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ABSTRACT

The purpose of this study was to extend the schema-theoretic
perspective of understanding general discourse to include graph
comprehension. The sample included 204 fourth- a 1 185 seventh-grade
public school children. The data collection included achievement in
reading and mathematics, sex, prior knowledge of topic, mathematical
content, and graphical form, and graph comprehension. Separate
correlation and regression analyses were periormed co identify those
factors which predict ability to comprehend graphs for fourth- and
seventh-graders. ¢-tests were calculated to determine the significance
of the difference between the means with respect to Sex. Also,
descriptive data were-included in a supplemental analysis to highlight
the statistical analysis.

The results indicated that all the independent variables, except
sex, are unique predictors of graph comprehension for fourth graders.
The unjque predictors of graph comprehensicn for seventh graders included
sathematics achievement, reading achievement, and prior knowledge of
mathematical content. There were no significant sex-related differencas
between fourth-grade girls and boys. A change in achievement patterms
was observed for young adolescents: seventh-grade girls significaatly
outperformed boys in mathematics achievement.

The results imply that fourth graders, who in general have a
restricted global knuwledge base, focus their attention upon the ''surtace
structure” of the graph (i.e., the topic and graphical form). As
highlighted in the interviews, this surface structure might distract
~tem from attending to the message of the graph. Seventh graders can
scan the graph more effectively and then become more concerned with the
"deep structure' of the zraph (i e., the mathematical content).

B kS
The conclusion of this report contains implications for teachers.
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PREFACE

This study was the subject of my doctoral research and a major
portion of this report (Chapter 1-5, Appendixes A-E) was submitted
in partial fulfillment of tiie requirements for the degree of Doctor
of Philosophy at New York University (completed June, 1981). The
last appendix, Appendix F, contains supplemental, exploratory data
compiled and written with the assistance of Dr. M. Trika Smith-Burke,
Associate Professor of Educational Psychology, New York University,
to whom I am sincerely indebted for the great amount of time she
spent sharing her expertise and knowledge.

All of the results of this report were based on a project
supported by the National Institute of Education under grant No.
NIE-G-80-0093. Supplemental funds were made available by the
Faculty Research Committee of St. Francis College. . Any findings,
conclusions, and recommendations presented in this report are those
of the author, and do not necessarily reflect the views of the
National Institute of Educatiom, nor St. Francis College. )
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CHAPTER I

THE PROBLEM AND ITS RELEVANCE
Intrcduction

The American public's dissatisfaction and concern have been
.aroused by the decline in students' performance in reading (Brandt,
1980; "Chicago Schools,'" 1972; "Connecticut Fails,' 1980; Copperman,
1978, 9/6; Fiske, 1978; Maeroff, 1978; McCarthy, 1979) and mathematics
("Connecticut Fails," 198C; Copperman, 1978, 1979; Gibney & Karms, 1979;
Heyman, 1930; Maercff, 1979; National Assessment of Educational Prceoress,
1979a). Cae of the factors that teachers have identified as hindering
mathematics achievement is students' poor reading ability (Fey. '979;
'Phgllips, 1979). It mav be possible that by being unaware of the
specific rzading sxills Q:Fessary for success in a particular subject,
teachers take for granted ;tudents' ability to perform many tasks that
involve reading in the content areas.

" Since the cry for '"back-to-basics' has introduced great contro-
versy, a wide range of meaning, and implications for curriculum devel-
opment (''Back-to-Basics," 1977-78; Webb, 1977-78), the Netional Council
of Supervisors of Mathematics (NCSM) issued a list of ten vital skill
categories (NCSM, 1977). Reading, interpreting, and constructing graphs
was identified as one of these vital skills. Also, it has been recog-
nizad that the ability to interpret information from grap?s i. a
requirement for literacy (Bamman, Hogan, & Greene, 1961; Hcegan, farr,

Prescott & Balow, 1978; National Assessment of Educational Progress,
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1979b; Chipman, Note 1), and it is a component of school learning

(Price, Martuza, & Crouse, 1974).

Although literal reading of data presented in graphical form is
an important component of graph reading ability, the meximum potentlal
of the graph is actualized when the reader is capable of interpreting
and generalizing from the data presented (Kirk, Eggen, & Kauchak, Note
2). The results of the Second National Assessment of Educational
Progress (NAEP) indicated that "students' ability to read graphs is
superficial” (Bestgen, 1980, p. 27). Nine- and thirteen-year-old chil-
dren were capable of answering low level cognitive items that required
literal or direct reading of the graph (Bestgen, 1980; Carpenter, Xepner,
Corbitt, Lindquist, & Reys, 1980), but students were less compecent at
tagl ~ required higzh level cognitive skills, such as interpreting,
integrating, generalizing, and extending the data presented in the
graph (Bestgen, 1980; NAEP, 1979b). This deficiency was also recognized
in the results of the Eirst NAEP (VAEP, 1973). The importance of the
ability to draw inferences =ad predict from data has been recognized by
the National Council of Teachers of Mathematics (NCTM) by recommending
"increased emphasis' on this activity (NCTM, 1980, o. 7).

It is possible that the advent of a "new' cognitive perspective
for explaining reading comprehension (Chipman, Note 1; Smith-Burke, Note
3) can be used to help discover some of the reasons why students experi-
ence difficulty with reading graphs. At this time there is an inade-

quate understanding of how types of text, other than story-stiructured

materials, are processed (Kintsch, 1977; Sticht, 1277). An exploration




of how schema theory is related to reading mathematics {Silver, 1979)
and mathematical understanding (Creeno, 1978) is warranted.

Schemata, the orgdnized frames of knowledge which also contain
"information about how this knowledge is to be used" (Rumelhart, Note
4, p. 3), are dependent upon past experiences, past knowledge, informa-
tion and/or skills, called prior knowledge. It has been demonstrated
that prior knowledge, or the lack of it, may cause multiple interpreta-
tions of ambiguous reading passages, as well as the ability or inability
ts interpret text material (Andersen, Reynolds, Schallert, & Goetz,
1977; Kintsch & van Dijk, 1978).

When this schema-theoretic concept of prior knowledge is applied to
graph comprehension, three aspects of prior knowledge ~re apparent:
prior knowiedge or topic, prior knowledge ot mathematical content, and
orior knowledge of graphical form. First, Vernom (1546, 1950, 1952,
1953) hintaed that unfamiliarity with the topic of the graph hindered
comprehension. The topic, which is the subject of the graph, is one of
the factors that should be taken into consideration when measuring graph
comprehension (Bamberger, 1942). A second aspect of prior knowledge is
mathematical content. Bamberger (1942), Goetsch (1936). and Vernon
(1952) stated that comprehension of graphs was dependent upon students
being familiar with the mathematical concepts, or mathematical content,
employed in the graph. Hinsley, Hayes, and Simon (1977) and Silver
(1981) recommended that structure, or form, be taken into consideration

when examining students' mathematics schemata. 1In particular, a third

aspect of prior knowledge, prior knowledge of the structure of the
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students' abiliry to interpret information presented in a visual display
(Janvier, 1978; MacDonald-Ross, 1977).

The National Adviscry Committee on Mathematical Education (NACOME)
has recommended that studies be conducted to acquire knowledge about
the relationships among e‘Perience, content, modes of expression, and
student ability (NACOME, 1975). The purpose of the present study was
to extend the schema-theoretic perspective of understanding general
discourse to graph comprehension by examiniﬁg the effect of prior
knowledge of topic, mathematical content, and graphical form on the
ability to couprehend the mathematical relationships expressed in
graphs.

The rela.ion among general reading; mathematics achievement and
graph reading has not yet been clearly cstablished. Soma researchers
malntain that reading graphs, like reading other mathematical text, is

P
not limited to reading from left to right. Reading in other directions
is essential to understanding (Bye, 1975; Carter, 1947; Hater, Kane, &
Byrne, 1974; Krulik, 1980; Phillips, 1979; Simmons, 1977; Thomas &
Robinson, 1977; Harlin, Note 5). On the other hand, despite the
structural di“ferences between the nonverbal, diagrammatic, pictorial
format of graphs kNAEP, 1973), and prose text, other researchers
(Herrmann, 19'6; Johmson, 1971) have found a correlation between zZeneral
reading performance and graph comprehension. Goetsch (1936), Herrmannr
(1976), and Johnson (1971) have also indicated that graph comprehension
is correlated with mathematics achievement. [herefore, students' read-
ing and mathematics achievement in relation to graph reading ability

have also been xamined in this investigation.

Lt




It has been suggested that males, in general, tend to ba superior

to females in mathematics, and that females tend to be superior to

males in verbal ability (Armstrong, 1975; Guilford, 1967; Mullis,

Oldefendt, & Phillips, 1977) and reading (Gonder, 1977; Mullis et al.,

1977: NAEP, 1977). If these researchers’ observations identify girls as
bet-ar readers, are they better readers of graphs, or, if boys are
better in mathematics, are they better at comprehending the mathematical
relationships expressed in graphs? According to Peterson and Schramm
(1954), no studies up to that date had indicated that sex would make a
"difference in the accuracy with which graphs are read" (p. 187).
Although Johnson (1971) analyzed boys' and girls' measures.separately,
no conclusions were made regarding the effect of sex on the ability to
read graphs. However, her study included children from fourth- to gixth-
grades, and in general, differences in mathematics achievement cannot be
expected to be manifest at least until early adolescence, that is, at
least the seventh grade (Armstrong, 1975; Fennema, 1978; Waters, 1980).
Therefore, to identify whether there are any sex-related differences in
graph reading ability in the present stud&, the sample included seventh-
graders as well as fourth-graders.

The purpose Jf this study was to extend the schema-theoretic per-
spective of understanding general discourse to graph comprehension by
examining the effect of prior knowledge on the ability to comprvhend the
mathematical relationships expressed in graphs. The effect of reading
achievement, mathematics achievement, and sex were also included to
identify the predictive factors which would be required for graph com-

orehension. It is hoped that the results contribute Information which

l .‘-’c
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might provide the basis for diagnosing the factors which may impede

graph comorehensisn.

The following questions were explored in this study:

1. Is prior knowledge of topic related to comprehending the mathe-
matical relationships expressed in graphs, independent of mathematics
and reading achievement?

2. 1Is prior knowledge of mathematical content related to comprehend-
ing the mathematical relatiorships expressed in graphs, independent of
mathematics and reading achievement?

1. 1Is prior knowledge of graphical form related to comprehending
the mathematical relationships expressed ILn graphs, independent uf
mathematics and reading achievement?

4. 1Is reading achievement related to comprehending the mathematical
relationships expressed in graphs, indeperdent of mathematics achieve-
ment? ‘

5. Is mathematics achievement related to comprehending the mathe-
matical relationships expressed in graphs, independent of reading
achievement?

6. 1Is sex related to compreherding the mathematical relationships |

expressed in graphs?

.lAnocher question originally proposed, "Is racial status related
to comprehending the mathematical relationships expressed in graphs?"
was deleted from the study. The reasons for deleting the racial status
variable are discussed under The Sample, Chapter 3, page 52.

»
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7. What is the optimal iinear combination of the above-mentioned
variables in terms of predicting comprehension of the mathematical

relationships expressed in graphs?
Definitions

Comprenengion

Comprehension consists of three tasks:

Task 2 represents the students' ability to "1ift" the information
from the printed page, merely reading the data. Textually explicit
questions were used to assess students' ability in this task. "Textually
explicit questions have obvious answers right there on the Dage“
(Pearson & Johnson, 1978, p. 157). Students were required to select a
writren verbal description of the data using the terms in the title of
the graph, expressing ideas using different words but keeping the mean-
ing, ¢r simply fecognizing the required fact(s) in chelgraph.

Tgsk b represeénts that part of comprehension that includes the
interpretation and integrétion of presented information. This includes
comparisons (e.g., greater than, greatest. tailést, smallest, et;.) and
the use of other mathematical concepts and skills (e.g., addition, sub-
traction, multiplication, division). This is considered to be reading
between the data. Textually implicit questions were used to assess the
students' ability ‘in this task. 'Comprehension is regarded‘as:taztually
implicit 17 there is at least one step of logical or pragmatic inferring
.  necessary to get from the questicn to the response and both question and

response are derived from the text" (Pearson & Johnson, 1978, p. 161).

19




Students were required to identify the mathematical relationships among
data presented ih graphical form.

Task ¢ represents that part of comprehension that requires students
to extend, predict, or infer from the data and/or tap existing schemata
for information not preseast on, nor capable of being interpreted from the
printed page. This is considered to be reading beyond the data.
Seriptally implicit questions were used to assess students' ability im
this task.

Seriptal comprehension . . . occurs when a reader

gives an answer thzt had tc cowme from prior knowl-

edge (it is not there in the text) to a question

that is at least related to the text (that is,

there would be no reason to ask the question if

the text were not there). It is similar to

textually implicit comprehension in that an infer-

ence is involved; however, it is different in that

the data base for the inference is in the reader's

head, not on the page. (Pearson & Johnson, 1978,

p. 162)

Operationally, comprehension of the mathematical relationships
expressed in graphs was a score achieved on a multiple-choice, reading-a-

graph test designed specially for this study. (For further discussicn,

see Instrumentation, Chapter III, page 38, and Appendix A))

Graphs

Craphs include the '"coordinate representation of points, picto-
graphs, bar graphs . . . line graphs" (Hogan et al., 1978, p. 100) as
well as circle graphs ‘NAEP, 1979b). They "are often used to present
numerical data and to show relative sizes or quantities in cases where

exact facts or figures are not as important as an obvious presentation

r
of the substances of the information" (Dominy, 1967, p. 5). Also, graphs
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facilitate '"the presentation of facts for comparative purposes, and in
ﬁany irstances the graph indicates significant facts not obviously appar-
ent in numerical form" (Arkin & Colton, 1940, p. 3).

’ The types of -graphs used in this study were: bar gréphs (also
termed bar charts), circle graphs (also termed pie charts or pie dia-
grams), line graphs (also termed broken-line graphs),vand pictographs
(also termed pictorial graphs or pictograms).

Bar graphs. Representing it horizontally or vertically (depending
upon a time’variable), the bar graph allows the reader to compare dis-
crete quantities expressed by rectangular bars whose heights (or lengths)
are proportional to the quantities that they represent (Arkin & Colton,
1340). The bars are cﬁnstrUCCed within perpendicular axes. The axes
are labelled.

Cirele grapns. The area of the circle graph "is divided into seg-
ments [depicted by lines emanating from the center of the circle]. Each
Segment represefits a proportionate part of the whole' (Arkin & Coltoen,
1940, p. 131).°

Line graphs. A line graph is used to compare continuous data.
Points are plotted within perpendicular axes to represent a functional
relationship. The axes are labelled. The points are ccnnected by
straight or broken lines (Arkin & Colton, 1940).

Pictograpia. The pictograph uses representative, uniform pictures

to depict quantities of objects or people with respect tdo labelled axes

(Arkin & Colton, 1940).

The four graph-types -- bar, circle, line, and pictograph, define
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"graphs' because these are the most common graphs encountered in the
New York State (State Education Department, 1977) and New York City
(Board of Education of the City of New York, 1962, 1979) mathematics
curricula. These four types of graphs are also the basic forms found

in daily newspapers and magazines.

Mathematics Achievement
Mathematics achievement is a level of functioning, indicating the

amount of mathematics the child has learned. Operationally, mathematics

achievement was defined as the total score (including computation and
concepts) received ‘on the SRA Achievement Series - Mathematics, Level D
(for fourth-graders) and Level F (for seventh-graders). (For further

discussion, see Instrumentation, Chapter III, page 50-) |

Narive-English-Speakers
Native-English-speakers are students who speak only English at
home, i.e., they are not bi~ or multi-lingual. (For further discussion,

see The Sample, Chapter III, page 52.)

Prior Knowledge

Prior knowledge 1s experience, knowledge of a topic or situation,
information and/or skills that have been previously acquired by the
subject (Pearson & Johnson, 1978). These past experiences, knowledge,
information and/or skills are addeq, integrated, stored, and catalogued
into existing schemata {Kamil, Note 6). Prior knowledge is not neces-
sarily a q'oduct of formal schooling. Operationally, prior knowledge

was subdivided intc three parte:

e
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Prior knowledge of topic. This subtest contained items that re-
flected the vocabulary and general schema of subject-matter information
assumed to be needed to comprehend the graph test items.

Prior knowledbé of mathematical content. This subtest contained
items that réflected the mathematical skills and knowledge needed to
respond to the graph questions.

Prior knowledge of graphical form. This subtest contained items
that reflected content-free, graph-reading skills required for responding
to bar graph, circle graph, line graph, and pictograph items.

(For further discussion of the Prior Knowledge Inventory and its

subtests, see Instrumentation, Chapter III, page 47, and Appendix B.)

Reading Achievement

Reading achievement is a level of functioning, indicating the grade
level at which the child has achieved reading competence. Operationally,
reading achievement was defined as the total score (vocabulary and
comprehension) received on the SRA Achievement Series - Reading, Level
D (for fourth-graders) and Level F (for seventh-graders). (For further

discussion, see Instrumentation, Chapter III, page 50.)

Schemata

Schemata "are data structures for representing the generic concepts
stored in memory" which are represented by stereotypes (Rumelhart &
Ortony, 1977, p. 101). They are organized units of knowledge, as well
as "information about how this koowledge is to be used” (Rumelhart, Note

4, p. 3). Within each schema are hierarchies of e.abedded schemata and

sub-schemata (Rumelhart & Ortony, 1977). .




CHAPTER II

THEORETICAL RATIONALE AND RELATED RESEARCH

In order to attempt to extend the schema-theoretic perspective of
comprehending general discourse to comprehending mathem cical relation-

ships expressed in graphs, and to examine whether sex is a factor con-

tributing to graph comprehension, a review of the literature pertinent
to the study is presented in this chapter dealing with Schema Theory

and Comprehension, Graphs, and Sex- Related Differences in Mathematics

anc Reading. l
Schema Theory .nd Comprehension
One of the earliest appearances of the concept of "schema' was cver
two hundred years ago in Immanual Kant's Critigue of Pure Reason (Kant, |

1781/1966). In this tradition, researchers and cognitive psychologists
have coined terms such as "frames" (Kuipers, 1975; Minsky, 1975;
Winograd, 1975), "scripts” (Schank & Abelson, 1977), and "schemata"
(Adame & Collins, 1977; Anderson, 1977a, 1977b; Bartlett, 1932/1977;
Bobrow & Norman, 1975; Head, 1920; Piaget, 1952/1963; Rumelhart &
Ortony, 1977; Rumelhart,.Note 4). Although these terms have particular
technical differences (Rupelhart, Note 4), they are currently being
.usad interchangeably to réfer to the same general concept of knowledge
in memory (Petrie, 1977; Davis, Note 7). Without loss of generality,

=

the schema-theoretic framework has been used in this study because past

and current research has applied it in exploring problems in educatiom.
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Schemata, which are stored in long-term memory, represent knowledge

e
and directions for how these schemata are used (Kieras, 1977; Rumelhart
& Ortony, 1977). They aid in comprehension by helping readers/listeners
make sense out of what is being presented (Adams & Collinms, 1977; Brown,
Smiley, Day, Townsendi‘& Lawton, 1977), and by allowing additions to the
knowledge already stored in memory (Spiro, 1977). During the process of

comprehension, readers/listeners may clarify, modify, revise, edit,

amend, and/or extend that which has previously been learned.

[

The Role of Prior Knowledge

The cognitive or affective response that is stimulated by the rela-
tionship of the abstract word to the abstract idea is heavily dependent
upon the readers' experience (Kealy, Note 8). How réaders perceive the
incoming information is related to the prior knowledge stored in memory
(Bartlett, 1932/1977; Bransford, Nitsch, & Franks, 1977). In particular,
to comprehend the message within a text, readers tap their schemata, thus
locating related background experiences. These experiences are then ac-
tivated to bring meaning to the printed page (Adams & Collins, 1977;
Brown et al., 1977). Each schema contains a-framework of kncwledge for
analyzing, assimilating, or accomodating incoming information. The
framework 1is cﬁaractefized by slots or holes which leave the schema in-
complete (Royer, 1978). When slots remain unoccupied, comprehension is
impeded (Anderson et al., 1977; Royer, 1978). During reading or listen-
ing, the information needed to satisfy or fill the slots or holes may be
found and inserted (thus facilitating comprehension).

Once the slots or gaps are satisfied with information, a schema 1is

L2




said to be 1nstantiated. Instantiation may occur through the use of

information in memory or by default (Rumelhart & Ortony, 1977). Default
assignments, which consist of patrern completions contrived by nne's
imagination (Minsky, 1975), operate either to correctly or incorrectly
satisfy the existing gap to facilitate comprehension (Davis, Note 7).

As schemata become specialized and instantiated, default procedures and»
assignments become constrained (Rumelhart & Ortony, 1977) and unneces-

sary. After a schema is instantiated, and the subject is presented with

a related but novel situation:

The information that matches slots in the schema
would be said to be significant, whereas informa-
tion that does not would be called unimportant,
irrelevant, or =-- in the limiting case -- incon-
gruous. Information that fits the superordinate
schema is more likely tc be learned and remem-
harad, perhaps precisely because there is a
niche for it. It follows that one schema can
provide slots for more of a certain fixed body
of information than other schemata. 1If the
xnowledge domain were specified, it should be
possible to make qualitative as well as quanti-
tative predictions about just which details will
be learned. (Anderson, Spiro, & Anderson, 1978,
D. 434)

Research nzs been conducted which demonstrates the roles of back-
ground knowledge in comprehension. Anderson et al. (1977) organized two
groups of college students according to their physical education or music
background. Two purposely ambiguous passages, each designed to have at
least two interpretations, were constructed and presented to the students.
Each group of students interpreted the passages consistently with mem-
bers' background experience. It was concluded that "the interpretation

people give to messages is influenced by their backgrounds" (Anderson et

al., 1977, p. 376), and
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that many problems in reading comprehensi~n are traceable
to deficits in knowledge rather than deficits in linguistic
skill navrowly conceived; that is, that young readers some-
times may not possess the schemata needed to comprehend
passages. Or, they may possess relevant schemata but not
know how to bring them to bear. Or, they may not be facile
at changing schematz when the first one tried proves in-
adequate; they may, in other words get stuck in assimilating
text to inappropriate, iucomplete, or inconsistent schemata.
(Anderson et al., 1977, p. 378)
In a recent study, Sjogren and Timpson (1979) replicated the work
of Anderson et al. (}977) and examined the effects of prior knowledge
with respect to sex and interests of the _articipants. Sjogren and
. . Timpsc: ¢1979) recognized that the Anderson et al. (1977) study was
confounded with sex, since all the members of the physical education
4,‘(4 ™
group were males and all the members of the music group were femaleg.” »
. o -
Sjogren and Timpson (1979) found that sex and interests (determinad by
the students’' major rields) of the students were related to the interpre-
tation given to the ambiguously worded passages. In another replication
study, reiterating the influence of prior knowledge n the ability to
comprehend .ext, Carey, Harste, and Smith (1981) varied the environment
(students were tested in music, physical education, and other classes),
and concluded that context-of-situation is also a contributing factor in
interpreting ambiguously worded text. In summary, the studies that
highlighted the influence of prior knowledge on reading comprehension
confirm Aaron's (1965) observation, i.e., prior knowledge contributes to
‘comprehension. However, more- ‘ecent studies suggested that comprehension
might be further enhanced by considering the readers’ interest and sex,

as well as the context-of-situation in wiich the reading selection

is presented.

G
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Some studies have identified an apparent influence of background
knowledge on tne ability to answer reading comprehension questions pre-
sented to subjects without the companion passage (Pryczak, 1972; Pichert
cited in Royer & Cunningham, 1978; Tuinman, 1973-1974). Subjects pre-
sented with multiple choice questions from standardized reading compre-
hension tests were able to respond correctly without having to read the
companion passages.  The validity of such reading comprehension tests
must be questioned (Tuinman, 1973-1974) -- what is the purpose of having
the paragraph if it is not needed to answer the accompanying questions?
But, as previously mentioned, since prior knowledge enhances and facil-
itates compfehensiéﬁl the role of baeckground or prior knowledge, cannot
be ignored. Test items should reflect the companion passage and tap the

reader's prior knowledge base.

Prior inowledge of Topie, Content, and Form
Knowledge of the topic, coatent, and form of general discourse is
dependent upon the amount of previous meaningful exposure the reader/

listener has had. A reader who confronts a text with an unfamiliar top-

jc will not have a frame to help organize and interpret the information
(Kintsch & van Dijk, 1978). Being aware of the topic of a passage (in
gome cases the topic is identified by the title of the passage) helped
readers to retrieve relevant background knowledge and bring it to bear.

This enabled the readers tO CO, end and remember details in the text

(Pichert & Anders-n, 1976; Sjogren & Timpson, 1979). On the other hand,

students who were given ambiguous passages without titles to nelp

were not as successful at comprehending

220

identify the subsumirng schema,
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the passages as their counterparts, who were given the same passages
with titles (Pichert & Anderson, 1976; Sjogren & Timpson, 1979).

A second aspect of priqr kncwledge, prior knowledge of content,
represents knowledge of relationships between and among words and ideas.
For example, understanding a text with anaphoric relations depends upon
the readers' prior knowledge of referential cues which should enable
them to link the pronoun being used with the term that it replaces
(Pearson & Johnson, 1978). Also, understénding causal relationships
_ expressed explicity or implicitly (Pearson & Johnson, 1978), requires
prior knowledge of content. If stated explicitly, the link between
cause and effect is evident to the reader who is familiar with the sig-
nal words employed in the statement(s). If stated implicitly, the link
1s not as evideat and prior knov ‘ge of content is required to infer
‘ the consequential link between (or among) two or more Statements.

Individuals cﬁnfronted with text materials to read must be familiar
not only with the topic and content, but also with the framework, struc-
ture, or form of the content, and the conventions employed within the
structure (Royer & Cunningham, 1978). These "fgrm" schemata provide the
basis for predicting the kind of structure and information inherent in
certain types of discourse (Kintsch, 1977), and are prerequisites for
comprehendiﬁg similar but novel representations of information. For
example, Stein (1978), who worked with first- and fifth-graders, con-
ciuded that children's expectations of story structure and how the text
fulfills their expectations contributed to comprehending the story.

Prior knowledge is impcrtant to consider becanse the author does not

sut all the information in written discourse (Brown et al., 1977; Reder,

2.
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1980; Schau.. & Abelgon, 1977; Kamil, Note 6). That_is, even though the
incoming information might not be explicit enough to fill the zaps in the
schemata of some readers, comprehension can Qtill be achieved if there is
an adequate storage of relevant background knowledge (Wittrock, 1973),
specifically, prior knowledge of topic, content, and form. Therefore,

if students are to be successful in comprehending general discourse,
knowledge of the topics, content, as well as familiarity with the form
and language (Reder, 1980; Smith-Burke, Note 9) of the di;course must be
developed, reviewed, and cultivated. 1f tﬁere are any deficiencies in

related prior knowledge, comprehension might be impeded.

Schema Theory Extended to Graph Comprehension

Similar tc general discourse, graphs presumably also employ a schema
which contains slots for certain aspects of the graph. The topic of the
grapn, which is identified by the title and the axes' labels, may be one
of the factors for which prior knowledge is necessary for comprehending
the mathematical relationships expressed in graphs. The mathematical
conteat of the graph, including number concepts, relationships and funda-
mental operations, may be another factor for which prior knowledge 1is
necessary to aid in comprehending the message of the graph. Finally, the
graphical form (restricted to bar graphs, circle graphs, line graphs, and
pictographs in this study) may be a third factor for which prior knowledge
is necessary for successful comprehension of the mathematical relation-

ships expre-sed in 3zraphs. This study examined all three factors.

ot)




Graphs

The modern giaph evolved from the work of Rene Descartes (Arkin &
Coltom, 1940). For the mathematician, the graph is "an invaluable aid in
the solution of arithmetic and algebraic problems, the solution of mathe-
matical formulas, and the representation of relationships" (Arkin &
Colton, 1940, p. 4). For the lay person, the graph is an aid for clar-
ifying, organizing, and summarizing text material found in newspapers,'
magazines, and advertisements.

