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QUESTIONS TO ASK ABOUT TEST SCORES

Catherine Johnson and Peter Cordero wanted to gather information about achievernent levels in
their two sixth-grade classes. They gave their students a 45-item reading comprehension test
provided in their current reading series, a 63-item review test from the mathematics bock, and
a dictation spelling test of 80 items based on the words their classes had been studying during
the past 6 weeks. They marked the papers, counted the niumber of correct answers on each, and
tecorded the scores. Then they made up a joint class list that showed the three scores for each
student. In addition, they recorded which class each student was in (1 for Ms, Johnscn’ class, 2
for Mr. Corderos) and each students gender (1 for boys, 2 for girls). With five pieces of infor-
ation for each of 52 students, they wondered what they should do with all those numbers.
Tests and assessments do produce scores, and scores are numbers. 5o, if we are to think
Bout and use test scores, we must be prepared to think about and work with nutnbers. The
bers that represent test scores can be organized to provide the answers to a range of
ions, but frst we must know what kinds of questions to ask. Once we have the ques-
in mind, we can begin to ask how the numbers can be arranged to provide the answers.
00k at the numbers (scores) shown in Table 21 for the sixth-graders in the two

‘5. What kinds of questions might the two teachers ask about this set of numbers?
A

63/
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Table 2—1 Table 2-1 (Continued}
Scores for 52 Sixth-Grade Students on Tests of Reading, Spelling, and Mathematics E

First Name  Last Name Gender  Class Reading (45) Speiling (8C)  Math (85)
First Name |ast Name Gender Class Reading (45) Spelling {80)  Math 65)

Jil Johanson 2 2 42 61 45
Aaron Andrews 1 1 32 84 43 Kaleen Knowles 2 2 35 55 51
Byron Biggs 1 1 40 64 87 Larry Lewis 1 2 29 40 34
Chéries Cowen 1 1 36 60 38 Moe Mastrioni 1 2 36 58 39
Donna Devis 2 1 44 74 40 Nancy Nowits 2 2 28 44 44
Erin Eciwards 2 1 36 69 28 Orden Orford 1 2 35 53 38
Fernando Franco 1 1 41 &7 42 Petre Popovich 1 2 36 52 53
Gail Galaraga 2 1 40 71 7 Quincy Quim 1 2 33 48 33
Harpo Henry 1 1 30 51 34 Rhonda Rostropovich 2 2 31 50 31
Irrid lgnacio 2 1 37 68 35 Salty Stebbens 2 2 33 51 32
Jack Johanson 1 1 26 56 26 Thelma Thwaites > 2 a8 43 45
Klaven Klipseh 1 1 28 51 25 Urih Urdahl 1 e 42 61 60
Laverne Lappenski” 2 1 36 57 53  Velma Vauter 2 2 29 49 36
Mary Madison 2 1 39 68 37 ~ William Westerbeke 1 2 33 54 33
Nathan Natts 1 1 22 47 22 Xena Xenxes 2 2 30 57 37
Opran Oates 2 1 36 59 33 Yannita Yourts 2 2 a4 63 49
Petulz Peters 2 1 32 64 33 Zephina Zoro 2 2 30 47 38
Quadra Quickly 2 1 21 a4 19 *Maximum scare In parentheses.
Rahim Roberts 1 1 29 64 43
Selim salk 1 1 41 6 33
Thomas Tank 1 1 35 65 38 at questions can you ask? Before reading further, study the sets of scores and jot down the
] 41 65 38 (questions that come to your mind in connection with these scores. See how many of the question
Usake Urban ? 40 that we discuss you can anticipate.
Victor Vasopez 1 1 37 68 “Fach student has five numbers assigned to him or her, but we might want to inquire
Wakara Watanabe 2 1 25 53 21 _ Hether each of these numbers actually conveys quantitative information. Do the numbers that
Xenum Xerxes 1 1 25 54 3 a551gned to represent gender and class have the same kind of meaning as the test scores? This
\uan Young ’ 1 32 59 24 quiestion of the scale the numbers represent, and the answer affects the kinds of operations
e ; 40 73 A4 n.apply to the nurnbers,
Zebuton Zibberits i 55 \ second, rather general type of question that we might ask is, what is the basic pattern of the
Angela Ash 2 2 43 64 ; tes? How do they “run”? What do they “look like™? How can we get a picture of the set of
Bellinda Brown 2 2 33 38 41 = . for example, so that we can get an impression of the group as a whole? To answer this
Chariotta Cowen 2 2 33 47 50 estion, we will need to consider simple ways of tabulating and graphing a set of scores.
o 1 o 39 66 rdk type of question that will almost certainly arise is, what is this group like, on the av-
Dominik Dubrow 55 eral, have they done as well on the test as some other sixth-grade group? What is i
Erilc Eriksen ! 2 59 level of performance in the group? All these questions call for some single number to
Francis French 2 2 38 59 e group as a whole, some measure of where the middle of the group lies. To answer
Guido Garcia 9 2 31 52 ion; we will need te become acquainted with statistics developed to represent |
Hillary Huan 5 2 38 81 ypical, score. . . . |
Igor lvanovich 1 2 33 53 scribe the group, we might feel a need to describe the extent to which the scores

vay from'the average value, Have all the students in. the group made about the same
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progress, or do they show a wide range of achievement? How does this group compare with other
classes, with respect to the spread of scores, and do the students show the same spread of achieve-
ment on all three tests? This type of question calls for a study of measures of variability. ‘
Fifth, we might ask how a particular individual stands on one of the tests. We might
want to know whether Aaron Andrews did well or poorly on the mathematies test. And if we
decide that his score is a good one, we might want some way of saying just how good it is. We
might ask whether Aaron did better in reading or in mathematics. To answer this question,
we will need a common yardstick on which to express performance in two quite different
areas. One need, then, is for some uniform way of expressing and interpreting the perform-

ance of an individual, independent of the particular test. How does this person stand relative
to the group? We will give some preliminary answers (0 this question in this chapter and con-
cider it in detail in Chapter 3.
A sixth query is of the following type: To what extent do those who excel in teading also
excel in mathematics? To what extent do these two abilities go together in the same individu-
likely to be superior in the other? To express .

als? Ts the individual who is superior in one area
this gssocigtion between two measurements, We will need fo 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 1o make the most accurate prediction of a person’s performance
either on another test OF oN SOIME OULLOTE, such as an end-of-the-year achievement assessmernt
This forecasting functicn is the primary use that is made of scores on such high-stakes tests as the
SAT, and the answer will lead us toa consideration of regression. :

Many other questions may arise with respect to a sel of scores. The most important one:

clusions [rom data on a limited group. ¥or example, the 2!

concern the drawing of general con
girls in this group have an average reading score of 35.0, and the 26 boys have an average scor

of 33.9. These are descriptive facts about this testing of these particular girls and boys. But thes
students might be considered to represent a jarger population, such as all students in thi
school district or the state. From the results in these two classes, we might want o make an ¢s
timate or best guess of the average level of reading achievement in the larger group. We als
might want to know whether we can safely conclude that the total population of girls frot
which this sample is drawn would surpass the total population of boys on this same test, THes
problems are of inference. Problems of statistical inference make up the bulk of advanced st:
tistical work. For a detailed description of the principles and applications of statistical in
ence, see any of the books on statistical methods listed at the end of this chapter. These i8S
do not enter into the basic interpretation of test scores for an individual or a group, s0 W 3
not consider them further here.
The routines developed for organizing numbers to answer these and other questions ¢o :
rate the field called statistics. This name and, in fact, the very prospect of working with' i
bers seem a bit scary to some people. Fortunately, much of the mechanics of working

numbers can now be performed on a pocket calculator or personal compuier, 5o we Can co

trate on the questions to ask and on the ways in which the numbers are arranged to

them, rather than worry about computational details. As we discuss ways to answer eac
seven types of questions mentioned above, we will introduce easy-to-use computer progra
perform the necessary computations. Two very widely available programs will be presen
package of statistical programs known as SPSS and the data analysis routines includ
Microsoft Excel® spreadsheet programt. Both programs have some shortcomings, but !

relatively easy to use once you get used to them.

