into a chmmber with a neg- 5
atively charged plate. The plate
has a hole in the middle, so the pro-
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tons will speed forth in a straight

line.  Then ncon atoms then bump of {

the clectron--from a proton? I'm 10
totally confused. 1 don’t know what

is sent dnto the apparatus to start--

electrons, atoms? ,-” The plate is

positively charged, whicl, »eans that

negatively charged ions must be 15
sent into the apparatus, to shoot

through the holgégg Bgc“gm&és — positively
with neon, and become-protens .- charged

B4t -how-dees - one- turn-a-regative fons Ty
Neon’s clectron is bumped off and it becomes a -

ion-inte-a--preten-by-intredueing 20
reen?; Anvhow, the ?ggge;gngre then
deflected by a magnetic field

outside the apparatus. The variables
of mass and charge are the most
significant. Those with higher charge
have a higher deflection, (farther

to the right, closer to the negative
magnetic ficld) The heavier ones
deflect less, and a‘:a‘t‘io can be

set up to batance between mass 30
and ¢harge to sce how they can

land in different places. Using knowm

clements, a scale was set up s0

unknowns could be calibrated.

Each proton has the same mass, 35

L
“n

but different atoms have diffey-

ent mumbers of protons, thus
different masses and different
readings on the spectrograph. - » BUT

29

35




this ii);r(fﬁg} because” indiv-
idya? p’roto’rifs- have the same

mrs3. wait--we're talking about

an atom.‘ with the electrons
. bumped off 5 so

v

"’ ’ ¢! & each
by P
¢ » atom
has a different mass, thus -

the different readings.

0. K.

The charge is simply how many
more pesitive protons than

electrons or vice versa.

ts simply a representation.

It

5
re }
\'f.' ;'

40

45

50

54

despite the real charge, this is +1.
Millikan's drun had one neg. and ons pos.

plate and a negative charge on

55 .

the oil drop. The drop was attracted
up toward the plate, but pulled down

. by gravity and the other charge, |

50 it became Statlonary.
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CONCLUSION

Conctusions Drawn from Case Studies

Students who wrote to think about chemistry:

O

ERIC
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wrote when they felt confused and needed to get material
straight.

wWere interested in understamding, not just in memorizing the
material. ‘
wrote for themselves.

wrote to themsclves.

- needed to sce the material in their own words and in their own
“order of thought, not only in the words and order in vhich the

material was presented.

didn't need to write about all the material.

wrote when they were rested.

wrote when there were feow internal or external distractions.
drew dlagrams and wrote cvaluative comments to themselves about
the material.

needed encouragement because writing to think is havd.
sometimes used their writing later to check or refresh their
memories.

thought others would be critical of their writing and not be
able to read or understand the information.

didn't nead the teacher to explain things over and over.
didn't always find it necessary or convepient to keep all the
writings.

-- asked well thought-out questions.

31
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- figuered out material without the teacher's help,
-- delighted in their ability to learn and understand chemistry.
-- took responsibility for their Pearning.
What Happened to the Researcher When She Wrote To Think
- about Chemistry

I wrote when 1 had been prcscr{ted with & lot of material or diffi-
cult material. Usually introductory material was uncomplivated, and |
could de the thinking in my head. But when we got into new vocabulary,
new concepts, new details, new pfocesses, 1 found myself needing to
write.

It was never quict emough in the classroom {ov me to write success-
fully. If it weren't the other students' talking, it was the talking
going on in my own head which disturbed me. [ needed peace both cxter-
nally and internally to think about chemistry. I couldn't do it when
other things wore pressing on my mind. When the teacher gave us ten
minuges at the ond of class to wiite, 1 was still too overwhelmed by all
the new material to hnow where to begin. [ needed distance and time
from it before [ couyld think about it again. Somctimes I was too pre-
occupied thinking about something else, such as what 1 was going to do .
after class, and couldn't focus on chemistrny. But if I had cnough time,
I could usually write the things out of my head which preoccupied me so
that I cvould %ot to the tdeus in there about chemistry. When | was able
to write about chemistry, 1 invariably ran out of time and left class
frustrated. And when the teacher gave us ten minutes at the beginninyg
of class to write, I usually sat through the remainder of the ¢lass
struggling to concentvate on the lesson because ! was »tiIl thinking
about the chemistry | had been writing about.

[ often felt that had 1 nor been writing while T learned chemistry, ||
[ would not have worked with difficult ideas as long a3 1 did without
getting help. 1 often rely on others for help when [ think semething
is too dilficult for me to do on my own or when [ need to heur myselfl
ralk so | can know what I know. My urge to talk about amything [ lcarn
is very strony. 1 belleved that chomistry was Jifficult, so it would
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have been natural for me to seck out a williag helper. But when I did

. _the wriring, I no longer felt T necded anothey PETSON. 'i‘fheﬂwrlting en-
abled me to know what T knew and to figure out the dJdifficult ideas on
sy own. T realized | could listen to myselfl think while I wrote my
ideas on the p'aper.

I wrote down whatever T thought, as if [ were trying to capture
the flow of ideas in my brain on the paper. Sometimes I captured tangen- -
tial thoughts which always proved to be usefui and interesting. Fre-
quently, T "captured" ideas which didn't make sense or sounded silly or
were wrong. When this happened, my internal critic or common sense, for
lack of ajbetter word, interrupted the idea with an evaluative comment.
I would write the evaluative comments on the paper as well. If the in-
ternal critic remarked "th.t Joesn't seem right," I'd write 'that doesn't
scan right.” [ learned quickly to trust.my internal critic's intuition.
And my internal critic didn't only tell me when I was wrong; she often
made comments of cncouragement, such as "I thinh I'a getting 1t," which
kept me going when T was on the right track.

[ dida't cross out the monsensical, silly, or wrong things I wrote.
[ also Jidn't cross out the internal critic’s comments. 1 just went on
writing. Crossing out wasn't necessary. [wrote not because I wanted
to get all the ideas clear and correct vn the paper but because | wanted
to get all the ideas clear and corvect in my head. It wasn't important
that no one else woutld be able to vead my writing and understand what
I was saying about chemistyy. What was important was that 7 understood
what [ was saying by the time [ had c'bmpleted‘ the writing. The writing
was for now, at the time [ was doing it, not for later, and the writing
was for me, not somocone else. .

When T wanted to think, I didn't.always write in my thinkbook. I
wrote on my homework sheet or on the back of my test, on whatever paper
was imnediately available, [ also liked keeping the writing with other
information which had started me thinkihg.

