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QUESTIONS TO ASK ABOUT TEST SCORES

Catherine Johnson and Peter Cordero wanted to gather
their two sixth-grade classes. They gave their s v
provided in their current reading series, a
a dictation spelling test of 80 items b
the past 6 weeks. 'Ih:ymh‘ﬂ
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Spelling, and Mathematics

Table 2-1 :
Scores for 52 Sixth-Grade Students on Tests of Reading, >
Class Reading (45)" Speliing (80)  Math (86)

First Name Last Name Gender
3g 64

]
1 40 64
1 36 60
1 41 74
1 36 69
1 41 67
:
]
]
1

Aaron Andrews 1
Byron Biggs 1
Charles Cowen 1
Davis 2

Edwards 2
1

2

1

2

40 71

30 51

37 68

26 56
28
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Table 2-1 (Continued)

First Name  Last Name

Gend i
er Class Reading (45)* Spelling (80)  Math (65)

Jill Johanson > 5
Kaleen Knowles ) 5 ;i e s
g S 1 2 29 jg 231
Moe Mastrioni 1 5 36
Nancy Nowits 2 2 o8 2181 5
Orden Orford 1 2 35 53 ;;
Petre Popovich % 2 36 50 53
ooy Quim 1 2 33 48 33
Rhonda Rostropovi
Sally Stebbepr)wzvmh 2 2 “ e i
33 ai 32
Thelma Thwaites 2 2 38 43 45
Uriah Urdahl 1 2 42 61 60
Velma Vauter g 2 29 49 36
William Westerbeke 1 2 33 54 33
Xena Xerxes 2 2 30 57 37
Yannita Younts 2 2 44 63 49
Zephina Zoro Z 2 30 47 38

*Maximum score in parentheses.

What questions can you ask? Before reading further, study the sets of scores and jot down the
questions that come to your mind in connection with these scores. See how many of the question
types that we discuss you can anticipate.

Each student has five numbers assigned to him or her, but we might want to inquire
whether each of these numbers actually conveys quantitative information. Do the numbers that
are assigned to represent gender and class have the same kind of meaning as th.e test scores? ‘ﬁm
is a question of the scale the numbers represent, and the answer affects the kinds of operations

we can apply to the numbers. :
A second, rather general type of question t

hat we might ask is, what is the basic pattern of the

set of scores? How do they “run’? What do they “look like”? How can we get a pj;mumd ﬁtmai 5 i

hat we can get an impression of the group as a whom O answ this
o consider simple ways of tal?ulating \ ,
A third type of question that will almost certainly arise is, what is

erage? In general, have they done as well on the t;s; 25604 mhzx
the typical level of performance in the group? Alolft se qggiom
represent the group as a whole, some measurewhm i
this type of question, we will need to become acc
the average, or typical, score.

Fourth, to describe the group, we might

spread out away from the average value.

math scores, for example, so t
type of question, we will need t
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" ow does this group compare with o,

: ievement? H
e jeage oL EC72¥ dents show the same spread of achiey,.

ess, or do they show a A prea
chlztis with respect to the spread of scores, ancc; 1clisofor iy S GaHably

: i tion ‘ :
ment o ol hree tests? Th> e i dividual stands on one of the tests. We mig,

: : a particular in _ i
Flml](’ = mli%}t]}tleisia}rlgr?Angrews did well or poorly on the mathematics test. And if w,
want to know w

: of saying just how good it is. W,
decide that his score is a good one, we R ::,}al)elmatic);. 'I%oj answer this question
might ask whether Aaron did better in reading or in m A
53 n vardstick on which to express performan'ce i : q ent
S Zcf}’:lezoisyfor some uniform way of expressing and mt.erpretmg the perform
:;i:is;)? atxeigz‘:vi’dual, ,independent of the particular test. How dogs tbls t}:;lei;sg; stta;rrxcall ;Zlitowe
to the group? We will give some preliminary answers to this question in p n-
ider it i il in Chapter 3. ‘ '
sxdeikltsilzt}cxlizlelrl;isc o? ItJhe following type: To what extent do those whq excel in rea’d1cri1‘g ‘also
excel in mathematics? To what extent do these two abilities go togethgr in the same individu-
als? Is the individual who is superior in one area likely to be superior in the. other? 'To express
this association between two measurements, we will need to become acquainted with indices

