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The purposes of the preseqtYs
A

Particular formatting characteri.s.

o ascertain whether or not two

Oluiried-seventh grade studen per-

formance on math tests.. One researbbAuegflon focused.onthe effects of

decimal posttibning murtfpleChoCe

a Second question,

for geometry items.

were also studied.

otptions idr computational items.
,

_

lAbeting format was compared witifiWentification foimat
F

The influences of prior achievement an test composition

Results indicate tjlat prior achievement' had a strong; consistent

_

influence on student performance for both computational and geometry items.

Test composition (single versus mixed format) had little influence. RetOtS

for formatting are not ,clearly prescriptive, although additional considerations

for geometry formattifie are Hied:
r



ldiosyncracies of multiple choice tests may impede e accurate astestment

of student achievement (Millman Bishop!, 1,01; 1965). To;Cohtrol .for: the.

_1(
effects of test characteriOtiet on test performance, psychometricians. have

Suggested guidelines for writing items and organizing items within a test

see, for example, Gronlund, 1981; Popham, 1981; Sax, 1974).

test constructOrs'also attempt to standardize and/or publish their test

In additiOn,

format specificattons (see, for example, State of Florida, .1982).

me

The b4ses for Some of these guLdelines and specifications have,been empir-
o v . .

_ _

ically documented. Organizational factors such as answer marking forMat (HijOet

& Michael, 1975; Moss 6 Cole, 1982), WorkspaO"e arrangement,(Mijort, Michael,

(
1975), sequencing of items (Plake,'Ansorge, Parker 6 Lowry; 1982; Towle &

Merrill, 1975) and their interaction with examinee characteristics (Plakei et

al., 1989.; Towle & Merrill, 1975) have been studied. The eff Its of item format

differences in math items have been examined in terms eff-§ecific ch acteriStics

such as illustration (Washington & Godfrey, l970, "set -up" Versus computational

-

responses (Forsytbe Spratt, 1980), number of response options (Oosterhof

Coats, h081), use of "none of the above" as an option (Forsythe & Spratt, 1980;

Oosterhof & Coats, 1981), and the use of mathematical ranges is options

(0Osterhof. & Coats, 1981) as well as more general differences (White 6 CarCelli-,

1982). White an& Carcelli contrasted eight commonly used :magi item formats and

concluded; "These iisUlts .indicate,that what a student appearspto have mastered

in mathematics conOtation is substantially influenced by the format of the

particular test used" (1982, p. 1).



The two issues addressed in this. paper'= jilSt ification of decimal;: responses

andid-mit i-ficat ion versus abei ing appear .t.cavel-i-mitedempl-r-T-oM precedents.,

Justification of. DeciinaY Responses

Formatt ing--decit ions- are mach dai.1Y by-test` conitructors. Scrutiny of

nationally standardi2ed tests leads to the conclusiiin that decimal reiponses.

to multiple -choice items.are not formatted in a iInifOrm way. Decimal optiOns

are left-justified in some tests (e.g., ThP Stanford. Test of Academic Skills,'as
11110

i n Format B below) and decimal-lustified in others (e.g The. Comprehensive Tests

of Basic Skills as 'i'n _Forraat. A below). One purpoie of thit "Study was to investir

gate the',effects of decimal formatting on student- performance.

/-

Format A
.

1. x' 3.45

.935

4.14

9.25

d) 41.30

Identification versus Labeling.J

.:format

1.2 x 3.45

9.25'

41.30

Not infrequently, test developers use ;identification and' labeling items

to test the same skill domai n. For example an item pool assessi.ng a geometry

objective which requires students to identify polygons by nanie might contain both

of the following items:

Item 1 (Labeling):

what is the name

hexagon

octagon



The second .purp of this study was to compare student performance on items

1

.
I r

of these types, and:exiilore whether the items actua y assess the same domain.

) Research ,Questions

Two :mediating variabi es were itlentified: previous achievement level of the

sample,and test composition. Test composition refers to the formats of items

within a test. A test might include items of a single formdt, e.g., all items

are decimal-justified: 'Or a test might include items of mixed format e.g.,

some items are decimal-Justified and some items are left-justified.