Many mathematical concepts and skills are needed and can be develop-
ed by communicatingxideas using graphical forms (Smith, 1979; Sullivan &
0'Neill, 1980; van Engen & Grouws, 1975). In ordér to be successful in
mathematics, the ability to interpret information from a graph must be
cultivated (Eagle, 1948). However, the ability to read and interpret
graphs is a skill not limited to the study of mathematics (Fay, 1950;
Goetsch, 1936; Harper & Otto, 1934; Janvier, 1973; Smith, 1979;

Strickland, 1938/1972; Weintraub, 1967; Wrightstone, 1939).

Purpoges of Some Graph Studies
The studies of researchers whose articles were reviewed were quite
diverse. Some of the purposes of these studies were as follows:
1. To examine the relative effectiveness of summarizing data using ,
different graphical forms (Carter, 1947; Croxton & Stein, 1932;
Culbertson & Powers, 1959; Feliciano, Powers, & Kearl, 1963; Goetsch,
1936; Malter, 1952; Peterson & Schramm, 1954; Strickland, 1938/1972;

Thomas, 1933; Turmer, 1974; Vernon, 1945. 1950, 1952; Washburne, 1927a;

Wainar, Note 10);
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2. To identify achievement/aptitude factors as possible predicrors of
graph reading ability (Culbertson & Powers, 1959; Herrmann, 1976;
Johnson, 1971);

3. To examine the effect of instruction on demonstrating graph read-

ing skills (Bamberger, 1942; Harpéf & Otto, 1934; Herrmann, 1976; Janvier,

1978; Johnson, 1971; Malter, 1952);

4. To examine the ability to retain information p;esented in graph-
ical form (Herrmann, 1976; Price et al.,‘1976; Vernon, 1946, 1950, 1951,
1952; Washburme, 1927a, 1927b);

5. To identify factors contributing to graphical interpretations
(Janvier, 1978);

6. To examine reading comprehension of text material accompanied by
graphs (Feliciano et al., 1963; Harper & Otto, 1934; Turner, 1974;
Vernon, 1950, 1951; Washburme, 1927a);

7. To examine~how graphical information is encoded (Price et al.,

1974).

Populations of Some Graph Studies

The populations in the research studies reviewed were also quite
diverse. Adults (Feliciano et al., 1963; Peterson & Schramm, 1954;
Vernon, 1946, 1952), college students (Carter, 1947; Culbertson & Powers,
1959; Feliciano et al., 1963; Price et al., 1974; Vernon, 1946, 1952),
high school siudents (Culbertson & Powers, 1959; Feliciano et al., 1963;
Janvier, 1978; Vernon, 1950, 1951), and elemenéary and/or intermediate
school children (Bamberger, 1942; Goetsch, 1936; Harper & Otto, 1934;

Johnson, 1971; Strickland, 1938/1972; Thomas, 1933; Turmer, 1974;

13
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Vernon, 1952; Washburne, 1927a; Wainer, Note 10) have Seen the subjects
" tested 'and studied.

Children in the fourth grade and seventh grade made up the sample in
the present study because it is by fourth grade that most of the prelim-
inary, elementary work with graphs should have been accomplished (Board
of Education of the City of New York, 1962), as well as the fact that by
the fourth grade, children should have achieved a sufficient command of
reading and ari'hmetic(;kills, the tools of learning, necessary for graph
reading (Strickland, 1938/1972)., It is expected that the developmental
growth and achievemert in graph reading ability would be identified by
the seventh-graders (Bamberger, 1942), and if sex-related differences do
exist, they might become manifest at this time (Armstrong, 1975;

Czllahan & Glennon, 1975; Fennema, 1974a, 1977, 1978; Maccoby, 1966b; -

Suydam & Reidesel, 1969).

Types of Cragha Studied
Many of the research studies concerned with graph reading have
incorporated many éifferent types of elementary graphs, such as circle
g{aphs. bar graphs, line graphs, and/or pictographs (Culbertson & Powers, !
1959; Feliciano et al., 1963; Goetsch, 1936; Harper & Otto. 1934;
Johnson, 1971; Peterson & Schramm, 1954; Strickland, 1938/1972; Thomas,
1931: Vernon, 1946, 1950, 1952; wWashburne, 19273; Wainer, Note 10) and
;omc have included ramifications and/or more complex designs of these
basic forms (Bambergar, 1942; Culbertson & Powers, 1953; Herrmann, 1976;

Janvier, 1978; Johnson, 1971; Paterson & Schramm, 1954; Price et al.,

1974; Turner, 1974; Vermon, 1946, 1950, 1951, 1952; Washburne, 1927a).
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The four elementary graph-types are the most common graphs encoun-
tered in the New York State (State Education Department, 1977) and New l

York City (Board of Education of the City of New York, 1962, 1979) mathe-~

matics curricula. Therefore, the types cf graphs used in this study were: |

¢ircle graphs, bar graphs, line graphs, and pictographs.

Agsessment of Graph Comprehengion

Some of the studies reported contained examples of graphs and the
test items used to assess graph comprehension. For the most part, the
levels of comprehension measured in each test reflected "task a" (requir-
ing a literal reading of the data, title, or axes' labels) and "task b"
(requiring comparisons and the use of mathematical concepts and skills to
read "between the data"). '"Task c" items (requiring an extension, pre-

diction, or inference dependent upon prior knowledge to read 'beyond the

data") were not commonly used. For example, Herrmann (1976) used only
one multiple-line grabh (designed without a title), accompunied by a 21-
item test. The items reflected only "task a" (10 items) and "task b"
(11 items). Johnson (1971) designed six graphs which were used as the
jE pretest and the posttest. She constructed two circle graphs, one line
graph, one pictograpti, and two bar graphs. Each graph was accompanied by
seven to nine items. Out of a t;tal of 40 items, 32 would be classified
as '"task b" items.
Some of the commerically available mathematics tests that ;nclﬁde
graph items also concentrated on testing "ragk a" and ''task b' levels of
comprehension. For example, sample graﬁh items on NAEP examinations in-

cluded a comparison of two circle graphs accompanied by two '"task a"

34
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items and one ''task b" item, and a line graph accompanied by one "cask
a" item and two "task b'" items (NAEP, 1979b). Also, the two graphs on
the Mathematics subtest of the Metropolitan Achievement Tests, Advanced
Form JS, are multiple-bar and muliple-dot graphs. The five items (two
and three respectively) are "task b" items (Prescott et al., 1978). The
two graphs on the Mathematics Concepts and Applications subtest of the
California Achievement Tests, Book 14C, are a pictograph and a bar graph
(Tiegs & Clark, 1979). The three items for the pictograph are "task a"
(two items) and "task b'" (one item). The two items for the bar graph are
"task a" (one item) and "task b" (one item).

A schema-theoretic approach to assessing.compreh;nsion would ‘nclude
textually explicit (task'h§, textually implicit (task b), as well as
scriptally implicit (task c) levels of comprehension (Pearson & Johnson,
1978) so that the test items reflect the companion text as well as tap
the readers' prior kno'.ledge base. Also, with respect to graph reading
ability, desirable skills that should be acquired by children inciude
both interpreting and generalizing from the data presented (Kirk, Eggen,
& Kauchak, Note 2). Therefore, in this study, questions reflecfing the
three tasks of comprehension (task a, task b, and task c) were used

consistently with each of the graphs.

Observed Deficiencies of Past Research

With such vast differences among purposes of research studies, tar-
get samples, and types of graphs and test items used, any universal, con-
clusive statement regarding graphs and graph reading ability would be pre-

sumptucus. With the exception of Janvier (1978), Price et al., (1974),

o -
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and a study presently being conducted by Conéulting Statisticians, Inc.
(Note 11), the role of cognitive factors in processing the information
presented in graphical f;rm has received very little attention. Also,
there were certain problems related to design, methodology, and reporting
of some of the earlier re;earch. For example, MacDonald-Ross (1977) has
questioned the validity andlreliability of Vernon's (1946, 1952) early
work because no samples of the table, graph.and histogram were available
to compare with the examples of the statistics cited, and the statements
of results in the text are confusing when compared to the information in
the tables presented (Veruonm, 1946, 1950). Vermon's (1946, 1950, 1951,
1952, 1955) as well as Washburme's (1927a, 1927b) studies have been crit-
jcized because their results may have been confounded with many unaccount-=
ed co;nitive components (Consuiting Statisticians, Inc., Note ll). Some
of the graphs used by Veramon (1946, 1950, 1951, 1952, 1953) and

Washburne (1927a, 1927b) were not constructed properly (MacDonald-Ross,

1977; Strickland, 1938/1972).

Prior Knowledge of Topic, Mathematical Content, and Form in
Relation to Graph Comprehension
Despite the weaknesses of the above-mentioned studies, they provided
evidence to suggest the importance of different aspects of prior knowl-
edge for graph comprehension. Several Studies considered the issue of
prior knowledge of topic, either using topics expected to be unfamiliar
to thg dubjects or topics known by all ch.ldren. One approach attempted

to control for prior knowledge of topic by using gravhs with unfamiliar

topics. For example, Washburne (1927a) selected the topic of his graphs
$
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and accompanying text to deal with the economic history of Florence. e
selected this topic because he assumed that the subject would be equalliy
unfamiliar to all the students. Vernon (1950) selected information deal-
ing with unfamiliar topics (population and mortality statistics) because
she also assumed that the majority of those tested would not have knowl-
edge of these topics.

; second a >ach attempted to limit the amount of prior knowledge
needed to interpret graphs by using topics that reflected an expected
common knowledge base. For example, the test designed by Harper and Otto
(1934) was composed of only literal level questions based upon facts from
the curriculum. In another study, Culbertson and Powers (i959) requestad
students to answer questions only based on information in the graphs,
not from their background knowledge. However, it is questionable that
students are aware and capable of differentiating between their back-

_ground knowledge and the isolated, literal information presented in the
text (Brown et al., 1977).

A third approach attempted to Efepare children for graph tasks to be
encountered by providing them with experiences to build their prior
knowledge base. For example, Strickland (1938/1972{ found it necessary
to have teachers spend two weeks on building a background for the graphs.
The preparation activities included teaching units with suggestions for
historically developing the topics of the graphs‘to be presented, discus-
sion periods for children to express their own experiences, literature

and reading periods for children to expand their personal experiences,

trips and field observations related to the topics of the graphs.
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Must the graph reader be familiar with the underlying mathematical
concepts, or content, expressed in the relationships represented in
graphical form? Goetsch (1936) jndicated that a prerequisite for effec-
tive graph reading is a command of arithmetic. More specifically, the
ddfficulty encountered by Vernon's (1952) subjects who read graphs de-
picting vital statistics kPOpulation and mortality rates), was attributed

to an inadequate command of the underlying mathematical concepts (includ-

ing ratio and percent) embedded in the graphic representation of the data.

Similarly, the mathematical content embedded within the relationships
expressed in the graphs used by Thomas (1933) was the cause of graph
comprehension problems encountered by some of the younger children.
Other studies suggest the importance of the form or structure of the
graphs. Gropper (1963), Janvier (1978), ;nd MacDonald-Ross (1977) indi-
' cated that individuals approach their tasks of graph reading, or visual
diserimination, with varying degrees of related prior knowledge. Compre-
hending graphic displays is dependent upon the readers' ability to dis-
tinguish and discriminate among sizes, shapes, and directions. This vi-
sual discrimination ability develops through relevant past experiences
encountered with physical objects and events (Gropper, 1963). Also, hav-
ing a repertoire of graphical forms stored in one's background knowledge
and being capable of bringing it to bear, contributes to the reader's
ability to comprehend the message in the graph (Janvier, 1978). Prior
knowledge of graphical form may be a critical factor in the subject's

ability to interpret the information in a visual display (Janvier, 1978,

MacDonald-Ross, 1977).

3




Reading and Aritrmetic Achievement in Relation to

Graph Comprehension
Other studies have found that general reading performance and the

general ability to do arithmetic are correlated with comprehending mes-
sages in graphs (Goetsch, 1936; Herrmann, 1976; Johnson, 1971). Goetsch
(1936) identified fifteen frequently used skills for graph reading, but
in order to use these skills students must "have a command of the funda-
mental reading skills, and . . . have a command of the fundamental arith-
metic skills" (p. 83). Herrmann (1919), who tested fifth-graders, was

concerned with the effects of\training students to read multiple-line

graphs. The Iowa Test of Basic Skillg and a researcher-made multiple-

line grabh was administered to the children. The correlations between
the scores on the multiple-line graph test and the reading and arithmetic
subtests ranged from .40 to .54 (for subjects who were not traired in
graph readiné and who were able to refer to the graph to answer test ques-
tions). Johnson (1971) tested fourth-, fifth-, and sixth-graders. The
Gates-MacGinitie Reading Test, the arithmetic suhtest of the Califormia
Achievement Test, and a researcher-made graph test, among other tests,
were administered to the children. She found the correlation between

the scores on the graph test and the scores for reading performance and
arithmetic to range from .54 to .73 (for all cases within each grade
level). She also stated that "The findings of this study would appear

to indicate that ability in arithwetic is more closely related to graph
reading ability than is general intelligence and reading ability"

{p. 105). However, since a measure of arithmetic achievement was used,
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the phrase, 'achievement in arithmecic" should have been used rather than
. ,
"abilicy in arithmecic.” i3 study nas attempted to idencify the rel-
acivé importance of prior knowledge(of topic, p-ior knowledge of mathe-
matical content, and prior knowledge of graphical form with respect to

comprehending the macthematical relationships expressed in graphs, inde-

pendent of reading and mathemactics achievement.
Sex-Related Differences in Mathematics and Reading

Some researchers have recognized that males tend to be superior to
females in mathematics (Armstrong, 1975; Lamott, 1977; Maccoby & Jacklin,
1974; Mullis et al., 1977; Rappaport, 1978; Sadker, Sadker, & Hicks,
1980; Woody, 1931) and analyctical abilicy (Armstrong, 1975), and that
females tend to be superior to males in verbal abilicy (Armstrong, 1975;
Lamote, 1977; Maccoby, 1966b; Maccoby & Jacklin, 1974; Mullis et al.,
1977) and rea'ing (Asher, 1977; Gates, 196l; Gonder, 1977; Mullis et al.,
1977; NAEP, 1977).

Reasons given for these academic differences included:

1. Culcural norms for viewing sex roles (Aiken, 1974; Brozan, 1981;
Callahan & Glennon, 1975; Erunest, 1976 ; Fauch & Jacobs, 1980; Fennema,
1974b; Fennema & Sherman, 1976, 1977; Fox, 1977, 1981; Johnson &
Greenbaum, 1980; Lamotc, 1977; Rappaport, 1978);

2. Brain development and functioning differ between the sexes (Aiken,
1975; " .re Buys Better,'" 1980; Lamocct, 1977; Restak, 1979);

3. Sex hormones influence incelleciual activity (Afken, 1975;

A
N

Lamotec, 1977);
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4. Sex-linked, recessive gene transmission of intellectual ability
(Aiken, 1974, 1975; Fennema, 1974b; Lamott, 1977; Maccoby & Jacklin,
1974);

5. Spatial-visual developmént might e more advanced in males
(Burton, 1979; Fennema, 1974b, 1975, 1977, }978, 1980a; Maccoby, 1966b;
Maccoby & Jacklin, 1974; Restak, 1979; Sells, 1980);

6. Socio-économic status (Fennema, 1977; Fernema & Shkerman, 1377;
Maccoby &.Jacklin, 1974);

7. Test items on ach .evement and ability tests, and scho;i-related
tasks might be sexually biased, that is, content might be male-oriented
(Fox, 1977; Graf & kiddell, 1972; Janvier, 1978; Leder, 1974; Schonberger,
1978), or fémale-oriented (Asher, 1977; Johnson & Greenbaum, 1980).

Some of the above-mentioned issues are in contention. For example,

Sherman (1977) criticized some of the identified causes of sex-related

\'\

differences, such as sex hormones and sex-linked, racessive gene trans-—
mission of intellectual ability. She indicated that the~e was no evi-

dence to support these as factors contributing to sex-related differences.

when and Under What Circumstances Sex-Related Differences 3ecome
Mani Cest
For the most part, the sex-related differences in mathematics learn-
ing are not evident in the early elemenéary grades (Fennema, 1974a, 1977.
1978, 1980; Skypek, 1980; Stroud & Lindquist, 1942; Swafford, 1980), but
become more pronounced in the upper elementary, junior high and senior
nigh school years (Aiken,‘l974, 1975; Armstrong, 1975. 1980; Callahan &

-
I
<

5len..on, 1975; Fennema, 1974a; Fennema & Sherman, .975; CTox, 1980;




Hilton & Berglund, 1974; Wolleat, Pedro, Becker, & Fennema, 1980).

Ythen differences do manifest themselves in the middle grades, girls
tend to outperform boys on low level cognitive tasks (e.g., computation),
and boys tend to outperform girls on high level cognitive tasks (e.g.,
application and analysis) (Carry, 1970; Jarvis, 1964). However, in
Jarvis' (1964) study, boys with IQs greater than 115 surpassed girls of
comparab{e intelligence in all aspects of arithmetic achievement. Al-
though Wozencraft (1963) found that, in genera) . third-grade girls were
better in arithmetic than third-grade boys, differences were not as evi-
dent in her sixth-grade sample, nor within high and low ability grc 3.

The results of Fennema and Sherman's (1978) study contlict with the
findings of the National Longitudinal Study of Mathematical Ability
(NLSMA) (Carry, 1970), Jarvis (1964), and Wozencraft (1963). Fennema
and Sherman tested sixth- and eighth-grade boys and zgirls (V = 1320),
and concluded that:

there are no universal sex-related differences

in mathematics learning. Not only did females

usually rqt perform better than males on compu-

tation (a low level cognitive task), but males

usually did not perform better than females on

the higher level cognitive tasks . . .

(p. 197)

Alchough Jacobs' (1973) sample was much smaller (JV = 80 seventh-graders),
she also found no significant statistical differerces between the sexes
with respect to mathematics achievement in seventh grade.

The results of Fennema and Sherman's (1978) work supplemented and

extended the findiugs of a study investigating sex-reléted differences

in mathematics-of female and male ninth- through twelfth-graders trom the

’

N
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previous year (Fennema §& Sherman, 1977). 1In zeneral, sex-related dif-
ferences with respect to cognitive variables were not found to be signi~
ficant (with the exception of the results of two schools in which males
outperformed females on spatial-visualization tasks). The researchers
suggested that social class may be a contributing factor in sex-related
differences (Fennema & Sherman, 1977). Women's changing role in society
might also be contributing to the differences in achievement patterns
resulting in many of the recent studies (Fepnema & Sherman, 1978;

Maccoby & Jacklin, 1974). As a result of these changing achievement pat-
terns, it has been suggested that sex not be considered as a determining
factor of individual differences, but instead, the teacher should be more
concerned with the child's rate of learning, background experience, and
general ability (Fennema, 1980b).

A few researchers criticized some of the early major research find-
ings. For example, Fennema (1977, 1980a) and 3chonberger (1978) criti-
cized the NLSMA studies for inadequately reporting, analyzing, and inter-~
preting the data. Another cause for concern was the lack of coatrol for
participation in mathematics (i.e., the number and type of mathematics
courSes taken). Armstrong (1980) claimed that the results of some stud-
ies (including the first NAEP) were confounded with pa;tic1pation in math-
ematics. The importance of includi:.; participation in matnematics as a
variable when examining adolascent and adult sex-related differences was
also stressed bv Fennema (1977) and Fox (1977). It was coﬁcluded zhat
séx-relatad aifferz.ces become Less pronounced when controlling for the

aumber -f vears the subjects studied wmathematics (Fennema & Sherman,

1978).
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Obviously taking heed of these results, Armstrong (1980) involved
13-year-olds and high school ceniors in a study and found that the cor-
relation bectween participation in mathematics and mathematics achieve--
ment was among the highest (out of seven independent variables analyzed
7ith mathematics achievement). However, even though the number of math-
ematics courses was controlled for comparisons, the high school seniors'
results still manifested sex-related differences {Armstrong, 1980).

Benbrow and Stanley's (1980) results would appear to support the
finding that controlling for the number of yearc students studied mathe-
matics did not eliminate sex-related differences (Armscrong, 1930;
Maccoby & Jackiin, 1974 Schonberger, 1978). However, careful inspec-
tica of th. vesults might indicate otherwice. Theay tested gifted sev-
enth~- 3nc eiéhth-grad; bovs and girls and found males were superior to
fema.e¢s in high cognitive mathematics tasks (including mathematical rea-
soning), but essentially no differences in verba! ability were identified
("Are Boys Better,'" 1980; Benbrtow & Stanley, 1980; Kolata, 1980; "Why
Are Boys," 1981). It has been recognized that at the time of early ad-
olescence, there is greater variability among boys' zeneral intelligence
scores (Guilford, 1967). Since high IQ cases were used in the Benbrow
and Stanley study, it might be expected that more boys' scores than
girls' scotes would be located in tﬂe extreme high percentage area of the
frequency distribution. Therefore, it must be questioned whether these
results corfirmed the existence of sex-related differences with respect

to boys outperforming girls in mathematics.

14
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Effoct of Sex-drased Test Items and Sehool-Related Tasks onm
Differenccc in Performance

It has been suggested that tests used tO measure mathematics and
reading achievement, as well as school-related assignments and tasks,
are sex-biased (i.e., items and tasks are male- or female-orientad)
causing sex-related differences. Janvier (1978) reccgnized that his
graph on "Racing Cars" was sex-biased. The topic was more familiar to
boys, and the ta;ks designad to accompany this graph proved to be more
difficult for the high school girls. Leder (1974) presented boys and
girls in the tenth grade (in Australia) with pairs of problems that
contained stereotypically male and female situations. The subjects ex-
pressed prefeﬁence for the problems'that illustiated traditional sex
rol;s. Male and female college students were the subiecus in Graf and
Riddell's (1972) study, designed to determine whether problem context,
or the topic/situation of the problem affected success in solving it. It
was found that the interaction between subject3’' sex and problem context

accounts for perceived problem difficulty, but it did uot interfere with

solving the problen.

Re..=ionshiv Among Sex, Verbal, and Mathematical Abtlity

The correlation between verbal and mathematical ability was iden-
tified as early as 1912, by Edward L. Thorndike (Earp, 1969). More re-
cently, in efforts to account for sex-related differences, Armstrong

(1975) identified studies that confirmed Thorndike's o'servation. For

example, Muscio (1962) found mathematical ability to be correlated with
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reading factors which included paragraph meaning, reading 'to understand
precise directions, and reading to note details.

Despite the relationship that has been identified between language
factors (Aiken, 1972), reading factors (Armstrong, 19753; Muscio, 1962),
and mathematics-learuir ; factors, sex-related differences have been re-
ported. Fennema (1977, 1978), Fennema and Sherman (1976), and Fox (1977
questioned why females do riot excel in mathematics since the verbal fac-
tor is such a salient component of mathematics and females tend to be su-
perior to males in verbal abflity. Fox (1977) offered the following
reason:

Perhaps the verbal factor related to mathematics
is somewhat different from the verbal factor tra-
ditionally examined. In order to learn to use
mathematics one must be facile with mathematical
language. Language is vital to mathematics.
Starting with numbers and numeration and contin-
uing iato the basic mathematical operations . .
mathematics has a highly specific symbolism and
syntax which must be learned. As one progresses
to higher mathematical levels, symbolism is in-
creasingly used to express ideas. This symbolism
is unique to mathematics; it is isolated within
mathematics; and without a thorough knowledge of
it, abstract mathematical thought is impossible.
It would appear that while the verbal factor in
mathematics might be very similar to the verbal
factor in words, there are also differences.
Couciseness is one difference. One mathematical
symbol is equivalent to many words resulting in

a high concept density in mathematics writing.
Another difference is the learning of the sym-
bols. Learners are embedded in a social milieu
which constantly bombards them with words. Not
so with mathematical symbols. Their use 1s re-
stricted to a great degree to mathematics classes
in schools. Whether or not such a specialized
verbai factor can be identified is unknown, but
it appears reasonable that such a factor exists
and that it might provide some understanding of
sex-related differences. (p. 101-102)

46




, 35
On the other hand, Fennema and Sherman (1976) criticized the reported

-

relationship between verbal skills and‘sex as "an overgeneralization"
(p. 8).

Armstrong (1975) suggested that when learning mathematics, females
use their verbal ability (symbol-oriented development) and males rely up-
on analytical ability. As a result of approaching the learning of math-
ematics differently, Fennema (1975;) suggested that the development and
reliance upon verbal ability might hinder the females; development of
spatial ability (which is a requisite for high-level cognitive tasks in
mathematics (Fennema, 1977)).

Iﬁvestigating sex-related differences with respect to problem-
solving, Meyer (1978) tested fourth-grade females and males. The data
did not reveal achievement differences, suggesting that the intellectual
strategies employed for probley-solving might be determined by sex. Al-
so similar to the idea that males and females approach learning mathe-
matics and mathemaci;al problem~-golving &ifferencly, Sheehan (1968)
found "that sex is a difference that makes a difference iu learming to
solve algebra problems and that the sex differerce in problem-solving
ability, cransfer, and reasoning . ... do, in fact, affect school learn-
ing" (p. 86) for ninth-graders. On the other hand, Alexander (1962),

who Eested girls and boys in the seventh grade, did not find significant

sex differences with reipect to solving verbal arithmetic problems.




Sez-Related Differences with respect to iraph Comprehension

Studies examining sex-related diffarences with respect to compre~
hending the mathematical relationships expressed in graphs have been rel-
atively few (Johnson, 1971; Strickland, 1938/1972; Vernon, 1950). Con-
forming with some of the literature on sex differences in adolescence
(Maccoby, 1966b; Maccoby & Jacklin, 1974), Vernon (1950) found that on
the average, boys' performance was superior to girls' performance involv-
ing the reading of charts, graphs, and tables, but no tests of signifi-
cance were reported. however, Peterson and Schramm (1954) later report-
ed that "There is nothing in the literature to indicate that sex makes a
difference ir the accuracy with which graphs are read" (p. 187).
Strickland's (1938/1972) study supported this statement. There were no
sex-related differences with respect to graph reading ability in grgdes
one through four. In contrast, Johnson's (1971) fourth-, fifth-, and
sixth-grade girls"mean scores on the graph reading pretest and posttest I
were superior to the boys' mean scores (no tests of significance were re- I
portad). However, many of her graph test items required simple arith-
mecicél compﬁtation in which it has been found that elementary school |
girls excel (Carry, 1970; Jarvis, 1964).

To observe whether any sex-related differences exist with respect
to graph reading ability, the results of fourth- and seventh-grade boys
and girls were compared and analyzed in the present study. Seventh-
graders were included in the study because if differences do occur, they
become manifest at about the time of seventh grade, when children are

about twelve or t.irteen vears old (Aiken, 1974; Armstrong, 1975;

4o
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Fennema, 1974a, 1977; Maccoby, 1966b; Rappaport, 1978; Suydam & Riedesel,

1969).
Summary

Recent d2velopments in cognitive psychology, ia particular, schema
theory, provide a framework for understanding comprehension of general
discourse. Some researchers in mathematics education (Greeno, 1978;
Silver, 1979, 1981) have applied some of the concepts of cognitive psy-
chology in studies dealing with learning and comprehending mathematics.

. Specific kinds of mathematical relationships are expressed within a
graphical framework. Analogous to general discourse. ucing graphs to
communicate information might be dependent upon the reader's prior knowl-
edge and the ability to bring that knowledge to bear. The abstract,
symbolic notation employed in graphs to depict specific kinds of mathe-
matical relationships might be more meaningful to readers who have a
srior knowledge base. I

Very few studies (Janvier, 1978; Price et al., 1974) have examinéﬁ
the role of cognitive factors in processing this mode of presenting infor-
mation. Therefore, this research project has attempted to identify the
effect of prior knowledge, specifically prior knowledge of topic, prior
knowledge #f mathematical content, and prior knowledge of graphical form
on comprehending the mathématical relationships expressed in graphs.
Whether sex was a contributing factor in graph comprehension, and how
much of the variance of’graph comprehension was attributed to prior

v

Knowleage independent of reading and mathematics achievement were also

explored.