If a concept wasn't clear axl perfect in my brain, I fonmilated
questions [ needed answered by the teacher to yet it that way. Most of,

-
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_E_'gt_tgg,_g_gns required yes or no answers,.such as is this Tight so far?e - —
ALl T wanted of needed was the teacher's simple response. 1 dide’t want
her to explain mhy it was wrong or what happens next. 1 Jdidn’t want her
A0 take my knowledge oyt of m?f hands at that point. I wanted to figure
. out why it was wrong or what happems next. 1 needed her simple difec-
tion, and then I wanted to’get back to work with my’ ideas, my words and ,
my train of thg_)ugle’. I wanted to get back to my desk and write, Once
she gave me my lead, [ couldn't hear what e’&'f%e she explatned because, I

-

was listening very hard to what was going on in my own head. 1 couldn't
use any additional ideas until I had thought through the implications of
the answer-she had yiten.me to my question. To use an annlogy, she was
giving me more than 1 chould chew at that time. 1 had no room for more.
I had to swallow what I already had before 1 could take i any more. I
knew that when I was hungry for more, I would get it.

When I wrote, T also felt as-though I let tl;e ideas at the forefront
of my Brain‘ out onto the paper so that the ideas in the bach of my brain
could move g;;,:ﬁfto the front. Uch'eythose first itdeas, the conscious oncs,
were ‘}:ﬁ},ﬁf/my head, the ideas ir the back of my brain, the subconscious
ones, had rdom to ‘move to ;he forelront to become the conscidus ideas.

And when I wrote these out,. more jdeas moved into the fore(ront. The

new ideas had been too far in the back of my brain, and I couldn’t pet

to them until 1 made room.

With all those new ideas now available t¢ me, Idelt as if I were

o Jiscovering new things about chemistry which T didn't know I knew. At

the same time, T was making commcctions between one bit of information

#nd another, sorting amd reshuffling ahdddiscovering em&i} more, When I . /

Eransi"‘erred the idea to paper, 1 coutd dctually see what 1 knew abous

the idea. Seeing that I knew something.f about the idea, 'and seeing pre-

cisely what I knew, whetted my appetite to sec what elsec there mighg be

rattling around in my brain about the idea. As an experiment [ tried

using a tape recorder to se¢ if it would give me the same bcner'i't: T

Although 1 <ould hear what 1 knew as I talked into it, I missed not being

able to scg what 1 lcneu:\cxcn though [ could hear it.again. [n addition,

/73
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when [ wrote my ideas, [ could much more easily look up the page to see
an idea than [ could rewind the recorder to find the exact place where

I could hear the idea. [ ended up transcribing onto paper the tape
recordings I made so I could work with them moré easily.

The beauty of having it on paper was\ that I felt a3 1f my brain was

freed of a lot of the information it h!(i been storing s0 thatr it could
-work more-spontancously with the ideas on paper. 1 could arrange and
rearyange the sentences and ideas and fill in the. gaps with addirional

. ideas ‘as it worked towards making everything make sense together. Because
it was on paper, T was able to work back and forth between paper and head
until [ had everything out on paper and it all clicked.

. I found that writing climinated all my need to study the night be-
fore 2 test. I knew and understood ¢verything already. I didn'z.need_.
to memorize anything or cvam anything into my head; and, because 1 didn't
have any information precariously and hurriedly jammed into my head, I
knew that 1 couldn‘t forget it in the middle of the rest. [ kmew I had
it all in there in order so that it made sense, and 1 could ¢all upon
it and (ind it when I needed it. It was all neatly filed, not just
thrown in. [ was confident in this knowledge and in my knowledge. All
the pressuve I'd always associated with tests vanished.

For me, writing was like putting together a jigsaw vuzzle. The
teacher showed me the picture on the box (the rext) and showed me her

T “own completed puzzle Ther lecture). With these general impressions of

what my own puzzle shouid look like, 1 laid out my owm pieces. As 1 did,

I arranged the pieces Into groupings. Some linked together. Then I

concentrated on the border and worked from there. [f I got stuck, I

consulted the picture or the teacher's completed puzzle. She looked at

my puzzle, but [ didn™t want her to put it together for me. As more and
more pieces fit, | worked more vapidly and contentedly. When [ was fin-
ished, 1 kept my completed puzzie amd the khowledge that T had done it
myself.

The very hest part for me was thatr I realized T could actually
think well enough on my own to f{igure something out without sowecne else
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showing me the direction or giving me clues. I could think w»11 enough
to ask question, which were right on point. The writing had elinlinated
myv anxieties about chemistry, a s‘ubject I wasa't supposed to be able to
do. It gave mc confidence in my ability. [ felt independent. T felt
free. I could understand chemistry on my own. Awl if T could do chem-
1stry, what else could I do an my own? 1 suddenly wanted to try more
and difficult things. I was delighted about my ability and amazed at my
" knowledge. 1 knew 1 had done it all by myself. -

What Happened to the Other Students and Why

About one-third of the twenty-six stidents in the ¢luss were so
unsure about what writipg to think meant they dide't write anything.
Others wrote to me amd for me, pretending 1 was not a member of the
class and informing me about what was happening. In school, students
write for this purposc almost exclusively, pretend g that somcone clse,
usually the teacher, is uninformed anpd writing to him about a subjcct
he already understands.

Students who were concernad about their grades wrote to memorize
and/or wrote to check their recall of the material. In a sense, they
were actually "writing to learn," i.e., memorize. Thev knew there is
£ relationship between the act of writing and the ahility to vemember.
Betlore u test, these students wrote everything they could remember to sce
if the information in theit brains was factually accurate and complete.
They didn't wrate information they were uncertitin about unti) they wvon-
sulted their notes for the teacher's eaplanation. They didn't want to
wrize anything wrong. They crammed the tcachev's words into their wri-
tings amd their heads. They wrote as if the teacher would read and
colrect their wmiitten products. Some toichers encourage their students
to write for thensclves for these purposes.

nly four ol the tuenty-six high-school-age students were able to
write to think. [ was very curious to hnow why the majog ity could tot,
Me [irst guess was that [ had erred i my description of the purpose [or
the writing. | did not hron the term "srite to think” until after [
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completed my work with the students. IHowever, tlwee stwdents had done

it without knowing the most succinct words to describe what they did.
These students shared a desire to want to wnderstand chemistry. But,
there were others who wanted this as well. With Piera as the exception,
none of themf had ever written to think before. But even Piera wasn't
convinced that the writing she had been doing for over two years was a
legitimate use for writing. Until she came into the chemistry class, she
had never discussed her writimp with anyore nor heavd writing discussed
in this way. In fact, she had not thought of the writing she was doing
as thinking. S0 my second thought as to why the majority didn't write to
think was that none of them kniew that weiting fs thinking.

