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. Abstract

The Logical Rea~uning Necessary to Make Line Graphs -

\v/
A thr_ej year study was conducted to determine the logical

reasoning pfoceéses necessary to construct line gfaphs. Three

types of . line griphs were used: a straight line with a positive  °
-slope, a straight line “with a negative "slope, and an

exponentialiy .in§reasing curve. This area was chosen for

investigation becaule of the ;mportance in science of dis‘pl;x‘y'ing
inforiat{ion g-rapbical.ly. Previous research by otlixer
inve'sf.igators was concerned with the accuracy. of reading various
types of. graphs and with measuring graphing skills. This
research ‘dete{:mined the underlyi}tq\ logical reasoning processes

-

needed to make line graphs. . .
L4

The three research instruments used consisted of a set of

instructions, data to make a Jdraph, and two unliped pieces of

paper. The subjects used were middle school and high school

-

science and mathematics students who were allowed to use a ruler

H

if necessary and allowed to useé as much time as needed to

- !

. &omﬁlete the task.

The responses were classified intp ore of nine categories.

The categories ranged from no attempt to wake a gréph_ to complete

" graph with a .statement of a relationship between the variables.

The categori}as in between represented increasingly more
. t . i
successful attempg:at ordering data in one and both variables to
<

. .‘B

i
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correct scaling of thé data on £he‘axés.' The mfddle categories
also represented increasinql§ more succcessful attempts at
establishing a oner-to-pne correspondence between~:ﬁb variables to
pattern recognition leading ¢t recognitign of  a relationship
between the variables. Middle ‘schooI subjeqts exhibited
‘behaviors mainly in the first f’m:u:S cate‘gories, ninth and tenth

grade subjects oveflapped with the middle school subject qnd the
eleventh and twelfth grade subjects in the middle categorlés, and
the eleventh and 4;;5;fth grade subjects exhibiteh.\behaviors

mainly in the last f£ive categories.

The categories appeared to be valid ;ith the three éypes of
line graphs and the subject response patterns were the same on
all: the instruments. These response categories also showed a
ﬂ.close fit with Piagefian concrete'3operatignal struttures for
single and double %eriation and formgl opg;ttional structures for
proportional reasoning and correlational é;ﬁsoning. r

4

The implications of this research for séience‘teaching are
these. Teachers can now be aware of what logical reasoning
students will bring to a ‘graphing situation. Teachers will also
be able to ‘3nderstand the reasons why students make certain

mistakes when they make line graphs. Teégﬁers will be able to

\.

tmake interventions that will not only help students make their- -

graphs correctly but possibly will help students develop the
logical reasoning to make their graphs correctl& on future
occasions.

\



The Logical Reasoning Necessary to Make Line Graphs

. " .
I. Statement of Problem )

“

Over the pas£ three years research has been conducted to
make clear the types of reasonlng processes students in middle
and high school uUBe when they attempt to make a qraph The first
year of the study was used to determlne what kind of reasonlng
patterns students use when graphing a gine with a positive
slope. 'The second year was‘ysed to determine if patterns found
in the first year ot the study reappeared when students qraﬁhed a
line with a negative slope. The third year of the study was used
to determine what effect 4§raphing an exponential cuive 'ha_d o-n

-

exhibited reasoning patterns. :

II. Previous Research

Graphing is a -tool used in stience to display deta and eid
in the analysis of‘;glationships between variables. It would be
helpful tc science teachers to understand the logical reasoning
processses students use when makzng graphs so that teachers would
know what the ’ba51s for faulty graph anstructlon and
misinterpretation. Previous research was conceined'chiefly with
ability to "read various types of graphs anhd with measuring
graphing skills. Peterson and Schramm (1954) determined accuracy

of reading various types of graphs. Culbertson and Powers (1959)

étudied compreheﬁsion difficulties with graphs. Weintraub (1967)
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determined that childred ' interpret graphs with increasing
- LY < .
difficulty in the order: pictorial, c:j,r_cular, .two-dime_nsional,‘

[ ’

and lire graphs. McKénzie :and Padilla (1982) developed a teét to
measure. graphing skills in science. The reses~ch reported in
this paper determin;d the logical reasdninq paﬁtgrns népessary to
make line grapps. ~ ' l;. f

-

III. Research Procedure

To measure student reasoning concerning graphing diff?rent~
research instruments were developed each | year Research
Instrumen't: 1 for a 1line with a positive slpp[ Research
Instrument 2 for a line with a negative slope:; and Research
Instrument 3 for ah ekponential curve. On the rgsgaréh
iéstrument the student was told to make a graph with the numbers
on the sheets provided a;d to write down why they are doing wp?&
they do to make the graph. They are alsd asked to idenfify;ﬁz
pattern in the graphed points and state a rel;tionship, if hhéfé_

is one. In each case the student was give a copy of the researph'

‘instrument and two unlined sheets of ﬁape;. The student was told

they could use a ruler and had as' much time as théy needed to

/ ) . ’
complete the task. They were also told to do the task the way
they understood, what the research instrument said. No other

instructions or help were given.:

The research instruments were given to math and sckence

classes in the middle and high school, With the gxception of the



phivsics and chemistry' class, all' of the <classes were

L}

representative of the school population as a whole.
- {

IV. Resylts ' .

The responses- were classified into one of ‘*he nin_e
cateqqries. Category 1 1is no at‘;:em';it' to make - a gx"apﬁ. &In
category 2 data is. ordered in oné "or‘ ‘bpt'h .coluMs,.i but no
one-to-one corrés’pondenqe is made ,bei:wqén_.va‘éi\%bl;s": .In category
3 a one-to-one correspon&enéé . is esta.glishe;l between the
variables and the data is g.lo'tted on the graph in the order it
appears on the research instiument. In caﬁeqdny 4 one or both of °
the columns isg ordered, but t:here is 'no scaling ofj)either axis on
the graph, instead the order numbers are equal ly spaced. In’
category S one axls is ordered and the other axis is scafed. 1In
tcategory 5.5 data in both c?rumns is rearranged from high to low
and a new one-to-one correspondence is establlshed (used for
lines with a neqative‘ s'l'ppe) -0or one axis has one or more scaling
breaks (used 'for an‘expon.ential curve). In category 6 axes on
graph .ar_e correctly' scaled, ,but_ student does not see a
relationship .between the variables. | In category 7 the. student‘:.
states_ the corfect relationship between the variaples. Category
8 is chara,cterist';c.of an exponential curve in that the student
recoénizes that not 6n1y' does as' one variable incfeases so does
the oﬁher but -also realizes that this is not a straight line

[

relationship. Figures 1 through 10 'depict student made graphs

"v ‘ . ' [

—
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. that are chafgcteriétic of these nine response categorieg.
) . oo

- The collected d&ta showed obvious differencesg between middle
school and'higp school re#ponsgs. Most middle schoal students
gave responses ih the first four categories. Most high school
students gave responses the last four  or five (for the
exponential curve) categories with a little overlap in categosjes
one through four for grades nine and ten. It bs significant that
almost no middle school students responded in categories five and

five-point-five.

The response categories for the research instruments show
reasonihg that can be cnaracterizeq in Piagetian terms. Category
1 corresponds to pr;peiational reasoning. In caéeqorieé 2
through 5 two patallellétrands of concreté operational reasoning
develop. In one strand seriation, irst single then double,
develops and in the other st?nd one-to-one correspéndencé ieads
into pattern recognition. These two parallel strands le;d into
fo;mal operational reasoning in categories 5.5 throuf;h 8. Thé
seriation stfand becomes the proportional reasdﬁzaq needed(for
scaling data on axes and the patter‘n recognition :aecomes the

early correlational reasoning needed to recognize the

relationship between variables.

|
This study supports the following conclusions. First, the

response categories appear to be valid with the threi types of

3 Ty ~

FE ] .

graphs the data on the research insEfuments represent with the
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. addition of category 5.5 and 8 for lines with negative slopes and

o

.e'xponential curves. Second, €the student'response patterns for

. 4
grades six through twelve are similar for all three research

instruments. : | /

The above conclusions qeed to’ be viewed with caution. The

<‘/_’-\ '\glevent:h and twelfth grade samples are not representative of the

classes from which they are taken.

V. Implications

-
.

‘- .
In teaching graphing and having students use it as a tool

for clasrswork. teachers need to be aware of the reasoning
processes students bring to these situations. Teachers can -
become familiar with typical mistakes and, flaws in logic and seek-
appropriate means to help stude.nts understand their errors in
graph construct_ion. The 1logical proqres'sion from s;imple to
complex reasoning involved in grapr;inq suggests approaéhes to
teaching graphing through the middle school }md high school

Ld

years. These ;pptoaches need to be concerned with using data

“

that can be ggaphed -using the scaling and ordering reasoning

processes that studénts are developing.

A

]
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Table 1
Research Instrument 1 .~
— N
Make a graph with the following numbers. On one of the sheets

provided make your graph. On the other sheet write down what you

are doing and thinking as you do it. ' R
Temperature (°c) < Length (cm.) [
. 225 ' 1020
312 1270
f 186 937
) 351 1416
290 1237
301 1206
194 v . 976 .
- 200 956
= 212 998
K 337 1305
. 325 1340
346, . 1377
. 283 ‘ ' 1176
, 254 { . 10®2
236 \ 1043 .
268 | 1119
275 1147
247 1067

What kind of pattern do the points on the graph make? If reg

is .a relationship, what does. the graph Ehow? State it in\i

sentence..