One way to define measurement is the assignment of numbers to objects according to a set of rules
.The set of rules is called a scale. Knowing the scale that has been used to assign the numb .
is critical to proper interpretation of the measurement. For example, Ms. Johnson and I\elirs
Cordero assigned the number 1 to their male students and the numbe’r 2 t.o their female st .
dmtsZ but what information do these numbers contain? Feminist ideology aside, does E}?-
number 2 mean that the girls possess more of the trait of gender than the boys do? bbviousle
not; in this case the numbers do not convey information about amount of anythin . The nv g
ber 1 has been substituted for the lakel “boy” and the number 2 has been substitutge& for * Lllgl :
but we could just as well have used the numbers 163 and 27. Each number takes on the ‘mg ,
ing of a verbal label. When numbers are used in this way, the scale is called a nominal sc‘:lalz-
The numbers take the place of names. Your university has almost certainly assigned you a st :
dent number. This number represents a “score” on a nominal scale, as do the numers onsﬂlj-
ba(?ks_ qf athletes’ uniforms. When numbers do not contain infor£nation about amocunt of Z
trait, it is not appropriate to treat them like numbers. [n general, you cannot add them or O
forrg any other arithmetic operations and obtain a meaningful result. The only use we 23?
ESZEY canbmali;thof numbers on a nominal scale is to count how many instanc}és there aie (;
numbr;l;};lf Egys a;rcelz ;1;(1.5.26 ones and 26 twos in Table 2-1, so we know there are an equal
Somt?times nutrbers 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 orde;: his student
on the basis of their spelling test scores with the student who earned the highest score—Domlim'li
Dubrow, getting a rank of 1, second highest, Angela Ash, ranked 2, and so forth. What kind ofril;l-

- formation would these numbers represent?

A set of ranks conveys information about the order in which the students stand on the

: trait, ]Z;J.t the ranks do not contain information about amount. More importantly, the differ-
. ences etween numbers do not have a constant meaning. The difference between a rank of 1

.l’sld ].;i ring of 5 is not necessarily the same as the difference between a rank of 11 and one of
: t-ih oth differ by four units, but four units of rank usually cover a greater portion of the trait
_t_. . g ex;remes of a group thap in the middle. A scale that tells us the order in which people
C.':{_rrll.1 , who has nflore of the trait, but not how much more, is called an ordinal scale. Several
:ommon ways of reporting test score information that i ibe 1 :
om we will describe
e be in Chapter 3 produce

t'.Testi that are scored like those in Table 2—1 treat each item as equal to every other item
. m'.xg3 0 items correct yields a score of 10, getting 20 items correct yields a score of 20, and
geiting ; Of itemns correct would give you a score of 30. Because each item is assumed eqw.;al in.
nt-l?l thﬁi] trait it measures, equal differences in scores are treated as equal differences in the
th‘i .oug thlS' assumption is somewhat tenuous when measuring human abilities, it repre-
. uall_:ne.- satne k{am‘c kind of Fneasurement as the centigrade or Fahrenheit temperature scales.

{ua ltimerica differences in score represent equal differences in the property being meas-
ien Weh can mzke this assumption, the scale is called an interval scale. Most of the
ions that are done with test scores require thy
at at we assume th i
one i g e the scale of measurement is
d._ors._’. Z;bulon Zibberits tries his hardest, but s:ill cannot spell any of the words in

e.czis 1sét corlrfactly. Dges this mean that Zebulon has zero spelling ability? Probably

e of spelling ability represented by this test starts at a point well above zero, so
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Table 2-2
Frequency Distribution of Scores on th i
eM
52 Students e Mathematics Test for

Very few scales used in psychology and
eans exactly none of the trait or prop-
4 (2006) expressed concern about the -

a score of zero on the test does not mean zero ability.
education are constructed such that a score of zero m
erty in question. This is one reason Blanton and Jaccar

arbitrary nature of the metrics used in psychology and education. Exceptions (non-arbitrary
metrics) would be scales like those for height, weight, and duration of time. When the scale Score (%) Frequency
is constructed so a score of zero means exactly norne of the irait, it is called a ratio scale. 80
Seales like this allow us to conclude not only that the size of the unit is the same everywhere 1
along the scale, bui also that a score that is numerically twice another score means exactly 59 0
twice as much of the trait. Someone who takes 10 mninutes to soive a problem takes twice as 58 0
long as someone who takes 5 minutes, and the person who takes 20 minutes to solve the 57 0
problem takes twice as long as the 10-minute person and four times as long as the 5-minute 56 0
person. Ralio scales allow us to make proportional statements like these. Very few ratio - 55
scales exist in the fields of education and psychology, but fortunately interval scales allow us 0
to perform most of the analyses we need. This classification of scales as nominal, ordinal 54 0
interval or ratio was suggested by S. 5. Stevens in 1951 and has been widely accepted 53 1
although some experts in measurement, for example, Torgerson (1658) have suggested 52 1
alternative classifications.
PREPARATION OF A FREQUENCY DISTRIBUTION 40 5
39
In Table 2-1, we showed a record sheet on which test scores for 52 sixth-graders were listed. Le 38 !
; ; : 5
us look at the scores in the Math column and consider how they can be rearranged to giv 57
clearer picture of how the pupils have performed on the math test. The simplest rearrengemen 4
is merely to list the scores in order from highest to lowest, as follows:
60 49 44 41 38 37 33 31 24
53 49 44 40 38 36 33 31 22
53 48 43 40 38 35 33 29 21 28 1
52 47 43 39 37 34 33 28 19 27 o
51 45 43 38 37 34 33 26 25
so 45 42 38 37 3 3225 o !
This arvangement gives a somewhat better picture of the way the scores fall than does Table 04 ;I
We can see the highest (60) and lowest (19) scores at a glance. 1t is also easy to see t 03
middle person in the group falls somewhere in the mid-30s. We can see by inspecti 0
smost of the scores fail between 30 and 5C. But this simple rearrangement of scores still he 22 1
much detail for us to see the general pattern clearly. We need to condense the data into 21 1
compact form. : 20 0
19 1

anizing scores for presentation is to prepare & display .ca
how often each score has occurred. Eac

Often, the first siep in org

frequency distribution, a table that shows
value is listed, and the number of times it occurs is shown. A portion of the frequency

tion for the math test is shown in Table 2--2. However, Table 22 is still not a very good.
reporting the scores. The table is too long and spread out. We have shown only part:0
whole table would take 42 lines, almost as many as the original listing of scores. It woul
nuntber of zeto entries, and there would be marked variations ir the Frequency col

