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. .. _Abstract

g emm o

The purpose of this exploratory, descriptiue study was to examine how-
children process diﬁferent tasks of comprehension ptesented in graphicai‘
form. During the Spring 1981 % fourth graders and 9 seventh graders were -
interviewed. The children were presented with graphs accompanied by six

-~

questions refiecting three levels of conpreh;nsion: "reading the data,f -
"reading between the data;" and "reading be;ond the data."
The children approached the tasks of comprehension by employing text—)
Fa schema-based processing strategies, text-~based processing strategies, and
( ; ) schepa—based,processing strategies. These three types of strategies led to
hoth correct and incorrect‘responses. %ost students were aware of the need
for, and also used, a text-based strategy for "reading the data" directly'from
the graphﬂ” Most seventh~grade and higher achieuing fourth-grade students
demonstrated the text/schema integration strategy successfully on problems;
Seventh graders seemed to know when to rely on schema-based strategies, euen'
‘ when not required by the example, whereas fourth graders were less successful.
A number of fourth- and seventh—graders failed to note, ,process, and/or adjust
i for inconsistent information on a bar graph designed with numbers decreasing
| - from bottom to~top on the verticallaxis.
This paper includes a description of how these results highlight the ‘

% . N :
s f . statistical results of a previous study, a description relating the findings

to other current research, and suggestions for futuve research.
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- Precessing information in our highly;technological society is depend-

«

ent upon readers’ ability to comprehend graphs. Our future citizens may.

not be aﬁequatgly prepared for this form of communication because, the results }Féi
of the Second National Assessmen; of Edﬁcational Progress (NAEP) indicate

that childréﬂ's abilitygto interpret and integrate the data in graphical

*
N

form is limited (Bestgen, 1980; NAEP, -1979).

Generalizing, drawing inferences and predicting from data are high- {ﬁ;
l . - i

‘level cognitive skills which are essential if the messaée of the graph is

L4

v 3“$w bL deéiphered.; Theréfoqp, a rese rch study (Curcio, Note 1) was con-
ducted to atéempt to identify factorg independent of rea&ing and mathematics
! achigyement, that contributed to fourth- and seventh-graders' ability to
i comprehend mathematical relationships exéressed in graphé, fhe statistical
" results siggested that reaéers' priof knowledge contributes to their agilify
to éﬁmpfehend.the message in a,érapg. -

g " The three aspects of prior knowledge that were ide?tified included
prior knowledge of the topic of the'graph (which_is usually dépicted by the
o ‘ Atitigrand axes' labels), ﬁfior kﬁowledge of the mathé;aticalyéontent in the
graph (i.e., %hé mathematical concepts apd skills that are implicit'in the
“~ pictorial display), and prior kneiii:gelof the graphical for (}:e., bar ‘
graphs, circle graphs, line graphs,™r pictographs). For %oth fourth- and '
seveﬁthfgradgrs, the most salient aspect of prio; knowledge of the graéhréhat

‘contributed to graph compfehension was that of $aihematical‘content. Younger

children (e.g., fourth,graders) seem to r?ly more heavily upon the explicit
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. features of‘thefgraph (i.e.,‘the.topic and graphical form) for its meaning

than older children (é 8es seventh graders) As the children's global

~

" knowledge base widehs and they are becoming more adept at abstract thinking
(i.e., by the time they reach seventh grade), there seems to be less concern

for the topic and graphical form which-drop out as significant variance
i

factors (Curcio, Note 1). o ‘ ‘ L ;
This previous research study (Curcio, Note 1) focused on the "product"

of each measure, i.e., the results of objective testing. The'questions were',

A Y
¢« ! ‘.

;designed to determine.uhat prior, knowledge (including knowledge of topics,
mathematical content, and grpphical forn)/ahgut‘the Specific graphs students -
had, and how well they wereﬁghle to comprehend the mathematical”relatignships
expressed in those graphs.

It was thought that additional information about hov prior knowledge
affects‘graph comp*ehension might be reveahed by asking children to respond

[ s

to graph items requiring them to “th&nk aloud" as they solved each problem.

Similar to other researchersz(Clement, 1982; panvier, 1978; Resnick & Fe~d,
- 1981), it was believed that‘designing such protocols would reveal the
:"process“’ of comprehension, highlightingpsome of the strategies that might

A be employed by children to determine the "meaning" of the graph, and thus,

~ enhiance the statistical results of the previoub\study.‘

/T e Sample
Eight fourth graders (3 girls and 5 boys) and 9 seventh gféders
(5 girls and ; boys) who participated in the previous studyswwere interviewed .
_and their responses uere taped. In the followiJg text, chiidren are re-

o ! K
ferred to by an 'identification number of jthe form SGN, where S = student,

- ) . !
A « -
. .. )
. .




! ’ _ ’ - Processing Ifformation:
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G = either 4 or 7 (representing,thé grade leuel), and N = 1 through 9 % In

L | .
(n?t representatfvé of the order interviewed). The children were selected

" so that different levels of reading and mathematics achievement were

< ¥

represented:_ See Table 1 for a 1ist of the students’ reading and mathematics

profiles.
? . , ]
2 i \
- Insert Table 1 about here
- :  TTE L T

: . Procedure *
, . 1 .
The interviews were conducted by three individuals who weré prepared

‘to-follow the interview protocol (Curcio,‘Notevl, p- 176): Two of the

interviewers were totally unknown to the children. One interviewer had been

at the school on previcus occasions. Each interview lasted approximately

=

.@o minutes. All interuiews ere completed in two days, during the ?pringt
1981. The interviews took plaCe in the school librarf and a resource center,

":f nhere the conditions vere quite‘similar. The child was put at ease by in-

_Vformal chatting about the child'sihirthdate, and introductory information.