*Table 2

Research Instrument 2

Make a graph with the following numbers. On ohe of the sheets
provided make your graph. On the other sheet write down why you

" are doin§ what you do to make the graph.

t Temperature (°C) Length (m)
' P 312 102
~ 301 105
325 99
247 123
212 134
283 104
- 268 114
. 346 97
/ 186 141
. 6 120
- 254 117
200 130
225 L12s
290 ¢ 106
194 137
351 93
. 337 95
275 111

("

What kind of pattern do the points on the graph make? If there
+is a relationship, what does the graph show? State it in a

sentence.,

12



Table 3

~ Research Instrument 3 |

Make a graph with the following numbérs. On one Bf the sheets
provided make your graph. On the other sheet write down why you
are doing what you do to make the graph.

" t
D‘stance (m.) Time (sec.)
3230 184
637 81
P 91’ 32
y 999 99
2563 158
253 49
3613 : 189
. 361 61
1443 118
. -, 2886 166
n 42 19
810 93
2248 158
9 ‘- 12
/ 1209 112
4004 202
1950 137
1695 131

What kind of pattern do the points on the graph make? If there
is a relationship, what does the graph show? State it in a
sentence.




Table 4

Response Categories From the Research Instruments

Category Criteria

1 No attempt made at graphing. A story may be made up
about the data.

2 - Data is ordered in one or both columns, but no
attempt is made to establish a one-to-one ,
correspondence between the two variables to be
A 1 qraphed. .

3 A one-to-one corresp:ndence is established en
pairs of data variables. a is plotted on t
graph in the order it 'is on the research instr nt.

4 Same ' as category 3, except one or both of the data
columns is now ordered. There is no scaling on
either axis of the graph. Instead, the numbers
appear equally spaced in eitl»r ascending or
descending order.

5 Same as category 4, except one axis is scaled and
the other axis ordered.

5.5 Arranges in order both variables from low to high
N and establishes a new one~-to-one correspondence.
Both axes are usually scaled. (This is
characteristic of graphing a line with a negative
slope.) One axis has one or more scaling breaks.
(This is characteristic of graphing exponential
curves.)

6 Same as category 5.5, except the axes on the graph _
are now scaled correctly. The student says there is
no relationship between the variables because of the
irregularities in the pattern of the p01nts on the
graph.

. 7 /| Same as category 6, except that the J’;ationship i8
et v 'now accurately stated. The irregularities do not
destroy the overall pattern made by the variables.

8 . Fbr exponential curves, recognition that as one axis '
of the graph increases the other does too but in a
nonlinear fashion.
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Category
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Grade \ QT\\\
) M F

Category

1&2
354
5
6
7
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?able 5.

Sumary of Data

Resgzrch Instrument

-
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Middle School
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High School
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1
5
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4
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Table 6 ’

Summary of Data

\

Research Instrument 2

Middle School

Grade

Category

Q- OWVMOOM™MN

QNS MmMNMNO

MANNOOWm N

. HNNOCcOo®N

MO TOO~NO

M AMOOWO

4

-

5

NN D

S

High School

Grade

Category

)

ON-ONw

QOONMO
-~

TNO MO O

M ~O

MM NWN
—y

MAANNDO @
~{

N0~

N < N NNOY
-

1&2
3&4
5
5.5
6
7

195

N
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Table 7

Summary of Data

' Research Instrument 3

Middle School

Grade

Category

AN ATO
(]

4
Ot Ordedn
d

LOoONMSNUNAYD

8204°2m°

Nl "M~ OOO
4

NONDTOO~
Lo | -

/
J

un
NN O
u

N

N = 139

~High School

Category

coocommrw
COO~OOW
O ®mond

Qe O-lONO

OWHINWNWO

NN OOM~M
—t
CWOUMMWIr

~SWNNOMINMN

17
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Table 8
Proposed Overlap of Piagetian Operations
t for Graphing
//// | | ' Category
y 1
Sexiation ‘1 One-to One 2
Single - Correspondenge
J .
(Ordering)
Concrete
Operational . ) 3
Reasoning
’ Seriation A $
\\\\ p |
Pattern
5
~ ; Recognition
Scaling | 5.5
4
(Proportional Y
Reasoning) ', 6
— Fofmal ) J (Early
- s 7
ORerational ! é?rrelational
Reasoning Reasoning) 8

i8

~/
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Figure 1

+ [Jllustration of Response Category 1

3 ' ,' - —_—
30! T - *T T T~ e !
o ER01 ) I I Lt L <
’ 1) ' . - ” -~ -
U2 : ‘
1§33 ) ‘ : .
~ 248 i r '; —.
Iyb : :
’ Iss N
13¢ ' ‘ : -
1o l |
200 : ! =
125 r ) 2
19 ’ L |
19y ™~
38/ il %
337 : " : \ —
278 | | { - e b
| lox jos 99 123 B¢ 04 1144 Iy ng 117 3o NS log 13793
s | .
 BESTCOPY Avaiag
19 '




AILABLE

]

BEST COPY AV

' mém

Illustration of Responhse Category 2
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- Figure 3
’ ' ‘Illustration of Respc;nse Category 3’/
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t'igure 5 //
Illustration of Response Category S
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Rigure 7 .

Illustration of Response Category 5.5
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Figure 8

Illustration of Response Category 6
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