Consideration of the formatting problems and mediating variables lid to

the following research'questions:

1. .Are scores on mathematics tests influenced by the decimal positioning

(formatting) of responses?

rlia: Is the effect of decimal formatting constant across achievement

leVels?*

1.b. Is the effect of decimal formatting influenced by, test composi-i

don? Would scores of a test with all items formatted similarly

differ from scores of a test with mixed item formats

2. Are scores on mathematics tesis influenced by the formatting of iteMs

in an identification format versus a labeling format?

2.a. Is the effect of geometry formatting constant across achieve-

meet levels?



2.b,, Is the effect of geometry formatting influenced by test

composition? That is,-will scores' on singly formatted

'tests (identific= ion format only or labeling format only)

differ from scores o ed format tests (identification items

mixed with labeling items)?

Method,

Procedures

Four forms of a 40-item multiple Choice test ere constructed and adthinis-

tered to approximately 400 seventh grade students. Computational skills were

assessed by twenty-four of the items and geometry concepts by sixteen. .

Computational items included six items froeeach of the following areas:

additibn of decimals, subtraction of decimals, multiplication of decimals,

division of decimals. For each item, two response formats were devised left

4 justified and decimal justified-. Geometry items were also constructed using

two different formats identification and labeling.

The four-test forms were constructedAn the following manner. On Form I,

all computational items were the decimal" -justified verSions and all 'geometry

items required labeling. Form 2 conSlqted of left-justified comptational items

and geometry identificatiOn items. Form3 was composed by taking the odd-

numbered items from Form 1 and even-numbered items from Form 2. Form 4 was

composed by taking odd-numbered items from'Form 2 and even-numbered

Form 1.

ems. from

Geometry items were interspersed among the-computatlonal items at egu 1 ar

intervals, Computational items were rotated by content' throughout tests.



Sample

Formatting Issues

7

The fourforms were randomly assigned -students i n twenty- -on

seventh "grade Matheitafics classes frOm two suburban mtddle schools in a large,

Southerrisabol diStrict The two schools were sela4ed on the ,basis of achieve=

merit test scores and student'popu ation characteristics: Peevious year s

4

achievement test scores indicated that students in both schools represented a
t.

wide range of abilities.

Instruments

Estima s of internal consistency reliability were computed for each of the

four test for s and for the computation and geometry subtests.,KR20 estimates'

of reliabilitytfor the four test forms were 0.81, 0.86, 0.84 and 0.84, respeo=

ti ely. Estimat for the computation tubtests ranged from 0.83 to 0.86, and

estimates for the eometry subtests ranged from 0.51 to.0.56..

ftem,analyses- ere performed sepa'rately for computation and geometry so-

tests All district° 'appeared to perfoqM:well.'
.0!

Mean difficulty estimates for the computation subtests were 0.66, 0.66

-

0.68 and 0.64 for dig:four:forms. On ForMs 1 and 4, pOint-blieflit: Correlatic6

between item and total computation subtest scores for two very difficult items

fell below +.20. The remaining correlationsTanged from +.20 ta-+.74.

For the geometry subtests, mean item difficulty values were 0.54, 0.56,

0.61 and 0.55. One geometry item displayed point biserial correlations below

+.20 on two forms, and one other item fell below +.20 on one form.

values were between +.21 and +.55.

Remaining



Analystis and Results

tification of_ Decimal Responses ,

maj purpose of this study, was to creterme whether or not scores on

al co utation items are influenced by ,formatting of decimal responses.

Previous achievement and test composition were recognized and controlled- for, as

possiblemedfating factors. Calceptually, this design-is represented by Figure

_ _

Compos t ion o

Subsets :of iteMS. 'on ..Forms 1 and.3 of the rOmPos it Lon tesf items 1;

6- 70/i il; 13,17i

and '4,; the same',i terns

he four forms necessitated -an aliternate design util i ng

19, 23 ,and ,24 were decimal-justified. on Forms .2,

were left4juttified. These items formed orteiubset.

n Forms 1 and 4, the other 12 items were decimal-justified, Whereas, on Forms'

,

3, they were left-justified. These items formed a second subset.'

n order x6 address the justificatioti question, scores on decimal-justified

items" were compared with scores on l eft- j us tif i ed items fOr 'eacli subset

independently. A two eC

achievement as thi%oth

.

for analySjs of varjance fOrmat a-one, factor and

are"reported in Ta e

was performed. Cell eant.-and s andard deViations
.

and ses6lts:of Iheanalys i e of variance are listed

.