’

'7:The intervieaersialso explained that the tape recorder, which was within

I 4

view, was being used to help remember all the suggestions that the child

made for impzoving the graph. In some cases, the interviewers read the

items and diatractors aloud, thz child read them aloud or, the child read |,
them silently. This procedure was depeﬁdenr upon the child's reading/decoding

ability and whether the child prefeqred to read orally or silently. In some }

1

cases the interviewers gave the child feedback as to the correctness of the
- H R s i »

7reslponse,s, in some cases the child was tcild the correct answer when he/she
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askep,vaqd in gome ceses the child was corrected for misconceptions. o
. <, ’ N . e

- ! '
The graphe that were ‘presented to the children were taken from the

regearcher-designed graph test used in the previous study (Curcio. Note ‘),

B3

except for one graph which wasg redesigned. The questions accompanying each
graph hadrbeen constructed to teflect th;ee leéels of comprehension:
"teedgng the data," “reading bbtween the data," and "reading beyond the

nl

data. The first two queaciona of each graph re#uired a simple teading g ;325

of the data (either tecogni;;;g key words in the title or axes' labels)._ . é;
Guestions 3 and 41°£ each graph required children to 1ntetpret the graph ) 7W;;§
by c?mparipg piecel of informetgen grAintegrating information. Queaqions ;i
S and 6 of each graph required children to extendrthe data or pre@ict fFom E

the data. )

All the students were presented with the "Average Time of Sunset”
graph (see Fiiite 1) and a revision of the "Hezgﬁ; of the Rodriguez Children f£
in.MaieE. 1980" (see Fihﬁre 2). This revis&on was constructed ineorder\to
observe students' reactions toga format con}rary to their expectaiionp,
contrary to what is aeemi;gly "hatural,” and contrary to what they have .
been ”tta§qeionally"rtaught (Kosslyn, Note 2). The re§ision entailed ‘
teat?inging the vertical ax;e 8o that the numbers ue?e decreasing from ' f%
bottom to top, and tewriting‘itema 4 and 5, Altﬁough item 6 was ueed in its ‘i
original form fnr the intetQiews (see Figure 2), it Qas recognized that a -
tevieion of this item is necessary because the original forﬁ has moée then ’
one “correct"” angwer (a and b). Therefore, the distractors for item 6.

should be:

a. Pedro could never be that short for his age.

A
! |
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b. Pedro is much-too tall for his age.
c. Padro is of a%etugc Seigﬁc for ‘his age.

& .
d: Pedro is thin for his age.

Insert 3!‘1\;\::': -1.about .here

.. . ¢ g .

Ynsert Piguxe.2 about here

Four fourth graders were presented with the graph entitled, "How

Terry Spands a ‘School Day" (ses Figure 3), and four| fourth graders were

presented with the "Stanps Collected by Children™ graph (Curcio, Note 1,
p. 122). Five seventh graders vere presented with "The Gross Na:ional

Prcdu;:t during 1969 through 1979" (Curcio, Mote 1, p. 119), and foér

‘ssventh graders were presented with "The U. S. Government's 1981 Dollar
t ° '\ ’
. Budget” (Cu_teko. Note-1, p. 113). The graphs were selected because a vsri-
oty of graph-types was desirable, and, the level of difficulty had to be

‘zelative to the grade levels of the children.

ﬂnurt Yigure 3 about here . \

Results and Discussion _ ,
Sincae de results a: - based upon a limited nusber’ of a’p'bjects:- it is
important to n;ox"prg;'thh data co}lccted vith caution. This was our first %
a’:tupt' st a d’b-éripttvc a{silysig ewmploying an :lnéerview tecl;'nique/./ Even
though the sample was lp'ull:. it seenms as théu;h this approach wgé/ fruitful

7

1 ' o /
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( becauao we were. able to generste hypothesea to(examine to what extent the

. )
- , . -
9 ©

‘ raaults of this smnll-scllc. exploratory study confirm the statistical R

:c;ulta of the-previou: study (Curcio, Note 1).-

Spixo (Note 3) auggested that for comprehension of general discourse

.- to occur, a reader mnsc dtaw‘on information‘ircm the text and from schemata.

The coordinacion 1nvolves thrce major strategieot reliance on text inform-

ation plun integtating it with ptior kuowledge' heavy reliance on text ,f?i

informntion in some,iustances' and finally{ a ,vy reliance on achoma~

based knowledge with only minimal Yeference \to he text., It was found thlt A =

children attempted éb 1ntetpret and comp:

Children who employ ptrategies that, matgh the intended level of -

. comprehension of the‘graph questions ufually understand the message of

)

o ‘the graph. On the other hand, errors in comprehension tend to- occur I =
fﬁi ﬁrimnrily under two conditiono (assuming adequate decoding ability). They
%—, ' occur when readers becoﬁé overicliant on text-based information during a
aituation “which requiree the integration of background knowledge. They
a%sO'occur when readers become too schemaabased and cease to verify inter~- o <
.ﬁtetations Lith text-basedrinformation. The interviews in this study 3

revealed that studénts utilized all three correct answer strategies and

' 4 A
\
A

algo the two error strategies. ; B

Thxt-/Bbhama—Baaed Cbmprehenszon Procesezng

In this case, the children weTe able to integrate the relevant inform-

ation from the graphrgégh refevant background knowikdge. This was evidont )

by children referring to ?articulzﬁ aspects of the graph and describing howr ( TP