The students viewed writing as the act of putting on paper ideas
which already make sense and which th ~witer wants to record for others
to read. Our society holds the same belief. We see writing as a fimal
offering of ideas which a writer makes to his readers. We assume the
writer has conceived of and organi.ed the ideas in his head before he
ever commits them to paper. We teach this to cur students. They remain
unaware that writing can have another legitimate purpose. They don't
know they cam write ideas which don't alveady make sense in their heads
betore they put them down om paper. They need to kaiow that it is worth-
while for them to write down these mixed up ideas, in the civeles they
come in, in the repetition they come in, in the words tney come in, in
the order thoy come in. They need to know these written mixed-up ideas
don't have to be seen by anyone else or make sénse to anyone else.

Their ideas are meant only for themselves. They can write at any tiwme,
anywhere, in any way, to {igurce anything out. Their ability to write
is theirs to oxn and to control. They need to kmow that they can write
without someone clse dictating that they write, or how, what, when,
where, and why they write. There is no question in my mind that when
thoy know these thimgs, they will be avle to think amd write.

Suggestions to Teachers

I suggest that writing is a means which teachers have long ignorved
as o oway For students to approach the learning of a subject. it should
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not be ignored any longer.

T strongly suggest teachers themselves experiment with writing
while cncouraging their stulents te do the same. Because the teacher
already understamls the subject he teacles, he will want to write about
other material he has or 15 being presented which he wants to understamd
better. lfc might write about a personal Jilemma, his graduate school
work, or a student he wonts to understand better. I believe that many
teachers will find "writing to think" an exciting means of understanding
information for themselves and won't need to be convinced by my research
to encourage their students to write., They will want to offer it to
their students. As the students write for themselves, the teacher will 'i
come to find, much to his relief, that he no longer must take so much
responsibidity for his stulents® learning. As it is now, teachers feel
that they must pose questions to their students to which they themselves
know the answers fos the purpose of Jdiscussing information. The teacher
asks, and the student is supposel to vespond with the answer. Now, if
students write to think, they will begin, as Laura and Tim did, to ask
authentic questions which they have discovered in the process of puzzling
out, straightening out, and getting to the bottom of the material while
writing. the tescher will no longer pose the questions; the student will,
In other words, the person who senain-Zy Joesn't Know the answers Wwill
be asking for them. .\nd the student won't always have to ask the teacher
for the answer. Like Laura and Tim, the student will begin to pose the
question {1rst to himself and then to Try to {igure it out by writing.
He will take pride in finding the apswer himself or in finding the key
questrons about which he needs further infommation to go on amd fimd the
answer. fle will want to tahe responsibility for his learning.

For teachers who want thelr stidents to try writing to think, | have
a few words of advice. I think it's too mich to sav that studeats should

P

write every dav. Wniting to think needs to be Jdone Wi’ ™c thie material is
being presented, not in a rusit hefore a deadline or a test. The sind
doesn't scem to be able to sort out a4 lot of infonnation efficiently in

a short pertod of tme. The mind needs time to play with information
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before it can make sense of it. Students need to Jdo the writing when the
material becomes confusing to them -- that is, when they start to have
questions. Only the student can know when she has a question so it 1s
her responsibility to write when she feels the questions arise. However,
I believe it is possible for the teacher to anticipate the problems and
vonfusions a student might have. From the teacher's experience, he can
anticipate where students tend to become confused about particular pate-
rial. He also may know a student's ability and self-confidence with
certain types of material to guess when he will have problems. As a
writer and as an objective observer, the teacher, who ts 1n tune with the
material and his students, may know when a student needs to write, just
as he has Jeveloped an ability to know what material he needs to present
and when the student is ready for more.

Obviously the maturity of the student will have a direct bearing
on how much Jdirection and encouragement in writing the teacher needs to
give. The inexperienced thintawriter will need more help. But he will
become more responsible or his writing and learning as he feels good
about his ability to write and to lcarn. 1le’l1 want to take more respon-
sibility for his mind and its learning because he gets more in return
when he does.

There is no reason to wiite in a bound volume. I quickly went to
4 loose leaf binder so that 1 could wlite oh ahy available paper and put .
it 411 together later. 1 also didn’t have to carry my thinkbook with me.
I found advantages heeping it in one place. 1 occasionally reread sections
as review, put 1 particularly enjoyed loohing back out of curiosity tp
see how T had come up with gome of my ideas. 1 felt proud to be able 1o
hold in my hands pages and pages of chemical thinking that [ had done on
ny oun yithout help.

Many students might never need nor want to show their writing to
their teacher. When they come to a specific question, it may pe easier
and more efficient to ash it out loud. But when the confusion is bigger,
it may bo casier and more efficient to literully show the confusion to
the teacher by letting him read the wrlting.
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The teacher whose student asks him to read his writing must heep
inmind at all times the purpose of writing. He must also keep in mind
his purpose for reading it. Only the asking student can know this pur- '
pose and needs to explain it to the teacher. I the student Joesn't

‘explain why, then the teachev needs to ask, '"Why do you want me to read

this? What is your question or problem with it?' The student might

“respond, "I want you to see if what [ have makes sense,” or "1 can't
figure out what I'm Jdoing wrong.’” The teachey then knows his purpose
for readling.

In any case, the teacher needs to vead the writing with his attention
focused on the ;r.omoe the student went through in thinking through the
materiat. ‘The teacher will be of ne help te the student 1€ he reads with
his attention focused on the prodeot itself. The teacher will not help
the student by reading the writing and suggesting line by line rev 1sions
aud corvections in the ideas and logic. The geacher wil1l A lp the student
by reading the writing siowly and thoughtfully in its entirety a couple
of . times, heeping in mind the purposc the student has given him for reud-
ing. He must also rcmember that the sentences and lopic the atudent
writes on the paper coirespond directly to the ideas the stulent is think-
ing., The student is think-writing bevause he is weah and unclear in his
understanding of the material. Thus his writing is weah and unclear.

As he contimcs to write, he begins to get stronger und clearer in his
understarding. Conrespondingly, the words, sentences, and logic on the
paper begin to get stronger and ¢learer.

The teacher will be able to see this progression of thinking and
undorstamling on the page. By carcfully reading the writing, the teacher
will know what the stident is thinking. By carefully reading the writing,
the tegcher J1I1 fno o ohat the stwdt knows and what the stadent Joesn't
fans. He will know why the student has asked him to read the writing or
wly the student has ashed him o guestion amd how he can best assist each
student in furthes wilerstamling the material. lle can pinpowt the ifor-
mation the stuwlent dowsn't yet have straight or now needs. e will dis-
cover (lues the stulent ledies behind which may indicate what help he

-
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“needs.  Questions or question marks are overt clues to the student's
confusion. Vague words, incorrect information, illogic, critical aswles,
or tangential thinking ave less obiious clues as ro what may be confusing
the student. [Lven crossed out words or sentences myy provide hints as
to what the student doesn’t understand.