I cy Distributions

r:;pei 1ntf1) .broader categories to further improve the clarity of presenta-
?al in the data to make it easier to grasp the picture presented by
o de_n.-ti)lur exa‘mple, we will group _three adjacent scores, so that each

three points of score. The entire range of scores from 19 to 60 is

one score to the next.
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Table 2-3

MAKING THE COMPUTER DO IT

Grouped Fraquency Diétribution of Scores f
‘ rom 52 Student
Math Test Using an Interval of 3 sone

Frequency Distributions
Intarval Frequency
Excel is not designed to provide a frequency distribution like the one we have just de-
scribed. Rather, it will prepare a grouped frequency distribution as described in the next 60-62 1
section. SPSS will produce a frequency distribution, but you must be careful when reading 57-59 0
it because score values with zero frequency are omitted from the list of scores. To prepare 54-56 0
a frequency distribution of the data from Table 2-1 using SPSS, start the program, enter 51-53 A
the data from Table 2-1 or open the file in which they have been saved, click on the 4850
Analyze button in the menu at the top of the screet, and select Descriptive Statistics. The 4
screen should look like the one shown below (the exact layout of the screen will depend 45-47 3
on which version of SPSS you are using): 42-44 6
39-41 4
36-38 10
33-35 9
30-32 a
sty fa : 27-99
e S N 2
|Byion_—_ 1Biggs [ 24-26 3
-Eﬂﬂ()owen _—-
' S N R 21-23 2
— 1
1
—
S R I e .
: ted by 14 intervals. When this i .
T ] HESER b s. When this is done, the set of scores is represented as shown i
——— ble:2-3, a fairly compact table illustrating how many pecple there are in each ore
—_— terval. Thus, for exampl : . each score
——— _ ) ple, we have two people in the interval 19-21. We d k
any of them got 19s, 20s, or 21s; o Co 0 noL know
_—- : hat th , 20s, or 21s; we have lost this information in the grouping. We
— 1 at they are evenly spread throughout the interval. In most cases, there is ne reason to
- ; at one score will occur more often than any oth i S
1 e gains y ouer, and this assumption d
the gains in compactness and conven ‘ ption is a soun
_——‘ oht inaccurzcy introd venience of presentation more than make up for
S SR IR M £ ¢ht inaccutacy introduced by the groupings. (In some special applications, such
—_—‘§ of family income, certain values are more likely than oth B e .
——‘ $50.000. Special precanti _ y than others, for example, $18,000,
- ,000. precautions are required when grouping material of this type. An

Select Frequencies and you will see a dialogue box in which you can select the:v

ables to be analyzed. Highlight the name of the variable you want by clicking on itit

click on the arrow butten to move the variable into the Yariables window. If you us

data from Table 2-1 and select the Math variable, you should get the complete freque
distribution, part of which we showed you in Table 2-2. You can generate other e
from this program, but we will wait to describe them until we have covered those t¢

tld be made to ol i

Or.t._ion') place the most popular values near the middie of an interval to re-

--béaih”ali situations, we always face the problem of deciding how broad the groupings
that is, whther to group by 3, 5, 10, or some other number of points of score, The

mpromise between (1) losing detail from our data and (2) obtaining a conven-

det;l:}l .;-but. condenses the data into a more compact picture. A practical rule of
}ciose--aq interval Fhat will divide the total score range into roughly 15 groups. In
._1g‘_h¢st score is 60, and the lowest is 19. The range of scores is 60 to 19 g;riv-
- ..Pgmtl_s.; .Dwz.d.mg 41 by 15 we get 2.7. The nearest whole number is 3, s’o we
¥ 3s n_adchtlon to the “rule of 13,” we also find that intervals of 5, 10, and
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The Excel frequency distributi ine i
y distribution routine is part of the Hist i

R ! ! part of the Histogram program
mntsﬂzsi groupl .of programs that are included in the Tools menu. (Histozrafns ar;ndil: Datg
in the n Iit -se.cuog.) Click on Tools, thern on Data Analysis. (Hint: You may have to clizlise
aeets ma?gmggt ata tf activate the Data Analysis tool.) A dialogue box will appear that i

v data analysis options. Click on Histogra i ca

‘ . m

screen that looks like the one shown here imposed gver y?)?lcrl c(ljllt(;k OF o should see 3

enient groupings. Because the purpose of grouping scores is to arrive
entation, factors of convenience hecome a major consideration.

muldiples of 10 make conv
ltiple of the interval width as the Jower limit for each interval;

at a convenient and clear repres
It is also conventional to use a mu

a5 we have done in Table 2-3.
sing the scores i their grouped form, itis

Tn cases where graphs are going to be prepared u
d mumber of score points, for example, 3, -

also convenient Lo useé an interval that includes an od
e the midpoint of the score jnterval to represent

5, or 7, because it is sometimes necessary to us
all scores in the interval. If the interval has an even mumber of score values, this idpoint will be
halfway between tWo actual scores, but if mber is used for the interval width, the mid-

an odd mu
point will be a whole score value, making for a more atractive graph.
Note also that sometimes there is no need to group the data into broader categories. If the:

of no more than about 20 points, grouping may not

be required
equipment it is usually easier

original scores cover @ Tange
to compute the statistical indices,.

Also, with modern computing

described later in the chapter, from the original set of scores umless the data corme to you as
grouped frequency distyibution. In that case, most Prograts require special procedures that are: Ciass  |Reading
beyond our scope. ﬁ:{lgﬂy 2 1 21 i i o
1 1
\Watanabz D] 1 gé g; g? 7
Terxes 1 1 5% 2 4 26
ohanson 1 ] o= 5 % gg

Histagram .

MAKING THE COMPUTER DO IT

Grouped Frequency Distributions

Excel is designed to produce grouped frequency distributions,

particular sequence of steps that can at times be frustrating unl
thern. After you have opened the file containing the daia you wish to analyze, the fits

step is to decide on the number of intervals, Excel calls these in

set of scores for the math test, the easiest way to deter
sort the scores to find the Tange they cover. Click on any sco
then click on one of the sort icons. The scores will

mine the highest and lowest. Finding the range to be 41 and applying our “rule of 1
we again decide to use hins o 1d use Excel to prepare a Taw, fre

f 3. (Note that you cou
quency distribution iike the one we got using SPS5, but you would have to create a:bi
for every possible score.)

You must now set up your bins. Bins are specified by giving the highest score th
to fall in each bin. Therefore, if we want to use a bin size of 3, our lowest bin sh Fxcel works b o
orks by specilying areas of the data table to be included in the analysis. The

e the lower limit of each bin 2 multiple of 3) Gres for the math test are listed in column G with z label in the first d d:
rst row and data in cells

have 20 specified as its value (to ma

sorts scores inte bins in ascending order. That is, the program locks at all the sco 310 G53. Click

puts those that are less than or equal to the bin limit in the first bin. If we start witk ' . Click on the Input Range window in the Histogram pop-up dialogue b
lirnit that is below the lowest score, it will have a frequency of zeto, but if we stat Bue Do
a bin limit that is more than our chosen interval above the lowest scote, the lowe

terval will be too wide.