. } ) ) ! R
.that information was used to obtain an answer. - \ S

. - i

'

. - o

i f . B B < ==
’




Processing Information
. . Items qrac required "teadlng between the data" and "reading beyond the |
data® were designed to employ prior kuowledge as well as referring to the
\ inf.ormation and data located in the graph. " The results of the previous
study (Curcio, Note 1) suggept:ed that the mathegatical relationships were
7 enbedded ﬁithin«tﬁe déeﬁ'itrﬁeihrc¥pf tde‘gtaphiand topic\and graphical
-form cues for retrieving rele\.mnt prior knowledge were lc;eated in thc sur-
L face structure of the g:»ph; ‘Many otudents vho attempted items by refcrring
to the graph and applying televant pr:lor knowledge answered the 1tema cor=
rect@y. How ' the students Mtogr ted informarion from the graph and briught
their prior #nowledge to bear gr highlighted in the following example.
t Exemple 1. (See Figure 3, item 5)
Intérviever: (reading item #5) How many hours a week not
‘ inahiding Saturday and Sunday did Terry spend
7 on homework?:
S45: (pauae) Ten hme, e?
1:  How did you f@m“out‘ it was ten hours?
$45: Because I know there ave five daye in school and
| héura ia tuo houre, 80 I go. 5, 10, 16--.

I

I mean-2, 4, 6, 8, and 10 (counting on \fingers) . . .

I - Rzght. That'e-- R

8451 So ‘one day, two hours, two days four hou%a, thres days,
“six heura, and four days, eight houre, and five days

' z‘ew‘:io haure. \

 After extracting the nec\ 3nry information £rom the graph (Terry spends

.two hours per day on homework)_ and bx'inging relevant prior knowledge to bear
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’ (there are five achool days in & week, excl&ding Saturday and .Sunday; \
« \ and nmlt&plication is an appropriate operation to employ-i e.s 2x5= 5,l
10), 845 vas able to deriwe the correct answer. This is an example of an

1teg that was designed so that the child would “read beyond the data.” ;

j
b

Ihzt-Based Comprekanazon Procesatng

RO M I
P
SO e
, ! TR

| )

Stratcgzeo that yzeld thj correct answer. In the children's descrip-
tions or explanations they clearly referred to the graph by pointing to it . . *%
or by remnrking, "I found the aneuer right here on the graph.” (It is 2

RN

inportant to note thnt ‘4n ordersto refer to the graph, knowledge of how to

read the data directly from the graph was implicit; i.e., the children knew ”;;

- ,:how to locaee specific coordinates or refer to the axee'flabels;) .
’ Children who used text—baaed processing to respond to comprehension

. questions that requi{fg a eimpi& "reading of the daca," were usually suc~ =
cessful in their responses. The only exception was in some cases, fourth

graders had trouble matching verticel and horizontal data entries because

\
\ ’ ghi&elines (such as graph paper lines) were not provided.

The following is an example of text-based processing employed to
respond to an item requiring a literal reading of the graph.
Example 2. (See FPigure 1, item 2)
. § AZZErighta ,Bumbar two. (reading item #2) 4:35 P.M.
ie the average time of sunset during which monmth?
S71:  (pause) December. ' o
1: 0.X., and hov did yau do that ona?

S71: I looked at the graph. . . ) a

4
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Strategies that yield incorrect answers. In general, it seeme as -

though students are 'aware of the need to enact text-based proceesing . ‘
strategies for this litexral type of comprehension. {lowe;rer, stucents wiic

employ teéxt-based processing strategies for higher-level compreha:;sion
. ! N,

i . -
quncibns requiring them to "'read between the duta" and “read beyond tha

succns*uny. ’rheir\ relunce upon the text and failure to bring. relgvant
prior Knowledge to bear (vhether it be knowledge about the topic, mthe- ~-
utical cnntent, or gra}phical form) hinders zheir ﬁigher-level cor;p:ehansicn.
-Example 3 highlights this problgm. T % )
) Example 3. (Seé Figure 3, item 5)
I 0.X., munb;r fi;:e, g}a ahead.

$47: (readiug iten #5) How many houz;'s a w'eek, not
inoluding Saturday and Sunday does Tem'y epend
on her homework? Two, a.’
1: Why did you choose two?
847: Because it scys right here (pointing to\ the gﬁph)
} v he gperida two houra a week on ?}pmework. ’
7In Exsmple 3, 547 (as well as other students) did :not biinrgl essential
prior knowledge of mathmtical content to hear by multiplying two hours
of honwoﬂ; ;;et day by f£ive days (seven days in a week minus two daye for .