CHAPTER III

RESEARCH DESIGN AND METHOD

Ingtrumentation

Four assessment instruments were required for this study: ; graph
test me&asuring the comprehegsion of the mathematical relationships ex-
ﬁressed in four diffe:sgﬁvgraphical forms; a prior knowledge inventsry,
measuring prior knowledge of topic, mathemati:al content, and graphical
form kdesigned to reflect the prior knowledge assumed to be needed to

comprehend the graph items); and reading and mathematics achievement

tests.

Graph Test

As a result of a review of the literature, tests specially con-
structed to measule graph—rliﬂing ability were identified. Since these
tests were not valid for th; purpose of this study, i: ‘as determined
that a graph test had to be constructed.— Not only was it important toO
develop properly constructed graphs (Arkin & Colton, 1940; MacDonald-~
Ross, 1977) and to avoid excessive questioning that would stress low- or
high~level cognitive tasks that might cause either sex to outpertorm the
other (Carry, 1970; Jarvis, 1964), but it was also necessary to vary the
topics of the graphs, the mathematical content in the graphs, and the
graphical forms sc that there would be some graphé containing aspects of
prior knowledge that would be familiar to "average' fourth- and seventh-

graders, and others that would be unfamiliar.
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The objectives (see Appendix A) were written aft~r consulting New.
York City syllabi (Boardxbf Education ot the City of New York, 1962,
1979), a New York State Education Department bulletin (State Education
Department, 1977), and NAEP booklets (NAEP, 1979a, 1979b). Suggestions
for constructing graphs were also obtained from Arkin and Colton (1940),
Eagle (1942), Goetsch (1936), and the Nuffield Foundation (1967).

Twelve graphs were constructed: three bar graphs, three circle
graphs, three line graphs, and three pictographs. During the developmedt
of thé test, six fourth-grade students were interviewed. Students were
interviewed individually, although keeping with public school policy re-
quired children to leavé classrooms in pairs. None of the children were .
confronted with the same graph. Each child was given two different types
of graphs (one-at-a-time) to read (Janviar, 1978). Free response ques-
tions were a;ked, and responses were taped. From their responses, dis-
tractors for multiple-choiceAquestions were written and questions were
deleted or revised. As a result, each graph was~accom§;hied by six mul-
tiple-choice items. The six items reflected the three tasks of compre- ‘P
hension. Two questions were 'task a" items (requiring a literal read-
ing of the data, title, or axes' labels); two questicns were ''task b"
items (requiring comparisons and the use of mathematical concepts and
gkills to read "between the data"); and two questions were "task c"
items (requiring an extension, prediction, or inference dependent upon
orior knowledge to read "beyond the data"). The importance of arranging
the items according to cognitive complexity was recognized at the time
the six fourth-graders were confronted with the tasks. To avoid sex-

biased items and poss;ple influence of topic (Graf & Riddell, 1972;

’
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Janvier, 1978; Leder, 1974; Schonberger, 1978), six of the graphs were
désigned to be neutral ("The U.S. Government's 1981 Dollar Budget,”
"The Number of Calories in One Cup of Some Milk Products," "The Number
of 200 Brooklyn Elementary Schools in which Electronic Calculators were
used during 1960 through 1980," "Average Time of Sunset," "The Gross
‘ Natiopal Product during 1969 through 1979," and "First Grade Enrollment
in One Brooklyn School District in 1962, 1968, 1974 and 1980") and
some of the others were designed to avoid sex-stereotypes ("How Terry
Spends a School Day," "Height sf the Rodriguez Children in March, 1980,"
"The Number of Children im Mr. Kahn's Class Celebrating a Birthday during
Each Month of the Year," "The Number of Books the Jones Children Read
Per Month," and ''Stamps ColleEted by Children'").

Since a review of some of the schema theory lit"ature suggested
that comprehension varies with the amount of prior kuowledge, four of
the twelve graphs were designed to have topics that would be unfamiliar
to the "average" fourth- and seventh-graders ("The U.S. Government's
1981 Dollar Budg?t," "The Number of Calories in One Cup of Some Milk
Products,” "The Gross National Product during 1969 through 1979," and
"First Grade Enrollment in Onme Brooklyn School District in 1962, 1968,
1974 and 1980"). Eight of the graphs were designed with topics that
were expected to be familiar to the "average" fourth- and seventh-graders
("How John Spends His Daily School Allowance," "How Terry Spends a School
Day," '"Height of the Rodriguez Children in March, 1980," "The Number of
Children in Mr. Kshn's Class Celebrating a Birthday during Each Month of

the Year," "The Nuuwber of 200 Brooklyn Elementary Schools in wnich

92




Electronic Calculators were used during 1960 through 1980," "Average

Time of Sunset," "The Number of Books the Jones Children Read Per Month,"
and "Stamps Collected by Children"). Twice as many topics e<xpected to

be familiar to the "average" fourth- and seventh-graders were selected so
as to avoid the possible effect of a failure situation in the event that
prior knowledge of .opic was determined to be a factor contributing to
graph comprehension.

The amount of prior knowledge of mathematical content and graphical
form was aiso taken into consideratlon in tlie design of the graphs and
the questions that were constructed. It was expected that some of th:=
mathematical concepts and skills would not be familiar to "average"
fourth- and seventh-graders (e.g., percent). It was assumed from in-
pecting curriculum bulletins (Board of Education of the City of New York,
1962, 1979) that fourth-graaers 'should have had some exposure to bar
graphs, line graphs, and pictographs, and by seventh grade, students
should ha;e had some additional experience with circle graphs. To
avoid having the order of the graphs influence students' performance
(Carter, 1947), ten different randomly arranged orders of the graohs
were presented to students. Table 1 describes the dif ferent arrangements
of the Graph Test. X
The score on the Graph Test (see Appendix A) can range from 0 co 72.

The time needed for fourth- and seventh-graders to take this test was

one hour.
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Table 1

Form Arrangements of the Graph Test

Form
Craph A b C D E F G H I J
1 4 11 6 8 10 11 6 12 9 12
2 1 3 7 4 12 10 5 11 1 5
3 8 10 4 9 11 3 4 10 8 19
4 9 8 2 2 1 12 8 3 2 11
5 5 12 9 3 8 1 12 4 7 6
6 7 6 5 1 5 2 71 3 9
7 6 1 3 5 4 9 1 7 5 8
8 2 4 8 7 7 4 9 9 4 7
9 3 2 1 10 6 8 3 6 6 1
10 10 5 10 6 9 6 2 2 12 2
11 11 9 12 12 2 5 11 5 10 3
12 12 7 11 11 3 7 0 8 11 4

)

(p,0)?  (4,16) (2,9 (5,16) (4,12) (4,8) (2,i9) (1,15) (1,8;-(2,16) (6,13)

Reverse .
Order® X X X X X

Yote. The table of random numbers .from Guanther (1968) ‘was used.
One die was rolled to determine one of six possible pages (p). Four
dice were rolled to determine a row (r) on that page.

a(p,r) designates the page (p) and the row (r) determined by using
dice. Reference is made to Guenther (1968).

bSince Graphs 1l and 12 were arranged last quite frequently, two
dice were rolled five times to determine which form arrangements
should be reversed. Therefore, B, E, F, H, and J were arranged in
reverse order to avoid Graphs 10, 11, and 12 from always occurring
near the end in the test booklet.




validits ¢f the Sraph Test. Seven elementary/intermediate school
teachers, each havir.g more than five years of\elementary/lntermediate
school teeching euperience, were given the multiple~-choice gr: >h test fo
determine the validity of the test items. The teachers were presented
with the definitions of the three tasks of comprehension ("task a," "task
b," and "task c¢") and examples of each. To determine the face valid-
ity of the test items, they were asi.ed to identify each of the 72 grapn
{items as either "task a," "task b,"” or "task c." The six * 'ms accompany-
ing each graph were arranged randomly to avoid the possibl recognition
of any pattern of arrangement. dJAgreement of at Jeast four out of seven

teachers per item determined whether the item had face Tvalidity- This

.

would indicate thak there is z+ most a .l67 probability that agreement by
four out of the sevin teachers would occur b& chance on any single item,
using the Binomial Distribution Formula. Table 2 shows the number of
teachers rating the tasks of the graph items in agreement with th2 in-
tended task. Twenty-three (31i.9%) of the items had to be rated a seccnd
rime because at least four out of the seven teachers did nct agree on

the task level (see Table 3). The only item for which there was no agree-

ment of four cut of the seven teachers with its intended purpose was item

3 on Graph 7. However, this item was included as a ''task b'" item because,

iu agcordance with the definition, it requires a conparison of the number

of calculatofﬁlused in 1960, 1979, and 1980, and it can be recognized that

s as the years progressed, the number of calculators used increased ‘which
is visible by the direction of the line). Four of the teachers rated

this as "™task c¢'" on the seccrnd rating.

Q =

ERIC ' . 20

PAFulToxt Provided by ERIC




Table 2

The Number® (¥) of Teachers Rating the Tasks ~f Graph Items in Agreement
with the Intended Task

L Graph
_ ltem 1 2 3 4 5
Task a PRI NP Ny P NP N P NP
| 4 167 7 .000Y 65 .00l 5 .039 7 .o00od 5 .039
2 7 .o00¢ 7 .000¢ 7 .o00d 7 .000d 7 .000d 7 .000d
Task b
3 7 .oood 6 .00l 6 .00l 6 .00l 4 .16] 6 .00l
"y 6 .001 6 .00l 5,039 6 .00l 4 .67 4 .167
Tdbk [
5 6 .00l 6 .00l 7 .000d 4 167 5 .039 6° .00l
6 6 .00l 5¢ .039 4 .16 7 .oo0d 4 167 6 .00l

e - -

“ihe Number W) 1s out of 7.

bP(N) = The probability that at least N out of 7 teachers agree on the task of the item by chance.

Cltems had to be rated a second time because there was no agreement (at least 4 out of 7 agreeing),
the tirst time. Clarification and explanation preceded the second rating.

dpwy < .0005.
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T.ble 2 (Continued)

(N) of Teachers Rating the Tasks of Graph Items in Agreement
with the Intended Task

The Numbcra

- Graph
o _ltem 7 8 9 10 11 12
Task a oo p)® N PN NP NP N PN N PN
1 6 .001 6 .00l .000° .039 5 .039 6 .00l
2 5 .039 6 .00l .001 .039 5 .039 5 .039
' Task b ’
] d 7€ .o0c® 6¢ .00l 4 .167 6 .00l 5¢ .039
4 5 .03 7 .000° 4 167 7¢ .oo¢ 7 .00F ¢ L00f
Task o
5 6 .00l 7 .00¢° 6 .00l 5 .039 7€ oo 6 .00l
6 4 .167 7 .000° 7 .ooff 7 .000° 5 .039 7 .ooff

“the Number (N) is out of 7.
hP(N) = The probability that at least N out ot 7 teachers agree on the task of the item by chance.

C
Items had to be rated a second time because there was no agreement (at least 4 out of 7 agreeing),
the titst time. Clarification and explanation preceded the second rating. -~

d
No agreement (at least 4 out of 7 agreeing), was reached on the first nor second rating.

“p(N) < .0005.
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Table 3

Number and Percéntage of Graph Items Receiving Four or More Ratings
in Agreement with the Intended Task

Number in Agreement Number of Items Percentage of Total
First Rating Second Rating Total (N out of 72)
7 (Unanimous) 13 5 23 31.9
6 14 9 23 31.9 E
5 10 5 15 20.8
4 7 3 10 13.9
Totals 59 22 71 98.5

Note. 23 (31.9%) of the 1tems had to bLe rated a second time.
Clarification and explanation preceded the rating. There was no agreement
(at least 4 out of 7 agreelng) on one item (1.4%), Item number 3 on Graph 7.
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Since Royer and Cumningham (1978) indicated that teachers "are
very sood judges of whether topical material will be in the knowledge
repertoire of students in their charge," (p. 38), the seven teachers
were asked to identify the topics of the graphs that would be familiar
and unfamiliar to the majority of fourth- and seventh-graders. There
was unanimous agieement that four tqpics (one for each type of gr;ph)
would be unknown to the "average" fourth-grade student. This was in
agreement with the four graphs designed bv the researcher to be unfamil-
iar (see pages 40-41). Five out of the seven teachers agreed that these
four graph topics wo&ld also be unfamiliar to the "average' seventh-grade
Student.

Teachers also identified the vocabulary and mathematical concepts,
or content, they thought studeuts should know in order to comprehend the
information presentad in graphical form. This was helpful in construct-

ing the Prior Knowledge Inventory.

Prior Knowledge Inventory

The Prior Knowledge Iﬁventory (see Appendix B), consisting of three
subtests (Topic, Mathematical Content, and Graphical Form) was designed
following surveys compiled by Pearson, Cordon, agd Hansen (Note 12),
Pichert and Anderson (1976), and Weber (1979). However, due to the
number of students tested and the wide scope of prior knowledge to be
assesséd, the free-response, open-ended 3tyle of these previous surveys
was converted to a multiple-choice format. The scores on the subtests

of the Prior Knowledge Inventory range from 0 to 52 on the Topic subtest,

5 to 6¢ on the Mathematical Content subtest, and O to 27 on the Graphical
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Form subtest. To avoid having the order of the Prior Knowledge Inv;ntory
subtests influence students' performance, six different orders (the num-
ber of permutations of the three subtests) of the Prior Knowledge
Inventory were arranged (Carter, 1947). The time needed for this test
was one hour and fifteen minutes.

The topic, mathematical coqﬁent, and graphical form of each of the
twelve graphs was identified, and the seven teachers (previously men-
tioned) added or deleted informat.on they thousht was relevant or irrel-
evant. Open-ended, free-response items were constructed and then re-
written as multiple-choice items. The items were presente& to six fourth-
graders (different from the six used for the Graph Test interviews), who
were encoﬁraged to "think aloud" and make comments about the items under
conditions similar to those for the Graph Test interviews. The students'
comments were taped. From these responses the items were revised.

Graphical form items were constructed so that unly'knowledge of the
structure of the four different graph—typeQ'was tested (Kosslyn, Note 13). .
Each graph-type was examined to identify the way the data are displaved,
the framework used for representing the graph (e.g., circle, horizontal
and vertical axes), and the type of relationship that can be recognized
visually. The items designed were abstract exercises because the graphs
used for this subtest were topic- and numerically content-free.

The Graph Test items and Prior Knowledge‘lnventory items were matched
according ro the prior knowledge assumed to be needed to respond correctly

to the particular Graph Test items. See Appendix C for the Prior

Knowledge Inventory items that are reflected in the Graph Test items.

be
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Also, a key for matching the Graph Test items with the Prior Knowledge

Inventory Items is availabie in Appendix C.

Pilot Study of the Tests

Prior to administering any tests (for the pilot study as well as the
study), permission was obtained from the Office of Educational Evaluation,
the Board of Education of the City of New York, and the Community District
Superintendent (see Appendix D). Also,.children participating in the
pilot study and the study required parental consent (see Appendix D --

a similar letter was constructed, disseminated, and collected for the
pilot study). Once all of the permission letters and forms were received,
interviews were conducted (as described in the Graph Test and Prior
Knowledgf Inventory sectiéns) and the Graph Tést and Prior Knowledge
Inventory were administered. The pilot tests were conducted during the ,
Spring, 1980. '

Graph Test results. Seventy-five fourth-graders were given the
Graph Test, and KR-20 reliability of .89 was calculated. Sixty seventh-
graders were given the Grapu Test, ard KR-20 reliability coefficient of
.88 was calculated.

Prior Knowledge Inventory results. Sixty-seven fourth-graders were
given the Prior Knowledge Inventory. A KR-20 reliability coefficient of
.97 was calculated. The su’ tests, Topic, Mathematical Content, ard
Graphical Form had KR-20 reliabilities of .93, .97, and .93, respectively.
Seventy-three seventh-graders were given the Prior Knowledge Inventory. A
KR-20 reliability coefficient of .96 was calculated. The subtests, Topic,

Mathematical Content, and Graphical Form had KR-20 reliabilities of .90,

.95, and .86, respectively.

o)
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As previously mentioned, the validity of the Graph Test and Prior
Knowledge Inventory was determined by receiving feedback from seven
elementary and intermediate teachers who each had more than five years

teacting experience in elementary and intermediate schools.

H

Reading and Mathematics Achievement Tests

Standardized acaievement tests used in New York City (Joel, 1979)
were reviewed (Buros, 1978). The Reading and Mathematics tests of the
SRA Achievement Series (SRA) (Naslund, Thorpe, & Lefever, 1978) were
determined to be the most appropriate standardized instruments for this
study. Both Levels D and F (for beginning the fourth- and seventh-
grades, respectively), have vocabpulary and‘reading comprehension subtests
for the Rz.ding Test, and mathematics concepts and computation for the
Mathematics Tests. (Level F also has a problem—-solving subtest, not used
in this study.) The score can range from 0 to 56 on Level D of the
Reading Test, and from O to 90 on Level F. For the both levels of the
Mathematics subtest, the score can range from O to 70. The reliability
of the subtests ranges from .88 to .94 for Level D, and .83 to .96 for
Level F. By inspecting the New Ycrk City curriculum guides (Board of
Education of the City of New York, 1962, 1979), as well as the NAEP
reports (1979a, 1979b), it can be shown that these subtests have content
validity, and item difficulty is comparable to the same levels of other
standardized tests used in New York City (Joel, 1979; Prescott, Balow,
Hogan, & Farr, 1978; Tiegs & Clark, 1979).

Other criteria taken into consideration in selecting appropriate

assessment instruments included the length of the test, clarity of
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directions for administration, and scoring format. For Levels D and F,
only one hour was needed for the Reading Test, and @5 minutes were needed
for Level D and 90 minutes for Level F of the Mathematics Test. The
amount of testing time was not overburdening for fourth- and seventh-
graders. The directions for administering the tests were very clear
and adequately detailed instructions were available in the manual. Very
little special preparation was requizted to administer each test. This
was a concern because proctox§ were used to administer the tests. Level
D had a hand-scorable format where answers were marked in the test book-
iet. This was a concern because fourth-graders have had very little ;;-
perience, if any, transferring answers from a test booklet to a éeparate
answer she;t. Level F material included a test booklet and a separate
answer sheet.

There was no "Graph'' subtest on the Mathematics Test nor were there
any graph items throughout the test for both levels. This was a desir-
able feature because the presence of graph items on the Mathematics Test
might have caused a superficially high correlation between the independent
variaple, mathematics achievement, and the dependent variable, graph
comprehension.

The 1978 Edition of the SRA was not available at the time that the
Association of Teachers of Mathematics of New York City (ATMNYC) Task
Force reviewed the standardized mathematics tests used in New York City

(Joel, 1979). Also, this edition was not reviewed in the Eighth Mental

Meagurementa Yearrook (Buros, 1978). However, geometry, measurement,

metrics, and practical application topics, scarcely found in the 1971
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Edition (Joel, 1979), are sufficiently represented in the 1978 Edition

(Naslund et al., 1978).
The Sample

Fourth-graders were select=d because it is by the fourth grade that
most of the preliminary, elementary work with graphs should have been
accomplished (Board of Education of the City of New York, 1962; NAEP,
1979b), they should have "reached a minimally acceptable levél of adult
graphicacy' (Wainer, Note 10, p. 11), and, by the fourth grade, children
should have achieved a sufficient command of reading and arithmetic
skills needed for testing graph reading skills (Strickland, 1938/1972).
Seventh-graders were selected because it is during the seventh grade
that sex-related differences tend to become manifest (Armstrong, 1975;
Fennema, 1$74a, 1977, 1978; Maccoby, 1966b; Suydam & Riedesel, 1969).
Also, it is by the seventh grade that most Pf the instruction dealing
with graphs should have been accomplished (Board of Education of the City
of New York, 1979; Hogan et al., 1978), and that seventh-graders should
have had more experience with bar graphs, line graphs, pictographs, and
circle graphs. These experiences should account for more prior knowledge
of graphical form, as well as more prior knowledge of topics and mathema-
tical content.

The sample was chosen from one of the 32 New York City School
Districts. There were four elemenéary schools, two junior high schools,
and one K-8 school. The schools are located in stable (there is no
constant influx or exodus of families from these communities) middle-

class communities, but some children are bused from poor, disadvantaged

&6
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communities. The study was designed so that the sample would be com-
posed of at least four hundred children (100 fourth- and seventh-grade
boys and girls). Information regarding sex and native-English-speaking
status was collected by having students check appropriate spaces on the
cover sheet of the Prior Knowledge Inventory. Native—énglish-speaking
students were selected to avoid any influence of foreign language
background.

It was found that an unexpectedly large number of students were not
native-~English-speakers (41.72 of the fourth-graders, and 44% of the
seventh-graders). A very l;rge percentage of the minority students{was
not native-English-speaking (89.1Z of the fourth~grade minorities, and
- 84.4% of the seventh-grade minorities). As a resulf, the racial status
variable was deleted from the study because’native-English-speaking
ixinorities were inadéquately represented. The analysis and breakdown of
the sample Dy sex and minority/non-minority status is presented in Tables
4 and 5.

Thus, the sample consisted of 101 fourth-grade boys, 103 fourth-
grade girls, i02 seventh-grade bovs, and 83 seventh-grade girls. Stu-
dents who participatéd in the pilot study (Spring, 1980), and who were
held over (i.e., were repeating the fourth- or seventh-grade in the
Fall, 1980), were deleted from the sample.

Despite having a few less subjects in the sample than originally
expected, the fourth- and seventh-grade sample size still yield high
statistical power greater than .94 for medium size effect « X = .01)
(Cohen, 1977, p. 91), and the sample size was consistent with the

suggestions of Xerlinger and Pedhazur (1973) for the sample size needed




Table 4

Analyuis ot Fourth-Grade Sample
fron 5 Brooklyn Public Schools

Tota zade Total No. % of  No. who had L with to. of Natlve- % of
Fnrol lment of Minorities Minorfties Permission to Permission to tEnglish-Speakers Native-
Participate Participaie with Permission English-
(No. Tested) to Participate Speakers
with
Sub jects B Permission
Boys 205 48 23 205 100.0 122 59.5
Girle 235 .0 17 234 99.6 134 57.2
Total 440 8b 20 4139 99.7 256 58.3
T T No. of 7 of No. of No. of 7 of % of Native-
Native- Nativa- Complete Native- Complete English-
Eng hJ sh- Lngl ish- Sets of English- Sets of Speakers for
Speaking Speakers Data of Speaking Data that Whom There
Minorities who are Native- Minoritiles Belong to are Complete
Minority English- with Minorlties Sets of Data
Speakers Complete
Sets ot
Swbjects ... bata S —
Boys 16 13.1 101 15 14.9 82.3
GCirls 12 9.0 103 8 1.7 76.9
Total 28 10.9 204 23 11.3 79.7

aY
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Table 5

Analysis of Seventh-Crade Sample
from 3 Brooklyn Public Schools

) ““lotal Grade Total No. % of No. who had % with No. of Native- 1 of
Enrollment of Minoritles Minoritles Permission to Permission to English-Speakers Native- «
Participate Farticlpate with Permission English-
(No. Tested) to Participate Speakers
with
Subjects o _ Permission
Boys 240 56 23.5 240 100.0 144 60.0
GCirls 221 49 22.0 219 991 113 51.6
Total 461 105 2.8 459 99.6 251 56.0
R Y § % of No. of No. of v ' of % of Native
Native- Natlve- Complete Natlve- Complete English-
English- English- Sets of English- Sets of speakers for
Speaking Speakers Data of Speaking Data that Whom There
Minorities who are Native- Minorities Belong to are Complete
Minoricy English- with Minorities Sets of Data
Speakers Complete 3
Sets of
Subjects I Data B L
Boys 21 14.6 102 13 12.7 j0.8
Gluls 19 16.8 83 13 15.7 73.5
Total 40 15.6 185 26 14.1 12.0

w
w
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for a multiple regression analysis. The sample size also allows for

minimal shrinkage of multiple R (Kerlinger & Pedhazur, 1973).

Ppocedure and Data Collaction

-

in May, 1980, the researcher was invited to be a guest speaker at a
Principals' €onference at the District Office. At this time, the
orincipals were informed of the objectives of the research project, and
tentative testing dates. Also, they were told that Title I schools
(gchools that receive money from th; Federal Government to implement
special programs for minority/disadvanraged students) were not going to
be included in the study tc avoid possible external effects of supple-
mental programs. Seven principals volunteerea o allow their students
to participate in the ;tudy. They were from four elementary schools,
two junior high schools, and one K-8 school. ~

In early September, 1380, testing schedules were discussed with the
seven principals. The researcher also visited each of the 29 classes to
explain the research project to the children and distribute the per-
mission letters. Prior to beginning the testing, all permission letters
were returned and rosters were' prepared and typed. The testing was con-
ducted in October, November, and the first week of December, 1980.

Nineteen proctors were recruited from the Teacher Training Program
at Saint Francis College. Each proctor had successfully completed a
course in Tests and Measurements and hac demonstraced competence in
administering and pro.:oring standardized tests. To insure uniform
testing conditions (Tuinman, 1973-1974), orientation sessions were held

for the proctors to review the expected time of arrival at each testing

-3
O,
R




57
segsion; expected preparation procedures; expected proper attire; proc-
toring assignments; tests, and test administration instructions. Each
proctor received copies of the four tests, answer keys, directions for
ad%inistering the tests, and maps of the location of the assigned schools. .
S£;1¥ar to Fennema and Sherman (1977), the proctors were assigned accord-
ing to their availability. For the most part, each proctor was respon-
sible for the same clas$ for each of the four testing sessions. In addi-
tion, twenty-nine teacher-training students, also from Saint Francis
College, were enlisted to hand-score the papers. Each paper was checked
by the researcher to assure accuracy of the ratings and recording of
scores.

Each of the four tests was administerzd during four different testing
sessions. The Prior Knowledge Inventory was administered first to deter-
aine the amount of prior knowledge of topic, mathematical content, and
graphical fsrm the students had prior to confronting the Graph Test. To
avoid having any of the content of the Prior Knowledge Inventory fresnh in
the minds of the students when taking the Graph Test, at least four weeks

lapsed before administering the Graph Test, and within this time the SRA

Reading Test and the SRA Mathematics Test were given.
dralysis of Tata

The research questions were investigated by correlational and multi-
ple regression analyses for the fourth- and seventh-graders separately.
To avoid having the resuits confounded with other cognitive components

(Censulting Statisticians, Inc., Note il; Kosslyn, Note 14), and in ef-
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torts to be as precise as possible in analyzing the data collected, sec-
ond-order partial correlations, partialing out mathematics achievement
and reading achievement, were computed to determine the unique contribu-
tion of prior knowledge of topic, mathematical content, and graphical
form to graph comprehension. First-order partial correlations, partial-
ing out reading achievement from mathematics achievement, and partialing
out mathematics achievement from reading achievement, were computed to
determine the unique contribution of reading and mathenatics achievement
to the variance of graph comprehension. Sex, mathematirs achievement,
and reading achievement were controlled in the regression analysis to
determine whether prior knowledze contributed to the prediction of graph

comprehension independent of any of these previously entered measures,

information about which is readiliy available in the public school setting.




CHAPTER IV
RESULTS

Prior to considering the research questions, the frequency distribu-
tions and percentages of students taking the six different arrangements
of the Prior Knowledge Inventory and the ten different a?fangements of
the Graph Test were inspected. Even though a near-equal rgpresgntatioﬁ
of each test arrangement was distriduted during each testing session,
these distributions were inspected to determine whether there was a near-
equal representation of each test arrangement among the complete sets of
data. This was a concern because many sets of data were not included in
the final 2nalysis due to missing cases (see The Sample, Chapter III, P.
52). The near-equal frequency distributions and percentages of the dif-
ferent forms of the Prior Knowledge Inventory and the Graph Test for stu-
dents who made up the sample for this study are reported in Table 6.

Even though a pilot study was conducted, KR-20 reliability coeffi-
cients were also calculated for the fourth- and seventh-grade sample of
the study to establish Eﬁe internal consistency of the instruments @e-
signed by the researcher. Similar to the high reliability coefficients
of the researcher-designed tests administered to the pilot groups, high
KR-20 reliability coefficients were also calculated for each researcher-
designed test administered during the study (see Table 7).