After deciding on the first
one below it. If we start with a limit o
53, 56,59, 60. The hins must be arranged with the
to the right of your data (for instance, column T), type the word bins in the first
in the bin limits, starting with the lowest, in the cells under the “bins” heading.:

ENECeS: g N . i
Reige i?ﬁio?if%}iﬂﬁj will ;ppear in the pop-up box window. Next, click in the Bin
Slaced in the colulzmlz"upd 0):‘ Tl'he’?, again on the main screen, highlight the bin limits
o Fimally, click th gn er “bins.” The cell references for these cells will appear in the
£ 20, then the other bin Timits would be 23,26, g itk in th u € utpu‘t R?J:Ilge button on the pop-up box to activate that wind
owest bin at the top of its colurmn. T b_u_tig;tt ; ;/::;Eic(zvs.ul;ﬁeg click 11;1 a cell where you would like the grouped fr:;ile;g
row: Ehell Ok 1 you are usin 2;1 just to the right of your bins column, in this case $1$1}. Th
e ed - 1hen
utlined them, youf sc1ree1jl tsigzlrg F;iiiehimelt}?;g have followed the directions as we

in limit, set each additional bin limit cne interval ab
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Table 24
Cumulative Frequency Distribution of Sceres from 52 Students on a Math Test Using an Interval of 3

Interval Frequency Cumulative Frequency Cumulative Percent
60-62 i 52 100
57-59 0 51 98
54-56 0 51 98
51-53 4 51 98
- : 48-50 4 47 90
nean_ | T 2 7 45-47 3 43 83
- — g4 A . 42-44 6 40 77
39-41 4 34 65
36-38 10 30 58
33-35 9 20 38
30-32 3 11 21
SN W : 27-29 2 8 15
o 24-26 3 6 12
21-23 2 3 8
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

The row labeled “More” is used to take care of any scores thgt are abovedtl}e highecst:_
bin limit you listed. SPS5 does not have a program for producing groupe requen.y.

distributions.

Cumulative percent =
P total mumber of cases

ese values are included in Table 2—4. The cumulative percents are given whenever you request
[requency distribution from SPSS. With Excel you must click on the Cumulative Percentages
x in the Histogram dialogue box.

Cumulative Frequency Distributions

We often want to know how many people got scores below some part(ilc.ultiri l\)ralézr’l[h; ;ﬂc >
j .1 s with a cumulative frequency Gistribution, b
vect way to answer this question is Wi ive Y et L AC
i f scores falling in or below the sco A

each score or interval and the number 0 score o A
lative frequency distribution is easily prepared from the freque}?cy d1smulb;1tt§2 ?Eeg(;i e};

s i1 Table 24, which presents the Cudr ! 0!
quency distribution, as shown in o e aton i

i i nt farnn 1
well as the frequency in each interval. Each eniry in the coiu e e Highest
(1 + 2) = 3 students scorin

shows the total mumbex of individuals having a score equal to or
dent scoring at or below 20, |
below 26, (6 + 2) = § scoring at or helow 39, (8 +
The cumlative frequency distribution is especialk

that interval; that is, there is 1 stu
below 23, (3 -+ 3) = 6 scoring at of
tive position, which we will discuss in Chapterl
tine for providing cumulative frequency dist

REPRESENTATION

often helpful to translate the facts of a table like Table 2-3 into a pictorial representation, A com-
type of graphic representation, called a histogram, is shown in Figure 2-1. This type of graph
be thought of, somewhat grimly, as “piling up the bodies.” The score intervals for the mathemat-
est scores that we used in Table 2-3 are shown along the baseline (the abscissa), and the verti-
ight of the pile (the ordinate) represents the number of people whose scores fall in that
e: diagram shows that there is one “body” piled up in interval 18-20, two in interval
o forth. (Because we used Excel to generate this histogram, the intervals are labeled with
i limits.) This figure gives a clear picture of how the scores pile up, with most of them
0t 45 range and long, low “tails” running out to the extreme low and high scores.

scoring at ot below 32, and so forth.
for determining some expressions of rela
nately, neither SPSS nor Excel has a rou
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Figure 2-1 .
Higtogram of 52 mathematics scores. G Zs o esbysros

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

MAKING THE COMPUTER DO IT

. One peculiarity of SPSS is that it treats the scale of the data as strictly continuous, which
. can create probiems. Default interval widths and limits often are not obtainable score values,
resulting in interval widths of 3.33, 5.17 and so forth. For the results of psychological and ed-
ucational measurements where fractional values do not occur, this can produce a histogram
that is difficult to interpret. Also, note that in the graph above the axis labeled “Math” has the
ipper limits of the intervals given and that the interval 57-60 is constdered by SPSS to start
jist above 57 (57.0000001) and go up to and include exactly 60, the highest score. This is dif-
rent from what we get using “by hand” methods, but it will only occur when the highest
value in the data corresponds to the upper limit of the highest interval and is a consequence of
articular way SPSS represents scores (which is different from the traditions of psycholog-
d educationial measurement).

We can use a similar procedure to provide a graphic representation of the cumulative fre-
distribution. This graph, known as the cumulative frequency curve (also some-
alled an ogive), is prepared by placing values of the cumulative frequency on the
and scores or score intervals on the abscissa. A point representing the cumulative fre-
for each score or interval is then plotted, and the points are connected, forming a
phistich as the one shown in Figure 2-3. Note that the cumulative frequency curve never
k-toward the abscissa.

Histograms

ncy distributions, but they doit

i f prouped freque :
Do SR o E prega;icg;:gliseis g;y ffr the simpler one, but from the technica

j i 5. Excel ‘ e
e fd irfif:\rve ?;SZZaph Excels default options produce 1s propeﬂ%z. caﬂ;dbz; tc):;; e%t'e (fb
point }Olisto r;m because the bars are separated from each .other. Wi is C\i,i e )
32;;16 dic%(mg on any bar, selecting “Options” and (ihaig:}?ge :11;6; “%?EM U o
i i er 1md .
fortunately, the intervals are labeled with the upp it oL e o it ths 15 1 o

idpoi . h may cause problems in grap .
e le is that you have L0 look at computer output with cabt

i sson in this examp e
bec Thetllie choices made by the programimet who wrote the program may g

want. ‘ | '
the data to produce 2 graph with about 15 categorl

13). The result is a proper histogram {the bau’sc,1 tm}lacie_
t the grapn to improve its appearancg. i you }?uh .
an edit it. You may want to experiment wit _th g
duce. The SPSS graph, on page 37, of the i
ilar as possible, within SPSS egh
stribution. However, this grap!

because
the exact picture you expect or
$pSS automatically groups
defauls for our example yields !
other), but you may want to edi
on the output of the graph, you ¢
editor to see what the editing features proquce
ematics data has been edited to make it s sxmd.
tions, to the graph of our grouped frequency di
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distinet values that occur. Again, this requires caution in interpreting the graph because
there is no warning that the program has omitted some values.

URES OF CENTRAL TENDENCY

54 57 60

We often need a statistic to represent the typical, or average or middle, score of a group of scores.
The object of these statistics is to provide a single measure to locate the distribution of scores on
the score scale. We present three such statistics, each of which defines the center in a different
way and conveys slightly different information.