Satutdty and Sunday). During the preliminary discussion about the .g:‘agh,

the student ‘dicrlfrecoguize that the acti\'riti_.es and time for each was during

one day. One possibility is that 47 did not remeuber that the circle

grapb' represented t:he‘time ‘apent during one day, since reference is made

cht&," ﬁnually do not have enough :lnfor‘mation to respond to the, questions
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to “a weak“ in the questionﬁ Another poasbility is that the student had - v

* .

all the compenenta but did net know what operation or what sequence of

1

cpera%ions to yetfarm in order to obtain the answer. The result in this

e o o st
-

case was that tbg atudant‘a information. obtained golely from the text, was

inadéquata in processing a task o“ cumprehenaion designed to force ueiliz%-

f tion of prior knowiedge. : ;. ‘. :
/ i ’ . ! a ’
. Sohema~-Based Cbmprehenazon Pwaceaazng

’ |
The. interviews revealed thrae aapeeta of schema-bascd comprehension e
R
processing. noc'attending to the. gtaph and relying soiely upon one's . 15133;;
* prior. knowiedge, a:tenuiug to the graph but the topic leads the reader 3?§

astray; and, agcénding to the graph but inconsistencies are not recognirzed.
. n) . - *

These three aspects are considered”and discussed in relation to some

- L

exca:pts of tne interviewa.

Yot attsnd%ng to the grapn and reZyzng solely upon one's przor

‘knowZedbe. Tha children described how they answered the queptions by ‘l;
i \r . -

A;t&tiﬁg, 91 d1d 1e withoet loaking at the graph,” or "1 got ﬁhe answer off - ] =

tha top of ay heaéf%ﬁbf‘“!au really just have to know [the vacabulary] " L
Sone childrgnk disuch}a rich knawledge base that tha 4{nformation

.-

in the. graph was sugﬁrﬁlnous and not needed to answer some of the itews ' i

that :equirad “teading 3atwaan the data," and "reaﬁing'beyand the data," R

Iu genszal, seventh graders ware mnze succesaful at attempting to
* ~‘ ‘ \
f snsut*u;tens solely based upon theit background knbﬂaedge than foutth grndnrs.

o \

Aithough ‘move fourth sraders;a:tempted to answer q astiona

thout attending

‘1‘:’
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correct shswer (one admi:tjd tp _guessing) and "all four aevent;h graders

were succesaful in their aqhem—based prncesaing'
to have a better sense of when it was appropriate to rely on a schema-based
strategy. In addiuon, pethapa fourth grade:s reliance upon their prior
knouledge of the topic éf tﬁo graph (without attending to the graph itself),
‘ co-pmmded with their/inag,;qunte ptior knouleldge, might explain why prior
'mowlcdge of the topic of the gx:aph is a predfctor of fourthw-guders' graph N
conprchensicn ;b:llity (Curcio, Note 1).

The foﬁowing is an muple of hov a sevent:h !grader s prior knowledge

9

-

enablad h:{n to succnsfully anawer the question wir.hcut referring to the

. infomtion in, the grapl;

Exauzple 4. (See Figure 1, item 5) |

;:
874'
B
S’?&:
18
- 8742
7
- "
. 1:

0.X., nuriber five. (reading item #5) Which of the
foZZawing graphe repreaénta t?xe'-avemge time of éun-
set from Jawary to June that would make the above |
graph repmsent one complete year?

One compZete year, or iust half’

one aoﬁpletc year.

(long sﬂmce} It would be b.

0.K. vkat duf you dc/‘ﬁo get b?

I know that the mozfnt of aunlight per day zmmaea
From Janudry to June. andthen b was the on?.ygraph
 that showed an mamae.

" How do. you knaw that it ‘inoreases Ffrom Jcmuary to Junej

: I ’ve seen’ :the sunset get earlwr dumng the yedr.

. - Processing Information

Seventh graders -seemed
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7:" i . 1 x‘ - . - . '1' 3 t {
> I Did you need to use the big graph over here to

figui; out the -¢nswer? S ' ‘ ‘

S§7:' No s . ,

. ‘ Y Some children a‘t’temptgd to answér queséions that required an in;_egfation
of the daza in the gr_aph (evg., subt;‘acting given .quantities) by relying

solely on their prio§ f!mowledge.“ As a result, their resporses were incorrect.
. b .

" Example 5 highlights this problem. ' ' Yz
3 . Example 5. (See Figure 1, itfem 4)

It  Let’s look at number four.

 842: (silent reading) J think about three hours.

I: And, how did you geftlfhat? -

S42: Because in the summer the days are long, and it’s

a_very long time before it gets dark.

H I: Um hmm. And why did you pick three hours instead of =
= " iwo-and-a-quarter or, why not one-and-a-quarter, or one- '

and-a-half for that matter?

J . 842: (i)ause), Becaize it isn't that long. That would be the - o =

“time in the fall or in the winter.

1: . Um hnms-(pause) Oh, I understand what you're saying.
pid 7you need the picture to answer this question or did

you Jjust ansver it off the top of" your head?

=+ {
B

S42: Off the top of myw}rzead. ‘ _ ' '

a i: If you were to refer to the graph, would you atill say

<!
three hours or, would you change your mind?
,' , : $42: (pause) .I would still say three hours.
: S ’ N\ S
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In Example 5, 862 admitted“that the answer came 'off the tcp of my
. head." When the interviewer asked, the child to refer tc;the graph, no
effort was made to a& 80. Inetead,ithe child insisted upon sticking to
the incorrect answeff'rIf qféﬁq be possible that in general,:fourth graders
are unable to distinguish between theié prior knowledge and that which is

applicable to the task at hand, and then switching to the graph to locate

*’

' necessary information when the prior knowledge 1s inadequate.
Attendang to the graph but the topie leads the reader astray In this

_case, the children were overly concerned with the topic of the graph to

i

such a great extent that their descriptions and explanations went off on a
tangent; i.e., the digcussion was somew%at related to the graph but the”
children were sidetracked by "pouring out" their prior knowledge about the

topic. Some children %ad to rely upon concrete or situational experiences

¥

wvhen attempting the*tasks of comprehension. By approaching the tasks’in

“1;"

this way, they becamé“"istracted or sidetracked by considering somewhat-
related 1nfotmation. dowever. in most cases (8 out of 12), students’
discussion becape so far removed from the task at. hand that they d1d not
answer the iteme correctly. Examplc 6 highlights this point.