‘the teacher must remember that all think-writing is by natwre diffi-
cult to read, {rom the handwriting to the spelling to the organtzation.
The most Jdifficult reading 1s at the begimming where the most diffiatlt
thinking s happening. But for the teacher who takes the time to read
and sticks with iz, the rewards will be enomnous, The treacher will he
able to pive to each student his very own special, individual Xey to_
understanding the material. With his own key, cach student will be able
to unlock his ovm Joors aml po on learning amt wilet stamling more matertal
without needing or wanting the teacher's.heln,

a
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Notes

! 5ee the following articles and books: Barry Beyer, "Using Writing

to Learn in Histoty," The History Teacher, 13 (February, 1980), 167;
Janet Emig, "Writing As A Mode of Learning," College Composition and
Communication, 28 (May, 1977), 122; William F. Itmscher, "Writing As A
Way of Learning amd Developing," Zillege Composition and Commmnication,
47 (October, 1979), 240; Robert Parker, ed., "Understanding, Teaching,
and Assessing Writing: A Report," Rutgers University Graduate School of
Education, May, 1979 (includes excellent bibliography); Andrew Stibbs,
Assessing Children's Language (London: Ward Lock, 1979).

2 Naney Martin, Pat D'Arcy, Bryan Newton, and Robert Parker, Writing
and éeaming Acrose, the Cwrriaulum [London: Ward Lock Educational, 1976),
p. 32,

3 Toby Fulweiler, "Journal Writing Across the Qurriculum,' ERIC
ED 161073, 1978. (Includes excellent bibliography of works about journal
writing.)

4 Suzanne langer, Philosophy in a New Key, 3rd ed. (Cambridge:
Harvard University Press, 1963%. -

hs

5 Letter received from Pat D'Accy, 6 April 1980.
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'Using Expressive Writing to Teach Biology

Robert Tierney

INTRODUCTION

Though most high school biology teach~ - agree, to some extent, that
all teachers should be teachers of writ'.y, they are often reluctant to
include student writing exercises, beyon. normal transactional reporting,l
in their programs. Biology teachers peint, with some pride, to the nume-
rous lab write-ups, student reports, and tests they have corrected for
gramar, spelling, and neatness as their contribution to the improvement
\ of writing. Expressive writing, the language used in friendly talk, or

the writing which takes place during the initial phase of thinking through
\a problem, is best left to the English teacher down the hall. After all,
t}ley reason, English teachers are trained for that sort of thing,

* Probably the primary reason for not including expressive writing in

the biology class is lack of time. Thne devoted to the teaching of writing
is time lost for biology; there isn’t enough time to present all of the
biological subject matter that should be presented. Biology teachers,
like most teachers, find themselves forced to make value judgments about
which topics to delete, and they sometimes feel guilty about their decisions
aftervard, How can one justify a skimming over of the Echincderms, or
short-changing. the Kreb's Cycle?

Another reason for not emphasizing writing in the biology class is
the paperwork load. As it is, most biology programs include labs every
week, and labs mean lab reports or workbooks to be corrected. Add to the
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lab write-ups a few student reports, a notebook, amd other assignments,
and it means confronting 4 stach of uncorrected papers that would intimi-
date even the most dedicated tutor.

Probably the saddest reason for not imclwdling cxpressive writing is
many biology teachers fail to realize its potential as a learning tool
because they are mot familiar with writing as a process. Few bivlogy
teachers are themselves writers. Yet modern biology instruction requires
a hunds-on, kmquiry, think-through-the problem approach. [xpressive writ-
ing is a means of thinking through a problem. The student is frce to do
his thinking on paper without fear of the teacher ay an cxaminer. Fxpres-
sive writing van provile the biology stwlent with the essential experience
of free inquiry -- the essence of the scientific method.

The biology student who is allowed time, and encouraged, to write
expressively about what he has beep presented in blolagy will be a better
student. e will have a more thorough understanding of the biolegical
concepts and will experience both the pain and the thrill of probloem
solving. Certainly his reports will be more interesting for the teacher
to read, and that, in itself, might make the effort worthvhile.

This experiment is an attempt to supggest some techniques for inclu-
ding expressive writing in the biology class and to objectively evaluate
their potential. Porhaps it will encourage other biology teachiors to try
some of the ideas, refine them, or develop new ones.

BACKGROUND

The School

Irvington High School, built in 151, is situated in the suburban
community of Fremont_on fthe southeasteorn shore of Sun I'rancisco Ray. It
is onc of four high schools in a rapidly growing community. The student
body is a heterogencous mixture of Anglo-Saxon, Chicane, MAsian, und Black
studonts. The approcimately 2000 students arc taught by a faculty of 80
teachers; most with ten or more yeu:s of Cxperience.
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The Teachers
R . <

This experiment was made easier by the uniqueness of the situatien
at Irvington High School. All of the bieclogy, four sections with a total
of 136 students, is tought by me and my long time friend, tHariv Stockey.

We have stmilar academic backgrounds and interests. We both possess
California General Secondary Teaching Credentials, We have both taught

for twenty-s$ix ycars. We vere both ¢valuated by the same administrator

this year, Mr. Richard Guidici, Vice Principal, and given the same rating

-- excellent, “We are both the same age. The probability of finding a
situation where the teachers invelved are so closely matched seems unlikely. .
[t provides a unique oppertunity for a controlied educational experiment.

The essontial difference between me and Harry Stookey is that b have
published some freelance writing and attended a [ive week lnvitational
‘\‘Kkss:op sponsored by the Bay Arca Writing Project at the University of
Cali¥ornia, Berkeley.

The Students

A profile of the biology classes was made to determine what Jiffer-
ehces existed between the composition of my classes and Harry Stookey's.
We were able to obtain the student scores for the Fremont Unified School
District Competency Tests and used the written language skill and the
reading comprehension scores, along with other data, t -truct the
profile. (see Figure 1)

Apparently my students had slightly lower ability in both written
language skills and reading comprehension. They also tended to miss
¢lass more often and were Younger, as indicated by year in school, than
Harry Stookev's classes. They did, however, turn in a higher percentage
of their assignments. i
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Q*g Average Average Percentage of Average Number of

Group -—Scote=Written | Score—Reading Assignments Days Absent Students
Language Skill | Comprehension Tuened in . Per Pupit Enrolled

{ Tietney 1 85.5 ©o8s L T 7.6 3]

Stookey I | - 895 903 \ 87 42 7

Figore 1
Comparison of Basic Skills, Assignments
. Turned In, and Attendance of Groups. .
1
-t
Wt ’

et

&

Sophomores

Sophomores
51% 7

Junlors Juniors

35%

Group II

- Figure 2

Connpositlon’t;f Groups by Year in School
. /
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DESIGN OF THE STUDY

. The Problem
Do secondary biology Istudents learmn amd retain ..ndamental principles
of biolegy better in a biology program which stresses expressive writing
than in a class that uses only traditional expository writing?