04 27 30 33 35 39 42 45 48 51

1
. Mathematics test scoTes

MAKING THE COMPUTER DO IT

ery simple way of identifying the typical score is to pick the one that occurs most frequently. This
séore is called the mode and corresponds to the highest point in the histogram. if you examine the
rray of math scores in the tabulation in the Preparation of a Frequency Distribution section, you will
1d that the scores 33 and 38 each oceur five times. A unique value for the mode does not exist with
these data. If one of the students who scored 37 had instead scored 38, the mode would be 38. If one
‘tHe'34s had been a 33, then 33 would have been the mode. The mode is sensitive to such minor
s in the data and is therefore a crude and often not very useful indicator of the typical score.
Table 2-3, the grouped frequency distribution, the modal interval is 36-38. When the scores
ouped in this way, we can call the midpeint of the modal interval, 37, the mode.

DUt two computer programs approach determination of the mode in the same way. Both
for'the score value in the raw data that has the greatest frequency. When, as is often the case,
‘miore scores occur with the same frequency, the smaller value is reported as the mode.
soth programs report the mode for our set of math test scores as 33, even though the score
1ad a frequency of five. SPSS reports that there are multiple modes, but Excel does not.
compare this result with the highest point in our grouped frequency distribution, we

Cumulative Frequency Curves

d Stl’[butlon 1f S 1eCt

E Cel Wlﬂ repare a Ta h ()f the cun ﬂllatl'\ie erCentage 1. (6] < h“t
. CEC tage [ld Chart ()u[put. EOU. W-l]l ha-\;e o edlt the Chatt. to Temove h.e €
IIlUlatl've E ercen ag a h

i i il
space as described earlier, but the pgraph wi e the

from the grouped frequency distribution.

enta 0O t]l. P C y
Sellted asa pBIC { ge f e sam lE 51Ze lfathEI tha[!. a ILfU.IILbEE Of ASES B dE].e

ing t u shou! |
R e gl ?equency or cumnulative peicentage from SPSS,..

To obuin & 4 Ziflu:elg;uzfne. Click on Define, select the vaﬂa?lfhzgilg
o e mir?rll the Category Axis window. Select “(‘Zum“n of c(:)asei, e
gph, o g 1h the cumulative percentages by selecting CumS of ca : .Cumu&a_
o o roduces a cumulative frequency curve from the p}iograrr;f;:ﬂ:ﬂei e
ey p‘mg'rliméign This means that the graph will omit v'alue.s of ft de va o
frequ*fe nci:i:t;irlll the -same way that the frequency distribution iiseli does
zero freq

e cunulative frequend
ordinate will be epr
ting the:

e
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get quite a discrepancy. Tn Table 2-3 the mode clearly fell in the interval 36-38, yielding a mode

at the midpoint of the interval, or 37.

The Median

A much more useful way of representing the typical, or average, SCore is to find the value on the

score scale that separates the top half of the group from the bottom half. This value is called the
he top 26 studenis from the bot-

median, In our example, with 52 cases, this means separating t
rom 26. The required value for our rmathematics scores can be found by placing the scores in
er (page 28) or by using the Sort command in Excel.

order of magnitude the way we did earli
We want to identify the point below which 50% of the cases fall. Because 50% of 52 s 26, we |
st ideniify the point below which 26 pupils fall. Sarting with the lowest score, we count up .

until we have the necessary 26 cases.

Counting just the scores in a table stich as the one shown eatlier, the 26th score is one of the
scores of 38. Using Excel to sort the cases into order on math scoTe, the 25th case is Gail Galaraga, K
whose score is 37. We need 10 include 1 more case to obtain the required 26 cases. The next score
value (38) is shared by five individuals. We require only one fifth of these individuals. Now how shall we
think of these cases being spread out over the score value of 38? As noted earlier in this chapter, a vea
sonable assumption is that they are spread out evenly over ihe interval. Then to include one fifth of th

scores, we would have to go one fifth of the way from the bottom of the interval toward the top.
£ 38. First, let us note that although tes

At this point, we must define what we mean by a score o
scores go by jumps (or discrete increments) of one unit (37,38, and 39), we consider the underlyin;
in all the intermediate value

ability that the test measures to have a continuous distribution that takes

between two scores. We might liken the situation to a digital clock. Although time is continuous, thy

recording instrament Tuns by jumps, with one jump every time the basic unit of 1 minite is passe
t. The bottom line represents the continuum of ability. Wk

38 (han to either 37 or 3

Figure 2-5 illustrates this poin
define 38 as the interval on the continuum that is closer to point

from 37.5 to 38.5. Although som
able one and is accepted by most authorit

Thus, in Figure 2-3, 38 18 represented as a slice extending
what arbitrary, this definition of 2 score is a reason

xtending from 35.5 te 38,5 on the 1
We do not get scores lying between 37 and 3

The score interval 36-38 is really to be thought ofase

derlying continuur, as is shown in the figure.

between 38 and 39—riot because those levels of the trait do not exist, but because our
ing instrument does not register any values between 37 and 38 or between 38 and 39, (Ih
not the way SPSS represents SCOIEs. In SPSS a score of 38 is read as extending from just ab

37 up to exactly 38 and no higher. Thus, a score is at the upper limit of its interval Tathe

at the midpoint. The effect is usually small, but explains why you migh
sults from SPSS than you would from hand calculations ot from another program.)

Class interval

38 a9 40

Ability continuum

Figure 2-5
Relation between scores and ability continuum.
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Because WEC I‘eqalIS ocne fl{th Of t}le cases inter Val .;. 5— 5{’) 5 we must go one l h (){ the
3 3 g h

1/5(38.15 — 37.5) = 1/5(1) = 2

Thisish i

peoplls{; Hclwtv hf;u‘i I\:Ee mi;st go through the‘ interval represented by the score 38 to include one of the five

people T (e thzrrjwanil. ﬁr}d ;hi point below which 26 people fall. We must add .2 to the value
5, er limit of the score i ins t i l

275, which b the low re interval that contains the median, Therefore, the median

375 + 2 =377

Not i
e that the median need not be a whole score value while the mode always is

MAKING THE COMPUTER DO IT

The Median

?;Ifnssdcgmp;ter programs, including SPSS and Excel, define the median as the score ob
y the middle person, regardless of how marny people got the same score. The pro:

rams look i
g at the cumulative percent of cases for each score interval and select as the

_ ggeila;lntlgi :cei;i;:olrresﬁm}dmg to the first interval where the cumulative percent exceeds
Percéntage e Spoe(,‘ the mterval for a score of 38 is the first interval with a cumulative
. percentage above 50, it is actually 57.7). Both programs report 38 as the median. Because
the diflerences | Sx;xn 111n (;lomputmg thf: median by this approach and the one described
o i ri Z at ey are not likely to be important to test users. However, when
e fndug:()dui;a,r etzlsltcilif:;en;e;cat; be su;ostantial. SPSS has a way to ilandle

: ‘ entially identical to what we found here, but Excel
does not. In the special case where the median falls exactly b ndiv sl whe
have different scores, the proper course 1o take is to f'acctiyh ot hal e e
_peoples scores. For example, if we have 100 indivitlin 1t e}fomt e
and the 51st person’s score is 32, the e value for th o 5(')th Person!s e
the scores, or 31. Both Excel and Sngl:::%ll)gi;ilzileufhiig&?eChan s ey be-

21; th?}point. ion the score .scale below which 50% of the individuals fall. If we want
¢ ercentile, we must find the point on the score scale below which 25% of the

; " }513}1 an?tirllclude t}\ivo of the five cases with a score of 33. Se, the 25th
s of the way t i is compt

. ay through the interval 32.5-33.5 and is computed to be

¢ 51:_(2);}t10_1'i‘,'.considelr the 85th percentile. We have (85)(52) = 44.2 people mak-

o our group. Because 44 cases carry us to the top of interval 47.5-48.5

S it e:.mzl'xt interval, for the 85th percentile, we need .2/2 = .1 of {he intér-,

. 1548.5 + .1 = 48.6. Other percentiles can be found in the same way.
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42 PART O Select the cells containing the data you wish to include in the analysis (here the scores

for our 52 students’ math scores are in cells G2 to G53). Then click in the K cell and enter
the percentile you wish {.50 for the median). Click OK and the desired percentile will ap-
pear in the selected cell.