of correlation. .
Test scores are also frequently used to forecast future performance. Therefore, a seventh issue

we might want to address is how to make the most accurate prediction of a person’s performance
either on another test or on some outcome, such as an end-of-the-year achievement assessment.
This forecasting function is the primary use that is made of scores on such high-stakes tests as the
SAT, and the answer will lead us to a consideration of regression.

Many other questions may arise with respect to a set of scores. The most important ones
concern the drawing of general conclusions from data on a limited group. For example, the 26
girls in this group have an average reading score of 35.0, and the 26 boys have an average score
of 33.9. Thgse are descriptive facts about this testing of these particular girls and boys. But these
students. mlight be considered to represent a larger population, such as all students in this
school district or the state. From the results in these two classes, we might want to make an es-
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<CALES OF MEASUREMENT o3
/

One way to define Mmeasuremenyt is ¢,

: € assignment .
The set of rules is called 2 scale. Knowip, gth Olf numbers to objects dccording to a set of rules
is critical to proper interpretation o ;

trait, 1t is not appropriate to treat them like numbers. In general, you cannot add them or per-
nd obtain a meaningful result. The only use we ordi-

number of boys and girls.

Sometimes numbers are assigned to represent the order of individuals on a trait. None of the
numbers in Table 2—1 are of this kind, but suppose Mr. Cordero decided to rank order his students
on the basis of their spelling test scores with the student who earned the highest score—Dominik
Dubrow, getting a rank of 1, second highest, Angela Ash, ranked 2, and so forth. What kind of in-
formation would these numbers represent?

A set of ranks conveys information about the order in which the students stand on the
! trait, but the ranks do not contain information about amount. More importantly, the differ-
ences between numbers do not have a constant meaning. The difference between a rank of 1
and a rank of 5 is not necessarily the same as the difference between a rank of 'll and one c?f
15. Both differ by four units, but four units of rank usually cover a greater po'rtlonh‘of hthe trallt
at the extremes of a group than in the middle. A scale that. tells us the ord.er inw aic Speop el
stand, who has more of the trait, but not how much more, is 'called an 01"dmal scale. Severa

: ' information that we will describe in Chapter 3 produce
common ways of reporting test score in

ordinal scales. : !
T h d like those in Table 2-1 treat each item as qual to every other item.
ESts that are SCows ting 20 items correct yields a score of 20, and

Getting 10 items correct yields a score of 1O’Ogrzt of 30. Because each item is assumed equal in
. : i a sc : . .

etting 30 items correct would give you : 1 Biflirancis in the
fmoun%t of the trait it measures, equal differences in scores are treat?d a; eqmlz; o e
3 u B -

trait. Although this assumption is somewhat tenuous When meas;nhrinheit temperature scales.
semé th . basic kind of measurement as the centlgrf?de i alin the property being meas-

€ same | difterences
. ua

Equal numerical differences in score represent €q interval scale. Most of the

- ale is called an :
ured. When we can make this assumption, the s¢ o e assume the scale of measurement is
computations that are done with test scores require

an interval scale. S but

Suppose Zebulon Zibberits tries his Tﬁz?tiebul
Mr. Cordero’s list correctly. Does this meied by this test st
not. The scale of spelling ability represen it

still cannot spell any of the words in
on has zero spelling ability? Probnhiy :
rts at a point well above 2er0, 50