Example®6. (Jee Figure 1, item 5) ) f

I'ZZ take [/ 8 ‘ . ’-1 -
& ' N
All =ight, now tell me why you picked a. Why w&s that

- a kettér answer? /

Well, [ etill don't think the time (pause) the sunset

' ie strictly at 8:30. I think that it might.curve

-

ey

I \
S ,"“, ,»“':Jd‘:i:‘ “‘
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- In.Example

urong<-still might be a little bit daylight outeide.
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4nd 8o you satd somethznq about a curve just them.
What- vas that about? What does it vemind yau of? |
H@E}, this curve right here reminds me of the wu@b
like, the dhylight'a set now. It doeen't (pause) K
at the time that it shouZd eet it dbesn't go
straz.gktly dark, it's suZZ Just sZz’ghtZy a litt
bzt dbylzght outeide.
I see. And how does that remind you

When yau have-a atrazght Zzne it ig going to be dark
zmmedzately, but when you have a curve it takes-a

little bit Zonger. (11lustrhting by gesturing)

1 see. Beoéuae’it’s gort of rounded ‘or something?

,It’; a little bit Zanger.than aﬁstgaight-lipef

0.X. How does this one; this graph, relate to thie graph?’
(co;paring choice a with the main gt;ph)

Thia one rzght here Z?gke tha same as this one. L
Did-that 1nf2uewce your choice at aZZ9

Not that much.

4

6, the curve of the graph reminds S48 of the path the sun

follows when setting oa a gi@en day. 848 then employéd relateu, but

;ncotfect schema information -in attemptiﬂh to bring meaning to the data i%

i

the graph. It seens as though this child wgé distracted from attending /

*

gzto bofh the surface structure and deep structure of the graph (i.e., the
“+ 3 _ * 1 -

. L ‘ .
axes' labels, title, and mnthematicg} content), which were {equired in
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}anawefing this item, -

Attendzng to thé graph but znconaéatenczea are not recoﬁmsed 5

. th:li céae. tﬁe c.hildren ude lpecific references to the graph but they

& 3

: |
ware not flexible enough in their th:lnkiﬁg to recognize mfomtion thnt

¢

might have been contrary or :lnconaist:ent with what they thought or had

lea: ed px:eviously. In Piagetian tem. ot:he children were probably ablg
to assimilate the ixtcoming i?t'omtion. but unable to/ accomdate 1t. il.e.,
make révisicns in thair already~-established, relevant schemata.
children (7 whs had low mathematics achievcment scores) did not
recog:;e 1uconaistcncies on ehe revision of the "Reight: of the Rodriguez
Chi].dren in March. 1980" . e.. that the higher the bar, the shortér the
person who is being repreacnted) This is highlighted in Example 7 .8
Example 7., (See Figure 2, itew 3) . |

I: 0.X.y rumber three.

847: ')(readiug ﬁ:em #3) #ho was the tallest?  (pause) Pedvo.
I:y And why dzd you say that? ’

) §47: . Bccause hig bar goes all the way up, the moet . . . ]
I:. O.K., why didn't you choose Jose, d for mumber 37

S47: Becauas _thi'e—ia not as big as this ome. When you

. ) Zb_ok for the talleet you look for which one ie the
nighest . . . S

1 In some: cases, ctudant:s insisted upon following their intuition (i.c..

tha: ‘\e higher the bnr. the taller the petaon who is bo:lug upruen:ed)
regardlcn of thc contndiato:y intomtion along the vorticnl axis. "rhin

is highlightcd 1n Exnxple 8.

5’ S o




S ?rocessing'Information

o ' 1
. X I
I Example 8. (Seq Figure 2, item 3)

I: So: looking at the pzctune, what answer wouZd you give me? f
S44: I &mld 'gwe you Pedro, "
I: And f‘you looked at'iheee pumbers, (pointing to the
vertical axis)rwould you still say Pedro’——
S44: Yes. : o ) : o | .

These observations seem to agree with Kosslyn (Note 2)--that children
ar& not ah flexible in accomodaring incoming information that might be\ﬁp-
consiatent or contrary to what they expected, or have previously learned:>\

In general, seventh graders and fourth graders with high mathematics

’ 4 .

achieveuent scores were someuhat more flexible in handling this situation. ’
They usually changed their answers to correspond to the numbers along the .

vartical axis. They made their changes after monitoring their own thinking.
/f ’
‘or after further quedrioning by the interviewer.-

‘In some cases. children had inadequate prior knowiedge of mathematical

(

content. They night have responded to a graph question correctly. ‘but for
the ‘WIong reason. Thc children dc attend to the graph, and they. dp bring :

related prior knowledge to begr, but there is an essentinl 1ink tp‘connect

the two that is missing. This incorrect reaso&iﬁg_that leads to a correct
, . - 7 . 4 R
~ answer can be diocovered byequgstioping children and having them thiak aloud.