Afrer inspecting the frequency distributions of the different ar-
rangements of the tests and the reiiability -coefficients for each re-

searcher-designed instrument, the zero-order correlations between in-




Frequency Distributions and Percentages of Studentsa

Table

6

Taking Different Forms of the Prior ¥Fnowledge Inventory

and Graph Test

Prior Knowledge Inventory

Form
A B C D E K Total
Nb 37 37 30 33 33 34 204
Fourth Graders
A 18 18 15 16 16 17
N 30 35 35 29 26 30 185
seventh Graders
A 16 19 19 16 14 16
Graph Test
Form
L A B C b E F G H 1 J Total
N 23 22 17 26 16 17 23 23 17 20 204
Fourth Graders
% 11 11 8 13 8 8 11 11 8 10
N 21 12 21 18 19 19 18 16 22 19 185
Seventh Graders
% 11 6 11 10 10 0 10 9 12 10

N = Number of students.

a .
Frequency Distributions and Percentages of Students for whom complete sets of dat

a were available.

v

(o)
<




Table 7

Reliability of Researcher-Designed Tests
Administered During Fall, 1980

No. of Native-English- KR-20
. __ Test Grade No. of Items Speaking Subjects Reliability
Graph . 4 72 232 .89
7 12 215 .91
Prior Knowledge Inventory 4 143 ol .96
7 143 245 .91
Togic Subtest 4 52 261 .92
7 52 245 .82
Mathewatical Content Subtest 4 64 261 .95
7 64 245 .86
Craphical Form bubtest 4 27 261 ‘ .90
7 27 245 | .81
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dependent measures were examined. Most of the fourth- and seventh-
grad: zero-order correlations yielded‘similar patterns. In particular,
prior knowledge of topic and prior knowledge of graphical form had the
highest positive correlation with reading achievement for both fourth-
and seventh-graders. Also, in both cases, prior knowledge of mathematical
content had the highest positive correlation with mathematics achievement.
For fourth-graders, mathematics achievement had the highest positive
correlation with reading achievement and prior knowledge of graphical
form, and for seventh-graders, mathematics achievement had the highest
positive correlation with prior .knowledge of mathematical content. In all
cases, sex was least correlated with every measure. The zero-order
correlations for all continucus measures were significant at p < .00l.
The zero-order correlatiosns between sex and reading achievement,
 mathematics achievement, and the dependent measure, graph comprehension,
were very low, but significant (p £.05) for only the seventh-graders (see
Table 8). The zero-order correlations of fourth- and seventh-grade results
for boys and girls separately, are-reported in Appendix E.

The first six questions posed were examined‘using zero-, first-, and
second-order partial correlations. Second-order partial correlations,
partialing out mathematics achievement and reading achievement, were
computed to determine the unique contribution of prior knowiedge of topic,
mathematical content, and graphical form to graph comprehension. First-
order partial correlations, partialing out reading achievement from math-
ematics achievement, and partialing out mathematics achievement from read-

ing achievement, were computed to determine the unique contribution of
)




Table 8

zero-Order Partial Correlation Matrix for
Fourth Grade (¥ = 204) and Seventh Grade (N = 185)

Mathematical Graphlical Read ing Mathematics Graph

Variables Sex Topic Content Form Achievemer t Achievement Comprehension
Sex” .00 .09 .00 .10 .09 .02
Topic L L3R L53%% LO5%% L55%% L63%%
Mathematical

Content .08 LOgKRk 48R L L52%% 61 %%
Graphical

Form .01 L4o%% L SYRK L60%* .58%% LH2x%
Reading

Achlevement Jd16% L70%% OO0 .47k .58 H* LTO**
Mathematics

Achievement L83% .46*% LUk AUR* LBk LH7k%
Graph

Comprehension . 10% LG LEE** L L A EE

NoFe. The entries above the diagonal are the correlations for the fourth grade. The italicized
entries below the diagonal are the correlations for the seventh grade.

*p £,05.
% <001,

€9

9Males =0, Females =1.
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mathematics and reading achievewent to graph comprehension, respectively.
To determine the Significance of the difference between fourth- and sev-
enth-grade males' and femalec' performance on each reasure, t-test re-

sults were also computed, analyzed, and reportad.

Juesticns Ixplored

1. Is prior knowledge of topic related to comprehending the mathe=
matical -eiationships expressed in graphs?

The second-order partial correlation between the Topic subtest of
the Prio: Knowledge Inventory and the criterion variable measured by the
Graph Test, with reading and mathematics achievement partialed out, was
.23 (3 £.01) for fourth-graders and .15 (p<.05) for seventh-graders.
although the correlations were low, thev were both significant (see
Tanle 9).

2. 1s prior knowledge of mathematical content related to comprehend-
.ng the mathematical relationships expressed in graphs?

The second-order partial correiation between the Mathematical
Content subtesc of the Prior Knowledge Inventory and the criterion vavi-
able measured by tne Grapn Test, with reading and mathematics achievement
partialed out, was .38 for fourth-graders and .34 for seventh-graders.
3oth correlations were significant (o< .01) (see Tar . 9).

3. 1s prior «nowledge of graphical form related to .omprehending the
pathematical reiatlonships expressed in graphs?

The second-ordar partial correlation between the Graphical Form
subtest of the Prior Knowledge :nventory and the criterion variable

arasured bv the Grapn Test, with reading and uwathematics achizvement

3‘4



Table 9
second-Order Partial Correlation Matrix for

Fourth Grade (¥ = 204) and Seventh Grade (N = 185)
Controlling for Reading Achievement and Mathematics Achievement

Mathematical Graphical Graph
Variables Content Form Comprehension

Toplc .03 5% VELL

Mathematical

Content S PLL : L21 k% .38%%
Graphical

Form L IH* L1 V24 %%
Graph

Compreheas ion CAOF LSRR .11

Note. ‘The entries above the diagoual are the second-order partial cotrelations for the fourth grade.
Bitries below the diagonal are the second-order partlal correlations tor the seventh grade.

Ap <05,

**!/ < .()l.
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sartialed out, was 24 (¢ <£.01) for fourtn-graders and .11 for seventh-
graders. Omnly the -second-order partia. correlation for the fourth-
craders, although low, was significant (see Table 9i.

+. Is reading achievement related tc comprehending the machematical
relationships expressed in graphs?

The first-order partial correlation between reading achlevement,
neasured bv the SRA Reading Test, and the criterion variable, measured
hy the Graph Test, with mathemazics achievement partialed out, was .51
for fourth-graders and .48 for se :nth-graders. Both correlations were
significant (2 < .501) (see Table 10).

5. Is mathematics achiavement related to comprehending the mathe-
matilcal reiationships expressed in graphs?

The first-order partial correlation between aathematics achievement,
neasured Hv the SRA Mathematics Test, anu the criterion variable,
measurec nv the Graph Test, with reaaing achievement partialed out, was
.46 for fourth-graders and .45 toT seventh-graders. Both correlations
were siznificant {(z £.001) (see Table 10).

6. Is sex related to comprehending the mathematical relationships
axpressed ia graphs?

™e zero-order corr:zlation between sex and tne criterior variable
neasured by the Graph Test, was found to he .02 for fourth-graders and

for seventh-graders. Although the correlation for seventh~graders

.
o
wt

was verv low, 1t was significan”. (0 £.05) (see Table 3).

O
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Table 10

First-Order Partial Currelations of
Fourth- and Sevent..-Grade Graph Comprehension Results
with Reading and Mathematics Achievement
Conttolling for Mathematics and Reading Achievement, Respectively

Graph Comprehension

) Control
Variable Fourth-Grade Seventh-Grade: Variable
Reading ' Mathematics
Achievement Sl* L48%* Achievement
Mathematics Reading
Achievement L46% L49% Achievement

*> £ 001,

Ap
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To determine the significance of the difference between the mean
scores for fourth- and seventh-grade males and females with respect to the
independent measures, as well as the dependent measure, mult;ple t-tests
were computed. To avoid compounding’ the probability of a Type I error in
comput ing muitiple c-tests on the same set of data, the level of signifi-
cance was set at .0l (for a two-tailed test), calculated by using the
tormila, p = 1 - (1 - %)X, where p = .05, and K = 6 (Hays, 1973, »- 611).
None of the differences between the mean scores for fourth-grade males and
females was significant (see Table 11). Only the d:fference between the
mean scores for seventh-grade males and females for mathematics achievement
was significant in favor cf females (see Table 12).

Zaro—, firstj, and second-order partial correlations, discussed for
total fourth- and seventh-grade cases in Questions 1 through 5, were also
examined for boys and girls separately. These are reported in Appendix T.
7. wWnat is the optimal linear combination of he independent variables
in terms of predicting comprehension of mathematical relationships ex-
pressed in graphs?

A hierarchical multiple regression procecure was used to explore
this question. Since studies have identified a correlation between
arithmetic and reading achievement and graoh reading ability (Goetsch,
1936; Herrmann, 1976; Johnson, 1971), it was questioned whether prior
kxnowledge of topic, mathematical content, and graphical form of the
grapas significantly contribute independent'” of mathematics and reading
achievement to the prediction of zraph c¢ rehension. Children's mathe-~

patics and reading achievement scores are readily available ia the public

N
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Table 11

Means, Standard Deviations, and {-Values for

All Variabies for Fourth Grade ]
I Boys Girls : All Cases
(n=101) (n=103) (1=204)

Variables M 5D M SD ¢ M 5D
Toplc 27.76 10. 34 27.84 10.37 .05 27.80 '10.33
Mathematicdal )

Content 33.39 15.44 35.95 12.38 1.31 34.68 14.00
Graphical .

Form 16.14 6.55 16.15 5.37 .01 16.14 5.9
Reading

Achievement 39.67 9.70 41.53 9.15 1.41 40.61 9.4
Mathematics

Achlevement 46.20 13.99 48 .49 12.79 1.24 47.35 13.18
Graph

Comprehension 30.49 11.65 30.97 10.52 .31 JO.73 11.07

Note Jdf = 202,

55




Table 12

Means, Standard Deviations, and t-Values for
All Variables for Ceventh Grade

Comprehension .86 11.75

- Eoys Girls All Cases
(n=102) (n=813) (n=185)
<
Varlabies . M SD M Sh t M SD
Topic 38.86 6.138 40.07 4.22 1.48 39.41 5.54
Mathemat ical
Content 51.08 6.67 51.34 5.85 .82 51.42 6.31
Graphical ~e.
Form 21.89 3.25 21.93 3./7 .07 21.91 3.48
Keading
Achieven:nt 51.93 15.17 56.11 13.68 2.13 53.58 14 .66
Mathemat fos
Achiievement 31.63% 11.84 37.12 10.9% 3.25% 34,09 1*.74
tGraph
43.24 10.46 2.04 41.38 11.28
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school setting. Whether zrior knowledge should be assessed prior to
presenting a unit on graph reading to children, can be determined by an-
alyzing the unigue contribution of prior knowledge by controlling for
matnematics and redding achievement. Also, this procedure is zonsistent
with the correlation analyses for Questions ! througn 3.

There is insufficient research available to support an order of
entry for the thr2e aspects of prior knowledge. Therefore, prior «nowl-
adge »f topic, mathematical content, and graphical form were entered
ldsSt as 4 set in the regression equation.

The fourth- and seventh-grade results were analyzed for Loys and
gzirls separately. Since the differences in regression slopes were
negligible, onl’ the results of the fourth- and seventh-grade total
cases are reported and discussed.

Tables 13 and !4 illustrate the regression analysis for each step
5f inclusion for fourth- and seventh-zrade, respectively. In the fourth-
zrade analysis, sex entered first into the equation was not significant.
It can be observed in Table 13 that sex accounts for virtually ano por-
~ion »f the variance of zraph comprehension. On the other hand, sex

le

rt

enterad first 1nto the seventh-grade equation contributed very lit
to tre variance of zraph comprehension .only 2%,, but this contrlbution
was significant (r < .05) (see Table l4). The meaningfulness of such a
smal. con.ribution to the variance of graph comprehension is questioned.
Since the variables were entered cumulatively, the significance test

2 2 .
for the change in multiple R® (AR") was calculated. For both fourtn-

and seventh-graders, mathematics and reading achievement accounted rfor

-r‘[




Table 13

Fourth~-Grade Total Cases
Hierarchical Regression Analysis for Graph Comprehension

Equation Variable{s) Entered

1 Sex 2

2 Mathematics
Achievement
Reading
Achievement

Topic
Mathematical Content
Grapnical Form

Joce. n 204.

*p L .0L.

3vales = N, Females = 1.

Table l4

Seventh-Grade Total Cases
Hierarcnical Regression Anal:.is for ~rapn Comprehension

Zquation Variable(s) Entzared

1 Sex 3

2 Mathematics
Achievement
Reading
Achievement . o7 20.,31%**

Topic
Mathematics Content
Grapnical Form

Joze. n = 185,

2,03,

**r < 0L,

i, -
Males = O, Females = !.
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comprehension (& £ .01)

(see Tables !3 and i4). Entering prior knowledge of topic, mathematical
content, and graphical form as a set last in the equation also contrib-
uted a significant portion of the variance of graph comprehension (Z <.01)
(see Tables 13 and 14). Therefore, prior knowledge is a predictor,
over and above that of mathematics and reading achievement.

The optimal linear combination for the fourth~grade regression
equation included all of the variables except sex. Sex was not a unique

contributiag factor in fourth~graders' ability to comprehend the mathe~

matical relationships expressed in graphs, i.e., sex did not predict “

fourth-graders' succass in zraph comprehension (see Table 15).

The optimal linear combination for the seventh-grade regression
equation included oaly mathematics achievement, reading achievement,
orior knowledge of the pathematical content employed in the graphs. 3ex,
sricr xnowledge of topic, and prior knowledze of graphical fcorm were not
inigue contributing factors in the seventh-graders  ability to ccmpreunend

~he mathematical relationships exprassed in graphs (see Table 16;.




Table 15

Fourth-Grade Total Cases
Variables e Regression on Graph Comprehension Equation

Variable Beta

Sex 2 - .05
Mathematics Achievement .21
Reading Achievement .29
Toric .06
Mathematical Content .26

.10

2 = 0, Females = 1.
Table 16

Seventh-Grade Total Cases
variaples 1n the Regression on Graph Comprehension Equation

Variables Beta 7

Sex .01 .03
Mathematics Achlevement .30

Reading Achievement .33

Topic

Mathematical Content

Graphical Form

Vozz. I7 = L/178.

v .01,

Nales = I, Females = 1.
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CHAPTER V

DISCUSSION AND CONCLUSION

The present study examined the effect of prior xnowledge on the
ability to comprenend the malhemacical relationships expressed in graphs
sy using a schema-theoretic framework. Reading achievement, mathematics
achievement, and sex were also examined to determine whether the contri-
bution uf prior knowledge to the prediction of variance in graph compre-
hwension was independent of these other independent variables.

e results of tais study must be interpreted with caution because
the sample was not random. However, although the findings are limited,
zeneraiizations can be made to 4 similar drban, native- lish-speaking

fourth- and seventh-grade public school popvlaticn, confronted with

simi.ar tasks designed for tais study, uader similar conditions.

Ta an effort to examine the zlobal features of orior knowledge wi:il
respect to graph comprehension, tnree aspecty of priar knowledge were
1dentified —- prior xnowledge of topic, prior xnowledge of matnematical
conteat. and prior knowliedge Oof gzrapnical form. The saliency of these
d1:_zrent aspects of prior kncwledge with respect to 3raph comprenensica

seems to be affected by developmental differences; i.e., younger chil-

fi

ren's abilitv %o compreitend zraphs seems €0 5e more dependent upen
certain aspects of prior «nowleage than tnat of older children. Ia any

sase, tne results of this studv suggest tnat the schema~theoretic verspec-

‘.
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tive for understanding the compreasnsitn of ceneral discourse should bde

o

extended to include graph compr:zheasicn.
One possible way of interpreting the resu.its of this study is to
make an analogy between graph comprehension and general discourse cor:pre-

nensicn by using Noam Chomsky's terms, 'deep structure,’ and 'surface

structure” (Smith-Burke, Mote 9). It is pessible that cues for retrieving '
information about the topic of the grapn and the grapnical form of the
graph come from the "surface structure" of the grapn, which might include
the title, axes' labels, and the grapnic configuraticn (e.g., hYorizontzal
and verrical axes, or a circle). These two aspects of prior knowledge
ight be utilized more easily in comprenension than that of mathematical
content. for wnich there seems to be a more corplex, 'deep structure."

The mathematical relationships lepicted bv a zraphic display might not be
a5 cbwvious for children to identiZy, aspecially : they 4re unfamiliar
w1th “he mathematical content employed ia the araoh, or they are not adept
at interpreting the symbolic notation thas can act as a cue for retrieving

o

relevant background knowledge to axd in comprehension.

Syip Yrouleige oF Iooic

javing prior xnowledge of the topic of the zrapn seems ' be more
important Ior fourth-graders than for seventh-graders when attempting to
comprenend the message within grapns. This is indicated by the fourtn-
and seventh-grade regression equationg. Prior knowlcdge of topic uniguely
contridpucad to the prediction of graph comprehension for fourth-graaers,
Sut not foo seventh-graders. This suggests that fourrh-graders, 1n
zeneral, have i more restricted zeneral or global knosledge ~ase, and

(5
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need as much pertinent information about the new task being confronted
as possible. It may also be the case that fourth-graders cannot treat

the mathematical conteat abstractlyf®or independently, and must relate

it to concrete terms, such as the topic of the graph; 1.e., for fourth-

graders, mathematieal content might be tied to given toﬁics which might

inh}b}t their comprehension of the déssage in the graph.

As students grow older, their general background knowledge base
increases and perhaps students do not focus as much attention ;ﬁd/or
céﬁcern on the-topic of thé graph. Also, by sevg?th-grade, students may
have become more adept at abstract thinking. They can perhaps more ef-
fectively employ default procedures or retrieve related inform;tion iﬁ
long-term memory by using the surface structure cues SO as to fiil in the
"gaps'" in their schemata relating to the topics of the graphs.

Implicctions. Communicating in graphical form might be too abstract

for young children. The topic of the graph might be the only means by

. Which young children can relate this abstract structure to something

concrete and hence, be meaningful to them. Since the topic of the graph
can be thought of as part of the surface structur; of the graph which

is easily recognized, it is suggested that“teacherﬁ prepare young chil-

dren for tasks that in@olve graph reading by helping them to build their
prior knowledge for the topic of the graph. Pre-graph reading sessions

involving concrete and/or semi-concrete activities might help children -
build necessary topic schemata that might make the graph more meaningful
to them. This can be done by using representational models or pictures,

allowing children to explain what they know about the topic, and/or

.
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planning field trips related to the topic of the'graph. Such pfe-graph

reading activities were designad by Strickland (1938/1972). .

.
Prior Knowledge of Mathematical Conrent

Inspection of the second-order partial correlations and the fourth-
and seventh-grade regreésion equations seems to indicate that prior knowl-
edge of the mathemati;al content employed in the grap;s is the most sa-
lient contributor to graph comprehension out of the three a5§ects of
prior knowledge. As previously mentioned, che~mathematical content is
implicit in the graph, réprese.nfe;i as a deeﬁ—scructnre. Fourth- and
s?venth-graders lack of familiarity with the underlying mathematical
concepts used as part of the deep structure of the graph, or their in-
ability to recognize cues to help retrieve relevant  information, seems to
impede graph comprehension. This interpretation highlights Thomas' (1933)

-

I
and Vernon's‘(l952) observations. Students whé are unable to understand
concepts .and perform fundamental operations when isolated from the graph |
—
and explicicly stated, would be limited’in comprehending the message in
the graph which is depicted by these implicitly stated mathematxcal rela- I
tionships. I

Implications. As a result of the apparent importance of prior knowl-

o,

edge of mathematical content with respect to graph comprehension, there
are two 3ugge;ted activities that teachers might consider to incorporate’
in their lesso;s on graph reading. The first ig that children, fourth-
graders as well as seventé-gra<ers, should be actively involved in col=-

lecting "real-world" data to conmstruct their own simple graphs. Children

should be encouraged to verbalize the relationships and patterns observed




T

&9

among collected data (e.g., larger than, twice as big as, continuously

~

. »

increasing). In this way, the aPplicatio; of.machemacics to the 'real-
world" might ehh;nce studénts' concept developménciana build and expand
relevant mathematics Schemata needed to comprehend the implicit mathe-
matical relacionghips expressed in graphs. Graph activities similar to
the ones suggested, but more advanced, were used with high school stu~
dents in Janviet's'(1978) study. )
The second suggestion is to teach or review the relevant mathematical
concepts needed to interpret selected graphs prior to distributing the
graph a;civities to the children. This pre-graph reading activity might
help children recognize the mathematical concepts in the deep structure

of the graph and/or enhance the retrieval of the relevant prior knowledge

that might make the message in the graph more meaningful.

i

Prior Xnowledge of Graphieal Form
H;ving prior knowledge of the form of the graph seems to be more
important for fourchigfaders than for seventh-graders. This is indicatéd

by the fourth- and seventh-grade regression equations. Prior knowledge

of graphical fo}m uniquely,concriﬁuced to the prediction of graph compre-

hension for fourth-graders but not for seventh-graders. This suggests

that fourtﬁ-graders, in general, might nave a more restricted knowledge

base with respect to the configuration of graphs and they might need as

much specific information relevant to the new task as possible. _Also,

. similar to Bestgen's (1980) and Janvier's (1978) observations, young

children might not be adept at scanning the graph to locate important

features 2f the graphical form (e.g., the key in a pictograph).

33
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By seventh grade, it is expected that students have Aad more mean-
ingful encounters with a variety of graph-types, enabliﬁg them to scan
the surface structure more effecg}vely. Also, studentd at this age
might have~becomg more a&ept at abstract thinking. Therefore, students

might not be confined to’the concrete dimensions of the configuracion'of

the graph. They might also be more adept at relating the prior knowledge

I
I
they have stored regar@ing one graph—-type to an u?familiar type more . .
easily than fourth-gquers. Aiso, similar to their facility with prior I
knowledge of topic, seventh-gr;ders can perhaps more effectively employ ‘ l
default procedures'or retrieve related information in lopg-;erm memory

|

- by using the surface structure cues sO as to fill in the "gaps" in their v

£ -

scHemata relating to the form of the graphs. .

t

IMpZicatians: The symbolic -notation and’ configuration character-:
istic of graphs might be too abstract for young children.. The- surface
structure depicted by the éérm of the éraph might distract children from
the esseﬁce of éhe message. Therefore, two activities that teachers
might consider to incorporate in their lessons on graph reading are sug-
gested. One activity might use the same graph-t;pe for two different
but appropriate situations. Children should Qe encouraged to observe
and discuss the similag features ggréphicga form) of both graphs. The
differences (including the topic and perhgps the mathematical content)
should also be discuised. In another #ctivity, children could be ex=~

posed to other appropriate graph-types that can be used to express the

same data, only the visual display would be differefit, but the essence

of the message would be the same (e.g., bar graph and pictograph types |

- ’

~ . ) ﬂ.'
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can be compared for similarities and differences). Chil&ren should also
be encouraged to discuss their observations with respect to the two dif-
ferent graph-types. These activities might help children to build rel-

evant graphical form schemata so that they de not becOfiidiétracted by ,

- .

the surface structure which might prevent them from extracting the mes-

sage of the graph.

Reading and Mathematics Achigvement, Prior
Knowledge, and Graph Comprehension

Achievement and Prior Knowledge

With respect to the zero-order correlations, prior knowledge of
topic and prior knowledge of graphical é;rm were most highl§ correlated
with reading achievement. The Topic subtest of the Prior Knowledge
Inventory contained’many vocabdlary items, which may be the component
that could hav: contributed to the high correlation. The Graphical Form
subtest, ﬁowever, was constructed to be topic~ and numerically contenf-
free. Such a high correlation between graphical form and reading
achievement suﬁports Fox's (1977) contention with respect to verbal fac-

tors and mathematics in general; that is;,thac there might be a special-

'ized verbal factor underlying the language of graphs. The symbols and

syntax'hsed in graphic dispiays are unique and limited to such forms of

communication.
As expected, prior knowledge of mathematical content was most highly
correlated with dathematics achievement (with respect to the zero-order

correlations). However, knowledge about the mathematical content partic-
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ular to the graph being read contributed to comprehending .the messagé in
the graph independent of métg;macics achievement for both fourth- and
seventh-graders.

Impilications. The different aspects of prior knowledge seem co'ge

positively correlated with the two global predictors of success in school-

relaced\casks, reading and mathematics achievement. Therefore, teachers

should design activities that help children build and expand relevant \-) ’

schemata by providing them with opportunities to verbalize anv abstract
concepts, especially those relaceq to mathematics in general. )
Many abstract concepts are communicated via graphic displays. The
graphic represencacion is equivalént to many words. The concept density
is very high which implies the need for a rich prior knowledge base. As
previously mentioned, teachers should encourage children to describe,

explain, and discuss what they "gee" in grapﬂs. This might assist the

students in refiring necessary schemata. = N

Achievement and Goaph Comprehension \

In agreement with other researchers who explored reading and arith-
metic achievement in relation to graph comprehénsion (Goetsch, 1936;
Herrmann, 1976{ Johnson, 1971), it was found that ability to comprehend
thg mathematical relationships expressed in\graphs is positively correlated
with mathematics and reading achievement. This finding is not surprisimg
since reading aAd mathematics achievement are\global predictors of success
in school-related Fasks, which include graph reading and comprehension.

Implications. The results of this study suggested that other

factors be considered when examining graph comprehension. For fourth-

10}
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graders, these factors include prior knbwledge of the topic of the graph,
prior knowledge of mathematical éon;ent employed in the graph, and prior
knowledge of the form of the graph. For sevthh-gradérs, prior knowledge
of mathematical content should be considered. Teachers might assess readi-
ness for graph activities by constructing inventories to identify the rele;
vant aspects of prior knowledge acquired by students prior to presenting
the graph tasks. If there are any gaps in the ;;udents' graph schemata, |
pre-graph reading activities, described previously, might enhance children's

readiness for comprehending graph-related tasks.

R

Sex-Related Differences
Sex-Related Differences With respect ;o Achievement
The results of t;is stugy support the previous research indicating
that there are no significant sex-related differences in elemeﬂtary school
(Vsanema, 1974a, 1978, 1980a; Skypek, 1980; Stroud & Lindquist, 1942;
Swafford, 1980).. Similar to other observations (Armstrong, 1975; Callahan
& Glenanon, 1975; Fennema, 1978; Waters, 1980), sex-related §iffe:gnces did

appear to be more pronounced in early adolescence. However, the difference

" in mathematics achievement was in’ favor of the girls; i.e., seventh-grade

girls significantly outverformeq.boyé in mathemat)cs achievement.
Implicationas. It 1is p?ssible that this change in expected patterns

of achievement, i.e., éirls outperforming boys in mathematics achievement,

., might be attributed to woman's changing role in society (Fennema & Sherman,

1978; Maccobz_i/};ckiin, 1974). Teachers should continue to equally en-

courage girls and boys to develop their reading and mathematics skills to

102
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their fullest potential. Caution should be taken so that cultural, ;ex-
role, stereotypes do not influence Students’ perceptions of different
school-related tasks. For exampla, boys should be encouraged to develop
their reading skills and not.look upon reading as a "female’domﬁin."
Girls should be encouraged to develop their mathematics skills and not
look upon mathematics as a "male domain." The responsibiiity of promot-
ing positive attitudes toward different school-related tasks cannot be
limited to the classroom teacher. Parents must be recruited to reinforce

these positive attitudes at hore if they do not already do so.

Sex-Related Differences with respect to Prior Knowledge .

’ ‘w1§h reipect to prio; knowledge, thereh:;>::;y\{§tcle evidence of
sex-related differences. However, EUgics t were neutral and free from
sex-role stereotypes were selected purposely for this study and graphical
form items were designed ;o be topic- and numerically content-free. No
identification of significant sex-related differences with respegt to
prior knowledge of mathematical cormtent might imply that girls and boys
gho were subjects in this study had similar or related experiences with

this aspect of prior knowledge.