2 adout here

To isolate the -effects of t t composition, scores on

9

each subset of



items Were analyzed, across forMs. For example, scores on Form 1 ,(single

_ .

fOrmat) were-antiastethwith±sCores-on_EoteA(Mi*e4:forMat)for the first

subset of items. On both Forw1 and Form 3, the first subtest was comprised

of decimarjustified items.. Similar analyses Were performed for other

40ppropriatcobbinations. Cell means andvstandard deviations, and ANOVA

results.re reported in Tables 3 - 6.

insert Tables 3 6 abOut here

4.

A two'fiCtOr analysiS Of variance, with achieVement as one factOr and

-teSt forms as,the othee, was alsoperformed using computation subtest scores

as the. dependent variable. Results are suMmarized by Tables:7 and

Insert Tables 7 and 8 about here:"

14-entlficationversus--Labr-ling-

A second major purpose of this study was, to determine whither or not. scores

On geometrVjtemsere influenced by item` format. - identificatIon or; label ing

PreviouSaChievement and test composition were recognized and %controlled for

as possibte mediating factors. .ConcePtUally, his 'design is reptesented by

'Figure 2."

Insert Figure about here

Composition 'of the four forms necessitated an alternate-design Utilizing

.subtetS of items. On Form 1 and 3 of.'the geometry Subtesti-iteMs 1, 6,



9, 10, '13' and 14 required labeling. On Forms 2:: arid. 4, the same items necessi-

-------tattd-ident 1 f icati-cm-,These=items=formed-one-subset, On-For ms=4=and 4, the

other eight items were labeling and on Forms and 3, they were identification.

These items formed a second subset.

To address the identifilTIth versus labeling questiorte scores on

items were compared with scores on idenrifiOation items for each subset

:deritly: A two factor; andlysJS of variance, with format as one factor and

achievement as the other, was performed. Cell means and standard deviations.

are reported Table 90:antLretufts of the analysis Of 'ivariance'areAiSted'in r

Ii.able10;

o isolate the effects of test composition scores on each subset of items'

were analyzed across forMs. For example, scores on Form 1 (single format) were

contrasted with sooresLon Form ,3 (mix4d format) for the first subset Cif'items.

On both 'Form 1 and ForM 3, the firSt subsetwas comprised of labeling; items;

Similar analyses were performej for other appropriate combinations. "Cell means.

and standard deviationi and ANOVA regultS are reported in Tables.T.11 14i

entert Tables .11 14 ebOrit he'r=e'

A-two factor analyses of variance, with achievement as one factor and test

rm as the'other, was also performed using geometry subtest scores as the



dependent varia

The two stated purposes of. the.12r4int study were. to ascertain .whether or.

not two particular formatting characteristics influenced.students performance on

math tests. Un.,.one instance, the research question was focused on the effects'.

. . .

of decimal pesitioninginthe respOntes olkcOmputationii-itemA .the other,-
_," -,.

laneting format was comparedlPith identification fOrMat'fOi4eothetry items."
.

.

addition to the two major questions, the influences'pfprior achievement-and

teSt Composttionlwere'Studted.

Not unexpeCtedly, previous achievement had a strongi consistent influence

on student performance on Loth geometry and decimal "subtests 'and item subsets.

By contrast, test composition appeared to have little effect on student per-

14

The only exception to test compoSilion effects wft foftthe_geometry.stib

test. Results reported in Table 12 indicate that test camposition may have

cOniributed. to differential student performance on the first item subset:

By viewing these results in conjunction with Table 16, in which test form was

'a significant main effect, and with item difficulty data; the conclusion may be

drawn that Test Form 3 Contributed strongly to these findingS. A Scheffe post

hoc analysis of the Tables 15 and 16 data indicated that Form 3- geometry scores

wereosignificantly higher than scores on Forms 1 and 4, and s'ignificantly higher

than scores on Form 2 for the .low and medium achievement grouPs4;



Independent inspection of item.difficulty data allowed f:or

explanation. Item difficulty values for each geometry item were compared

the .fou& test forms, averaged across format and derived-overall; For the

seven items ill which the overall diffiCultY value was' .50 or, below, five were

easier in the labeling' format than the identification forMati Differences in

_

difficulty across formats were:sObatantial ranging from 046,10 0;2; For

the nine items:With Overall greater than 0.50# seven were easier in the

identification-format andditt Wat:the:tame; pi fference acroSs:forMata ranged
. _