N

Exazmple 9 highlights this approach. ) .
" Example 9. (SQe Figure 3, itenm 6) o \
=1

I:  Iet's look at nunber 8iz. .
§42: (silent readiug) d; one~-third? . N




‘ ' Proce*siug%nform&tion

N I . 8

842: ’C’auée, because or’ze-third.is the iargest’ : ‘ i

"I:+ Oh, 0.X., how do you know one-thzrd i8 the Zargeat')
842; Becaube one—twent:y-one is vary small, one-twelfth ig
7 small, and one-fzfth i8 aZmost as amaZZ One-third in
thie &t ig the Zargest.
: % And, why would that have . to be the largee’ of aZZ of - \
‘ them, I mean the answer to\ that questzon? . ’

/ 5l

8423 'Cause aZi of them w amaZZ z;)hen you ‘eut them mto
different sections, the one-thwd w, the Zargest. .
oI 0. K.i why, my ques'l:zon i8, why wouZd that have to be
the largest? Why couldn't it be the smallest one that _
would be the answer to this question? 7 ' A
' 842: Becauae when you have a cirele and you out it up into three

parts, each one is about (showing on the circle graph) , ( —
I: Un hmm. Right, -that 's,«what you're saying is com'ect.

But, my questwn i8 why would the cmmr a, b, ¢, .or d,

the one that you pwk have to be the Zargeat ﬁ'actwn,

to thza questwn-»why would the answer have to be the .

Zargest of theae choices arzd not the emallest and:not tke

— mddle? )

: (long pa‘\;se) . Because the smaller the numbe_r, the - .

Zarger +he fractwn? , 7 , /
I: That 's tme, you 're mght, the. smaZZer th/e rumber in the

denompator the Zarger theé fractwn. 5 v But now with

reepect “to i:hw questwn, that says (reading the item aloud)

v
<
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“~

. What ﬁtactwmzl part of a week, not chudmg

Satmrday and Sun&ay, does Temny spend sZeeping" Why
would the ansver have to be the largest %raotwn"
. $42: Because the Zargep, because sZeepz.ng Ll,s the largest
.. thing there (r/eferring to the circle graph),

on the graph.
As . Unhem. - /.

/

S42: And on hezz/e_/ 1t's the Zdrgeat thing (referring to the

/
S distractors) . . ; ‘ ‘
// . ~ .

1:  Oh, now/I want to ask you another question. If I said,

' . R )
tf on/e’/of these cho?ces were one-half, (pause) i8 one-half

t

gl

" now the smallest, or the largest, or’you can't tell of all

_ t}zéae'ﬂg&tions? ~

542:° The largest.
I: So if that was a choice, would you still say one-third,
‘or, would you say ho_w, one-half?: ‘ '

$42: One-half

¢
In the above example, the child's comments indicate that schemata have

|

been activated, and prior mow}.edge was being brought to bear. ,Although s42

did bring khowledge to bear, the knowledge, which linked the largest

l

‘ :;ortlion of the circle gi'aph with the largest fraction in the distractors, was
:ap incorrect strategy to use., As was stated pre{riously, ﬁhe student hid' thc
:::lght anmr' for thé wrong reason. Questioning students in- this way can help
;tgachers focus on how children arrive at their answers. By using this )

I3

,‘appruch, it become obvious that it might not be the "answer" that_ needs
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correcting, but rather "how" the answer was derived that needs'correctiﬁg.

‘% . This is in agreement with an 6bser§atioﬁ made by Davis (géte 4).‘ ' \

Summary - ‘= L e
The pﬁrpooe ofﬁrhis small-;;ale, exploratory, descr;ptive study kaa to .

examine how children;prorees different tasks'of comprehension presented in é\iii?
graphical form. qeiittempteq to ralate%the desériptire drté to the results ’
of the prerious study (Curcio, Mote 1). As prerioualy mentioned, the reculro

‘are £§ be interpreted with caution Becauég the sample waé smrll.v

_Irrummnff, three types:of processingvscrateéies which led to both /f'
corréct and 1nc;rreqt responses (Spirp,\Note 3) were utilized by stﬁdenta ‘

" in answering questions. Most students ;tre'awaré of the need for; and also f
used, & text-based strategy for "reading the data" directly from the graph.
Most seventh-grade and higher achieving fourth—g_ade students demonstrated
the t9xt/sch¢ma integration.strategy successfully on some problems. ' Seventh ;

_graderc a;émzd to know wher toirely on schema-b;sed strategies, even when f
not requircd by the example, uhereaa fourth graders were lesa succesgful.' f
'A nurbex “of. fourth graders and aeventh graders failed to note. procesa, /
nnd/;r adjust for 1nconoiotent information on the redesigned graph on height.

The clear pcrceprual oimilarity between height and the vercical relntion»i

.lhip of the bars as well as a schema for the usual form of this type of bar .
graph may hnvc.contributcd to the intransigence of student responae on this
item. There is no reason for students to expect a "trick"” format.

Their*ihf;exibiliéy in light of new information is somewhat reminisceﬁir .