Excel uses the same approach to [ind percentiles that it uses to find the median. That
is, the program compares the specified percentile with the array of cumulative percentages
and reports as the pth percentile (for example, the 17th) the first score value where the cu-
mulative percentage is greater than p. The result is not as precise as the one described on
page 42 (the same score may be reported as corresponding to several different per-
centiles), but it is usually accurate enough. We describe how to compute percentiles with
SPSS in the next section.

ed frequency distribution, We proceed
t out intervals are now more than one
ency distribution in Table 2-3 we still

er percentiles from a grovp

ha
in exactly the same way except that we must remetnber t

5COTe U[].:I.t -\;V’].de. IO flIld th& I[ledlﬁn fTOm the grouped f[ (’,qu
[leﬂd_ 2() CasEs. I]le zbth pEI SON 1S one Of the 10 'pe()ple mn [kle Hltet'\ial 36—38 VVe hav& 20 peO’

i { the 10 peo-
is i i 133-35 is 20), so we need 6 0

{21l below this interval (¢f of interva . b e
plle Wh(t)liz ?sl(t);:afto make our 26. Therefore, the median fa115(6£(03:£)h ofltkée;:oari E‘l ;iots g(60%)
D ery j i its wide, we must g0 L. = 1.
i the intetval is 3 score units wide, : . e e of
%ﬂtﬁf:’zle- iiizi;l;fto include the six people we need. The interval starts at 35.5 (the lower edg
into we.
the first score in the interval), so the median is

35,5 + 1.8 =37.3
with test norms and the interp

To find the median or oth

retation -

es, especially in connection

Percentiles have many us !
em again in Chapter 3.

of scores. We will encounter th

The Arithmetic Mean

- Another frequently used statistic for representing the middle of a group is the familiar average
“of everyday experience. Because statisticians speak of many measures of central tendency as
“dverages, they identify this one as the arithmetic mean (M). Tt is computed as the sum of a
set of scores divided by the total number of scores. Thus, the arithmetic mean of the scores 4,
6, and 7 is

MAKING THE COMPUTER DO IT

Percentiles

i i s0

using a different program function than we ha‘@ dls‘;USSidcan
xt 1o the sort lcons) ¥

as a buiton on the toolbar ne: : : '

R ¢ a cel} in which you wish the per

readsheet, Tirst selec! |
e ditions of Excel have an arrow next

e to appear. Then clic ! s e e
(tzgriileesumz?mbol ¥) and a series of function types such as Mathnixg ‘"fm}gl ey
cal” will appear. If you select the Statistical group, you wﬂ-l be prese e any per

f options, one of which is “Percentile.” You can use this approffﬁbe e A eroe
. : ipti tistics we WL . >

i i t of the other descriptive sta | .
centile you wish and mos : : T
lecting Statistical, select Percentile and you will see a screett

Excel compuies percentiles
far. On the Insert menu {and

. inacello
place 2 function () & on the fx symbol (some €

(4 +6+ 7)/3 = 17/3 = 567

n our example of scores on the mathematics test, we can add the scores of all 52 individuals in
thie group, giving us 1,985. Dividing by 52, we get M = 38.17 for the average, or arithmetic mean,
for this group.

We can express the process for computing the mean using a simple formula. Statisticians use
apital Greek letter sigma (X to stand for the process of summation. If we use the letter X to
| for a variable, such as math test scores, then the expression ZX tells us to sum the values of
Because the mean requires that we divide this sum by the number of scores (N), an expression

X 1,985

=381
N 5 38.17

=
I
|

I

ave many occasions to use this formula and other similar ones.

MAKING THE COMPUTER DO IT

The Arithmetic Mean

’SS-both have programs to compute the mean and several other measures
e distributions of scares. In Excel, there is a program in the Data Analysis
Descriptive Statistics.” Click on that program, then click OK and you
nlike'the one on the next page.
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ectivel i i
P e ey,sglifoiz ji;e;nz;enve (Eior thelmoﬁle is 38. The three statistics will differ substantially only
skewed greatly, that is, when there is a pili £
e set o : \ piling up of scores at one end and
shin direi ttik:; O{E}flzi Figure 2?131 on palfge 46 shaws three distributions that differ in the
ewness. The top figure is positively skewed, is, i
: ed; that is, it b il
g up to the high scores. We might stribution ke ’ ) the Uit
_ . get a distribution like this for i i i
es, because there are man i e et
t y people with small and moderate incom
: . es and only a few with
ge incomes. The center figure in Fi i i Yo Le th
y large inc gure 2—6 is negaiively skewed. A distribution i i
uld result if a class were gi ¢ e e
. given a very easy test that resulted in a pili
cores. The bottom figure is s i i e Aoy
ymmetrical and is not skewed in either direct:
o : : : irection. M. -
chal an:ii Se;l;mz];uonal variables give such a symmetrical distribution R
celan i i l
ndex.muSyizltg EI;)Vli_fi an md]eox offSI;ewness as part of their descriptive statistics pack-
3 ositive number if the distribution locks like Fi i
¢ graph looks like Figure 2-6b oo et e
—ob, and istribut i
ot gu‘ a value near zero for a distribution that is approx-
istributi i i
S gl:r;s% E]};llat are approxgnately symmetrical, either the mean or the median will
ve e group equaily well, but with skewed distributi i
o ip , istributions, the median gen-
Eé fe _a?:if chzl-lse it 1s‘affected less by a few cases out in the long tail. The meagn is
woen SS E,;rlbutlon is symmetrical for reascons that will become clear later in
_ IESs ebtionnal distribution. The mode is used less often because, although
I;_Ot & s stable than the mean and median, as we have seen in our exaraple
tire gted to other statistics we may wish to obtain o

Click in the Input Range window on the pop-up box, then on the main screen highlight
the scores to be included in computing the mean. If you are using the data from Table 2-1;
the math test scores are in colrmn G, TOWS 553 a5 we show here. Next click in the “Output
Range” window of a pop-up box. Then click on a cell in the spreadsheet where you would
like the output to start, such as column 1, row 1. Finally, make sure there is a check in the I
“Summary statistics” box, then click OK. The program will produce the three measure
ceniral tendency we have described, plus 10 other statistics, some of which we will disclig
ghortly. Make sure you look at the “eouni” statistic to be sure you have included the cortg
nurmber of scores in your compuiations. You can also use the statistical function {f) metht
(see the preceding box o percentiles) to obtain just {he arithmetic mean. It is listed as;
Average hunction.
1f you are using SPSS5 10 compute your descriptive statistics, you can get everyih
you need at the same time that you are preparing your frequency distribution. After 0]
ing the Frequencies Prograin and selecting the variables you wish to analyze, click
Statistics button to obtain the screen shown on the next page.
Click in the boxes next o the statistics you wish to compute. Here we have &
the mean, median, mode, and sum; three particular percentiles (10, 27, and 46); an
measures of variability to be described shortly. Placing a check mark in the “Values aré
midpoints” box wiil cause SPSS to compute the median and percentiles as we have des
them in this chapter. Failing to check that box will cause the program to take the firs
value whose cumulative perceniage exceeds the specified value. Click Continue, the
to obtain your sumInary statistics. '
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Figure 2-7

Two distributions differing only in
variability: (a) large variability and

Figure 2-6
(b) small variability.