The Hypothesis

The act of writing encourages a persona.l response by the studeni.
He must assume a chosem position, he must 1nv01ve£imself in the subject
-- he must think, Expressive writing allows him to think in his own
language, to sort out what he does know from what he is still confused
about, and to do so without intimidation from a teacher-examiner. It
seems reasonable that students whe have be n encouraged to use expressive
writing as a vehicle to iransport themselves through the 'think™ part of
scientific methodo’gy will not only learn more, but will retain what
they have learned to a greiter Jegree than those students who have not
vsed expressive wrlting to sort out their thoughts.

The Proceduré

My two biclogy classes (69 students) were designated as Group 1.
Harry Stookey's two classes (17 students) were designated as Group II.
The students remained with the same teacher for the entire year. CGroup I
served as the experimental group during the first semester while Group 11
served as control. The roles of the groups were reversed for the second
semester, Thus cacl. teacher served as director of an experimental group
and 4 control goup. We hoped this procedure would negate the teacher
as a variable in the experiment.

Both experimental and Lomtrol groups corered the same biology topics

at the same time, Jil the same labs, watched the same educational films,
]
!
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and had homework assignments corrected with a stress upon proper word
usage and spelling. .

The differcnces between the experimental group and the wntrol group
are shown in the follomng chart:

"

FRUCEDURAL DIFFERENCES BETWESN THE EXPERIMENTAL AND CONTROL GROUFS

EXPERIMENTAL GROUP T CONTROL CROUP
1. 1cading logs’ 1. ne reading logs
2. neuron notes 2. n0 neuroh notcs
3. practice essays 4 3. no practice essays
4. writing to a specific audicnce 4. writing to the teacher as an
other than the teacher examiner
5. ord of class sumarics 5. no end of class summary
5 6. group writing 6. limited group writing
7. cssgy tests 7. multiple-choice tests.

Two units were selected as "test units,” i.e., subject mavter
to be fested and the results compared. The test unit for the first semes-
ter was penetics. Genetics was selected because 1t wis =cheduled lar

) cnough into the sanester to allow time to acyuaint the stwlents with the

hTmng teddmujues to be used.  The unit wias three wechs long. A pretest
tmultiple-choice) was yiven just before the Thanksgiving holiday on
November 24th, prior to starting instristion about genetics. A posttest
(the same multiple-choive test) was given after the unit, on December 19th,
Just before °thc Christmas Iwliday. On April 10th, 16 weels after the
completion of the genctics wnit, o recall test (the same multiple-clhoice
tost) was piven to Jetemine how mucl of the genetics unit had been re-
tained by the students. ~

Although we used cssay tests as an additional way of utilizing wri-
ting to learn in the instruction of the experimental group ¢sce pp. 37-58)
multiple-cholee tests were used nsteid of essay for pre- and posttesting
of both groups for the following reasons: {1} wost standardized tests
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are multiplé-choice and most of our questions came from textbook exams;
(2) essay tests may not have been fair to the control group; (3) most
biology classes use multiple-choice tests.

The test unit for the second semester, when Harry Stookey's class
served as the experimental group, was seed plants. The pretest was given
on April 17th. The stwdents took the posttest on May 8th. The recall
test was given to the students on May 29th, three weeks after the unit
had been co:n;flctod. Since the scheol year was ubout to end we were unable
to extend the'period between post and recall examinations any longer than
three weeks.

The expressive writing exercises used by the experimental groups,
and the results of those exercises, are described below.

The Reading Logs

Reading logs were assigned in an effort to improve rcading compre-
hension and provide opportunity for expressive writing. The students
wore instriacted to record their thoughts, on notebook paper, as they read,
as some people do in the margins of books. The notes were to be thoughts
or impressions, they were ot to be an outline of the rending, The stu-
dents knew the teacher would not read their Reading Logs. When due, the
students held up their Reading logs to show that they had been completed
and then filed them in personal (olders which were kept in the ¢lassroom
but were aviilable to the stwlents ar any time.

An anonymous poll of stwdent renction to the Remding logs was taken
in mid-March. The students were told to rate the value of Reading logs
on 2 scale of zero to ten on which zere represented "of no value at all™
anl ten represented “eatremely valuable.,” The reactions of the studonts,
after some initiul groans and mumblings about more homenork, was mixed.
The folloning scale vepresents the average value given to the Reading
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Log by each of the groups:
0 1 2 3 4 . 5 6 7. 8 9 10

Group 11 Group I
{Stookey) {Tierney)

.

Some of the anonymous student comments appear below:

I think the reading log ie very useful if vou have to
write about the chapter then your going to read it. If you
wite @ paragraph or two of something you Just read, them it
stays on your hecd a lot longer then just reading it and
forgetting 2.

-- A student in Group 1

The RL was a pain xainly because I ended up doing them
ote hour or so before they were due. For the most part I
vould say they weren't helpful to me hooause of wwillingmess
10 do them before alass and eonsequently I merely vushed to
get them done and not fully urderstanding what I read or wrote.
Admittedly they are a goed tdea, but they shouldn't be wused
as an aostgnment because studente will BS their way through
them. 1 believe they should be used ag an extiva-aredit, or
very cavefully read. In this way they would be fully effeetive.

== A student in Group 1
I think they ave great. They qre sort of a reward for .

studying. WNot beowuse they are worth jive points, but beccuse
they help »ou where you need it most, on the test.

== A student in Group IT
The reading logs don't help at all for me. I think they
make reading the chapter harder beaguse you have to stop and
right dowm stuff.
== A student in Group 1

The Neuron Notes

Many professional writers keep daily journals. The British seem to

have success with "learning Log,::."2 It sounded like an excelleat idea.

he called our version of writing-to-think Neuron Motec. The Neuron Notes
provided another opportunity for expressive writing and forced the student

to orgamize his thought, to sort out what he learned from what he was
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confused about.

The students were instructed to take at least ten minutes cach day
to sit down amd attempt to explain, to themselves, what they had learpred
in biology that Jay. They were encouraged to write Jown any tnoughts
that occurred to them even if they regarded the thought as trivial or
nonsense. They were also encouraged to pose questions for the teacher
about things that confused them. Though Neuron Notes would not be read
by the teacher without student permission, we hoped that many students
would use them=as a vehicle for individualized instruction.