‘of the perforlnnpe éf‘tbe adults in the Anderson; Reynolds, Goét;, qnd:

Schallert (1977) study ;nra slighriy different cq&fffg. Subjects uere,giren,
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two aobiguous passages to comprehend. They also answered multiple choice
questions with two poasible correet answers based on, the two interpretations.
Even with expos&re to cuea‘for alternate interpretations, 62% of the subjects
still failed to report awareness of a second interpretation of each passage.
It seems that once a achema is invoked and at least partially insten- ‘
riated, there is strong resistence ro chagfjs, Whether student Performeoce
on toe height iteé‘is indicatire of a developmental phenomenon as suggested
. by Kesslyn (Note E% is an’intereeting hypotheeis: It needs further testing
using both children and adults and rhrying the type of graph and graph ‘
topic. -
One issue that wasg rafeed in this study is the question of type of
processing required by multiple choice questions. For example, on questions
designed to test "reeding between the lines," some students employed a
schema-basged strategy wirh little reference to the graph. It would be
quite possible for researchers and/or practitioners to draw errcneous
conclusions about prggessing on this type of’item, unless the type of

processing is verified. Depending upon the student's prior knowledge in

relation to the qpeotion. the type of proeessiné may differ for the same

-~ -question (see Royer lnd Cunnigham, 1978 for a discussion of the role of

e

— **Hl. .

baekground knowledge in testing)

— \

Other researchers have used this type of interview t2chnique success-

fully in mathematical problem—solving research. Clement (1982) has developed

3 =

a model of problem solving to examine correct and incorrect interpretations

of algebyxa word problems. The processes that yield incorrect interpretations

are vord-order-match and static comparison. By word-order-patch Clement

4
R W U [ - R S — om—
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. indicates a process which is \:i'iggered by & phraae in the text. The syntax
of Rhe English in the problem 1s* misleading in terms of the "syntax" of : \
the equation which mst‘be writ:ten to solve it, The semantic. gtatic
ccnperieon process ie cixeracteristic of students who seen to have all the ‘
pieces to eolve the problem, but the enewer is based upon one static '
erronaous ;lnterpretetion. The third prgcess, operational equality, yields
a cotteet\intetpretation of the problen{. It occ;:r‘s.whexi students have 2
clear eb:l.lity to abstract from t:he vording of the problem to create an
equation, integrating :lnfomation from text and schemata eucceesfully.

The strategies Aueed t_gy etudents. in this study seenm to f:lt the Clemen;

model. In this study, errbre caused b).' bverreliance on a text-based

etra:egy (wvhen in fact thie information is too limited by 'itself to bring
wmeaning to the d;ep structure of the 3reph). may be similar to Clement's
;o:d-order-netcn proceas (see Example 3). His static comparison process **“
nigh\t be related to a hee\'ry reliance upon text-based proceséing or schema- :
based procening \chet iimite the reeder's ability to bring meaningv to the
deep structure of the graph (aee Bxemple 8). Finally. the process of
operetionel equality might represent the proper balanc% between text-based
and schema-based processing that con/tziibutee to high level cognitive

: i.uproceuing.melloy:lng,_themreadermtoﬁbring -meaning to the. deep structure of the

) /- ;
graph (sae Exa-ple 1). Items; questiona snd interview protocols designed

t.o teet: the velidity of the 61enent model in relation to graph coapreheneion

ehould be cruted. Kosslyn and Pinker (Note 5) heve identified certain

euentic end eyntectic conpouente of graphs which might facintate the deeign

/
14

ef euch\,{ leterinle.
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Future research should also cd@sider th?'rdle of metacognition
. <
in graph readingl; In some interviews it was observed that children
were monitoring their conprch&nsion (e.g., studeics caught errors in their '

thinking o? their own or aftar probing b; an interviewer) Since

-

monitoring is a najor part of netacognition (Brown, 1980), protocols
&
should be designed that examine how noviceu (e.g., fourth graders) and
~ older studenté monitor graph co;prebenqion. If they do not apontanegully

monitor when necessary, what kind of cues and how many are needed to

trigger monitoring followed bi fixsup strategies? To what extent are

sFudents awa;e of uh;t ihey are doipg a& they an:wér questioqs? I
Finally, in some interviews it vas obvious that child%en did not ‘ —3;

know when to employ text-baseg’strategiea, schema-baged ztratagies, or

a combination of both. Studi‘s need to be conducted‘that explore (1) how

children determine ubich,sc;atcgy to use, and (2) vhether the strategy ;%

I

employed 1s a function of reading achievement, wathematics achievement, f%
‘ 7 .

prior knowledge or an interactionxof any combination of theﬁe factors.
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| ) * I;‘obtnote ‘
: ud - lihe 1dea for the three levels of pomprehenéién vas taken from

" P. D. Pearson and D. D. Johnson, in Teaching reading comprehension.
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- - TABLE 1

I-‘optt.h- and Swanth«-crade scudents' Reading
j and Mathematics Achievement Prof.llea

3 .. o
' n : R — .
ID __ Reading Mathematics  ~ID Reading  Mathematics
‘ "eal  migh® High $71  Low>  .Low
' ©, * sA2  High - High " §72  High Low ‘
S43  -Low . Low 873  High Low — N
S44  High ] Low i' . 874  Hizh High .
S45 Low High - 875  Righ. Low
S46  High High ~ s76  High . Low
S47  Low ‘Low $77- High - Loy
SA8  High - .High  §78  Low Low )
$79  Low Low /
: ‘ m—uoru were used to determine' high/low achievement.

High ruding = a raw score > 42 (the median score) on the SRA Reading
) Test; Lavel D; Low rud:lng = a raw score < 42. High mathematics =
! & rav score > 48 on the SRA Mathematics '.I'cst:. Level D; Low mathematics.=

A Taw score . 448.,. o o 7
“m median. acotu wete uaed to determine high/low achievement.

lugh reading. = a rav score > 55 on the SRA Reading Test, Level F; Low =.
reading = & vaw scora € 55. High mathematics = a raw scors > 34; Low

uthmics -“i“rw score < 34. .