Frequency distributions differing
in skewness: (&) positively

skewed, (b) negatively skewed,
and (c} symmetrical.

(b)

: an th percentiles is thus 11.1 poi ; - o
the s;:;res of the middle 509% of the distribution, or 26 5153:1}1[:5 of score, and this range contains
quartereajgti:;l axtld 75th percentiles are called the quartiles because they cut off the bottom
e interquaf-ti_cl)p quarter of the group, respectively. The score distance between them is called
Srovobowi r:zﬂrange. A statistic that is often reported as a measure of variability is the
‘e from t}?e e die ranﬁe (Q, Whl_Ch is half of the interquartile range. It is the average dis-
S an to the two quartiles; that is, it tells how far the quartile points lie from th
e average. In our example, the semi-interquartile range is e

_ #0329
2

MEASURES OF VARIABILITY

= 3.55

ing a set of scores, O report how varigble the scores are—
wo groups of children, each wi

is, how much they spread out from high to low. For example,
a median age of 10 years, would represent quite different educational situations if one group h:
a spread of ages [rom 9 to 11 and the other group ranged from 6 to 14. A measure of this sprea

is an fmportant statistic for describing a group.

It is often significant, when describ

e mid i
i dig iﬁ; iﬁgr;s shpread out twice as far, Q@ would be twice as large; if they spread out onl
¢ half as large. Two distributions that have the same mean, the same totzﬂ

L}

Of CaSCS, a ]fle same gEIIEIal fOI‘m al‘ld that d €1 ()Il]. one nasav )
thal, 1. arla ]ilt twice

The Range
he range of scores in the group, which is simply the
MAKING THE COMPUTER DO IT

A simple measure of variability is t
ence between the highest and the lowest scores. In our math test example, the spread of scoT
pends only on the fwo extr

from 60 to 19, giving a range of 41 points. However, the range de
cases in the total group. This ndable because it can be changed

fact makes the range undepe
a bit by the addition or omission o If Uriah Urdah! had not taken the

{ a single extreme case.
test, the range would have been 10 to 53, or 34 rather than 41.

Quartiles

: p;izgi illz %L;azsizsyfgi );;)1111 ti}T the Frequencies routine. Click on the box
jartiles” anc e program to treat the data value
our student math achievement data, we get a very small discrepan s from thar
. wrziu;;ri% tt}l;iﬁf)th percelnti.le because SPSS uses a fonr?ulact}glzo: ::f;
o on e ssseaiie xgﬁthm ..Ol. You must compute the interquartile
o 'héy. ou can use e e.rcentlle funcrion in Excel to get the 25th and
ey w ole points of score because of the way FExcel deter-
quartiles are then used to compute &.

The Semi-Interquartile Range
a specified part 0

A better measure of variability is the range of scores that includes

group——usuaily the middie 50%. The middle 50% of the cases in the group are the ca
between the 25th and the 75th percentiles. We car compite these two percentiles folloy
procedures cutlined earlier. For our example, the 25th percentile was computed to be
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The variance of this set of scores is 1.25; the standard deviation is 1.12, The standard deviation

of the second, more variable set of scores is

_ (=33 (-05) + {5)° F (3.5) _ (25 _
SD \f ; = \/: =25

A comparison of the two standard deviations tells us that the second set of scores spreads
out more widely around its mean than the first does.
Using the same notation that we encountered with the mean, we can write the Jollowing for-

mula for the standard deviation:
5D = /E(X_ M)z
N

This formula tells us to do the following:

The Standard Deviation .
‘ isti he median. Both are spe-
] i he same family of statistics as t oth
mi-interquartile range belongs o't . o
Tf:f :zses of th% more general concept of percentﬂes. There are also meaéur.es offvarrriathe zn tha
;elong to the family of the arithmetic mean and are based on SCOTE devu:m;:nz 12(; n e
i dard deviation. Let us take )
mrmonly used one is called the stan ' eal ol
e I;?;;SS& we ha}(ri four scores: 4, 5, 6, md 7. Adding these scotes and dividing by the
fumber of scores, we find the arithmetic mean to be

(4+5+6+7D/4=55

find
d that mean value. Suppose we
i these scores spread out aroun :
B O Ve o el the mearn; that is, we subtract 3.3 from each score. We

i ach score and :
t}‘: dgfe‘fem‘f ."‘1)) EtWOe e5n g ; and 1.5. These values represent deviations of the four scores from
then have —1.5, —0.5, 4.0, 5.

Tesent this procedure symbolically as
the mean. We can rep P 1. Subtract the mean from each score to obtain deviations (e.g., 2 — 5.5 = —3.5).
Deviation = X — M i f ou 2. Square each deviation.
: ds out around the mean. 3. Sum th d deviati
) - the more widely the set of scores spreacs o - . . Sum the squared deviations,
The bigs tklle 5de:sn aatlllcén; the mean would still be 5.5, but the deviations WOU‘_ld be 3.3, 0. . 4. Divide the sum of the squared deviations by the number of cases (N).
SCoXes W & dex of the variability, or spread, present i the data is som 5. Take the square root of the result.

0.5, and 3.5. What we require as an in
type of average of these deviations.

_ There is one factor in computing the standard deviation that may cause your calculator ot com-
-putter to give results that are different from what you would get using the formula given above or that
re obtained by a classmate when you are both working with. the same set of data. Earlier in the
chapter, we mentioned that statistical inference was the rerm applied when using the data from
ample to estimate a characteristic of a larger group (called a population). This distinction does
ot affect the mean (the same value serves as a description of the sample and as an estimate for the
opulation), but it does affect the standard deviation. In the standard deviadon that is used to de-
cribie the variability of the sample, the sum of the squared deviations from the mean is divided by
hlim_ber of members of the sample (N), However, the best estimate (from the sample data) of the
indard deviation of the population from which the sample comes is found by dividing the sum of
quared deviations from the sample mean by N — 1 rather than N. Using N — 1'in the denominator
¢ effect of making the population estimate slightly larger than the sample value. The dilference
fpractical importance for most measurement applications, but it can cause some confusion
ople compare their answers (o a problem. You may want to check the manual for your cal-
to see which version it uses (many will give you either one) so that you will not get frustrated
biain slightly different answers from the ones we provide. For a discussion of why this differ-
exists and: for computing formulas for hand calculators, see any introductory statistics hook.