FEs e G ;'l';"..|:|_
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ean zero ability. Very few scales used in psyc hoh)gy and
a score of zero on the test does not m % e st N bk o Ay
education are constructed such that a score 0 00 6) expressed concern abou 1,
erty in question. This is one reason Blantonhar; e cation Exceptioas S e
arbitrary nature of the metrics used in psyc ology B e e e o y
metrics) would be scales lil;e those f:; Shz;ga};l ;vz;gn et,oé; it ipid-g retio scale(
i d so a score of zero me . oy :
lSSc;loer;Slti;:]eczliis allow us to conclude not only that the size of. the um; is tg:;zn:;;\:lerywhm
along the scale, but also that a score that is numerlgally twice another " . S e)'(au,y
twice as much of the trait. Someone who takes 10 minutes to solve a problem takes twice a
long as someone who takes 5 minutes, and the person who ta‘kes 20 lmmutes }:o solv; the
problem takes twice as long as the 10-minute person and four times as long as the 5-minute
person. Ratio scales allow us to make proportional statements llkg these. Very few ratig
scales exist in the fields of education and psychology, but fortunately interval scales allow ys
to perform most of the analyses we need. This classification of scales as nominal, ordinal,
interval or ratio was suggested by S. S. Stevens in 1951 and has been widely accepted,
although some experts in measurement, for example, Torgerson (1958) have suggested

- alternative classifications.

ATION OF A FREQUENCY DISTRIBUTION

Iab :t—tlﬁ we showgd a record sheet on which test scores for 52 sixth-graders were listed. Let
€ scores in the Math column and consider how they can be rearranged to give a

icture of how the pupils have perf
: . performed on the math test. The simpl
.ﬁghst the scores in order from highest to lowest, as follows: o bt i Bk

44 41 38 ST ih 31 24
40 38 36 33 =t 22
39 &7 34 3 28 19
B st 33 o
T £ 9 25

pl‘esentation is to
W often each score
wn. A portion

Prepare a display called &
has occurred. Each score
Table 2 i Smof the frequency distribu-

I not a ve k
d out. Fod A
‘ .We have shown only part of it; the

8 of scores, It would have &

ations §
| n the Frequency column from
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Table 2-2

of Scores on the Mathematics Test for
52 Students

Score (X) Frequency
e

59
o8
57
56
55
54
53
52

40
39

o
w
(00]
o= N

37

28
er
26
25
24
23
22
21
20

B

A e Pt R e L e T W R ]

istributions ity of presenta-
Grouped Frequency D]Stl'lbut ther improve the clarity ol p

: to fur icrure ‘pl‘estnted by

ategories : asp the pictu = :
Scores are often grouped into broader ¢ gma ‘ o ent scores, so that each
>cores are o g il in the data to max | group three adjac e 100
ton. We discard some deta example, we wil %1 ntire range of scores from 13 X s

: A ur : A 2 :

the entire set O{ls.corlest.j;snt?xree points of score. ¥ § :
Brouping interval inclu
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MAKING THE COMPUTER DO IT

Frequency Distributions

Excel is not designed to provide a frequency distribution h'lfe the one vye haye just de-
scribed. Rather, it will prepare a grouped frequency distribution as described in the nf:xt
section. SPSS will produce a frequency distribution, but you must be careful when reading
it because score values with zero frequency are omitted from the list of scores. To prepare
a frequency distribution of the data from Table 2-1 using SPSS, start the program, enter
the data from Table 2-1 or open the file in which they have been saved, click on the
Analyze button in the menu at the top of the screen, and select Descriptive Statistics. The
screen should look like the one shown below (the exact layout of the screen will depend

on which version of SPSS you are using):
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Table 2-3
Grouped Frequenc

Yy Distributi
Math Test Using ion of S

cores from 52
n Interval of 3 Students on a

Interval Frequency

60-62
57-59
54-56
51-53
48-50
45-47
42-44
39-41
36-38
33-35
30-32
27-29
24-26
9103
18-20