Although 90% of the students wrote Neuron Notes, only a few granted
permission to have them real, most of those were regurgitations of what
hal been presented -- not what was actually learned. They were expressed
in a style Jesigned to please the teacher. Most students were unable to
overcome the idea of writing for a grade. ¢

A few excerpts fre 1 Neuron Notes follow:

Todey, we watched a movie on genetics. Considering {t

wae an old movie, i1t wae pretiy interesting. It explained

Hew the genee ave passed on from gemeration to generation

through heredity. Tt talked qbout Mendsl's work and how he

eame to be the Father of Jenetzes.
The mogt Interesting part wvas when 1t showed the Jdifferent

gtages o mitosis. I have a elcarer view of how mitosis works
by being able to due the changes from interphase to metqphase,
el

It’'s aleo posaible or seientiets to actually see the genes
{inod ur on g SAvorwsome o a frutt fly,  They know this because
when a1 wwptatn gen wasn 't pregent, that tvai: didn't show up.

™% -- A student in Group II

I gueae I Jidn't undevstand the pwnmett equare as well
ac I thouznt I M1 The thing I don't wunderstend is 1§ it's
ezzred that somctr'ng 1o homozyaous doss that mean that it's
Jominant op peoccale? IV sk M. T what that reans.

-- A student in Group [

woovatn o meoic abowt genetlec. It showed the [dea
gl aur boow Dn Hfepent waue.  If somebody did not already
know shae yvae potny om "t would be hard to follov. 1 followed
I roetry il

-+ A student in Group [1

LY, ]
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They erplained about Mendel's experiment and I would ~
gzplain 1€ again on paper but I've uritten about it so many
times I knowjit by heart. ’
-- A student in Group I

In biology today we first took a quiz. It was based on
what we learned yesterday: moachybrid and dihybrid erosses.
I missed problem one all torether. I didn't miss it because
I didn't know the way to work it. I missed it because I got
nervous and comfused a litcle because Lt was in word problem
Form. It was asking about the eross 8T q black heterosygous
pacing horse with a black heterozygous trotting horse. I ;
rigread heterosyyous as homosygous. The result was that my
missing the whole problem, wow was I ever mad at myself.

-- A student in Group I

in anonymous response to Neuron Notes was solicited from the students
in mid-March, the same day they evaluated the Reading Logs. A rating of
zero indicated the students thought Neuron Notes had no value., A rating
of ten indicated that Neuron Notes were invaluable as a learning device.
The average rating of Neuron Notes by each group is shown on the scale
below:

(Tierney}
Group 1
o 1 2z 3 4 5 6l 7 8 9
Grc!up 11 )
(Stookey)

Some written response to the evaluation of Neuron hotes follows:

To say quite honestly I never gave the Feuroni Notes a fair
chanea. A lot of times I wouldn't get them dome so I couldn’t
really say L7 they would have helped me or not but I did feel
they were a good ideq.

-~ A student in Group 1T

I thought the Neuronm dotes were beneficial to me during
the geneties rart of the course. They made me sit down and
determine what I learned and if I pas confused to go baek and
review or ask M. Tiermey. I think they should be vequired
through other phases of biology. Why ean't we do them all

ear? .
y -~ A student in Group I

Neuron notes had a great effect on my learning habits.
If I remember what I did each day and can explain it, I

56

60




E

wusually remember mere, wtd more clearly.
-- A student in Group Ii
The neuron notes helped me some but not as much as the
Reading logs did. Somedaye you wouldn't learn anything so
yout would just put a lot of bull dowm. T was never that

enthused about the neuron notes so I just did it half assed
all of the time.

-= A student in Group I

The Practice Essays

Science teachers often ask students to write essay-type responses
or reports, but seldom take any time to explain to the student how to
write one. We misfakcnl)' assume that teaching essay writing is solely
the task of the English teacher. We expect the student not only to know
how to respond in essay style, but we ash him to write his response with-
out any prior "warmup' or “think-it-through” time., We then correct the
student's paper as if it were a final Jraft, forgetting that few profes-
sionat writers write a finished piece on the first try.

The tcacher assigning an essay should write an essay response to
his own question before assigning it to the students. He should allow
sufficient vime for the stwlent to think through the problem. Since
examinations for the eaperimental group were essay type (except for the
objective tests used for research purposes), we tried to provide instruc-
tion and practice in essay writing. We called this instruction Fruvtice
Eapays.

The students were told to read the topic carefully aml to make any
notes they wished, i.e., make a short Reading Log. The students ‘then
shared their notes with cadh other and deleted or added items. Sume
students volunteered to read their notes alowd; other students were allowed
to abl items to their own lists. They were then given twenty minutes to
write about the topic. They were told it was a first Jraft amd not to
be concerned about spelling, gr.u:lm.tr, or mechanlics. A few of the paper's
were read aloud for cluss reaction and conment. The Practice [ssay ses-
sions usually took pluce about a week before the actual exam.
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When pelled later "5% of the students thought tlat Practice Essays
were very helpful, especially in learning how to take an essay exam.
Negative reactions came from about 15% of the class while 10% had no
opinion. A few anonymous comments follow (all from Group I}:

I think the practice essay helped me alot. I think it
ig a Very wise study habit. If I were to not write a practice
essay I would probably do worse. After I write the practice
essay I read it to myself and write things dam or rewrite

thinge that I forgot or just needed to make more semse. The
practiee essay helps alot!

I feel it is ruoh better to do sueh a practice SA is a
very good idea. Wow this doesn’t mean I enjoyed, no vay. It
wae, as I suspeeted, hard work, but considering it is the first
time I have received an A4 in any kind of science test {at least
for as lomg as I can remember) I feel any anount of hard work
i wopth it {up to-a point).

I would iike to agdmit something that I never vould adwit
to elassmates. Imstead of feeling mervous only gbout the test,
for a stranpe reason I felt ¢t a challenge. I feel it to be
a good idea.

The practice essay was Very great! I learned the material
mueh better and it still sfays with me. I've learred more
by practice essay than by Jjust failing the tect. I dom't fail
the ftests since we have practice essays. The class is not
boring like most olasses ave. )

I think the SA test was a waste. I would rather read a
ohapter out of the book beeause you can get more information.
While writing up the SA you Just den't agbsorb all information.

Writing for a.Speciﬁc Audience

British studies indicate that 87% of all student writing in science
is written to the tecacher as an cxaminer?’ -- informing the already infor-
med. It was ho graat surprise to see that our students were writing te
the same audience lespite frequent suggestions not to do so. Grade con-
clous students feel compelled to tautologize what the teacher has told
them, or to write reports that sound like, and often ave, copies from
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the textbook or encyclopedia.

. Our alternatives to writing to the teacher as an examiner included:
(1) letting the student write to himself as much as possible (Reading
Logs and Neuron Notes); (2) having the student write for his peers
(group labs); (3) having the student write to the teacher as a partner
{Neuron Notes that students asked the teacher to vread); (4) having the
student pretend to write to a particular person other than the teacher.