_ .

from 0.03 to:0;A9.; in the .compositIon of Test' Form :34 Items were randomly

selected Form 3 utilized the easier fOrMatt for 12 of the 16 items.

analysisFrom a different viewpoint, athe item nalysis data indicated that for

assessment of a singular instance of a concept (e.g., pentagon, priiM,

teapezoid arc, cyl inder, ray, decagon,

to be easier than identification items. Differendes in difficulty across formats

ranged fromL0A4 to 0;24 (although one item was equally difficult across formats);

For relational and conjunctive concepts (ei.gi, parallel line segments obtuse

angle, scalene triangle, diagonal, right triangle, on the cirdle, angle naming),

-.identification items tended to be easier.. P-value ,differences ranged from 0.03

Form 3 was compoied of the easier format for 13 of 16,items.0.13.

The item analysis data are cited to explain the phenomenon of Form 3

high scores;. They may also lead to follow-up studies beyond the purview of

Computation

The analyses Of the decimal St.ibt4t data are somewhat contradictory. with

regar d to format; Table 2 reports no significant main iffeCt for: forma-t

the format x. achievement interaction fOr: item subset Yet for item
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subset 2 the interaction effect is signigicant. Scheffe post hoc analyses

ihdicate a significant difference, between decimal and left-justification only

.for the high achievers with mean scores for the left-justified subtest higher

than those for the decimal-justified subtest.

Table Et indicates a significant interaction effect for form x achievement.

e Scheffe analysis indidat differential patterns'emopg the achievement group

across the: forms. On Form ;1 (decimal justified format), mean scores indicated

that the low and medium achievement groups did not score significantly different

from one another on the decimal subtest but were significantly lower that the

higher . achievers.' The same pattern held for Form 3, a mixed format form.

For Form 2 (left-justified format), each achievement group scored significantly

different from the others. And for Form 4, a mixed format test, the low

achievers scored significantly lower than the medium and high achievers who

did not perfom significantly differently fromOo0 another,

IteM analysis data did not indicate specific format patterhs the data

either by form, item difficulty or by content (addition, subtraction, multiplica-

tion, division). Based on the results of this stud Y there does not appear to

he a rationale for the choice of any particular mode of decimal formatting.
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FORMAT .2

Decimal Justified Left Justified

ACHIEVEMEHT ectmal-Only ° Mixed Left:4411-1v Mixed

.High-

Medium

OW

Figure 1; Conceptual Representation :of Research QUestion

FORMAT.

Labeling identification

ACHIEVEME i

High

ldehtification.Onty 'Mixed

Medium

Low

Figure 2. Conceptual Representation of Research Question 2



Tormattilig ivsues,

Table l'

Decimal. Justified versys Left Justified
Meant and Standard Deviations

Medium

High

Low

Medium

High

ITEM SET 1

Decimal Justified

6.77\s

2.09

7.64

2.44

9.29

1.97

Left Justified

5.39

2.51

7.67

2.42.

a.71

2.16

16

ITEM SET 2

Decimal Justified Left Justified

5.42 5.88

2.67 2.42

7.85 7.59

2.58 2.39

9.11 10.30

2.67 1.72
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Tab .162,.

ecimal Format
Decimal Justified versus Left Jut'tified

'ITEM -SET :'.1

Source: Sum of Squares

Format 13.21

Achievement 337.65

FOrmat X Achieyement 23.59

.1TEM SET

49
*a.

3i 78*

2.22°..

Source Sum of. Squares '
. .

. .

:df.

Format 5.18 - 1 0.83

A6hievementi

mat X AchieveMent

'670.50.,

39.96 2

.57.59*

3'.43**"

<

is
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Tab
,Decimal stifled
Uniform vs. Mixed

Means and Standard Deviations

o
Mixed

6.70

2.23

7.41

2.57

9:80

1.49

Mixed

5.00

2-36

8.27

2.89

9.00

2.48
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Table 4 .

Decimal Justified
Uniform vs. Mixed

ITEM SET 1

OUrte sum of tquares df

Composition 0.02- 1 0.00

Achievement 157.25 2 15.56*

Composition X Achievement 19.94 2 1.97

ITEM SET: 2.

Source Sum of Squares df F

Composition 0.00 1 0.00

Achievement 227.46 2 16.54*

* .