5 b oOWEsE A OO

=& N R BRI L GO O

represented by 14 intervals. When this is d.one, the set ofyscoresl ;s[;ee}zzezerr;t?g 22 Ls}fllos\zr(l) ;:
Table 2-3, a fairly compact table illustrating h(iw"m?}?g iES:rP\)'al PRt
intarval. A example, Aol b his information in the grouping. We
how many of them got 19s, 20s, or 21s; we ha\'/e N st cases, there is no reason to
assume that they are evenly spread throughf(zg1 t:l;a:t;;ait}lzrfnazd this z;ssumption is a sound
o [ia[ i Sc'ori&“;ict;igsn;irg Sonvemence of presentation mOT th.an Sm;ljghu; frc;f
::e:' 15.0;1 Wiss Hcl in[rgduced by the groupings. (In some special a;f)p 122;1;111 1:3 et
TEER (ain values are more likely than othgrs, or e : fphj ; ,e ¥
e IrlCOme"cler recautions are required when grouping malteflf@l @ _;t;inIPt(; re-
féz;?ggéjlsdoi)oeor%azzegaplsce the most popular values near the middle of an i

duce distortion.)
In practical situations, we always pind
should be, that is, whether to group by 3, 2,

i sing d _ &
dcclsion tou ot R (1)1'1c())n o?the results. The use of broader intervals results
' resentati
ient, compact, and smooth rep

. more compact picture. A practical rule of
i s ety 2
i,huir?:: e t?ecf:;:: S}figgelsr:[secr;?e is 60, and the loweitzls,,l?fhi ;eamsgt.whole number is 3, so we
ing a rzl:gpe of 41 points. Dividing 41 by ‘1‘5’1‘:;{5&15,,,' we also dgm fmgwg]gs of 5, )‘Q‘md :.1_
group the data by 3s. In addition t0 the "ru e el 5

f deciding how broad the groupings
o' theopl(ﬁ)(;bslce;rmneoother number of points of score. The

etail from our data and (2) obtaining a conven-
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purpose of grouping scores is to arriy,
nience become a major consideratiop,

he lower limit for each interyy)

pings. Because the
factors of conve
e interval width ast

multiples of 10 make convenient grou
representation,
Itiple of th

at a convenient and clear
It is also conventional to use a mu
as we have done in Table 2-3.

In cases where graphs are going
also convenient to use an interval that includes an
5. or 7, because it is sometimes necessary to use the midp
all scores in the interval. If the interval has an even number of score v
halfway between two actual scores, but if an odd number is used fort
point will be a whole score value, making for a more attractive graph.

Note also that sometimes there is no need to group the data into broader categories. If the
original scores cover a range of no more than about 20 points, grouping may not be required.
Also, with modern computing equipment it is usually easier to compute the statistical indices,
described later in the chapter, from the original set of scores unless the data come to you as a
grouped frequency distribution. In that case, most programs require special procedures that are

d using the scores in their grouped form, it j5
odd number of score points, for example, 3.
oint of the score interval to represen
alues, this midpoint will be
he interval width, the mid-

to be prepare

MAKING THE COMPUTER DO IT

Grouped Frequency Distributions

Excel is designed to produce grouped frequency distributions, but you must follow a
m:cq::r;;e of steps that can at times be frustrating until you become used to
= de)crl g r:«:hoepenedbthe fll.e containing the data you wish to analyze, the first
et ;111;1:1 erh of mFervals. Excel calls these intervals bins. Using our
’m e :t, the §a51est way to determine how many bins to use is to
e sonapge they cover. Click on any score in the Math column

- i ;:Cl(:-:is Th}: scores will now be in order, so you can deter:
v ‘of - Ex;]i :ee }:ange to be 41 and applying our “rule of 15.”

. . -we = Ll‘s ?r:gygrt’lscsmil)ld use Excel to prepare a raw fre‘*
: ' » but you would have to create a bin

SR T O

B bins. Bi = .
I w;x:‘s; al:)e sseeixfll:d by giving the highest score that is
e vt Iimm size of 3, our lowest bin should
ey it of each bin a multiple of 3). Excel
‘ » tN€ program looks at all the scores and

TR R E R

ey quency of zero, but if we start with
ove the lowest score, the lowest in-
g lh:ic:;ionél b¥n limit one interval above the
: tbirnbm limits would be 23, 26, 29, . ..
Wmme Wat the @p ‘of its column. In a column
o ord bins in the first row. Then type
ells under the “bins” heading
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Type a question for help