The fourth method was accomplished by placing a large photo, or
poster, on the wall and dsking the student 1o write for the person depicted
on the poster. Sometimes the students wrote for Miss Piggy, Wonder Woman,
Evel Knievel, a clown, a boy on a skateboard, a bum in a doorway, an old
lady on a porch, Superman, and so on. Theve were frequent discussions
regarding how much the person in the poster might be expected to know
_about a particular subject. Wonder Woman, it was agreed, probably knew
everything, but Miss Piggy would not be expected to know, or care, about
the respiration cycle of 1 cell. These discussions turned out to be ex-
cellent review sessions.

The following are excerpts from papers written to a boy on a skate-
board. The subject is mitosis and meiosis. Teacher comments follow
cach excerpt.

I'm going to explain meiosic to you buddy. It starts out
with one cell, with a nuclear membrane. The first stage is that
the membrane disintergrates and chromosomes are visible, two more
chromosomes are duplicated, wid line up right next to each other,
then they start twisting up to miz up the genes. ALL of them line

’ up on the equater and then split into wo cells, each earrying
two chromosomes, then those two split up again forming four more

cells, each have four cells which have one chromosome. This i
called haploid.

TEACHER COMMENT: This student starts by addressing the postor, but
quickly slips inteo writing to the teacher as an examiner. His view of
whac takes place in cell division is a bit distorted.

Mitosis te a term that applies to the splitiing of all
cells higher than bactenta and nmot ineluding sex cells. In
mitosta the nuclear membrane (a thin wall that covers the nu-

eleug, the control center of the ecell) is brokam dowm and
digtributed throughout the ¢ell. Hext the chromosomes
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of the cells {chromosomes ave the bodies in the nucleus that
control what you wi il look iike, do, ete. ).

TEACHCR OOMMENT: This student makes an attempt to explain some of the
terminology to the boy on the skateboard.

Pear Young man on the skateboard:

I am going te try to explain about mitesis and meiosts.

Mitoais is a process that happens when all gells duplicate
themse Lves except sex cells. It starts when the cell nucleus
starts JHosolving and the chromosemes ave present. They dupli-
cate themselves and turm 50 that they are horizontal with

the poles. Then they begin to split and half go to one pole
and half to the other pole. The cell then makes a duplicate
of ztself.

TFACHER COMMENT: This is the voice of a high school biology student
attempting to clarify the idea in his own temms. [t's reasonably accu-
rate, but probably confusing to his reader.

T There are three methode of cell division. One of them is
ftesion and the others are mitosis and meiosis. Mitosis
cccurg in more advanced cells, and meiosis oceurs only in sex
cells. In mitosia there are several stages the cell goes
through before it divides to form two cells exactly like it.
In meiosis, the cell goes through various steps to form four
cells. Mtosis and meiosis both fnvolve chromosomes.

TEACIER COMMENT: This sounds like expressive writing that takes place
as the student tries to clarify the idea to himself. Ile's learning.

Mitoste e the splitting up of a cell with a full set of
chrowsomas. Mitogsis can eplit wp all Migher level of cells
exoept sexr cells. Sex cellec are split up by a procese called
meLogis.

TEACHER COMMENT: The student has graspe,i one idea, but has ignored his
reader and is writing to the ‘teacher. :

I'm sorry to tell you that I was sleeping during the lec-
ture and did not have a thing to write. Hawever you should
Jet enough information from the other perple thai are writing
to you, if they kmow anything. FPlease do not read this letter
while skatebearding or when your doing anything else. Please
disregard this letter, bum it up, or throw {t asay Jjusti get
rid of it.
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TEACHER COMMENT: Refreshingly honest. The student is writing to the

skateboarder, but is also apologizing to me for not paying attention.

It tells me something about the student and/or my ability to lecture.

I ean'’t explain mitosis very well for T don't wundersiand

it yet, myself. But I will try to attempt to explain meiosis.
Metosis. e q process in which sex cells ave produced. If you
have one oell which hae 46 chromosomes inside of it the chrome-
soms split wp in haif.

TEACHER COMMENT: A confused voice, but being sble to admit you don't

know is the first step toward learning something. It aiso informs me

that I had better review the subject with the entire class.

B

End of Ciass Summaries . "

Sometimes, after a teacher presentation, the students werc asked to
take the last fifteen minutes of class to sumarize what they had lgarned
about th(_.‘ topic presented. This activity was similar to Neuron Notes
except that the student turned it in for credit. The student received
full credit if he dig it, regardless of content or how well written, and
zero credit if he Jid not turn it in.

Besides an additicnal opportunity for expressive writing, it provided
a real insight into how nuch of the tew.ier presentation is being absorbed.
It also keeps the class alert and can provide a break in routine.

The following arc examples of stulent sumaries after 2 discussion
of cell respiration, a difficult and not very exciting topic:

I don’t understand this atuff.

I imdepstand most of what happens in respiration. One thing
I don't wderstand though, is where the oarbons ¢o when you
lose ome or two. Also, where Jocs the 6‘02 + 1,0 come From when
you lose varbons? i

What £ know about respivation is that gll organiswis necd
it. The sarbon fyom glucose {s #aken and split in fo. You
tave one o the two and it 1o eplit into two carbons, the one
carbon ta used to make (0, and H,0 eomes out, alse. Those
were the firct steps or the anaerobic stage, 1& needs no

4
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oxygen and happens outside the mitochondpia. The aerobic

stage needs oxygen and happens in the mitochondria. The

mitochondria forms 4¢ which combines with the 2C. They form

80, Ig 's split inte 5C, carbon forms-C0, and Hy0.

Sometimes the end of class summary p?ovided an insight different
from what was perceived by observing the class. They may all have looked
as though they understood, but the summaries often revealed they did not.
We knew when we had to cover the material again. i

Group Writing

Group writing took place when students worked as a team while doing
a lab. Sometimes the team consisted of two students, sometimes three.
=Cunly one paper was required from the group so the writing effort was a
team product. We kept everyone honest by occasionally giving an unan-
nounced quiz immediately after the lab was turned in. Students who
worked at understanding the lab were rewarded; those who didn't do their
share generally lost points. ) ’

Another type of group writing occurred when we organized the class
into teams in order to solve a problem. Harry Stookey and I, over the
years, have developed several group problem-zolving assigmments. One
that was used during this experiment involved trying to determine why
the oxygen curve on a lake in San Francisco did not drop very much during
the hours of darkness.

We organized the students into teams, taking care to distribute the
talent, and presented them with the problem and _the data available. As
2 team they had to formulate o hypothesis, interpret the data, and make
some conclusions. They were given parts of several days in class. They
also met frequently outside of class. They were told, at first, that
each of them must write a first draft and attempt to sovlve the problem.
Later they would get together and review and discuss each other's papers.
Then, as a team, they wrote a report that was tuned in for grading.