-

Sex-Related Dif‘erences with respect to Graph Comprehension

The ?eSulcs of this study support Stgickland's (1938/1972) obser-
vations thft there are no significant sex-related differences with re-
spect to graph comprehension in fOur:h-;rade. Testing and ins%ecting'
the seventh grade means of boys and girls yield the same results. It is

gossible that no sigauificant dex-related differences occurred because

graph test items were constructed to reflect three different levels of

103 -




¥ 85

cbmprehension equally represented throughout the graph test, and graphs
were designed to be neutral and free from sex-role stereot;pes.
Implications. The possibility that sex-related differences might
be attributed to school-related tasks that are either male- or female- *
oriented was suggested by some researchers (Asher, 1977; Fox, 1977;
Graf & Riddell, 1972; Janvier, 1978; Johnsom & Greenbaum!;1980; Leder,g
1974; Schonberger, 1978). Similar to the attempts made in this study,
efforts must be made to control school-related tasks so that these tasks

do not favor boys or girls in competitive or norm~referenced situations

(e.g., test items designed by test publishers and/or classroom teachers).
Recommendationa for Future Research

Originally it was the intent of this study to examine minority group
performance on comprehending the mathematical relationships expressed in
graphs, but due to an inadequate representation of native-English-speak-
ing minority students,,this aspect of the problem had to be deleted (see
The Sample, Chapter III, p. 52). Including minority group performance
was a concern because many scientific and technologically-rel§ted ngﬁf/ °
pations in which few minority groups are represented, rely uggp/ﬁ;owledge ////
~of graphical forms (Céipman, Note 1). Therefore, it is/}mﬁg;tant to
determine whether ethaic/minority group members agg/ﬁéing excluded from
these fields because of an inadequate prior kndﬁiedge base to perform

s

graph reading tasks. Studies that exam;né/the effect of prior knowledge,
5 -

ethnic/minority status, socio-ecqpoﬁic status, and/or sex-related dif-

b

ferences with respect to culturdal background, on graph comprehension,

104
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should be conducted. Also, since reading graphs is a skill for func-
tional literacy, examining an adult population using similar indepen-
degt and dependent vafiables incorporated in this study, should be
considered. - . &

The devel&pment of spatial ability might account for sex~related
differences between high school males and females (Fennema, 19740,
1975b, 1977, 1980a; Maccoby & Jacklin, 1974). Also, there is controver-
sy oveg/tﬁe re}ationship between spatial ability and graph comprehension.
Vernon (1946) who worked with adults and college students claimed that
understanding and recalling information in graphical form was dependent
upon Spag}al ability. On the other hand, Johnson (1971) observed that
spatial ability did not uniquely contribute to~predicting‘graph ;eading
ability for middle=-school children. It is poisible that age might be-a
factor»causing these differences. However, the relationships among
spatial ability, sex, age, the three aspects of prior knowledge and
graph comprehension should be examined.

As expected, the results of this study suggest developmental
differences in graph reading dbility between éougth- and seventh~graders.
Perhaps seventh-gradars have entered the Piagetia§ developmental stage

| .
of formal operations, which may have enabled them %o explore the abstrac~®
tions of communication in graphlcal form without a%topic or graphical
form pfiof knowledge base. Thes relationship betweén ‘one aspect of
Piaget's theory, "hotizontal - vertical" concept de%elopment and graph
comprehension, was examined by Herrmann (1976). Aléhough his work at-

tempted to explore concept development, only one ag§ group was studied.

i
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It is possible that building prior knowledge might enhance rcadiness
for advancing from the stage of concrete operations to the stage of
formal operations. Studies that examine the relationship among prior
knowledge, the Piagetian stages o™ cognitive development, and graph read-
ing ability should be conducted.

Some graph studies reviewed explored students' ability to retain
the information in certain types of graphs under certain conditions
(Herrmann, 1976; Price et al., 1974; Vernmon, 1946, 1950, 1951, 1952;
Washburne, 1927a, 1927b). However, some of the schema theory literature
suggest that the hierarchicgj structure of one's schemata and relevant
prior knowledge account for such retention (Anderson et al., 1978;

Brown et al., 1977; Stein, 1978). Therefore, the relationship between
prior knowledge and the amount of information retained after reading a
grapr should be explored.

There is evidence to support the influence of affective factors
(e.g., interest) in the reader's ability to comprehend geniial written
discourse (Sjogren & Timpson, 1979; Weber, 1979). Also, affective factors,
have been recognized as ¢ontributors to sex-related differences in
mathematics (Aiken, 1974; Fennema, 1974b, 1978). Therefore, the rela-
tionship among affective factors (e.g., attitude towards mathematics in
general and graphs in particular, including the topics of the graphs, aad
the graphical form), prior knowledge, and graph comprehension should be
exanmined.

Teaching experiments similar to the ones conducted by Janvier (1978)

should be conducted. At leaé; two different approaches could be taken.
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One approach might explore the effects of first building the prerequi-
site mathemarical concepts to be employed in the graphs, and then
pregenting the graph-reading tasks Zo the children. Another approach
might explore the effect of teaching the mathematical concepts in con-
junction with graph reading skills by collecting "real-world" data,
disc;ssing the mathematical relationships, and depicting these relation-
ships piitorially.

Experiments that employ other pre-graph reading sessions for build-
ing prior knowledge of the topic of the graphs, similar to Strickland's
(1938/1972) study, should be conducted in a control/expe;imental setting,
involving elementary school children. It may be that prior instwuction
in building prerequisite knowledge might be adequate for improving graph
comprehension, and that comprehension is not limited to being a function
of development.

Current research examining cognitive processes involved in graph
comprehension is being undertaken (Consulting Statisticians, Inc., Note
11). Further studies that explore the strategies employed by childéen
that aid them in tapping any or all of the three aépeéib of prior know}-
edge should be conducted. One aspect of this type of research worth
investigating is the existence of surface and deep Structures of graphs;
suggested as a result of the present study. The surface structure of
g:aphs might include the explicitly stated topic of the graph and the
graphical form. The deep structure might be composed of the implicitly
stated mathematical relationships. The ability to retrieve information

A

needed for comprehending the message.in a graph might be dependent upon

10,
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* whether relevant cues are located in the su f'e:c?;structure dr&che deep
- o

structure of the graph. The validity of this modd4l must be tested.
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I.
}.

2.

3.

II.

10.

11.
12.
13.
14.

15.
16.
17.
8.

19.

108
Graph Test Objectives

General Objectives

To describe the data literally by identifying or recognizing the
data in the graph that answer textually explicit questionms.

To snalyze the mathematical relationships between and among data
by interpreting and integrating the data in the graph to answer
textuglly implicit questioms.

To infer from, predict from, and extend the data, by analyzing the
mathematical relationships between and—ampng the data to answer
seriptally implicit questions.

Specific Objectives

GRAPH
To add whole numbers . 1,4,5,10,12
To subtract whole numbers 1,4,6,10,11,12
To multiply whole numbers ° 1,2,6,10,11,12
To divide whole numbers 11
To compare whole numbers 4,5,6,7,10,11,12
To multiply numbers including fractioms 10,11,12
To express the fractional part of a total
amount, given a part of that amount . 2,3 ‘
To calculate the percent of a given amount 3
To calculate the percent, given a number
and a part . 7
To calculate a total amount of money
expressed in cents 1
To compare time readings 8
To compare monetary value 1
To identify the number of -hours in one day 2.
To id.ntify the number of days in one week .
or part of one week 1,2
To translate "one billion" to a numeral 3
To calculate the amount of time (in hours)
between two time readings expressed in
- standard form (e.g., 8:30 P.M.) 8
To compare trillions of dollars expressed in
decimal form . 9
To identify the number of wooks in one . , .
month. ' 11
To identify the number of months in omne
year 11

o127
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Graph Test Objectives - Continued

20.

L d 210

22.

3.

) -

To calculate an amount of money
constant over a period of time

To calculate the probability of
an event

To determine when data is
increasing, decreasing, or
remaining the same

Item Objectives

For each of the twelve graphs, item #1 and
textually explicit (task a) comprehension.

For each of the iwelve graphs, item #3 and
textually implicit (task b) comprehensiom.

For each of the twelve graphs, item #5 and
seriptally implicit (task c¢) comprehension.

1253

GRAPH

5,12

7,8,9,10

item #2 teasured
item #4 measured

item #6 measured

109




NAME _ DATE FORM SCORE

This booklet contains 12 grapha.l Each graph has 6 questions. -

Read each question carefully and THINK before amswering. You may

find some questions to be more difficult than others., Try to do

‘your best and ansver all of the questions. -
DIRECTIONS: For each question, select the letter in front of the

cholce that best answers the question and place it in the

space provided near the question, Your scrap work may be

done in the booklet, As you complete the questions for each
graph, go ahead to the next page. If you should finish
before time is up, go back and check your work,

Thank you for your cooperation and participating in this research study.

l(;ruphgx 2 through 12 are 85X reductions of those presented to students.
Reductions were made to meet margin requirements.
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s Graph 1

HOW JOHN SPENDS HIS DAILY SCHOOL ALLOWANCE 2. llow much does John spend on echool

. supplles for one day?
a., 10¢
b. 15¢
25¢
50¢

= .

14 \

N

c,
d,

What {s the total of John's daily
school allowvance?

&e ' .95

Carfare b. ‘i .00
‘o.‘ Ce " 050
d. '3.00

ilowv much more does John speni on lunch
than on carfare? '
25¢
I5¢
40¢
60¢

a.
b.
C.
d.

\

5. ftlov much money does John noo\ ‘i,o\ pay
for lunch for five school daysi
a., 50¢
b. $1.00
c. $2.00
d,

USE TYE GRAPH AROVE TO ANSWER THE
 FOLLOWING (NIESTIUNS.

1. What does this graph tell you?
a. The wvay John spends his money
on weakends
b. The way John spends his monaey
during one complete veek

6, What ia the total amount of money
John needs for five school days?

c. The way John spends his money a. $1.00
for vacations b, $3.50

d, The way John spends his money c. $5.00 - )
for one school day d. $7.00

ERIC o 150 ~ | i
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USE TIE GRAPH ABOVE TO ANSWER THE
FOLLOWING QUESTIONS.

.

3.

™

What dors this graph tell you?

a., Torry spends the greatest
smount of time sineping

b. Terry spends the least
amount of tise in school

c. Terry spenda more time
playing than vatching T.v.

d. Terry sponda leos time
sleeping than in acheol

what fractional part of a day does
Terry spend in school?

n;"l c.l

~

[]
b 4

h.

1. Hov many hours in one day doed
Terry spand in school?
a. 2 houwra
b, 6 houwre
c. 0§ houwra .
d. 14 houre ‘

liov many houre a week {(not .
ifncluding Saturday and Sunday)
duss Terry spand on haomework?
a. 2 hours .

" 2. ror which of the folloving does -

Terry spend thrae hours a day?
8. Piaying after mchool

b, BEating

c. Traveling tn and from schonl
d, Watching T.V.

b, 8 hows .

c. 10 houre 5

d. 14 houra ¢ —
6. What fractional part of a veek (not

including Saturdey and Sundey) does

Terry apend rleeping?

. 3 e }

o o o } 6.

Q

ERIC
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raph 3 ™R U.S.

N

paymente (OF
individuals

GOVERNNT'S 191 DOLLAR HUDOET

Direct bemefit

Military

24¢

434

USE THE GRAPH ADOVE TO ANSWER TIE
FOLLOMIND QUESTIONS.

[

!

2. How much money out of every dollar vill the
U.8. Government spand on net interest?

[ 1) 9 Ce 24

b, 15¢ & N

"

———

3. What fractiona} part of each dollar vill the
U.S. Government spend on set interest?

199
e 3

-

bl ]ﬁ d. 9 =

)'

4. which of tha follhving wuld be classitied
under “other” spending?
a, Supporting foreign commitments
b, The Preeident’s ealary
¢, Purchasing tanks
d, Orants to citles

S. 1If the U.S. Government is golng to
spend one billiom dollars in 1981,
hovw much of it will be spent (or
grants to states and localities?

What does this grapgh tell you?

L 1
b,

€

The value of the u.S. dollar in 1901
In 1961, the U.5. vill have oniy $1.00
to spenvd

How mach dollar is going to bha broken
up to auppart the country in 1981

In 1981, the U.8. Govarnment will -
spend $1.00 at a time

a. $130 thowsand c. $150 billion
b. $1% eillion d. $1%0 trillfgm

| -
6. Acvording to the peojected 1981 budget, which of
the folloving appears to be mrrect?

a. Thete is & greater naed to swpport military
dafense than direct benefit Paymente fof
individunls

b. Thare is & greatar peed to support military

7 dafense than aiding atates and local itiee

c. Thure is a qreatsr need to support foreign
commitaente than military defenne

d. There is a greatar need to mupport foceign
commitments than direct benefit paymente

* tor individuala N

i3

6.

Q

~ERIC
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graph 4 ARIGH? OF THE RODRICGUEX CHILIREN IN MARCH, 1980 2. v tall was Maria?
175 . a. 19 inches )
. b. 100 finches
130 | c. 100 centimetera 2. =
4. 125 contimeters -
1 2% e
‘ 3, Who was.the tallest?
t“—‘— - rm— 8. dJuan
Height . b. M',“
in - . c. Jose - 9.
Centineterse F 3 4. Marls —
: 30t 4. low murch taller vas Juan than Joné?
. a: 29 centimcters
| o prun B b, 50 centimetera )
2 c. 75 inches - 4,
. 4. 75 contimeters B
- - Maria Jose Juan Pedro . .S, If Maria grova 35 centimeters and
. children Josd grows 10 centimeters by -
September, 1981, vho will be taller,
; and by how much?
USE TIR GRAPH ANOVE TO AKRSMER TIE J a, Maria wvill be taller by 20
FOLLONING QIESTIONS, centimsters
1. what does this graph teli you? . b, :-:::;:::,:. taller by 20
; " ::r::::tc::l::am':: c. Maria vill be taller by §
T warch. 1080 cantimeterse
; . d. José vill be taller by & 5.
b. Tha grades of the four —_—
podrigues children in centimetsre
Warch, 1980 6. If Pedro is 3 Years old, vhich of the
€. fThe haight of the four folloving is a correct statement?
Rodrigues children in r a. Padro s much too short for hie a
Merch, 1980 b. Padro could dever be that tall for
d. The aqe of the four . hie sgs
Rodriguer children in 1. ' c. Pedro le of average haight for his
March, 1980 — aqe
6.

Pedro is thin for his age

———

Q
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A DIRTHDAY DURING BACH NONTH OF TIHL YEAR

2

alllls

THE MUMBER OF CHILDREN IN MR, KANHN'S CLAS?. CRLEBRATING

Jem Febh Mer Apr May Jume July Aug Sept Oct Nov Dec

<

Montha of the Year .

USE TIE GRAPH ADOVE TO ANSWIR THE
FOLLOMING QUESTIONS.

4.

What does this graph tell you?
a, There are more birthdaye
during Jund and Novesmber than
dur ing any other month of
tha yoar
There *ce more birthdays
during May than durim any
other month of the year
There are the loast number
- birthdaye during Jw and
" November than during any
other month of the year
d, oAs the year progronses from
January to Vecembor, the

tlov sany children are in NHr. Kahn's -
claaa?

a. 10 44

b, X0

wWhat s the probabliity that the
birthday being celcbrated in
December occure on December 23th?

1. {lov many children celebrate a
. birthday in February? ! .. sl_

as O c, 2
b. 1 % 4 4 ) 1. . & a 1

2. buring which month ars there 6. Sally‘e birthday ia in February,
aight children vho celebrate According to the graph, wvhich of
a birthday? . the following atatements is
a. May correct?
b, July a. Sally vas probably born on
c. September Fabruary 29th
d. November b, Sally i pot in Wr. Kahn‘a

2. clans

k

Sally g in Mr. Xabn‘s clasa
Sally in tha oOnly one
celebrating & birtiday in
February

i

ERIC

Aruitoxt provided by Eic:
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Graph 6

Catarire

niif
}

THE MUMBER OF CALORIEYS Ik OMNE CUP OF
SMME MK FRUDUCTS ’ *

170
160 —
150 —
140
- :
120 ~—
10 =
100 —

( *

Skin
nitx

ter-

e shele

nilk
Yogurt

Skim
Mitk
Yogurt

~

3
P
"_¥us erODUCTS

USE TIE OGRAMI ABOVE TO ANSHWER TUE
- FOLLIMING QIESTIONS.

].

. o
One rup of which milk product contains the favest
number of calories?

a, Skim Mk Yuqurt

b, Whole Milk

c. Buttormiix

d, Whola Milk Yoqurt .

4.

According to ’tho gnph.‘\mlch of the folloving
etatements is correct? ’

Whole milk products cantain fever calories
than ekim milk products ’

Whole milk producta contain wore calorlu than
akim milk products :

Doth whole milk yogurt and skim milk ioqun
contain fever celories than skim milk

Whole milk products contain the same amount

of caloriee as akim milk products

b,

C,

1f you vere to go on a lov-calorie diet,
according to the graph, wvhich milx product
would be the beet to include in your diet?

a. Skim wilx

b, Skim milk yognurt

c, Whole milk °
d. Whole milk Yogurt .

6.

ER]

JAruitoxt Provided

|
R
3

T, What does this graph tell you?

The mmber of vitamina in one cup r
of some milk products

The price of one cup of some milk products
The veight of one cup of same milk products
The smmber of calories in on cup of same M.
allk products

b.
€.
d.

e

Ty

1. Hov many caloriee are contained {n one cup of
Shim MiIK? '
a, M0 ' c. 9
b. ¥ d. 120

Which of the following questions canpot be
answered from reading the graph?

tiov many calories lese le one cup of
wvinle milk yogurt than one cup of vhole
milk?

liow many calories would you expect there to
be in four cups of wviole miin?

\lhy does one c\lp of yogurt made vith exim
nilk have nro calories than one cup of
skim milK, but one cup of yogurt sade with
vinia milk have less calories than one cup
of wvhole miin?

1f You made two mjlkshakes with the same
inqradiente, except one vaa msde vith one
cup of buttermilk, and the other vith one
cvp of akim #TK;which would have less calories?

b,

«
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CGraph 7 THE MR UF 7UO BROUKLYN FLENENTAMY SONMULY
B I8 MHTON RIECTINNC CALCIBATURS WERE USED
mMING 196U TIROUGH 1960
00 g .
160 afpow
. 180 ofee
haber of
Clementas ¥ 0 o
Schnis In
-—ich 1w 4
dlectromic
Calrulators WO fe
wece Uwed

usE T™HE

progrenaed from 1900 to 19907

8. The mmber of sclnoba in which

b, The sumber of achonia In whilch

C. The nimber of schooln ba which

d, The jumher of schools In which

Mhich of the folloving cxpreanca what
happensd 'to the number of clecteonie

calcalalors In une, an the years

the caleul Ao was uned docreaned
L4
tiw ralcnlator vaa uaed Incroaned
.

the ralculator was used remalned
the name

)

the valmilator was ained decteased
and thn 0T eanod t

3.

'y

In what percent of the shoola were

the electronjc calewlatora used In 1970

a.
b,

tax o,  40%
201 o, tm

L,

A A
1960 19i0 190

Years

GHAPH AROVE TO ANSWER THE

FOLLOWMNG QUESTIONS,

electronle calyniatora uand dur g
19 N7 )

T
1990

I wo look abcad to 1990, In low

many Heonklyn nlementary schoaln

vould you expect to find the .

ectronle ealcalator uned?

exactly 160

lenn than 100

mu e than 160

mare than 100 but less tha 16O

A, 00 ¢c. W 1.
4 |l“ 40 T

2. Accocdling to the qraph, what Ia

the tota) nusber of el ementary

schoals In lndonlyn?

a. t6u " e, 220

s b, 200 d. 1,100
N

Which of the following changea trom
1960 to 1900 would You expect to be
trua, based on the information In
the graph? -
a. Children do not nnov the tlags -
tablus as wol) as they ased to
b, Children enjoy wath more than
_ they used to -
c. Children sre learning math
better now than they uged to
d. More rhildre: have caleul tots
avallable to them now than
ever before

6.

ERIC
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‘ AVENAGE TINE OF SUNSET
Graph 8 i 3. As Uw montha progreas fram June
" = ‘to Decesher, which of the
) R followlng is trus about the -
[} -
[ X1 S B sverage tiso of sunset?
) a., It ¢:'s earller i .
i
20 00—fee . b, It qgets Iut::‘.
.Average - c. It remains sane
4. It first qets earlier and then 3
Tine TN -
later
of
Suanet 6430—— 4. How such lonqer do you have to play
+P.n.) outside (hofore it gets dark) in <
6100 —p— ) July, than you have in October?
%1 0 p— a. I% howrs C. 25 hours
. b. l% hour s 4. 3 hours h,
%400 -3 S ——er
\ 3, wshich of the folloving graphs
44 0 g represcnts the average time of
mnnet from January to Jww, that
would make the abova q?nph represent 5, '
one romplete yesr? -
5 } 5 } e 5 — Average 834 Average ® M
tuns July Aug Sept Oct Nov Dec a. Time of co Time of
: ?":“'"’: Sunnet
M. (r.m.) -
Montha . 4@
USE TIE GRAMH ADOVE TO ANSWER THE 40 . AT
‘Average W
FOLLMMI NI QUESTIONS. Average 3 Time of i
b Time of d- Sunant
1. What in the average time that Sunnet (M) g0
; (P.M) 430 Ja June
tha sun seta in October? Yo Tihe
ay 5000 P.NM. c. 6115 P.M,
b, Sils P.M. d. 1130 PN, 1. 6. As the montha proqress from June to
= Decamber, the average time of gyuprise *
2, 4135 P, Ia the average time of gets later. What do you expect to
sunset dur ing vhich month? happen to ths average mmber of
a. October daylight howes during this time?
' b. HNovember a. Increasce N
c) Decomber b. Derreazes
4. January r. Rewaire the same
d. Flrst decreases, and then increaces
: 2 . () .
N | . £y e -
o TO7
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— Graph 9 3. What year.teprescnts the lovest
TS OBMRS MATIGNAL FROBUCT DURIMI (969 THROUGM 1979 aroas Mational Froduct?
a. loas c. 17
) 4 h. 1970 d. 119 Je
Valus of A recegnion occurred in 1969 to
goods and 1970 and 1973 to 1974, lov
1.3 services does 8 recassion sffect the
peoduced Groas National Product?
i m .2 by 0.8, .. V.ln: of goods and mervices
*? residents, ° {...conse
. in b. ‘v.m. of gonds and services
trillione dectanse
: 1.0 o¢ dotlare €. Valua of goode and services
remain the mame
L i i \ ' I 1 L ‘.0 d, Velue of goo’dc and gervicea h,
| — | p— 14 v v increans and then decresse
1949 1974 1973 1973 1977 1979
1t 8 racession accurs during 1960,
Yoars vhat would you expect to happen
USE THE ORAPH ABOVE TO ANSWER THE to ";0 Gross National Prodict?
. a. Incressa
r@uvm amsTION, b. Decresne
I, What ves the velue of goods and :. :z:::h:n:.::mn decresse 3.
services produced by U.8. b
residvnte In 19717 folloving the Information {n the
s. §$1.,0 qreph, what would you expect to .
b. §1.8 . happon in 1900 (provided thers ie
c. §$.1 talttien : no recession)?
4, $1.2 trittion e 8. Thn Groms Nationsl Product would
increans
2. In vhat year van the Gross b. The aross Nationsl fProduct would
wational Product $1.3 telltion? drcreane
, s. 197 c. 1970 €. The Grosn Natlanal Froduct would
b, 1973 a. 1am romain the aam
2. d, The Gross Nationsl troduct would 6.

hw [hd e 0 B

Q
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Graph 1

o0 FIRST GRADE EMROLLMENT TN OME PROOKLYN SCHOOL

DISTRICT 1N 1982, 1968, 1974 AND 1980

1900 X % 5
2. How many boys vere in the ¢irst grade in 19687
194 | “© 7 - c. 1,000
b, 13 4. 13,000 2.
-| RRRRXIRX £833%
? 3. 1In vhat year vas thare the fevest number of
children in firet grade?
93 %%% - 8. 1962 c, 1974
h ' b. 1968 4. 19800 3.
3 4. Wov d1d the first orade populat{on change from
- - 1958 to 19747
?‘ 1,000 boys % = 1,000 qirls s. The totsl musber of chil remn incressed
b. The total nusber of children decreseed
uss T™e m\"’“ ABOVE TO ANSHER TIE , Ce The number of giris increased )
FOLLONING QUEST10NS, d, The mmber of boys incrveseed t.
DRSS — e AR e
1. What does this graph teil you? 3, 1f no children move out of Prooklyn, no new
! a. The mmber of boys snd girls in th: children move into Brooklyn, afid no children
' " etree grade during 1962, 1968, 1974 snd sre held ovor, in vhast yesr would the fevegt
1960 in 8 Brookiyn School 'Df s ict mmber of children gradyate from sixth grade?
b, The number of boys and gir'as getiing s. 1968 é. 1980 5.
promoted {n one Brookiyn School
District ducing ,1962.. 1964, 1974 and 1900 ‘:.-.;;T‘:::y children muﬁ?xpect ;o be in
C. The mmber of boys and gicis gradusting the first qgrade in this Brookiyn School
g (Fom clementasy achools In one Brookiym District in 1986 If the 1974-1980 trend
School Districi during 1962, 1968, 1974 .
cont inves?
- ad 1900 ‘
4. - o mumber of beys and girls in one a. 6,000
srookiym Scr.30l District Lo b. More thar 6,000 6.
c. Fever than 6,000 but more than 3,000 .
- H d. Faver than 3,000
Q *

LRIC
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Gtﬁph 11 THE MUMBER OF EOOKS THE JONES CHILDREN
oL READ m HONTM
. .
i ¢ P 2. Who read 21 books in one montn?
I‘ a. MHary i N
e
i b, Jane
“f" = 2 books c. Joa
i d. No one 2., ____ @
z : —
o‘” . 3. Who read the jepat mmber of
\ books in one month?
.lﬂul- [ a, Darlene
“i b b. Sam .
/ c. dJane
3q d. Joe —
‘z - -
B 4. In one month, hov many more books
J..,Z did Dariene read than Jane?
2‘ > [ I% c. 93
‘= — L ] b,
\ b. 21 d. Sz S
i —
. t ' _ S, At the end of one year, about how
USE THE ORAPH ABOVE TO ANSWIR THE many books vill Joe have read?
FOLLONIIG QUESTIONS. ol
4 s, 16 . € ) 3
' ’ e S.
! b, 24 d, 40 ‘- -
$. Wow msny books did Saw read | ' "
P one month? 6. About how many boone do.'s Darlene
a, © read in one veek?
b, 1 a, |
A b, 2
c. I; Ce 4
© e 2 l . a. i

14v




Graph 12 STANPS COLLECTFD 8Y CHILDREN ’

[y

3, flov sany more stamps has Betty

) f collacted than Tom? :
. Jack J= a. I% c. & -
A . - a, 22¢ 3.
£ Fice

b, 3 : 2 -
A e d

4, According to the graph, “hich of the -

a R folioving statements ia true?
N | * s. Jack has % more stamps than
Tom ~
Betty
b, Tom hus 8 fewver stamps than
) Jack ! i
e Batty has I% ®oce stamps than
Tom “.
KD . 4 stanpe d. Betty has 45¢ vorth of atamps
. . S. If the children soid their stamps for
the value on the face of the stamp,
, vho, 1f any of the children, vould be
USE THE ORATH AROVE TO ANSMER THE sbie to buy a pncv bicycls using thie -
FOLLOMING QUESTIONS. money?
A —
s as. Tom c.> Jack
1. What does each sywbol aﬂ - b. Detty d. None of the 5.
represent? A / chi ldren 4]
a. One stamp i .

6. One of Towm's stampa is rare, but e
donsn’t knov it. ile and Netty ore
qoing to t;mla one stamp for one
stamp. What ia the probahiiity thet
Rotty recelven Tom's rars stamp?

b. One-half of e stamp
Cco. Four stampa
t . d, Fifteon atampn

.

i. Now many stamps has Tom collectmd?

. 1% c. :2'5

1 :
L :
H .' ' "’.
* b, & a. T i b 1 i L —

o * [y

& 3 .

AY | 141, -




Graph 11 -

1. d
2. d
3. b
b. ¢
5. d
6. b

a N o s a o
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Instructions for Administering the Graph Test

1. Check students' seating arrangement.

2. Each student who has parental comsent should receive a pemncil and
a test booklet. You should have received a roster with this
information. )

3. For your own information, there are ten different forms of the
Graph Test. Each form has the twelve graphs arranged in differemt
order.