E9 29

Firgt =~ - jlLast _Gender  Class  Reading Spellin i :
Quada  Quickly 2f oA '32‘1*9""gu‘“@h"'1‘g‘m 5 ~
R 1T SRR R O | e e O i ’2§L” "2':-';’“’”“""“”_”“"WL"‘“'“‘"”
Wakana  Watanabe = 2 1 2% 53 21 %

Xonum  (Xerxes | 00 1] Ire oo gem . SAEe oAt 2

ek - bobameon | T NPT AP T GEE UGS O TER [
Kewn | - - = b = % :
Nancy  Nc B
Rahim  Re 4
Larry Le 44

|Velma Ve 47
Harpa  He 50
Xena  Xe 53
Zephina o =
Guido Ge 59
Rhonda Rc 62
Aaron Ar |
Petula Pe
Yuan Y
Belinda _ Br

1 {Charlotta  Cc
Igor Codve N M e
Quincy Qu pegr

tebbens i ¢ 3
Sheet1
A i

ifyi f the data table to be included in the a:m{ysm.
Excel works by spec1fy1ng areas O : ’ ’ ,
scores for the math test are listed in colump G wnh aﬁllabilﬁlsf:;he il’S;;;W u;)d data i

G2 to G53. Click on the Input Range window in the gmtcst g
' he cells containing the math test scores. 1

Then in the main screen highlight t o Ao DA
encens 1§G$2 and $G$53 will appear in the .W?fﬁ,ﬁfénm
Range window of the pop-up bo’f‘ jl"he:l ,};gazlf ;fem,h S
you placed in the column under bins. . cton v he pagEl
window. Finally, click the Output We Lﬁt ki '
and click in the window. Then click in 8 €/ WIED
distribution to start (usually just to < % '
click OK. 1f you are using the data from 128

have outlined them, your screen Mu :
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Type & question for help Q} w!
Arial 10 = ﬂ
It Bin e —
First Last ‘Gender  Class iRe,_aﬁipg_wSEe_[ling ir_.w‘athw ~Jbins__ = Bin — Y
g Ay G T | N | SR BB S —
L e R R | RSN | IR | S, O 7] B B
U TR O ) A DG | DY {| B e oy
ur Daoces [ 1 1 25 1 ] Y| S Beeee 2
1 1 ) SR - 7 N =
1 1 28 51 25 35 35 | )
£ 2 28 4, M i R o]
1 1 v T 43 M 41 7
1 2 29 40 34 44 44 BT
2 2 29 49 36 47 47 g N
1 1 30 51 34 50 50 4 I
2 2 30 47 38 56 56 g T
1 Z 31 52 29 59 59 5 i
7 7 3 50 3 52 & i i
1 1 32 B4 43 YT o 1
) 1 2 B4 3 ;
; ] 32 59 24 |
2 2 3 k) 4 +
i 2 2 k%) 47 50 : .
< 1 2 33 53 3 l
i
o | “More” is used
n limit listed. SP to take care of any scores that are above the highest

| ,‘:IP% does not have a program for producing grouped frequency

eople got :
Pkg scores below some particular value. The most di-

a cumulative frequen i
k. fa]lmg o [Chy tribution, which lists
ﬁam the frequency dj
=1 Presents the cumulative frequency, »
e umulative Frequen’cy"
,%tt()loi less than the highest score in
s::o -+ 2) =3 students scoring at of
o orngator below 39, (8 + 3) = 11
| WiIclhs.mbm:i’on is especially useful
o uladlscuss n Chapter 3. Unfortu-
> Cumulative frequency distributions.

i}?f n
5"
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Table 2-4
Cumulative Frequency Distribution of Sco
res from 52 §
TR e, tudents on a Math Test Using an Interval of 3
Cumulati
60-62 1 20 fbodns Cumulative Percent
i 0 :2 100
1
54-56 0 5 98
51-63 4 : 98
48-50 4 b 98
45-47 < 5 90
42-44 6 b f73€73
39-41 4 o s
36-38 10 e #
33-35 9 20 e
30-32 2. 11 b
2729 2 8 3
24-26 3 6 o
21-23 2 3 P
18-20 1 1 2

but both will give you cumulative percents; that is, each frequency distribution program has the
ability to output the values equal to

cumulative frequency

Cumulative percent =
total number of cases

These values are included in Table 2—4. The cumulative percents are given whenever you request
a frequency distribution from SPSS. With Excel you must click on the Cumulative Percentages

box in the Histogram dialogue box.