The sharper students seem to enjoy these assignment.. There is
generally good discussion and cooperation between students in, a team,
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but sometimes one student may dominate the others, resulting in the paper
being written by the most grade-conscious student in the team.

There are many biologicgl principles that enter into the problem
posed, and the exercises are generally excellent for reviewing material,
stimulating ideas, giving students some problem-solving experience, and
teaching the nature of science. On occasion the students might argue
with our interpretation of a correct answer, and that makes it an inter-
esting challenge for both teachers and students.

Designing one of these assignments is a stimulating experience.
It's a chance to be creative. Unfortunately it takes lots of time and
time is scarce. N

Essay Examinations _

All examinations for the experimental group were essay type except-
the tests given to evaluate the experimental test units (genetics for
Group I; seed plants for Group IT).

Several days prior to the examination the students were given prac-
tice essay instruction and had a good idea about what might be asked.

The followmg questions are typical of the essay questions asked:

A. Describe Francisco Redi's experiments. Remember to: state
his problem; his hypothesis; his procedure; including the control
used; his results; his conclusions. a

B. Briefly swmarize the.various hypotheses concerning the
development of 1ife on earth. Select one hypothesis and defend,

or refute, it )
C. Explain, in 8s much detail as you can, how the leaf of a plant

is adapted for phoi:osynthes'is. Remember what is required for photo-

synthesis and be sure to explain how the structure of the leaf is

suited for these requirements.

In order to evaluate the examination, we fxrst urote the essays
ourselves in order to make certain we looked for particular things and
did not reward the glib student who wrote well, but didn't really Jmnow

by
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the material. Qur essay also served as a model for student appeal when
the tests were returned. We read our essay to the class, and if some
. student 'thought we'd made a mistake on his grade he challenged us by
reading his essay aloud. After a discussion, his grade might pe altered,
either up or down. The discussions yere often lively and generally in-
volved the entire class. 1 thought they hecame one of our hest learning
situations. For fun, I kept score on the blackboard, 1abclling‘the score-
board as "NEAT TEACH' and "PUNKS." 1If the studént lost a point I plated
a score under "NEAT TEACH.*" If the student wor a point it was credited
to the "PUNKS." Although keeping score was desiéﬁe@ for fun, it sgrved
to eliminate some student reluctance in challenging the authority of the
" teacher. The students invariable scored more points'tyan the teacher,
and they looked forward to the test reviews. Their eagerness motivated
me to return their tests as promptly as possible. .
Generally speaking the students complained bitterly about essay
examinations at first. They often reminded me that biology was not
supposed to pe an English class. It was interesting, and very satisfying,
to hear them ash for essay examinations when my group became the control
for the experiment and started using muttiple-choice tests. o
The essay examination requires a lot of work on the part of the. _
teacher, but we felt it more truly reflected what the students knew about
the subject. It rewarded those who prepared. It's also another way to

teach writing in the biclogy class.
RESULTS

The results of the test units (see graphs, pages 65-66) were, for
the most part, expected. The pretest for both units, genetics and seed
plants, indicated that the previous sukject matter knowledge of both
control anl experimental groups was about the same. The results of the
posttests were disappointing, though not unexpected. Since Croup I1
seemed to have more maturity and scored higher on basic skills tests,
we expected them to do slightly better than Group I. It was hoped,
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RESULTS, MULTIPLE-CHOICE PRE, POST,
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however, that the writing efforts of Group 1 might compensate for the
diffe‘l:ence in basic ability between the two groups. Apparently it didn't.
Post exam results for both experimental test units were very close.

The recall tests, given sixteen weeks after the first unit and three

weeks after the second, did, however, indicate a clear diiference between
experimental and control groups. The experimental groups scored noticeably
higher on recall than the control groups.

CONCLUSIONS

Apparently students in classes where expressive writing is stressed
will score about the same on a particular unit multiple-choice examination
as students who are not in a class that emphasizes expressive writing.
"School -wise" students learn to memorize what they need to know for a
particular test. [t would be interesting t¢ see how the groups would
have scored if essay tests had been used to evaluate the two units used
for comparison in this experiment.

The results of this experiment clearly indicate that students who
have been g -t opportunity to use expressive writing as a learning
tool will retain more of what they have learned. .

Although the experiment was . designed to evaluate improvement
in student writing, we feel that student writing did improve. If nothing
else, students became aware that what they learn in their composition
classes docs apply in other segments of the cuyriculum. Another experi-
ment, to assess writing improvement, should be developed and carried out.

It scems clear to us that biology teachers who stress expressive
writing will work harder, have a heavier paperwork load, and will have
to delete some biology topics from their program to allow time for writing.
They will probably derive more satisfaction from their teaching expe-
rience, however. Their suidents will learn the subject matter presented
more thoroughly, and their papers, reflecting what the student actually
understands, will be more interesting to read. The teacher will be able
better to assess his own performance and enjoy the satisfaction of sceing
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his stulents learn the principles of biology, improve their basic writing
skills, and enjoy the class. ‘

Harry Stockey and I, impressed by the results of ¢his experiment,
will continue to use the expressive writing techniques cited in this
paper with the foltowing medifications:

1. XNeuron Notes will not be assigned every day and they

will be read by the teacher. We will not correct the
papers, but will attempt to carry on a written dialogue
with the student to increase his understanding of the
subject.

2. The Neuron Notes activity, used in combination with

. End of Class Summaries, has a lot of potential for
individualized instruction. We will continue to refine
and develop this technique by increasing ..e mumber of
End of Class Summaries and decreasing the number of
Neuron Notes.

Perhaps what Harry Stookey and [ have accomplished with this experi-
ment is a pilot study that may stimulate gthers to eXperiment. We
certawnly pained some valuable insights into our own teaching methods;
it was worth our time and effort.
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Notes

! To differentiate the *writing for learning’’ utilized for the purpose
of this study from the usual forms of expository writing required in biol-
ogy classes, I have adopted the functional categories described in Mancy
Martin, et al., Writing and Learning Across the Currieulwn 11-16 (London:
Ward Lock Educatiopal, 1976), pp, 22-23. Briefly, they define transaction-
al writing as writing "in which it is taken for granted that the writer
means what he says and can be challenged for its truthfulness to public
knowledge; . . . the langnage most used in school writing."” Expressive
writing, by contrast, is more like written down speech, writing in which
the writer "feels free to jump from facts to speculation to personal
anecdote to emotional outburst amd none of it will be taken down and used
against him." It is this latter sort of writing we encouraged students
to use as a learning tool in our classes.

2 Writing in Science, Papers from a Seminar With Setience Teachers,
Lomdon: Schools Council Publications, 1976,

3 rbid.