Composition X Achievement 16.08 2 1.17

ecp < .01

20
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Table 5.

Left Justified'
Uniform vs. Mixed

Beans and. Standard Deviations

ITEM SET 1

.Uni form Mixed

ITEM SET 2

Uniform Msied

Low 5.71 6.00

2.58 2.22,

Medium 7.55 7.64

2.55 2.22.-

High- . 10.06

1.67

10.53

1.; 76
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Table 6
Left Justified

Uniform vs. Mixed

ITEM SET 1

ources-': -Sum of Squares

2.62

202.76

45;82

.;--

,ITEM SET 2

0.49

Source Sum of Squares

COmposition o.53

Achievement 486.81

CompoSition X Achievement =

*P < .01



4.

aj

Table.7.
Decimal Justification

-means and Standard: D4y

;ACHIEVEMENT

Lour ,

Medium

12.90

4.15

15.41

v.,

: ' -' , - g
,..

11.79 ,

:*- 4.46...

,1',4.84

FORM

,"'..

,

'..'

-..;

4.13

High ,7:97.:

/1.92

ur
-

d.

Fdrmatting lsbsues

1.2:70 .9.71

3,93. ' k.7.k3
..

i5,p5 : , 16.36

. 448 #...!16. ., 4;47'5

:.:-..:--; 4.

19.29 20433: 11..cA
:,...

3.14 :3467:-. -4.40 ,

.i. ..:._ ,,,

c.

1.9 A

, .

:,
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Table 9
Labeling versus dentification
Means and Standard Deviations

ITEM SET 1.

Labeling

2.80Low

Identification

2.46

1.37

2.98

1.38

4.13

1.48

Medium

High 4.78

Medium

High

ITEM SET 2

L keling Identification
4

4.42 5.38

1.35 1.48

5.32 5.47'

1.42

5.92 6.46

1.47 0.92



Formatting itpues.

Table 10
Geometry

Labeling vs. identificaiion

. ITEM SET 1

Source

Format

Achievement

Sum of Squares

-20.41

167.70

df

1

2

.. F

8.94*

96.72*

Format . -X Achievement 4.36 2 0.30

.ITEM SET 2

'..4%

Source 'Sum of Squares_ df F

. ..

FOrMat% 14.4 l 7.73.`

Achievement 72.91 19.41*

Format X Achievement . 8.06 2.16 .
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Table 11
Geometry Labeling
Uniform vs. Mixed

Means and StandardDeviations

ITEM SET 2

Uniform

4.40

0.84

5.0O

1.32

5.93

1.46

Medium

High



Formatting

Table 12
Labeli ng Format
n form vs . Mixed

ITEM SET' 1

Source

Composition

Ach i evement

Composition .X Ach ievement

SUm of Squares

12.67

104.89

0.20

(If

1

F

5.05**

20.90*

0.04

ITEM SET. 2

Source SUm of:. Squares.

Composition 5.65 1 2.84

Ach evement 2 10.23*

Composition X Achievement 6.05: 2 1.53.

*p < .01

.05

4
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Table 13
geometry Identification

Unifonm vs- Mixed
Means andStandardDeviations

Medium

Mixed

2.50

3.05

1.31

3.96

1.23

ITEM SET 2

Uniform

5.36

1.28

5.43

1.71

6.42

1.03



Table 14
Identification Format
Uniform vs. Miiied

,=.1TEM SET 1

Source

Composition

Sum of.Squaret,

0.20

66.27.

1;62

Achievement

CoMposition X Adhievement

Source

Composition

Achievement

Composition X Achievement

.01

ITEM SET 2

Sum of Squares

30



Formatting Issues

Table1,5
Labeling versus UentificatIon'
Means and Standard Deviations

FORM

.14

ACHIEVEMENT

\--2

1 2, 3-

"' Low 6.80 7.79 8.40 6.93

1.03 1.81 2.72 2.70

Medium 8.17 8.35 9.20 8.80

2.30 2.31 2.05 2.04

High 10.38 10.68 11:60 9.88

2.43 2.34 1.90 2.27



Formatting 1 ssues

Table °16 -

Labeling versus Went i fi cat ken,.

Source

orin

Achievement ,

Sum of =Squares
70.12

467.12

24.33Form' X AchieVement

*p < .01:

1) < ;05

'47.14*

6 0. 8i

cC