"4, Read the following italicized instructions aloud to students:
- Good morming. )
You are again béing asked to participate in a research study
to help determine how childreén read graphs. Your results will
be helping us to help children improve their gijh reading
gkills. ' :
Today is the last of four sessions. Remember, the results
of the tests will not affect your marks in school, but
please try to do your best and answer all of the questions.
Print your first name and your last name in the space provided
on the cover sheet. Also, write today's date, which is
____, 1in the space provided. Read the directions silenmtly
as I read them aloud to you:
" Thig booklet conmtains 12 graphs. Each graph has § questions.
Read each question carefully and THINK before answering.:
You may find some questions to be more iif?icult than others.
Try to do your best and answer all of the questions.
DIRECTIONS: For each question, salect the latter in front
v of the choice that best answers the question

. and place it in the space provided near the
}

question.
- Have the following example ready on the chalkboard:
S, 7+ 4d= '
a. 9
‘ b, 10
e. 11
d. 12 S51. ¢
The correct choice is ¢. You would write "e¢" in the space
provided.

145
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Graph Test - Administration Instructions - Continued

7.

Your scrap work may be done in the booklet. As you
complete the questioms for each graph, go ahead to the
next page. You will have 1 hour to complete this test.
If you should finish before time is up, go back and
check your work.

Thank you for your cooperation and participating in this
research study. r

- Are there any questiong?

_ Open your booklet to the first page, and begin.
Keep. th& time posted on the chalkboard. 7
Inform the students when there is ten minutes lefti one minute left.
When time is up, read the following aloud to the students:
' Stop work. Pencils down. C(lose your booklets. Pass your
booklet to the ___ (front, left, right).

Instruct students to pass their booklets to the front or *he left
or the right, which ever is appropriate or convenient for you.

Be sure to collect all pencils! -




B 126 ;

¥

Prior Knowledge Inventory

Prior Knowledge Inventory Answer Key

3
/]

Tnstructions for Administering the Prior Knowledge Inventory

Appendix B . l

4

>

145 \




NAME DATE FORM ___

In sentences A and 3, Dlease check the part that applies
to you:

A, I ama boy.

girl.

do NOT speak English., I speak
- another language.
______ speak English Agg 1 or more other
languabes. ‘
—___ speak CNLY English.

- - - W TP D G G S G G WD S w ED U D

8. At home, I

This booklet contains three parts: Mathematical Content,
Topic, and Graphical Form.! Don't worry if you do not -
under stand these titles. Just read each gquestion carefully
~and THINK before answvering.
” You may find scme questions to be more difficult than
others. Try to do your best and ansver 'all of the questions,

D ON§: TFor each question, selegt the letter in front

0f the choice that best answers the question and plice it in
t'.he space provided near the questidn, Your scrap work may be
done in the bc;o:het. As you camplete éac_h part, go ahead

to the next page. If ycu should finish before time is up,

go back and check vour wcrk. ' -

Thank you for your cooperation and participating in this -
research study.

FCR OFFICE USE ONLY:

" STATUS .c. l T ! G.F. TOTAL

o — . —

Y [P ——

1The.following pages are 88.6% reductions of those presented to
students. Reductions were made to meet margin requirements. -

-
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E /\ . l
= # I
EART .. MATHEMATICAL QONTENT l
1, 204+20508+20446+2+8+1n s. %l B 7
Q. 10 . Ce “ ‘0: 10 “ . Ce 44 I
bo 30 do SSJ b' 12 do 16
15 L |
— e
2. Which of the follovwing is 6. ¥hat is the total nurber
a correct statament? of days in December? . |
g. 1 cemtimeter: is-greater a, 28 c. 30 R
thari.1 inech .be 29 . d. N1
b. 1 inch is less than | y 6.. |
m * Peee—— A m——
c. 1 inch equals 1 7. If a child is torm in
centineter December, vhat is the
d., 1 centimetsr is less prol?ahuity that the child -
than 1 inch has a birthday on December

2.

'3, ‘which of the folloving
statenents 1s correct?

a. 87 is less than 120

15th?

a.-,f '.%%
b. 1% a. 1

7.

b. 120 is less than 87
c. 87 is greatsr than 140

d., 87 is greater than 160
/

3.-—-—
I

Hov many hours are there in
ons day? ‘

8., Which of the followving
stataments is correct?

a. 140 is less than 120

b. 120 is greatar than 140
c. 87 is greater than 120
d. 160 is greater than 120

N

B a hours » a’ cnm——
b. 10 hours 9. 13exl4 s
c. 12 hours a. $.21 c. $2.10
4, 24 hours b, $1.90 d. $3,10
4, 9,
“\
: SONTINCED
W 1 -
1 p




10, Which of the follovimg 1S. Which of the following is.
stataments is correct? the nuseral for one
: triliien?
a. 160 is less than 40
b. 160 is greatar than 40 a. 1,000
. G 20 is greatsr than 40 - B 1,000,000
d. 40 is less than 20 c. 1,000,000,000
10 4. 1,000,000,000,000
18.
1. meh of the follm{ is L—
the numaral reprasenting 16, Which of the folloving
cne billior? . stataments is carrect?
. 8. 1,000 a. 8130 P.M, is earlier
-8 1.000.000 than 4:30 A M,
e. 1,000,000,000 Do 4130 A M, is later than
‘d.. 1,000,000,000,000 8130 AN,
1—1 c. 8:30 P,M, is later than
®  coemme 4'30 ?.M.
12, What fractional part of d., 6100 P.M, is earlier than
100 is 97 4130 A.M.
190 i 16,
.0 9 c- 9 i
B, =2 a. % 17, Hov much time is it from
100 12 6.15 P.M. tO 8‘30 P.H.?
o ') k3
- o as 1% hours Qe 2-:- hour's
,
13, What is 1%% of one billion? b. 1% . d. 3 hows
a. 150 thousand - - ]; 19
b. 150 millien ° ; e
‘ !
c. 1%0 bpililon 18. T8 +10s ]
4. .150 erillion “
13 t ¥ 76 Qo 178
— ;P — b. 8% d. 750
14, 40 is what percent of 2007 18,
a. 1 c. 40% 19, 160 = 140 =
14} b, 20 d. 200
19, _
-

v
[y
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(A8
o
s

How many days are there in
Be schoal veex (ngt
including Saturday and
Sunday)?

a. 4 &ays e. 7 days

20.

2. 15¢ x 12 =

a. $.18 ’ Ce ‘31.80
'b. $1.70 d. $2.80
’.

27. S x $1.,00 =

0. a. $.50 c. $ 50.00
—— b. $5.00 d. $%00.00
. 7x1,000 s
u 1 ) C e
A 70 Ce 7000 S—
b. 700 do 700000 280 100 + 5 - s
a. . a.7 108’ c. 500
b, 150 . d. 600
. 160 x 4 &
2. R 28, __
a. 64 . Ce 240
24 is 67
2. -9
R a z‘" L
; [ ] 6 Co 4
23, 150 - 7% = N
b, 4 d,
a. 25 c. 78 -1 12
b. S0 d. 8% 29.
g 23, — - IR
g 30. Which of the folloving is
24, S xS0¢ s the numerdl for 1.2 trillion?
a. $.28 c. $2%.00 a. 1,200,000 '
b, $2.%0 d, $2%0.00 b, 1,000,200,000. )
” e. 1,020,000,000
, . d. 1,200,000,000,000
25, wWhich of the follqving is 10,
the clogsest number of veeks
in cne month? 3. 4x1,000= .
a. 4 ce 12 a. 40 c. 4,000 .
b, 7 d. 32 b, 400 d., 40,000 ¢
5. . 1,




32. 6,000 + 7,000 = 37, 105 - 85 =
t ¥ 1.300 Ce 12.000 2. 20 c. 80
b. 13,000 d. 14,000 b, 28 - 190
320 e Y
33, 50e - 10¢ = 38, 15¢ + 25¢ + SO¢ + 10¢ =
Qe 25‘ C. 10¢ e $.95 Ce 51.50
bo 35¢ do 60‘ b. sl.oo d. 52.00
330 e ’ 38, )
34, 4x2= . | 39. wWhich of the following
a. & c, 10 expresses the nhumeral for
b, 8 ‘d, 12 . 1,1 sriilion?
34, a. 1,100,900
b, 1,010,000,000
35, Which of the following c. 1,000,000,000,001
gstatements is correct? d. 1,$00,000,000,000
’ 8,500 .
b. 8,50C is greater than i 40, Sx 2=
"~ 13,000 ) a. 3 c. 10
c. 8,000 is greater than b, 7 ] d. 20
13,000 40
'd, 13,000 is greater tian -
8,500 41, S5x24 -
35' —— . - 9 29 Co 120
k. 104 - d,
6., 15 x 6 = d. 130
41.
a. $.50 Ce $9.00 —
b, $.90 d.4$10.00 42, Which of the :ollcving:;
6. ] statements is correct?
a. 8 is.gteater than 6
B, 6 is greater than 8
C. 8 is less than 6
d., 8 is less than 3
® 42.

e —
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43. Which of the following ] 48 Which of the folloving
’ statements .S correct? statements is correct?
a. 87 does not equal 87 ' a. 1.2 trillion is greater
. . B, 87 is greater than 87 than 1.24 trillion.
c. 87 is less than 87 be 1.24 trillicn is less than
d. 87 is equal 1.2 trillion
' 43 , e, 1.2 trillion is less than
- — 1,24 trillion
than 1.24 trillion ,
a. 1986 =~ . c. 2580 . ]
» . \ "y
44. 49. 8 X 5 = »
) L] [ ] 0 ’
45. What fractional part of @ 3 c. 30
120 is 409 . b. 13 d. 40
120 i 49,
aq\ 40 c'q 3 ph—— .
3 '1 s0. 4,000 + 4,500 =
ba ‘:ﬂ d. ‘5‘ )
) as a. 850° c. ¢&,500
M ] b, 4,900 d. 9,000
46. 1f there are five black i 50,
marbles and one vhite 1
marble in a jar and you 5t, 13 x2=
reach ia (wvithout . a, 1 ce 2
looking) and pull one b, 4 .
. 5 - de 3
out, vhat is the
probability of selecting Sle M
?
the white ma:blei 52, 5 x 1,000 =
1 L
3.. & Ce 2 a. 890 e. 6,000
5. & 4. 1 b. 600 . d. 60,000
! 46. — mmn : 7 52' e——
47, Ix4s= 53. 8 ¢+4-=
a. ¢ c. 12 a. % e, 4
b. .7 de 15 b. 2 4. 12
. 4o ' 53,

cOITINED




54, Hov many months are 60, 2«% T 2=
there in one year? 1 -
y i
v a. 2 c. 42
a. 4 Ce 12
b, 7 4. s2 b, 32 d. S
o—— 34 60, i —
1 ‘ ‘
%, 3x4= 61, 4% x 1,000 = ]
a. 4 c. S \ '
b, 4 d. 6 a, 45 c. 43000
6, 1x2= 61, ___
i
a, 2 Ce 2 62. 4 x 12 =
B, 1 4, 3 ad. 3 Co 40
b, 16 d, 48 ‘
) 56,
S f 62,
57 8 «3=s
) 63. 14 - 6 =
a. 4 c. 6
b, 5 4, 24 a. -g- c. 20
7o b, 8 i d, 84
S8, 2x2= 63,
3. 1 < 4 64. Which of the following is
b 2 4. 8 T a corrsct statement?
% 38, # 8 is less than 2
59, 12 -6 = b, 3 is less than 2
A ) c. 4 is less thman 3
a2 c. 8 d. 2 is less thar 3
b, 2 4, 10 44,
s9. —




BART _. I9EIC
. 3. What does "recession” mean -
1. Which of the followving is . in the following sentence?
an oanple of the Cnited President carter ha
staces supporting foreign thuc ;n \rter has placed
\
i 4 cs? “c . .:concny in a stata
a. Giving grants to Escesslon.
New York Ci*y and a.,” An increase in business
Miami activity
b. Helping South Viet B. A decrease in business
" Nam activity
c. Paying President ¢. An increase in the
' Cartar's salary . numbef " of jobs available
d. Purchasing tanks d. A decrease in the
and veapons for the number of states in the
U.S. Army Tnited States .
1. 3.
] P N
2. - If a child begins school 4, What does ~probabili ty” medn .
Ain the first grade, hov in the following sentence?
many years later will he Tha Brch b'ili.
be in the sixth grade pEobabili ¢y that heads
(if he does not éeﬁ?{ apgfa:s vhen tossing a coin,
1 isz,
held cver)? 2
a, -1 year a. The chance that heads will
b. 3 years appear
Ce 6 years B. The amount of time £0O
d. 8 years toss the coin
2 c. The amount of money the
1 L — coin is worth
"The correct answer, 5, was inad- )
vertently omitted from the list of d. The ability to toss the
distractors. This oversight was coin
identified after the testing was
completed. Children's responses 4.
were probably not adversely affected - -
since ''c'' is the closest choice, and
assumed to be the correct answer. CONTINUED
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Which of the following
describes reading a book?

a. looking at the first fev

pages and the last few
. Pages

b. Concentrating on every
sentence in every
paragraph on every page
to determine the meaning

¢, Listening to somsone’s
opinion about the book

d. - Watching the story on
talevision

S.

L4

8. What doas “whole milk™ mean |
in the folloving sentance?

The baby had to be given

a special formula beécausas

he vas allergic to wvhole pilX.

a. Milk that has all its
criginal ingredients

b. Milx that 1s treated ,
vith food coloring

c. Milk that is treated
vith sugar

d. Milk that is made with,
oIS

8.

Which of the followimng
statements is corzect?
a. P.M. refecs to
morning time, A.M.
refers to afternoon time
b. A.M, refers to night tine
c. P.,M. refasrs to morning and
afternoon time
d. A.M. refers to morning
time, P.M. refers to
aftarnoon time

6.

9, What happens to the average
number of daylight hours as
the months rrogress from
June to December?

a., Increases
b, Decreases
c. Remains the same
d,  First decreases, then
increases
9.

————

7. What ‘is a school disrict?
a. The principal of the school

b. The area in vhich schools
are located, deteraining

ars locatsd and stores can
be buile
4, The teachers in the scheol

7.

which children 3.y attend --
c. The area in vhich businesses

. . J
10. What is a calculator used for? }
a. To detarmine a person’'s .
height
b, To determine a persan's
veight .
c. To add, subtract,
multiply and divide numbers

I 4. to anever questions about

a story
10.

CONTINUED
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Which 0. the following

1. . 113, What does “buttermilk” mean’-
d“cib'f an elementary in the folloving sentence?
school? \ ‘ , .
a. A school that has My brotz::er prefers to

children in kindergarten,| ¢ drink puttermilk with his
girst, second, third, lunch,
fourth, fifth and sixth . a. Milk made from butter
grades ’ © b, Liquid left after butter
b, A schcol tihat has has been churned from
children in seventh, the milk
eighth, and ninth c. Liquid left after cereal
grades A is eaten
c. A school that has only d. Milk that takes the '
children who are three shape of butter
o0 five years old 13,
d. A school that has .
children who are |14, what does "birthda:rf mean
fisteont “0 eighteen in the following se?tence?
years old Susie will celekrate her
1. _birthday on July 4ta.
12, How does a recession a. Susie will “e visiting
‘ affect the Gross ‘ ler aunt
National Product?, b, Susie will e one year oliar
a. It increases X c. Susiz will get a lot of
b, It decreases Fresents
c. It remains the same d. 'Susie will have an ice
d. It increares and - cream cake 14,
I t.hen decreases 1%, What does "average";mea.n in

12,

——i—

the following sentence?
Jane's report card averace
is 95,

a., Jane received 95 in math
b, Adding all her marks and
dividing by the number of
marks, Jane received 95
¢, Jane's highést score 1s 95
d, Jane's lovest score is ©5

15,

—————
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What does "daily” mean
in the 'followving sentence?

18.

Mom reads the nevspaper
daily to find out what
food products are on sale.,

————

N\

,\.

What does "skim milk"
mean in the following
sentence?

Mom bought skim milkx because
she is on a diet,

Milk that is treated
with food coloring

Milk that is fattenirg
MiIk that has the cream
removed

19.

b.
c.

d.

a. Every year
: b. Every memth
- i C Every veek
j d, Every day
L 16.
.

~)

L3

[,

Pxrchasing guns, tanks

and other weapons would

be classiz}ed'm:de:
 which of the following?

“hat does "allowarnce"
mean in the following
sentence?

13,

- —— —— — ——— ST . —— ——— ———
(N ! ’
I

After Tcom moved the lawnm,
" Dad gave-him his gllowance,
Permission given to go
somavhere or do something

B, A pet to care for and to
. play with ]
c. Money given to save or
to spend
d. A letter to he written
and mailed

*e
({43

=

g

Milk that is‘made with
butter

- 19,

20. How can wve determine wko

a. Direct benefit is the tallest in the class?
payments to individuals a, By eating a lot of food
b. Military spending b. By sleeping the most
¢, Net interest c. B2v standing next to
d.\ Other one another
o 17, d. By-dressing procerl¥
R S

20,

d
What does "calcries"” mean
in the following sentence?

Susan wondered about how
many galor:es were in the

piece 0f chocolate cake
that she ats,
a. Unit of energy
b, Unit of weight
c. Unit ef 1ength
d, Unit of time
21,
| —
CONTINUED -
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22.

b,

d.

If Frank is 175 em,
tall, how old do you
think he is?

a. One year old
Five years old
c. Ten years old
Twenty years.old

22.

2.

What happens to the

average time of sunset
as the months progress
fran Janpary to June?

a. It gets earlier

b. It gets later

c. It remains the same

d, It first gets earlie;,
and then 'gets later

23.

What does "net interest”
mean in the following . -
sentence? '

The net jnterest offered by

the Unitsd States Government
turned out to be 11X%.

a. Shoving concern and

liking scmeone

The amount of money

saved by U.S, citizens

¢, The amount of trust that
pecple have in the U.S, ,
Government - . , .

d. —Money added to the cost
of U.S. Savings Sonds /\
when cashed in

b,

25.

| =,

24.

What does "budget” mean
in the following sentence?

Zvery time mom gets her

paycheck, she plans her

tudget.

a., Dinners for the week

b, How her money is to
be spent

c. ZFow much time she has

d. Appointments for the
veek

24,

When does ~unrise cccur?

a, In the amorning

b, In the afternoon

Ca {n the evening

d. 4An the winter only
26‘.

27.

Which of the following is -
NOT included as "scheool
supplies~?

a, Pencils

b. Notabooks )

Qs - Carfare — —— e -—
d, Erasers

CONTINUED




28, What does “homework®” mean 31, What does “enrollment”
in the followving sentence? mean in the following

‘It tcok Teddy three hours sentence?
to do his science hcomewvork. Little League enroliment

I a. VWork that Teddy's mother has increased since last
assigned him to do . Year. )
t around the house a. The number of turns a
' b, Work 4lmt Tedd¥y's player gets
. _ tsacher assigned him b. The number of homeruns
l X o do at home nit _
c., Work that Teddy's Cc. The number of members
teacher assigned him belonging to or joining
I to do in school the league
d. Work that Teddy's d. The number cf children
l father assigned him . leaving the league
to do cutside the '

house | S
32, What dces *height"” mean

in the following sentence?

M,

. 28,

o 29, %When does sunset occur?

‘ X In school today, the teacher
" a, In the marning , measured Tommy's height.
‘ b, In the swmer only

¢. In the evening

d. In the wvintsr only

a., How much Tormy weighs
b, Hovw old Tammy is \
c. How smart Tommy is

29, d, How tall Tommy ig
30, What dces "vitamins” xmean / : 32.
q tence? FL
in the falloving sen e 33. How much would you expect a
Sefore eating breakfast, nev ten-speed bicycle to
Andrew takes his vitamins, cost in/a store?
a. Important exsrcise. a. Less than $5,00
b, Important organic b, More %han 355,00, but
compcunds less than 310,00
c. Impartant foed for ¢, More than $10,00, but
- amergy ‘less than $20,00
d, Important food for body d, More than $20,00
building 32, i
0. CONTTNUED
L

Q -
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34. ¥What does the tarm 36, Why would children vant to
mean in the following
sentence? - ‘a. To increase their
' . smming speed
The Gross National Product b. To increase their
vas 1.2 trillion dollars = ) lmmd.‘dq.
in 1973, c. To increase the number
a. A big product for the of pets they have
nation . ’ d. To increass the amount
b. The value of goods " of time they have to
and services produced eat lunch
by U.S. rcgidcnts 16,
c., Ths valus of money "
~ . DBuri wvhich month can
made by the federal 37 i
at you stay cutside the
governme longest because it gets
d. The taxas collected
. dark the latest?
by the federal
goverrmert a., December
24 b. November
" il ¢, October
3S. What is a low-calorie diet? d. July
a. Eating foods that are ’ 17,
fattening
8. or vhich activi is the
b, Eating foods that are 3 :ost cize en:tty is
not fattening spent:
c. Eating foods that have< a. CEating lunch
a lot of spices b, Sleeping
d. Eating foods that have c. Doing homewérk
no vitamins d. Playing ocutside
L3S, - 38,
L —
CONTINUED




42, What ‘docs "cufarcf" mean

39. What is a rare stamp?
a. A stamp that is videly in the folloving sentence?
used and available Fred spends 50¢ a day for
b, A stamp that is one-of- carfare to go to school,
-kind and of great )
3 e el 2. PFred rides to school
c. A chat is inaa.r‘mrt.hsce
5 to Wy ] b, Fred spends 30¢ for
) d. A stamp that can be Fred mtians:o schaol
bought in every post e . ' 50¢ for
oftice ’ going o s ! ‘
1 d, Fred pays 50¢ for lunch
39. at school ’
s . L “
) - 40, What does “U.S, Government" 42,
, mean in the falloving * 43, Stamp collecting is a hob /
. ’ . P ing is a by,
What do people who collect
The J,$. Goverrment is very stamps as a hobby do with ,
- rich, the stamps? ‘
a. The President of the U.S, a, Save or trade the stamps
b. The policemen who b. Use the stamps to
protact U.8, citizens mail letters )’
¢. The collective C. Use the stamps to ) ’
organization that runs buy food
the U.S. d, Drawv pictures of the .
d. Each individual U,S. stamps / B /
citizen : ’ !
43, - : /
. hd ' 40. * ;
‘ . m:sident Carter's salary i
41, wWhich of the following is would be classified under '
NOT cMssified as "gocds vhich of the following? . |
and services”? \ ) '
a., Direct benefit payments /
a, Manufacturing pencils - o individuals 4 i
b, Garbage collecting %y b, Military spending
government employees C. - Net intarest
c. Driving a car for d., Other
pleasire . »
) d. Teaching for a school — ——— '
-~ system
: , . ~ CONTZNUED
: 41, __ .
R '
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45, The amount of money budgeted
for certain items is
dependent upon which of
the following?

a., Need

b. Importance

¢. Chance

d, Both (a) and (b)

45.

46. Whae does "weight” mean in
the following sentence?

Martin did not vant to eat
the chocolate cake because
he-whs worried about his
weight.

a., How heavy he is

b, How tired he is

c. How sad he is

d, H6w spart he is

- 46. :

R — Snesssses—

47. What does "price” mean in
the following sentence?

The prige of the suit is

$59.95.

a. Style
b, Color

c. Height
d, Cos*-

- 47,

b.

C.

d.

a.

b.

C.

d.

48, What does "graduate” mean
in the following sentance?

After I graduate from
high school, I will be ,
going to college,

Becoma tired of doing
hamework
Successfully complete
all courses and
receive a diploma
Receive an avard for
plaving basketball
Attend an assembly
program

)

- 48,
49, What does “electronic

calculator” mean in éhe
folloving sentence?

My friend does his math
homework using an
electronic galculator,

A computing machine
that runs on battery
or electricity

A minature electronic
ping pong machine

A small computer

that lists the errors~”
that are made

A telephone that has
buttons to press

49,

4‘_

-
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S0, What does “yogurt" mean in 'pz. What does "trend” mean

the !Oquim santence? " in the faollowing sentence?

My sister alvays eats If the trepd continues,

Yoot for lunch, the cost of living will

a. Some vegetables increase again next year. )

b, Some meat ‘ ' " a. Differsnt pattern %
BRNRS"

c. A low—calorie milk b. Time Pt

product - ¢, Place ] -
d. A sandvich i d. Same pattern
50. * 52.

51, What does “"direct benefit
payment” mean in the following
sentence?

Since he has retired, my
grandfather receives a
direct benefit payment
from the government in the
gorm of a Social Security
check.

a., Money received to
cover living expenses

b. Tax reduction for
vorking many vears

c. A special gift for
men only : -

d., Tax deduction for not
verking any mcxe

St.




PART _ . GBAPHICAL FORM

Use the following picture to
ansver guestions i through 3:

D AA L
c 2N
B A ¢
A DA
1," Which is the smallest s,
quantity? C
a. A c. C
b, B d, D
1.
2., Which is ths largest 5.
quanti ty?
a. A tge C°
b, B d. D
2.
3, wWhich represents an amount | 9,
ot zera? i
a. A " c. C
b, B d. None

4, Fér vhat is a circle used?

Usé the .fouiving picture to
ansver quest

ons 5 through 7:

/
Which portion in the above

picture is the largest?
a. A c. C

b. B d, D

' 5.

Which pertion in the above
plcture is the smallest? -

a. A c. C
b. B - d, D

]

6.

. i
Which portions in the above

picture seem to represent the
same amcunt?

a. Aar.dc c., Cand D
b, B and D d, A and B

C Ve

e ————

“ a, To shov langth and width
b, To shov height
Ce ‘;.‘o shov the parts of one
vhole L '
4. To shov volume

4

4.

\

CONTINUED




Use the following picture to
answe? questions 8 and 9:

100

1

400

E F 6 H 4

8, Which teﬁtesents the
largest quantity?
a. E c. G
b, F d. H

8.

9, Which represents the
© smallest quantity?

dse E C. G
b, F d. H

9.

Cse the following picture %o
answer questions 10 through 17:

A
A 3 of D
10. .nat doe3 this picture
represent?

a. An increase

b, A decrease

c. Remains the same

4, Increases and then
decreases

10,

11.

12.

13.

14,

1.

16,

Which represents the largest

quantity?
a. A e. C
b, B d. D

\\wnf/// -
ch represents the smallest ST

quanti ey?
a. A ¢c. C
P, B d. D
12,
Hovw much does each interval
represent?
a. One ¢c. Four ; ~
b. ’No d. Eight

13.

What is the value of C? -

QAe 2 Ce. 6
b. 4 d. 8

14,
Which q&anf:‘.‘*::r has a measure
“of 42
a, A ¢c. C
b, B d. D

1s.
Which quantity has a measure ‘
of 872
a. A c. C
b, 3 d, D

16.

CONTINTED




Question 17 refers to the picture | 20. Which represents the
‘fo. questions 10 through 17 on the largest quantity?
previous page: a. A c. C
17. When is a picture like this b, B d. D
used? - 20,
3. To show the parts of 21, Which represents the
one whole /‘,\ ' _ smallest gquantity?
b. To compare continuous L
information ' &, A~ c. E
c. To compare :l.'nfomtio\n b. B d. D
that is no~ continuous 21,
d. To shov shapes of figwes },5 ypion quantit‘y‘ has a
17. measure of 100?
Use the following plicture to a. A c ¢
' ansver questions 18 through 24: b. _'B d. D
22,
100 ey —— ~* )
23, Which quantity has a

- ~ measure of 257

—t— v/ a. A c. C

25 e ” r .+ b. B d. D '
* 23,
¢ D

A B 24, When is a picture like .this

18, Which two items represent used? i
the same amount? a. To show the parts of cme,
a, A and B8 ¢c. Cand D whole N
be B3 and C d., D and A b, To compare different
18 amounts . '
c. To show a straight line
19, What amount coes C represent? d. To compare continuous-
a, O c. 100 information’
B, 30 de -125 o 24
190 R r—
o] NUEL .
- -
lf,f.‘)




Use the following picture %0 answer
questions 25 throgh 27:

A = 10 triar;les

28, What does the above picture

-

mean?