+ N el

’
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. AVERAGE TINE OF SUNSET

‘As the montha progress from June .

to Decexbor, which of -the

folloving is true about the

average time of sunset?

a. It gots earlier

b. Tt qots later

c. It remaina the same .

d. « It first gets earlier and thoen
later !

- i

—

tiow much lonqcr do you have to play
outside (before it qets dark) in
July, thnn you have fn October?

1 1
a. 14,bours c. 24 h?uts )
b. lé‘hours : d. 3 hours R

¥ v A ¥ } §
June July Aug Sept Oct

| Months

USE THE GRAPH ABOVE TO ANSWER THE

/ . .
“FOLLCMIMNG QUESTIONS. *
nér—

i./ What {5 the average time that

the sun sets in Octobher?
a. 5:00 P,M, c. 6115 P.M,
b, S#15 P,M, - 4, 7:30 P.M,

413% P,M, is the averaae time of

sunset dur ing which month?
a, Octohor ,

b, November '

c. Decomber

d, “January

which of -the following qraphs
represents {the average time of
sunset from January to Junp, thxt
would make the abovp qraph reptesent
one complete year? *

Average, .ﬂ.' 30 ™ Averaqge
a. Time of Cc. Time of
Sunset Sunnot
(r.M.) (r.M,)
413 .
Jan une )
Avoraqe
Averaqge 8130 P Time of
b Time of 4. gunset
¢ Sunset (P.M,)
(P.M,)

a1 30- an Juhn

s

As the months progress from June to
December, the average time of sumrise
gets later, WHhat do you expect to
happen to ﬁhe average number of
daylight hours durinn‘phis time?

a. Increases
b. Decreasnrs

’

r, ‘Remaim the same

d ‘First decredses, and then increases

Figurel.

Copyright by F. R. Curcio, 1981
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HEIGHT OF THE RODRIGUEZ CHILDREN IN MARCH, 1980

-

, P 2. flov tall was Haria?
26 g B . & 75 inches
o N . b. 100 inches. L
s50—f— £or 100 centimeters . é. X
d. 125 centimeters Y, - |
75 =t - . - }
) &1._ Who was the taliest?
100 . - a. Juan '
Height - be Fedro,
in 125 =4=— - Cs Jose ¥ 3 i
"~ Centimeters ! . d. Maria L o
e T 4. Hov much taller vas José than Juan?
- - a. 25 centimeters
175 =f= . ! b, 50 centimcters | ’
¢, <715 inches . L PR
d. 75 contimsters )
Maria José Juan .Pedro
\ - 5. 1If Maria gqrows 5 contimeters and }
Children Joad grows 10 centimeters by . -
September, 1981, wvho will be taller,
) . and by how much? - ’
USE THE GRATH AROVE TO ANSYER THE ( !, a. Haria will be taller by 30
FOLLOWING-QUESTI (NS, : coentimeters
: e .b, José€ will be taller by 30 . )
{1, What does this araph tell you? centimeters o "
" a. ‘The veight of the four c. Hurla will be taller by 25
Rodriguez chitdren in centimeters
N March, 19°0 . * d. Jos¢ will be taller by 25
/b. The grades of the four _ centimeters : 5'~ —_— )
Rodriquez children in . . v
March, 1980 1f Pedro is 5 years old, which of the &
c. The h‘f!qht °f‘ the four following is a correct statement? -~
Rodriguez children in i a. Pmdro is much too short for his ag
Harch, 1980 b, Pedro could never be that tall for
4, The age of the four ° his age . e '
* Rodriguez children in 1. ‘c. Pedro is of average height for his
Harch, Amco — age 6
d, Pedro is thin for his age  —

-~ , N T
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_SLEEPING

®, oURS

WATCHING T.V.
(AFTER SCHOOL)

3.

SCHOOL

6 fHouns

What does this qraph tell you?
a. Terry sponds the greatest -
amount of time siceping
b, Terry spendn the least
amount of time fn school
c. Terry spendsn more time
playing than watching TV .
d, Terry spends less time
s‘lecp_ing than in school

g . -
1., What fractional part of a day does

Terry spend in school?

T, § .1
) Ao tz Coe 3
1 i I
b.. 4 d.‘ 2 " 4 ———p———
: USE THE GRAPH ABOVE TO ANSWER THE S. MHow many hours a week (not !
3 FOLLOWING QUESTIONS. ’ ) including Saturday and Sunday)
" " does Terry spend on homevork?
" {1, How many hours in one day does . 2 hours
., | b. 8 hours
il - Terry spend in school? -
N i Ce 10 houts r
-, : a, 2 hours . d. 14 Je N !
- b, 6 hours . ¢ ours :
C. .. R hours * X (not . et
4 P " 4. 14 hours 1. 6. HWhat fractional part of a week (no =
. ‘ inciudi ig Satwrday and Sunday) does w
. 2. For which of the folloving does e Terry spend sleeping?
P . i . ’
v___‘ 5 Terry spend three hours‘ a day? a 1 c. %
T a. Playing after school 2
f ) b, Eating o b, T% 4. % 6.
- , » ©s Traveling to and from school 5 >
d. Watchirg T.V. *
‘Figure 3. Copyright by F. R. Curcio, 1981

uorjemrojur Furssavoxg