It is often helpful to translate the facts of a table like Table 2-3 into a pictorial representation. A com-

mon type of graphic representation, called a histogram, is Sl;lOWIl in Figure 24, fhis type of graph
can be thought of, somewhat grimly, as “piling up the bodies. The.score intervals for the mathemat.—
ics test scores that, we used in Table 2-3 are shown along the baseline (the abscissa), and the verti-

cal height of the pile (the ordinate) represenfs
interval. The diagram shows that there is one ‘b
21-23, and so forth. (Because we used Excel to gen :
the upper bin limits.) This figure gives a clear picture o
in the 30 to 45 range and long, low “tails” running out to

the number of people whose scores fall in that
ody” piled up in interval 18-20, two in interval
erate this histogram, the intervals are labeled with
how the scores pile up, with most of them

the extreme low and high scores.
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12

10 A

0.2

B

I
88 41 44 47 50 53 56 B8 62 More
Mathematics test scores

3 26 29 32 35

12

- 0.8

~ 0.6

- 0.4

MAKING THE COMPUTER DO IT

Histograms

Ul prepare graphs of grouped frequency distributions, but they do it
cel’ procedure is by far the simpler one, but from the technical

E properly called a bar graph,

Excel’ default options produce is
are separated from each other. This can be corrected by
gap width” to zero. Un-

g “Options” and changing the ©
ed with the upper limit of each “bip” rather than the in-
S in graph interpretation if this is not pointed
uter output with caution

have (o look at comp
er who wrote the Program may not give you

 Proper histogram (the bars touch each
OVe its appearance. [f you double-click
Y Want to experiment with the graph
SPSS graph, on page 37, of the math-
as possible, within Spss editing op-
bbution. However, (his graph does

oA ey gy o

N S SR ot 3 e o o
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Frequency

e et AT R w
5 %1215

18, 21 24 27 30 33136 30 42 45 49 5¢ B4 Ere A
Math

Figure 2-2

Histogram of math scores produced by SPSS.

not represent the grouped frequency distribution shown in Table 2—4 and pictured in
Figure 2-2.

One peculiarity of SPSS is that it treats the scale .of the data as strictly. cogtinuous, wlhich
can create problems. Default interval widths and limits often are not ofbt.aunalxrl lle sgorle_vaduej,
resulting in interval widths of 3.33,5.17 and so forth. For the resqlts 0 psycdo Oglc’ii1 HEIEL O
ucational measurements where fractional values do not occur, this pise Er(l) (;1 ElevIa h’l"sg;gr?lzn
that is difficult to interpret. Also, note that in the graph above the axis T 0 o

: i 1 57-60 is considered by SPSS to start

L ES ls given and that the interva ; vy

}Lpsp:ei) hmltss7o(f5 t;ug (l)goeégfi) a%l d go up to and include exactly 60, the highest score. This is dif
Jf above ; ng#by kiR methods, but it will only occur when the highest
Fos b Jimit of the highest interval and is a consequence of

i ds to the upper : ot T
:ﬁlu;alrrzi::}tlﬁacia::a;ogli;zp:;resents scores (which is different from the o

ical and educational measurement).
We can use a similar procedure to pro eyt L,
WEE LT : s :
quency distribution. This graph, klg)‘;n alacing values of the cumulative frequency on ;;h:
times ve), is prepared by P : -t representing the cumulative fre-
: called an ogive) - P |s on the abscissa. A point Tep 4 fcetndy
ordinate, and scores or score interva's nts are connected, forming a

: nd the poi ’
quency for each score or interval I th(;_n 3p l?::;i(ei’t;at the cumulative frequency curve never
graph such as the one shown in Figure ==

drops back toward the abscissa.

ide a graphic representation of the cumulative fre-
vi tive frequency curve (also some-