Ten triangles represent
three triangles

(ne triangle repr

one triangle

Three triangles répresent

tan triangyles
One triangle represents
ten triangles

25,

26. -What would A A represent?

a.
b,
<.
d.

T™vo triangles
Five triangles
Ten triangles
Twenty triangles

26,

27. What would & represent?

a,
b,
c.
d.

One-half of a triangle
Five triargles '
Ten triangles

Tventy triangles

27.
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Prior Knowledge Inventory Answer Key

Mathematical Content

54.
55.

43.

32.
33.

20.
21.

10.
11.
12.
13.
14,
15.
16,
17.
18,
19.

44,

56.
57.

45.

34.
35.
36.
37.
38.
39.
40.
41.

22.

46.

()
cd

58.
59.

47.

24,
25.
26.
27.
28.
29.
30.
31.

48.
49.

60.
61.

50.
51.

62.

63.

52.

64.

53.

42,

Topic

34.
35.
36.
37.
38.

28.
29.
30.
3.

1. 16. 22.)

12.
13.

23.

17.
18.

24.
25.

19.
20.
21.

14.
13,

~1

32.

26.
27.

33.

10.

51.

46.
47.

52.

41,

48,

42.
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Graphical Form

I Prior Knowledge Inventory Answer Key

l. ¢ a 17. b  25.
2. a 9. b 18. ¢  26.
3. 4 10. a 19. b 27, b
4. ¢ 11. d 20. b
‘ 5. b 12. a- 2l. a
6. a 13. b 22. b
7. ¢ l4. ¢ 23. a
15. b 2. b
16. d

1€5
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Instructions for Administering the Pricr Knowledge Inventory

Check students' seating arrangement.

Each student who has parental consent should receive a pencil and a
test booklet. You should have received a roster with this
information.

For your own information, there are six different forme of the
?rior Knowledge Inventory in which the three subtests (Mathematical
Content, Topic, and Graphical Form) have been arranged in
different order.

Read the following italicized instructions aloud to students:
Good morming.
You are being asked to partwtpate in a research study to
help determine how children read-graphs. Your results will
be helping us to help children improve their graph
reading skills.
Today is the first of four sessions. The results of the tests
will not affect your marks in school, but please try to do”
your Dest and answer all of the questions.
Print your first name and your last name in the 8pace
provided on the cover sheet. AZéo, write today's date, which
i , in the space provided. Read the directions '
ailently as I read them aloud tc you: -
In sentences A and B, please check the part that applies
0 you: . ’
A. ITana ___ | boy.
___  girl.
If you are a boy, put a check in fromt of "boy." If you are
a girl, put a check on the line in front of "girl." i
B. At home, I ___ do NOT speak English. I speak another

language.

If you do not speck English at home, but instead speak Spanish,

Chinese, French, Greek, Italiam, Russian, or another language,
put a check on the line. ' ’

At home, I ___ speak E’nglzsh AND 1 or more other languages.
If this statement applies to you because you speak English and
Spanigh, or Engligh and Greek, or English and Chinese,-or
English and German, or English and Italian, or English and
another language, put a check on the line.

«

16,
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At home, I ___ speak ONLY English.
; ' If this statement applies Eo you, put a check on the line.
You should have only one of the three lines in sentence B
checked. If you have any questéons,'please raige your
hand.
5. After all questions have been answered, proceed to c%e next section,
reading aloud the following italicized instructions:
This booklet contains three parts: Mathematical Content,
pric; and Graphical Form. Don't worry if you do not
understand these titles. Just read each question carefully
and THINK before answering.
You may find some questions to be more difficult than others.
Try to do your best and answer all of the questions.
DIRECTIONS: For each question, select the lédtter iﬁ front
of the choice that best answers the question and place it
in the space provided near the question.

I Prior Knowledge Inventory -~ Administration Instructions - Continued

Have the following example ready on the chalkboard:

S1. What does "house” mean in the fbllowing sentence’?

Last week our house was painted.

a. An airplane

b. A place to live

c. Aea §1. b_
The correct choice i8 b. You would write "b" tn the space
provided. Your scrap work may be done in the booklet. As
you complete each part, go ahead to the next page. You will
have 1 hour and 15 minutes to compleve ‘thia test. If you
should finish before time i8 up, go back and check your work.
Thank you for your cooperation and participvating in this._
resaarch study.
Are there any questions?
Open your booklet to the first page, and tegin.

6. Keep the time posted on the chalkboard.

7. Inform students when there is ten minutes left; one minute. left.
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Prior Knowledge Inventory - Administration Imstructions - Continued

8. When time is up, read the following aloud to the students:

. Stop work. Pencils down. Close your booklets. Pass
| your booklet to the (front, left, right).

Instruct students to pass their booklets to the fromt or the left
or the right, which ever is appropriate or convenient for you.

 Be sure to-collect all pencils!




Appendix C
Prior Knowledge Inventory Items Reflecting Graph Test Items

Rey for Matching Graph Test Items and Priovr Rnowledge
Inventory Items




A

Frior Knowledge Inventory Items
Reflecting Graph Test Items

Prior Knowledge

Graph 1 Items Craph 2 Items

Graph ) Items

Inventory 1 2 3 4 5 .6 1 2 3 4 5 6 1 2 3 4 5 6
1 24
Topic Items 16 16 24 25 25 17 45
18 27 18 42 38 28 40 40 40 44 40 51
4
Mathematical 20
Content Items 41
’ 27 4 20 45 11
38 33 24 38 42 29 40 49 12 13
Graphical
Form Items 5 .
6 5
4 7 4 4 4 6 .~
G
£
14y
17.

17,

\"




Prior Knowledge Inventory Items
Reflecting Graph Test Items
(Continued)

Prior Knowledge

Graph 4 Items

Graph 6 Items

Graph 5 Items

Inventory 1 , 3 4.5 6 1 2 3 4 5 6 1 2 3 4 5 6
Topic Items 8 8 8
} 13 8 19 13
\77 N 1 ' 19 19 21 19
4 30 19 21 21 35 21
32 20 22
46 32 32 32 32 32 14 14 14 14 14 47 21 50 50 50 50
Mathemat ical
Content Items 9 P
18 .
2 28 6 f 3 19
2 23 37 1 7 43 8 22
Graphical
Form Items 8 | 8
9 8 9
8 18 9 18
9 20 18 19
20 22 21 21 20
9 21 24 19 19 23 24 19 19 19 24 24 21
[ B
176

133




Prior Knowledge Inventory Items ’
Reflecting Graph Test Iiems \\}
(Cont inued)
Prior Knowledge Graph 7 Items Craph?8 ltems Graph 9 Items
Inventory . 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 O
Toplc Items 6
15 6

10 10 10 23 9 3 3

11 10 11 10 11 6 29 15 34 34 12

49 11 49 49 49 10 15 15 15 37 26 41 34 34 41 34
Mathemat fcal
Content l[tems

15
30
10 14 17 16 39 15 43
‘raphical
Form [tems 10
11 11 11
10 12 15 12 15 12
14 17 17 17 14 16 17 13 17 14 16 14 10 10

9¢1

oy
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-y

'
Prior.Knowledge Inventory Items S
. Reflecting Graph .Test Ttems A
(Continue@) )
) v
Prior Knowledge Graph 10 Items _ Graph 11 Ttems Graph 12 Items Y
foventory 1 2 3.4 5 6 v 2 3 4 5 6 \ 2.3 4 5 &
Topic [tems < .
7 - 4
31 2 7 5 5 5 5 5 5 . 33 39
48 31 48° 52 36 36 36 36 36 36 43 43 43 - 43 43
Mathematical f
Content [tems 3)
32 !
35, 5
58 34 54 25 47 47 9
52 ; ~ 51 58 34 55 55 26
21 61 44 5 60 64 57 62 53 55 .59 63 36 46
Graphical
Form Items 1 TNL
2
25 £ 25 25 5
25 1 1 3 1 26 25 25 <S5 26 26 26 26
26 2 25 27 2 27 26 26 25 27 .21 21 21 27
v o1 —
< 1-\_)". La
~J
- .
17 . g M
‘ ) L )
. v * X AN
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Key for Matching Graph Test Items and Prior Knowledge

Inventory Items

Tppic Subtest

Graph, Item « _Ltem Graph,ltem

-

Item
1 (3.4) 26 (8,6)
2 (10,5) - 27 (1,2
3 (9,6)(9,5)(9,6) L 28 (2,5
4 (5,5)(12,6) ' 29 (8,5)
.S (11,1(11,2)(11,3) (11, 4) 30 (6,1)
(11,5)(11,6) 3 (10,1)(10,2)
6 (8,1)(8,5)(3.6) a2 (6,1)(6,2) (4,3) (4,4)(4,5) (4,6)
710,106 . 33 (12,5) '
8 (6,3)(6,4)16,5)(6,6) 3% (9,1)(9,25(9,3)(9,4)(9,5)(9,6)
9 8.8 35 (6,5) Y
16 E; e A »3)(7,4) ‘36 (11;1)(11,2)(11,3)(11,4)(11,5)
(11,6)
1 (7,1)(7,2)(7,3)(7,5) 5 w8
12 (9,5)(9,6) B .
(13 (6,3)(6,6) 3 (12,6)
I GDGDENGEGE 5 (3,1)(3,2)(3,3,(3,5)
15— (8,188 (3.3, 6.8 . 9.1)(0.4)
16 glfl)(lj3) A
17 G- 7 6 (12,202,902, ©)(12,5)(12,6)
L 3 w G '
197 (626D ENE0 5 gy
20 F(4,3) s a0 46  (4,1)
PEREsenet v e
2 68 48 (10,1)(10,5)
v (.5 49 (7,1)(7,3)(7,4)(7,5)
% .10.8 S0 (6,3)(6,4)(6,5)(6,6)
25 (3,2)(3,3) SL (.8)
. 52 (10,6)
15
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’]
Key for Matching Graph Test Items and Prior Knowledge po.
Inventory Items
Mathematical Content Subtest \
1od N
Item Graph,Item Item Graph,Item Item Graph,Item .
1 (5,4) 22 (6,6) © 43 (6,3)
2 (4,2)(4,6)(4,5) 23 (4,4) h 46 (10,5)
3 (6,4) ‘ 26 (1,5) - 45  .(2,6)
4 (2,4)(2,6) 25 (11,6) 46  (12,6)
5 (12,4) 26 (12,5) 47 . 12,3)(12,4)
6  (5,5) 27 (1,6) . 48 (9,4)
7 (5,5 . 28 (4,5) - 49  (2,6)
8  (6,3)(6,4) 29 (2,4) 50  (10,4)
9 (12,5) 30 .(9,1) .. 51 (11,4)
10 . (7,3) _ 31 (10,4) 52 (10,4)
11- (3,5) 32 (10,4) 53 (11,6)
12 (3,3 33 (1,64) 54 (11,5)
13 @35 - 36 (11,4)(11,6) 55 (12,2)(12,3)(12,4)
16 (7.4) 35 (10,4) .56 (11 1) '
15 - (9,10(9,2) 36 (12,5 57 (11,4)
16  (8,6) 37 (4,5) 38 (11,5)
17 (8,4) 38 (1,3)(1,6) 59 (12,3)
18 . (4,9 39 (9,1) 60  (11,2)
19  (6,6) 40 (2,5) ‘ 61 (10,4) ' .
20 (2,5)(2,6) 4l (2,6) . 62  (11,5)

21 (19,2) 42 2,3 53 (12,4)
‘ ¢4 (11,3)
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Key for Matchiﬁg Graph Test Items and Prior Knowledge
- Inventory Iltems

Graphical Form Subtest

Graph,Iltem

(10,3)(10,4)(11,3)(12,4)
(10,3)(10,4)(11,3)(12,4)
(11,2)
(1,3)(2,8)(2,6)(3,3)
(2,3)(3,6)
(2,3)(3;6)
(2,3)
(4,3)(6,3)(6,4)(6,5)
(6,3)(6,3)(6,4)(6,5)
(7,3)(8,3)(9,4)(9,5)(9,6)
(7,5)(8,3)(9,3)
(7,5)(8,3)(9,3)
(8,4)
(7,1)(8,1)(9,1)(9,3)
©(8,2)(9,2)
(8,2)(9,2)
(7,3)(7,5)(7,6)(8,3)(8,4)
(6,3)(6,4)(6,5)
(4,2) (4,5)(5,1)(5,4)(5,5)(6,2)(6,5)
(4,3)(6,3)(6,3)
(4,3)(6,3)(6,6)(6,5)
(5,2)
(5,2)
(4,4)(5,3)(6,3)(6,4)
(10,2)(11,1)(11,4)(11,5)(11,6)(12,1)(12,2)(12,3)(12,4)(12,5)(12,6)
(10,2)(1¥,4)(11,5)(11,6)(12,3)(12.4)(12,5)(12.6)
(11,2)(11,4)(12,2)(12,3)(12.4)(12,5)(12,6)
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D

New York City .0 nngsien Street
Board of Education  Srcoxi'm New Yerk 1i20l

M

f_m | Maronizraa
Zhanceuce of Schocs

Algn S Blumner ' ’ T

Py ; January 11, 1980
Olhce ot Educsional Evalucuon

r212) £964C45

¥g. Frances R. Curcic
of Educatioa
St. Francis College
180 Remsen Street
Brookiyn, NY 11201

Dear Ys. Qurcio:

) I am happy to inform you that your proposed study entitled, ""The
Effect Of Reading and Math Achievement, Race Status, Sex And Prior Knowledge
On Comprehending Mathemacical Relationsnips Expressed In Graphs'', has been
approved by the Office of Educational Evaluation with following
conditions: .

the
1. Before irvolving any child in your study, you
mist sbtain written parental comsent. (I have
enclosed a form which you may follow in drawing
up your own Parental Permission Form.)
2. Your repor: of the study should-not include
identificarim of any school or school persamel.
A code system should be used.

T 3. You must make it very clear to your prospective
respondencs that their cooperatim 1is om a purely
volintary basis.

whenever your report is ready, I would be interested in receiving
a copy. Best wishes in this engeavor.

Sincerely,
E/Z 7 .7
% 2, o,
Alan S. Blumer :

Direccor (Acting)

ASB/ch
enclosuras

P.S. You may &oplicate this letter in any quanticy you need in order o

{nform cooperating principals and cammnity superintendents that you have
-received approval fcrm the Gffice of Educaticnal Evaluation. '

15




CITY OF NEW YORK
BOARD OF EDUCATION
OrricE oF scHooL DiSTRICT 20

= 1031 - 3™ STREXT
BACOKLYN, NEW YORK 11219

- TEL. 881-3300 . . R
Lucretia Marcigliano

Sam’s M MEMNING 2DEIE RLBIDL
PREBIOENTY 38

a

O

Aruitoxt provided by Eic:

ERIC

v

January 17, 1980

Ms. Frances R. Cursio
Cepaztwent of Education
St. francis College

130 Ramsen Street
8rooklvn, New Tork 1120

)

Dear Ms. Curcio:

~

You have m permission to cenduct your researcl s
! .

wiszhin Sistrict 20. ‘

(3]
(&
(28

Gooé luck in your endeavor.

Very truly yours,

-
-




-

. ?EQ} - 212 = 322.2300
St. Francis | %3

180 R g
i ¥ et | College

. Department of Education
Sertemkter, 1980

Dear Parents:

o Your child ) of class has been
C selected to participate in a federally funded testindg program,:
scheduled to take place this Fall. The purpose of this program
is to discover how graph reading ability can be assessed and,
ultimately, improved. Since the apility to read a graph is a
basic skill required for literacy, a graph test has been
designed to reflect different tasks of comprehension.

The graph test, reading test and mathematics tost will be
presented to your child during class time and will be administered
during f?ur different testing sessions (each lasting approximately
one hour).

I am requesting your permission to pPresent the graph
exercises and achievement tests to your child and ask hiw/her
how he/she ansvered the questions pertaining to the grap:.. The
results of the tests will include NO identifying device, ,
signature or number so that the confidentiality of your child's
reply will be completely secure.

: Please sign the statemgnt 0f consent belo' and have your
child raturn it to his/her %teacher tomorrow, If you have any
questions, please feel free to con:act me at JA2-2300, x 282,

Trank vou for your cooperation and interest in helping
children develop basic skills.

Siyirerely, . |

IR LA ﬂu,/\ow ’
L : aﬁé S Rt Curcid
: - \ Pro ject Director:

APPROVED: 1 AL

DENIS M. FLEMING

District 20, Communit uperintendent

Dear Miss Curcios

. I give my child of class
permission to participate in the federally Zfunded testing pregram,
I understand that the purpose of this program is to discover how
graph reading abili ty can be assessed, and ultimately, imgroved.

e Date Parent's Signature |

ls,




Appendix E N
Zero-Crder Partial Correlation Matrix for
Fourth-Grade Girls and Boys

Zero-Order Partial Correlation Matrix for
Seventh-Grade Girls and Boys

First-Order Partial Correlations of
Graph Orn~renension Results of Fourth~-Grade Girls and Boys
with Reading and Mathematics Achievement

Pirst-Order Partial Correlations of
Graph Comprehension Results of Seventh-Grade Girls and Boys
with Reading and Mathematics Achievement

Second-Order Partial Correlation Matrix for
Fourth-Grade Girls and Bo/s

Second-Order Partial Correlation Matrix for
Seventh-Grade Girls and Boys




Tabie El

Zer;~0rder Partial Correlation Matrix for
Fourth-Grade Girls and Boys

Mathematical Graphical Reading Mathematics Graph

Variables . Topic Content Form Achievement Achievement Comprenension
Topic o .51 .52 .60 .62 65 .
Mathemat ical )
Content .25 .38 .52 .65 .70
hraphicul
Form™ . .04 .42 .62 - .62 .64
| Redding .
| Achlevement .71 .35 .58 ’ « - 61 .67
| Mathewatics .
Achlevement .61 .42 11 .06 .10
Graph .
Comprehension .61 .65 .62 .73 657

Note. ‘The entries above the diagonal\hre the correlations for the fourth-grade girls. The
fta) icized entries below the diagonal are the correlations for the fourth-grade boys. All
correlations are significant at p £ .001. ’

'
!

/




Table Eg

Zero-Order Partial Correlation Matrix for
Seventh-Crade Girls and BSoys

Graph

o . Mathematical Craphical Reading Mathematics
Varjables Topic . Content Form Achlevement Achievement Comprehension
Topic .54 .47 .65 46 .60
Mathematical o

Content | .56 A .59 .67 .13
GCraphical

Form .46 .38 .56 .49 .49
Readiug

Achlevement .72 .43 .41 ) .68 .67
Hathemz-ltlcs

‘Achievement . .45 -.59 .35 .50 70
Graph

Compreliension .86 .59 .41 .69 .67

Notes The entries above the diagonal are the correlations for tl.e seventh-grade girls. The -

$talicized entries below the dlagonal are the correlationg for the seventh--zrade boys.
correlations are significant at p £ .00l.

1:;"

All
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Table E3
First-Order Partial Correlations of
Graph Comprehension Results of -Fourth-Grade Girls and Boys
with Reading and fathematics Achievement
Controlling for i{athematics and Reading Achievement, Respectively
. ) Graph.Comprehension Control
Variable Girls . Boys Variable
- Reading . Mathematics
. . Achievement 42% .58% Achievement
Mathematics . ’ Reading
. *  Achievement- 50% . ’ A3* ) Achievement
« N . .
*p £ 2001. - ~
T o Table Eé
First-Order Partial Correlations of
_ Graph Comprehension Rewults of. Seventh-Grade Girls and Boys
: » . with Reading and Mathematics Achievement
T Controlling for Mathematics and ea’ing Achjevement, Respectively
Graph Comprehension Control
Variable Girls : Bovs Variable ¢
ﬁeading . Mathematics
Achievement L37% .55% . .- Achievement
Mathematics ' ‘ . i_ Reading
Achievement 46% 52% Achievement

+p £ .001.




Table ES -
Second-Order Partial Corrélstion Matrix for -
) Fourth-Grade'Clrls and Boys
Controlling for R.eadlng Achieveme{t and Mathematics Achievement

) i Mathematical Graphical Craph
Variables Tople Content *  Form Comprehension
Topic - ' Jd20 . .. 294k,
Mathemitical
Content . - .06 . .25% NILLE
| Graéhlcnl ‘ i )
Form .18 .20* _ < 26%%
Graph ~
Comprehension . 7-1' . 38%% L D0kk
- \L “ M -
N :
- Note. The entries above the didgonal are the second-order correlations for the fourth-grade girls.
The italicized entries below the diaponal are the second-order correlations for the fourth-grade boys.
*p £.05.
!
**p 2 .01,

19- o ;
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Table Eé

Second-Order Partial Correlation Matrix for ’
Seventh-Crade Girls and Boys .
Controlling for Reading Achievement and Mathematics Achlevement |

. N T | Mathematical /7 Craphical Graph
Variables . Topic Content " Form Comprehension _
Topic 26% 17 L3k
' £

Mathematical i’ ) . .

Content . . 35%% .04 . ALl
Craphical - ’ |

Form -~ .24% .19 ) .13
Graph " . ‘

Comprehension S04 D7h% : .12

-

A

. ¥ .
Ncte. The entries above the diagonal are the second-order correlations for the seventh-grade girls.
The jtulicized entries below the dlagonal are the second-order correlations for the seventh-grade boye:

*p ( .05.

AR £ 01,
134
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' ’ . Appendix F

AN EXPLORATORY, DESCRIPTIVE ANALYSIS OF PROCESSING
INFORMATION PRESENTED IN GRAPHICAL FORM

Compiled and Written with the Assistance of
Dl’.'. H-, Trikﬂ Sm-ith-nurke

o
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AN EXPLORATORY, DESCRIPTIVE ANALYSIS OF PROCESSING l
INFORMATION PRESENTED IN GRAPHICAL FORM

\ x

Introduction
The ideas, rationale, and objectives for this exploratory,
descriptive study developed from the results of the experimental study
presented and discussed in Chapters 4 and 5. The method employed in
the dissertation was designed to explore the effect of prior knowledge
’Sn graph comprehension which focused on the "product" of eacg measure,
i.e., the results of objective testing.k The questions were designed to

determine what prior knowledge (including knowledge of topics, mathematical

content, and graphical form) about the specific graphs students had, and

how well students were able to comprehend the mathematical relationships

expressed in the graphs. It was thought that how prior knowledge affects
~ gr.ph comprehension might be somewhat revealed by asking children to

respond "to graph items requiring them to "think aloud."” In this way,

the "process" of comprehensiom, highlighting some of the strategies that

might be employed by children trying to determine the "meaning" of the

graph, might be revealed.

Rationale ~

The graph test designed for the experimental study (see Appendix
A) was composed of twelve graphs each containing six questions reflecting
three levels of comprehension. Two questions were “tagk a" items

(requiring a literal reading of the data, title, or axes' labels); two

questions were "task b" items (requiring comparisons and the use of

Py

135




173

mathematical concépts and skills to read "between the data"); and two
questions were "task c" items (requiring an extensionm, pfedictiqn, or
inference dependent upou‘prior knowledge to read '"beyond the dAta").
Similar ‘to comprehending general discourse, it is important to explore
whether certain ta;k; are confronted by individuals from a text-base
(bottbn-up'processing), schena-base (top-down processing), or a
combination of both (Spiro, 1980, Note 1). Since the results of the
experimental study seem to indicate that for different grade levels,
different aspects of prior knowledge affect graph comﬁrehension, the
descriptive data cgllected in this small-scale study might add a new
dimension to the statistical analysis. Allowing individual children
to comment, react,'and discuss their answers to selected graph tasks

might contribute to our limited understanding of graph comprehension.

Janvier (1978) recognized the difficulty of assessing the influence

of relevant prior knowledge on graph comprehension. However, interviewing

the adolescents in his sample did enable him to categorize responses and
formulate hypotheses. His work has provided some foundation upon which

this small-scale investigation was baéed.

Objectives
A sdpplementalf descriptive analysis was conducted ex post facto.
The purpose of this additional exploratory work was to:
1. Examine how children process different tasks of co&preh;n;ion;
2. Identify how prior knowledge affects gra;h comprehension and
the strategies employed to bring that knowledge to bear;

3. Obtain students' reactions and suggestions for improving aspects

of the graphs and questions which might be confusing;
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4. ,kelate descriptive data collected to the results of the
previous study;
5. Develop and refine interview protocol and probing techniques;

6. Generate research questions.

The Sample

Eight fourth graders (3 girls and 5 boys) and 9 seventh graders
(5 girls and 4 boys) who participated in the original study were -
interviewed and their responses were taped. In the following text.m
children are referred to by an identification number of the form SGN,
where S = student, G = either 4 or 7 (representing the grade level),
and N = 1 through 9 (nét representative of the order interviewed).
The children were selected so that different levels of reading and
mathematics achievement were represented. See Table Fl for a list

-

of the students' reading and mathematics achievement profiles.

z

Procedure

The interviews were conducted by three individuals who were
prepared to follow the interview protocol (see Figure F1). Two ot

the interviewers were totally unknown to the children. One interviewer

had been at the school on previocus occasions. Each interview lasted
approximately 40 minutes. All interviews were -completed in two days,
during the Spring, 1981. The interviews took place in the school
library and a resource center, where the conditions were quite similar.
The child was put at ease by informal chatting about the child's

birthdate, and introductory information. The interviewers also explained

1y,
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/i - TABLE Fl
/‘ ’ Fourth- and Seventh-Grade Students' Reading
! and Mathematics Achievement Profiles
ID Reading = Mathematics ID - Reading  Mathematics
s41  High® High $71  Low’ Low
$42  High . High " ’s72  High Loy
" s43  Low Low S73  High Low
S44  High Low "$74  High High
$45  Low High "~ 875  High Low
S46  High High $76  High Low
S47 Low Low : 877 High Low
$48 High High s78 Low Low’
$79 Low Low

e,

2The median scores were used to détemine high/low achievement.
High reading = a raw score » 42 (the median score) on the SRA Reading
High mathematics =

Test, Level D; Low reading = a raw score £ 42.
& raw score > 48 on the SRA Mathematics Test, Level D; Low mathematics =

a raw score % 48,
High reading =:-a raw score > 55 on the SRA Reading Test, Level F; Low

b'rhe median scores were used to determine high/low achievement.
reading = a raw score ¢ 55. High mathematics = a raw score > 34; Low

< 34,

mathematics = a raw score
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Interview Protocol .

The interview protocol, rsflscting the objectivss of this

exploretory work, was as follows:

Cat studeats' birthdats and/or sge snd firet names.

Afw-onthcaaoywtoo&wﬂmthmta. The reason why you took
Mmuicthatumtryingtolmhw,tudaiumdnuw
and solve math problems.

What I'd like to do today is ask you eaome ques*ion& about the math
questions from the test. What I'd-like you to do te to tell me

how understood the problem, how you figured out which ansver
toomn, and why you did not ohooss the other possible answers.

1f you found something oonfueing or you did not understand

something in a problem, this e %mt as important to tell me as
telling me about Wiat you undsrs complstely. Ve really need

your help to deeign better materials for students. 0.X., let's start.

1. Pirst, here are four problems from the test (dieplsying four
diffsrent grsph-typas, without qusstions). Mhat are these drawings
oalled? (Try to slicit specific types of graphs.)

2. Can you tell me vhers jou might ese thess graphs? (it student
aays, “taxtbooke,” probe for real lifs contexts ss well es ssking
vhat kind of texts.)

s. What kind of texts?

b. Can you think of any other places you might sse these

that don't have to do with school?

or -
Can you think of any materials ;thcr than texts that these
graphs appear in?
3. Why do you think graphe are ussd in thess materiale? Why would
someone use a graph to desoribe a situation?

4. Thers are four diffevent kinds of graphs here. Why do you

think someons making a graph might use one kind of graph over another?
Are there different reasons for choosing to uss one kind of

graph over another?

= what kind of information is usually reprssented in a bar graph?

Circle graph? Line graph? Piatograph? . ’

S. Could you desoribs an easier vay to represent the information

in a graph?

Before shoving grephs, ssk fourth gredsre qusstions 6-9, ssk

seventh grsders questions 8-11: ’

6. If you vere a etawp oolleator, why would you oolleot stamps?
fiow dose collecting stamps relate to the value of ‘th. etamp?
What makes the value of a stawp inarease?

7. How do you epend your day? What k
Which activity takee the most tims? Least

best? During school? After school?

ind of activities do you do?
time? Which do you like

8. Mhen is mmnset? Smrise? (Weke sure to elicit AM. /PN,

sorning, sfternoon, evening.) How long are the days in the’
owmer? Could you tell me why

winter compared vith daye in the
this is so?

9. Bow tall are you (approx'mately)? What

be measured in? Do you kave any

Younger? How does you height oompare with

10. Bave you ever hsard of "Gross
you heard this temm? What do you
what a receesion is? Were have you heard thie

11. Do you know how the U.S. Goverrment ap¢

other eoale can you

brothers or sisters? Older?

your brothsr's/sistor’e?

National Product”? Where have
think it means? Do you know
term before?

ads its money?

What kinds of thinge is the monsy spend for Are there osrtain

items that require more money than

dsterwmined?
Scanning

other item.? How ie_this

12. O0.X., let's look at the firet graph. Firet I'd liks you to
tell me what you know from just looking at the graph. (Probe for

titls snd axse.)

13. Now what I'd liks to do is go over each question. Please tell
mdmtyoumthinkingmdhwmddmwuahau

Remember, if something ie oconfus
oonfusing and what you did with
questions.

14. Now tell me why you didn't ohoose
1S. Is there anything about this graph or the

think might be confusing for fou

Pigure FI.

ing, please tell me

this when you tried

your anaver.
wvhy it'e
to answer the

? (Probing)
eotions that you

rth/seventh ro?

—T_-\——
Writtsa with ths sssistsnce of Dr. M. Trika Saith-Burke.
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that the tape recorder, which was within view, was being used to
help remember all the suggestions that the child made. In some cases,
the interviewers read the items and distractors aloud, the child read
them aloud, or, the child read them silently. This proceéure wvas
dependent upon the child's reading/decoding ability and whether the
child preferred to read orally or silenmtly. In some cases the intetviewérs |
gave the child éeedback as to the correctness of the responses, in some |
cases the child was told the correct answer when asked, and in some
cases the child was corrected for misconceptions.
AAll the students wéﬁz questioned about Graph 8: Average Time of
Sunset (see Appendix A, page 118), and a revision of Graph 4: Height
of the Rodriguez Children in March, 1980 (see Figure F2). This
revision was made because it was interesting to observe students'
reactions to a format contrary to their expectations, contrary to what
is seemingly '"natural," and cogsfary to what they have been "traditionally"
taught (Kosslyn, Note 2). The revision entailed rearri.&ing the vertical
axis so that the numbers were decreasing from bottom to top, and )
rewriting items 4 and 5. For the interviews, item 6 was used in the
following, original form:

"If Pedro is 5 years old, which of the following is a correct
statement?

a. Pedro is much too short for his age

b. Pedro could never be that tall for his age
c. Pedro is of rage height for his age

d. Pedro is thin ®x his age."

.3
It was recognized that a tl%ision of this item was necessary because
the original form of item 6 has more than one "correct" answer (a and b).

Therefore, item 6 is revised for future use in Figure F2. ij§

: .20
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Revision of

1 00—t
Hiright
In 125
Centimeters .
150t

A5~

v

WEIGHT OF TIE RODRIGUEZ CHILOREN IN MARCH, 1900

2.

b.
C.
d.

flow tall vas Mart&?
a.

75 inches
100 {nches
100 centimeters
125 contimeters

3.

a,
b.
C.
d.

Who was the tallest?

Juan
Fedro
José
Maria

4.

R

A
b,
Ce

d.

How much taller vas Jose than Juan?

25 centimeters
50 centimeters
75 inches

75 centimeters

Maria Jose

Chitrdren

USE TIE GRAPH ABOVE TO ANSIER TIE
FOLLOWING QUESTIONS.

Juan

Pedro

,5.

1. What does this araph tell you?
a. The veight of the four
Rodriguez children in
March, 1960
b. The grades of the four
Rodriguez children in
Harch, 1980
c. The height of the four
. Rodriguez children in
March, 1980
d. The age of the four
Rodriguez children in
March, 1980

W

Q

|31 N { O——

1.

. )

JAruiToxt Provided by ERIC

6,

1f Maria grovs S5 centimecers and

Jos€ grows 10 centimeters by

September, 1981, who will be taller,

and
a,

b,

Ce

d.

by how nuchf

Maria wili be taller by 30
centin . ters .
José will be taller by 30
centimeters

Maria will be taller by 25
centimeters

Jos.” will be taller by 25 /
cent.meters

1f Pedro is 5 years old, which of the
+folloving is a correct statement?

b,

€

d.

Pedro could never be that short
for his age ’
Pedro is much too tall for his

age

Pedro is of average height for his
age

Pedro is thin for his age

Figure F2. o 20 2 , o
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’Four fourth graders wsre questioned about Graph 2: How Terry Spends
a School Day (see Appendix A, page 112), and four fourth graders were
questioned about Graph 12: Séamps Cdilected'by Children, (see Appendix
[ ‘ A, psge 122). Five seventh graders were question:d about Graph 9:
‘The Gross National Product Durin341969 Through 1979 (see Appendix A,
; ' page 119), foqf seventh graders were questioned about Graph-3: The U.S.

Gevernment's 1981 Dollar Budget (see Appendix A, page 113), and one

. seventh grader was questioned about Graph 2: How Terry Spends a School
; ‘ . Day (see Appendix A, page 112). The graphs were selected because a
variety of -raph-types was desir&ble, and, the level of difficulty

! . had to be relative to the grade levels of g&: children. Also the

amount of time did nét‘warraﬁ; the use of all twelve graphs.

} - .

t %
- Criterta for Inferences

-

N " The interviews revealed that the children approached different

tasks of comprehension differently. As a résult, in order to idemtify

K

the processes of comprehension and analyze the responses, the following

categories were identified and criteria for classification and evaluation

were assigned: . ,

1. Text-Based (also termed bottom-up processing). In the

-

ch}ldren's descriptions or explanations they clearly referred to the
{

T graph by pointing to it or by remarking, "I found the answer right

- here on the graph.”. (It is important to note that in order to refer

-

to the graph, knowledge of how to read the data directly from the graph

20,
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was implicit; i.e., the children knew how to locate specific coordinates
or refer to the axes' labels.)
2. Schema-Based (also termed top-down processing). Responses of

the children who relied upon their background knowledge when responding |

to graph questions can be classified into the following categories:

i
a. Not attending to the graph. The children described how they ‘

answered the questions by stating, "I did it without looking at the
graph," or "I got the answer off the top of my hqéd," or '"You really
Just have to know [ghe vocabuiary].; ' . i
b. Attends to the graph but is distracted by the topic.” In this l
case, the children were overly c;ncerned with the topic of the graph
to such a great extent that their descriptionms and explanations go l
off on a tangent; i.e., the discussion is somewhat related to the graph
L . .. children are sidetracked by "pouring out" their prior knowledge
abouvt the topic. \
c. Attends to the graph but does not recognize incomsistencies. .
In ‘this case, the chil&ren made specific references to the graph but they
were not flexible enough in their thinki;g to recognize information that
might have been contrary or inconsistent with what they thought or had
learned previously. 1In Piaéetian terms, the children were probably able

to assimilate the incoming information, but unable to accomodate it,

i.e., make revisions in their already-established, relevant schemaga.

3. Tert-/Schema-Baged. 1In this case, the chiiﬁren were able to

* integrate the relevant information from the graph with the relevant ‘

background knowledge. This is evident by children referring to particular

aspects of the graph and describing how that information was used to

obtain an answer.

2104
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Results and Discussion

It is important to mention that this supplementary data is
exploratory in nature and that these results are to be reviewed

with caution.

Text-Based Comprehension Processing

All Ehe children, exceﬁc one (S79), answered the task a questions
. by referrinélto the text. Not all children, however, were adept at
reading the data directly from the graph. In some cases, fourth
graders had trouble with Graph 8, matching the months on the
horizontal axis with the average time of sunset on the vertical :
axis. Perhaps horizontal and vertical lines should be used
(siﬁilar to graph paper) for younger children to help guide them in
locating coordinate pairs on a line graph.

The following examples teflect text-based comprehension processing:

Example 1. Referring to Graph 8, Item 2.

it an right. Number two. (reading item #2) 4:35 P.M.

i8 the average time of sunset during which month?
S71: (pause) December.
I: 0.K., and how did you do that one?
S71: I looked at the graph.

Example 2. Referring to Graph 8, Item 2.

I: Let's look at rumber 2.

S42: (silent reading) November?

1: And, how did you get that answer?

S42: Because this thing goes right across here and it's
right on top, it looks on top of November (showing
on the graph). ’

Example 3. Referring to Graph 12, Item 1.

I:  (reading item #1) What does each symbéi, like this, represent?
0.K., now can you tell me how you figured out which

{I a interviever.
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answer you chose and how you figured it out? Take your time.
s4l: Mwell, I looked at the symbol and I then looked at that

thing (pointing to the key), right? and I saw it was

four etamps, and I picked c.

The above three examples repreeent typ;cal responses to task .
a'items. (Task a items were the first two questions for each graph.)

Since task a items require illiteral reading of the graph, it seems

e

aL though studeﬁts,enact text-based processing strategies for this
type of comprehension. In general, students who employ text-based
processing strategies for task b or .task c items usually do not

. have enough.information to respond to.the questions successfully.
Examples 4 and 5 highlight this problem.~

Example 4. Referring to Graph 2, Item 5.

- Ik 0.K., 'number five, go ahead. -
$47: (reading item #5) How many hours a week, not
ineluding Saturday and Sunday, does Terry spend
on her homework? Two, a.
I: Why did you choose two?
S47: Because it says right here (pointing to the graph)
he spends two hours a wdek on homework.

Example 5. Referring to Graph 8, Item 5.

I: (reading item #5) Which of the following graphs
repregente the average time of sunset in January
to June that will make the above graph repregent
one complete year? '

§77: (long silence) I think that one. ’

I: Which ome i8 that?- What letter?

E

al
N & Why did you chose a?
§77: It's ourvey like (pointing to the graph)
I: It's the same curve as the other one? (referring to
the main graph)
§77: Yeah.
In Example 4, S47 (as well as other students) did not bring esgential
prior knowledge of mathematical content to bear by multiplying two
hours of homework per day by f%ve days (seven days in a week minus

two days for Saturday and Sunday). It is possible that $47 did not.
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did not remember that the circle graph represented the time spent
duiihg one day, since reference is made to "a week.” However, during

the preliminary discussion about the graph, the student did recognize

that the activities and time for each was during one day.
In Example 5, S77 concentrated on the graph without considering -
what was Meing asked and bringing forth any’prior knowledge that
might have been relevant to what was asked. Some prior knowledge
related to thig topic was identified Ehroughout the interview because
‘after probing, $77 answered iiems 3, 4, and 6 correctly.
In both cases, the students' limited information (obtained
- solgly from the text) was inadéquate in processing tasks of ‘
comprehension designed to tap their prior knowledge. A question for

future research is "How can we help students recognize when the

answer is solely in the text, and when the text itself is inadequate?”

Sehema-Based Comérehenaion Processing
The interviews revealed three aspects of schema-based comprehension
processir3: not atteading to the grapﬁ and relying solely upoﬁ oqa's
prior knowledge; attending to the graph but the topic leads the reader
astray; and, attending to the graph but inconsistencies are not '
recognized. These éhree aspects are considered and discussed in
relatiﬁn to some excerpts of the interviews.
> Not attending to the graph and relying solely upon one's
p;ior knowledge. Some children had such a rich knowledge base that

| the information in the graph was superfluous and not needed to answer

somc of the task b and task ¢ items. (Fcc every graph, task % items

were the third and fourth questions, and task c items were the last

two questional)
ERICT < - - 207 '
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\ In general, seventh graders weré more successful at attempiihg
to answe; 1t;ms solely based upon their background knowledg; than
fourth gg}ders. Although more fourth graders attempted to answer
questions without attending to the graph (7 out of 8 fourth graders
as opposed to 4 out of 9 seventh gradors),‘only two of the fourth
graders were successful in selecting the correct answer (one admitted
to guessing) and all four seventh graders were successful in their
séhemn-based responses. -Perhaps fourth graders' reliance upon their
prior knowledge of the topic of the graph (without attending to the

, graph itself), comﬁounded‘wich their inadequate prior knowledge, might
explain why prior knowledge of the topic of the graph is a predictor
of fourth graders' graph comprehension ability.

* *  The following-éxampres highlight this schema-based processing

approach: .

Example 6. Referring to Graph &, Item 5.
1: . O.K., number five. (reading item #5) Which of the

= following graphs represents the average time
.o of sunset from January to June that would make
# the above graph represent one complete year?

S74: One complete year, or just half?
: One compleéte year.
$74: (long silence) It would be b.
: 0.K., what did you do to get b?
$74: I know that the amount of sunlight per day increases
- from Jaruary to June and then b was the only graph
that showed an increase.
: How do you know that it increases from January to June?
$74: I've geeén the sunset get earlier during the year.
I: Did you need to usé the big graph over here to figure
out the answer?
s74: No... i -
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Example 7. Referring to Graph 8, Item 3.

All pight. Number three. (reading item #3) As the
monthe progressed from June to December, which of
the following is true about the average time of sunset?

S48: (long pause) Sometimes it gets earlier.

I: Can you explain to me how you figured that out?

s42: Well, . . . you have to set the clock back one hour.

1: And, what does that tell you about? . '

$42: Well, you set your clock back from 2:00 to 1:00 then
that 's earlier.

I: I see. And how does that relate to surnset?

S48: I don't know.

I: That's an interesting question, isn't it? Let's look
at the graph here and see if you can tell me how you

” figured out the amswer you got. You said that as

the months progressed from June to December which
of the following is true about the average time of sunset
and you said it gets earlier. 0.K. How would you know
that from the graph?

S48: I didn't use the graph.

Example 8. Referring to Graph 8, Item 4.

I:
S42:

I:.
%542

1:

S42:

‘ S42:
E I:

S42:

\

t ) ¢ ' In Examples 6 and 7, the students answered the items correctly by

Let's look at number four.

(silent reading) I think about three hours.

And, how did you get that? :
Because in the swmmer the days are long, and it's

a very long time before it gets dark.

Un hom. And why did you pick three hours instead of
two-and-a-quarter or, why not one-and-a-quarter, or one-and-
a-half for that matter?

(pause) Because it isn't that long. That would be the
time in the fall or in the winter.

Um hmm. (pause) Oh, I understand what you're saying.
Did you need the picture to answer this question or did
you just answer it off the top of your head?

Off the top of my head. ,

If you were to refer to the graph, would you still say
three hours or, would you change your mind?

(Pause) I would still say three hours.

relying upon their prior knowledge of the topic. In Example 8, where

[ 11fting relevant information from the graph (e.g., specific times) and

conputlng the

answer vas required, the student was not successful. It

might be possible that in general, fourth graders are unable to distinguish
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betyeenftheir 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 is inadequate.

Attending to the graph but the topic leads the reader astray. Some
| children had to rely upon concrete or situational ekperiences when
. |
attempting the tasks. By approaching the task in this way, they bécame
distracted or sidetracked by considering somewhat-related information. *

Howévei, in most cases (8 out of 12), students' discussion became sO

faf removed from the task at hand that they did not answer the items
correctly. Examples 9 and 10 highlight this point.

Example 9. Referring to Graph 3, Item 6. -

I: Number six. (reading item #6) According to the
projected 1981 budget, which of the following
appears to be correct? (reading the choices)
There is a greater need to support military defense
than direct payments for individuals; There i8 a
greater need to support military defense than aiding
states and localitieés; There is greater need to
support foreign.,what's that funny word? )

§71: Commitments -

I: Commitments than military defense. You know that word

then?
S71: JYeah.

: Right. There ie a greatar need to support foreign
commitments than direct payments for iniividuals. Which
ong-

S71: b

I: Would you pick? And can you give me d reason why?
$71: 'Cause you have to support the military, I don't know.
: What were you going to say firet. Tell me what you
: were thinking. , .
§71: I thought that it was for.the states, money for the’
states, and localities.
: 0.X., 80 you changed your mind. . .
S7l: Yeah.

-

Qiu
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All pright. So you decided that there wasn't a greater
need to support the military defense than states and
localities. Which one are you going to choose now if
you don't choose that one?

d

0.X., why do you think that?

'Causeflgke if they take a little bit of money out of
some individuals they could help bring out all the
poverty and dll, in all the other foreign countries.

Example 10. Referring to Graph 8, Item 5.

S48
I:

S48:

S48:

§48:

I.

In both

$48:

I'll take a.

All right, now tell me why you picked a. Why was that
a better ansuer?

Well, I still don't think the time (pause)the sunset
is strictly at 8:30. I think that it might curve
wrong - still might be a little bit daylight outside.
And 8o you said something about a curve just then.

What was that about? What does it remind you of?
Well, this ourve right here reminds me of the way,
like, the daylight's set mow. It doesn't (pause)
at the time that it should set, it doesn't go
straightly dark, it's etill just slightly a little
bit daylight outside.

I see. And how does that remind you of a curve?

: When you have a straight linme it is going to be dark

immediately, but when you have a curve it takes o
little bit longer. )
I see. Because it's sort of reunded or something?

: Tt's a little bit longer than a straight line.

0.X. How does this ome, this graph, relate to this graph?
Comparing choice a with the main graph)

This ome right here looks the same as this one.

Did that influence your choice at all?

Not that much.

of the examples above (and in other responses), ir. seemed

that the children's concerns with the topics distracted. them from

attending to

the deep structure of the graph,‘which was required in

ansvering the items. In Example 9, §71's attitude towards the situation

became evident and dowinated hiqjthiqking. In Example 10, S48 compared
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the curve in choice a of item 5 to a sunset. This child related what
he has Seen, to a pictur; that he éhought represented what he has
experienced. These examples seem to agree with Janvier's (1978)
observations that for concrete thinkers, the attention is drawn to

the situation and the graph completely vanishes (10.5).

Attending to the graph but inconsistencies are not recognized.
Some children (8 who had low mathematics achievement scores) did not
.* recognize inconsistencies on the Graph 4 revision (i1.e., that the
higher the bar, the taller the person who is being represented). This
fs highlighted in Example 11.

Eﬁample 11. Referring to the revision of Graph 4, Item 3.

I: 0.X., number three. -

$47: (reeding item #3) Who was the tallest? (pause) Pedro.

I: And why did you say that?

S47: Because his bar goes all the way up, the most . . .

I: 0.K., why didn't you choose Jose, ¢ for mumber 3?

s47: Because this is mot as big as thie one. When
you lovk for the tallest you look for which one is
the highest . . .

In gome cases, students insisted upon following their intuition
(1.e., that the higher the bar, the taller -the person who is being

represented). This is highlighted in Example 12.

Example 12. Referring to the revision of Graph 4, Item 3.

I: So. looking at the picture, what answer would you give
me? : .
s44: I would give you Pedro. '
I: And if you looked at these numbers (pointing to the
. vertical axis) would you still say Pedro?
S44: Yes. :

~

These ot,rvations seem to agree with Kosglyn (Note 2) =-- that .
young children (e.g., fourth graders) are not as flexible in accomodating

incoming information that might. be inconsistent or contrary to what

Rl
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they expect, or have previously lea{ned. ’In general, seventh graders
and fourth graders with high mathematics achievement scores were
somevhat more flexible in handling this situation. They usually changed
their answers to correspond to the nuﬁbers along the vertical axis.

They made their changes after monitoring their own thinking, or after

further questioi ing by the interviewer.

Text-/Schema-Based Comprehengion Pr'oce:ssing

Task b and task ¢ items were designed to employ prior knowledge

-

as well as referri&g to the 1nformatioﬁ and data lécated in the graph.
The results of the experimental study suggested that the mathematical
relationships were embedded within the deep structure of the graph and
topic and .graphical form cues for retrieving relevant prior knowledge
were located in the surfaéﬁ structure of the graph. Many students who
attempted items by referring to the graph and applying relevant prior
knowledge answered the items correctly. How the students integrated
information from the graph and brought their prior knowledge to bear

are highlighted in the following three examples.

Example 13.- Referring to Graph 3, Item 3.

1: 0.K., number three. (reading item #3) What
‘fractional part of each ‘dollar did the U.S.
Government apend on net interest?

S77: One-eighth (pause) 7o watt (long pause)
ning-over-a-hundred, b.

I: 0.X., what did you do right after I read the
question. Tell me everything that happened .
before you decided it was . 3

§77: I looked for ome that had 9 and was broken
into a hundred dollare, into pennies equals
one hundred.

: But why ien't it o, one-hu.1dred-over-nine?
$77: Because then it would be (pause) we had to
divide nine into one hundred.

elg

i,
al
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§77:
I:

|
}

i

s77:
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0.X., you saia you were looking for nine.

Why ten't it a?

Because there aren't nine pieces.

There aren't nine pieces. 0.K., first you looked
for a nine in the responges, and every one has
nines in-them. And then after you found out they
all had nines in them, what did you do?

I looked for a hundred or a dollar.

Example 14. Referring to Graph 2, Item 5.

I:

S45;

(reading item #5) -#ow many hours a week

not ineluding Saturday énd Sunday did Terry

spend on homework? ’

(pause) Ten hours, c?

How did you figure out it was tem hours?

Because I know there are five days in school and

hours is. two hours, 8o I go 5, 10, 15, --

I mean 2, 4, 6, 8, and 10 (counting on fingers). ...
Right. That's -- ’

So one day, two hours, two days four~hours, three days,
aiz hours, and four days, eight hours, and five

days is 10 kours. .

Example 15. Referring to Graph 2, Item 6.

) §
S42:
I:
S42:
I:
S42:

S42:

$42:

Let's look at number siz.

(silent reading) d, ome-third?

why? =

'Cause, because one-third is the largest? -

Oh, O.k., how do you know one-third is the largest?
Because one-twenty-ome i8 very amall, one-twzlfth
ig small, and ome-fifth is almost as gmall. One-
third in this part is the largest.

And, why would that have to be the langest of all
of them, I mean the answer to that question?
'Cause all of them is small when you cut them
into different sections, the one-third is the
largest.

0.X., why, my question is, why would that have to
be the largest? Why couldn't it be the smallest:
one that would be the answer to this question?
Because when you have a circle and you cut it

up into three parts, each ome is about (showing
on the circle graph).

Um hmm. Right, that's, what your're saying i8
correct. But, my question 18 why would the answer
a, b, e, or d, the one that you pidk, have to be
the largest fractiom, to this question -- why
would the answer have to be the largest of these
choices and not the smallest and not the middle?
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s42: (long pause) Because the Maller number the
larger the tion?
1: T;t‘z'a tru{:‘a;au're right, the smaller the
yumber in the demominator the larger the fraction. . «-
But now with respect to this question, that says
(reading the item aloud) What fractional part of
a week, not inaluding. Saturday and Sunday, does )
Te pend sleeping? Why would the answer have te . 1
bent'#largeat fraction? . . |
S42:. Because the larger, becuuse sleeping i8 the largest
thing on there (referring to the circle graph),

on the graph. .
' 1: ‘Um hm. . ]
's42: And om here it's the largest thing (referring to the

distractors). ) . * -‘
1: Oh, now I want to ask you another question. If

T said, if one of these choices were one-half,
(pause) is one-half now the smallest, or the .
largest, or you can't tell of all theaerfvacttons?

: e8t. )
S?Z ggei;F:zat was a choice, would you still eay ong—thtrd,
or, would you say now, one-half? .

S42: Ope-half. )

*In the above examples, studants' comments indicate that schemata

i have been activated and prior knowledge was being brought to bear.

Although S42 did bring knowlaege to bear, the knowledge, which

linked the largest portion of the circle graph with the largest fraction
in the distractors, was an incorrect strategy to use. In this case

the student had the right answer for the wrong reason. Questioning
students in-this way can help teachers focus on how ChilqiiP arrive

at their answers. By using this approach, it becomes obvious that

it might not be the "answer" that needs correcting, but raéher "how"

the answer was derived that needs correcting. This is in agreement

vith an observation made by Davis (Note 3).
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Students were very helpful in offering suggestions for improving

.Students' Reactiong and Suggestions

graphs and questions as well as expressing what they thought might
be important for their peers when reading some of the graphs. Suggestions

L ]
, for improving the graphs included making some of the dots (within the

graphic display of the line graphs) larger and extending horizontal
and vertical lines to facilitate locating points. For Graphs 3, 8,

and 9, some seventh graders indicated that the vocabulary (e.g.,

"gfants to states,"” "average ," and "recession") was difficult. For
5 .

Gfaph 12, some fogrth graders thought that using half of a symbol
might be confusing for their peers. For the revision of Graph 4.-
students (both fourth and seventh graders) suggested that the numbers
along the yertical axis be arranged from smallest (at the bottom) to
highest (at the top) to conform with their concept of height.

~ Some students (both fourth and seventh graders) recognized the
importance of *having kndwledge of the topic of the graph, the
mathematical content employed in the graph, and the graphical form.
The following are examples of their comments. N

' Example 16.  Referring to Graph 9.

I: Do youithink that there is some information that
students should know before they are given the graph?
$§72: (pause) Yeah.
I: Could you help me by telling me what information
they ghould know? '
§72: What the Grose Natiomal Product is.
I: 5o it would be helpful if they had a knowledge of
what --
$72: Yeah, they knew what it wae.
I: What would that help them do then, if they knew
what Gross National Product was?
§72: I dom’t know, it could, um, help know what
they 're talking about.
Uhezuh. Do you think it might make them interested
in trying to figure out what the graph is about if they
knew?
872: Yeah, what it's about.

1:

R1b
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, Example 17. Referring to Graph 2.

I: Were there any items, anything in ahy of these
stiona, that you think someone in fourth

grade would have trouble with? Which would you
‘think people in the fourth grade would have
trouble doing? '

S44: If théy didn't know fraotions they would ‘probably
have trouble ¢n what fractional part does, or
fraction of a week does she sleep. .

»

Example 18. Referring to Graph 8.

I: Do you find any of these questions hard? Would
they be hard for fourth graders? :

$42: (nodding no) Not if they're smart. .

1: 0.X., and, is there anything about the graph that
could be improved, is there anything I could do
to the graph that would improve it? Can you
make any suggestions for me?

$42: (long pause) I think it might be easier to
put it in a bar graph.

I: Oh, you're more familiar with the bar graph or with
a line graph?

§42: Bar graph.

I: And 8o it would be easier them for all fourth graders,
do you think, if thie were presented in a bar graph form?

S42: (nodding in agreement)

I: Do you think any informatio- can be put into a bar

?

s42: Not all information, but some.

I: Could, you give me ¢ . example o something that
couldn't be put in a bar graph?

$42: (long pause) Fractions can't be put in a bar graph.

: Oh, 8o what kind of graph would we us: for

fractions?

$42: (pause) I think that circle graph.

Interview Protocoi Additions and Revisions
As a result of reviewing the tapes of the interviews, the
following additions and revisions should be made for the Interview
Protocol fou;d on page 17 :: .
1. Intervieys should be conducged in two pacts. The first part
should include prior knoyledge questions (reflecting the topic,
mathematical conéent: and grait_\bica‘l form of the graphs to be used) and

about two weeks later, present the children with the selected graphs
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. .
and accompanying questions. It is possible that asking the

prior knowlea,e questions immediately before presenting the graph tasks
to the children might have influenced their responses.
2. The interviewer should read items and distractors aloud as
the subjects follow along silently.
3. Avoid indicating whether a response is correct or incorrect.
4. Probe for correct as well as incorrect answers, iie;, ask,
"How did you get that answer?" for both correct aﬁd incotrrect responses.
5. Include the question "What suggestions wouid you make to

improve this graph or some of the questions?"

Questions for Future Research

As a result of this small-scale study, some questions have been
‘generated for future research: *

1. How do students determine when to employ text-based comprehension
strategies, schema-based comprehension strategies, or a combination/
iategration of both?

2. Witﬁ respect to graph reading, is the strategy employed a
function of reading achievement, mathematics achievement, prior knowledge,
or an interaction of any of these?

3. How do novice; (e.g., fourth graders) monitor graph comprehension?

4. How do older students {e.g., seventh graders) monitor graph

comprehension?
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