i i i vaph, W
1f we simply add the four deviation values for either case I thcih preced;ng pzze;gT Eis "
iti it the negative OTIES. L
rive deviations exactly balance : his
i at they add up to zero. The post ons : ' nis ot
fmrclll;hwﬂl al}\;fays bE true because one of the definitions of the arithmetic melan 11 t}\l,it iLis
¥ i i ove, )
;o'mt around which the sum of deviations 18 Zef0- (Note that in our two exampies a s

of deviations was zero in both cases.) That is
SE—-M =0 ._
the amount of spread. The procedure th

hing else to get an index of ! . dure
oo for. . itive) and the minus (negative) signs 15

. : i ost
statisticians have devised for handling the plus (p lues. (A minus times a minus is a plus.)

iati tting only positive va esa ;
square all the deviations, thus ge po : A
cjn obtain an average of these squared deviations by adghnlg T.hEl’l'fl and dnzd.lmg 0)rre he toue
ber of cases. This value is called the variance, This statisnc 1S widely used in mf adiances
. 10
tistical procedures. The variance is defined as the mear of the squared deviations

X~ M?
Varlance = T

We will have to d

indivi iati ; mpute
To compensate for having squared the individual deviations, we 1;[111;15:;1 tg::,i;ii Oi s
square root of this average value, The resulting statistic 1S called the stanaar )

jati ( ith most ¢
Tt is the square TOOU of the average of the squared deviations from Lhef rnean:;r.1 égl)tpor oo
tors, you need only press the designated key to get the square rloot c? amnu .
of séores used in the preceding example, calculations are as follows:

(C15) + (-5 + (5)

MAKING THE COMPUTER DO IT

Standard Deviation

o) _ahd all computer spreadsheet and statistics packages inchide a program
ulate the standard deviation for a set of data. Both Excel and SPSS provide the
ndard deviation as optional output from several programs. With SPSS, all
s click on the Standard Deviation button in the Statistics section of
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Figure 2-8
Normgl distribution {bell curve) 10
superimposed con the histogram
of 52 mathematics test scores.

tives progran, the standard deviation is part of

Frequencies. Li you select the SPSS Descrip
the standard deviation and variance as part of

the standard output. Fxcel produces both
the output from its Descriptive Statistics routine.

$PSS does not provide an eprion for which standard dev

N — 1—but Excel does allow you to get the sample standard deviation if you use the fx o)

approach. The function list includes both STDEV {which uses N — 1) and STDEVP {which

s N is quite small, but knowing that it exists can

uses N). The difference is minimal unles
mmmaries of the same data.

explain sotne inconsistencies berweer su

jarion you get—it always uses

Frequency

INTERPRETING THE STANDARD DEVIATION
r what it corre-

It is almost impossible to say in simple terms what the standard deviation is O

sponds to in pictotial or geometTic terms. Primaily, it is a statistic that characterizes the spread
of a distribution of scores. It Increases in direct proportion 0 the scores spreading out more
widely around the mean. The larger -he standard deviation, the greater the variability among the
individuals. A student sometime ard deviation? What is a large

s asks, but what is a small stand
one? There is really no answer to either question. Suppose that for some group the standard de-
viation of weights is 10. Is this value large or small?

? Tt depends on whether we are ralking about
ounces, pounds, or kilograms and on whether we are dealing with the weights of mice, met, Of
maminoths.

The standard deviation gets its

most clear-cut meaning for one type of distribution of scor

the normal distribution, or aormal curve, This distribution is defined by & particular ma
ematical equation, but to the everyday user, it is defined approximately by its pictorial qualities
The normal curve is a symmetrical curve having & bell-like shape- Tn fact, it is sometimes calle

the bell curve. Most of the cases pile up in the
dle in either direction, the pile drops off, first slowly and then more rapidly and then sla

again as the cases trail out into relatively long tails at each end. An iflusiration of a typical notr
curve is shown in Figure 2-8. This curve is the normal curve that best fits the histograim of
math test data taken from Table 2—1. Tt has the same meall, standard deviation, and total 2
(number of cases) as the math test data. The histogram of mathematics tesi scotes (Figure ps
shown as well and reveals how the ideal curve fits the actual test scores. because the not
cuxve is symmetrical, the mean, median, ond mede all have the same value.
Think back to what the bars of the histogram tell us. Fach bar is the same width, an

of scores in the interval covered by the bar. Therefore, the

height is equal to the frequency
al to the number of cases inits interval. This means that *

ution

f'Qases Falling Within Certain Specified Standard Deviation (SD) Limits

middle score values; going away from the mid - _
' about 68% 1 falt
‘ ut 68% of the cases will fali in the range from & score of 40 to a score of 60 (34% between 40

D and -2

pand th(;_O Hiz Ifro];n the mean,land nearly all the cases will fall between +3.0 SD and

o oportion of . Because of this constant relationship between the standard deviati
R th;) niz:;s, vx;;a know t}éat in a normal distribution, an individual who getlso I;

Sla will surpass 84% of the group——the 509

34% _Who fall between the mean and +1.0 stagndall?d deviat?ofl’ vho all below the mea

covered by each bar is proportion:
think of the area covered by a part of a graph as equal to the proportion of the scores
g individuals falling in the two Elel

% of Cases

group that fall within the interval. There are 9 + 10=1
1s in this part of the graph. Because thi

rervals 3335 and 36-38, 50 there are 19 individua
57 students in the total group, we can say that 19/52 = 37 or 37% of them fall in the

between 33 and 38.

Tor the normal curve, there is
viation and the proportion of cases
the same standard deviation limnits.

an exact mathematical relationship berween the sta
will always be fou

The same proportion of cases _
This relationship is shown in Table 2—5. From this
} of the cases fall in the rang

34.1
47.7
49.9
88.2
95.4
90.8

can see that in any normal curve, about two thirds (68.2%

1+1.0SD and —1.0 SD from the mean. Thus, if the mean is 50 and the standard deviato
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This unvarying relationship of the standard deviation unit to the arrangement of scores in
the normal distribution gives the standard deviation a type of standard meaning as a unit of score.
1t becomes a yardstick in terms of which groups may be compared or the status of a given indi-
vidual on different traits expressed. For exarple, if Johns score in reading is 1 SD above the

mean and his score in mathematics is 2 SDs above the mean, then his performance in mathe-
ctter than his performance in reading relative to the mean of each yariable. (The use of
rd deviation and the normal distribution for expressing relative performance will be
) Although the relationship of the standard deviation unit Lo the score
ly in distributions other than the ‘heoretical normal distribution,
ves and other Measures approach the normal distribution

matics is b
the standa
discussed in Chapter 3
digtribution does not hold exact

frequently the distributions of test sco
closely enough for the standard deviation 1o contipue to have nearly the samne meaning.
used to describe the variability of a set of scores are the
don

interquartile range is base

In summary, the statistics most
dard deviation. The serni-

semi-interquariile range and the stan

percen{ilesﬂspecifically the 25th and 75th percentﬂes—-and isc

is being used as & MEasUIe of the middle of the group- The standard deviation is a measute of vari-

ability that goes with the arithmetic meaz. It is useful in the field of testing primarily because it
from one test to another.

provides a standard unit of measure having comparable meaning

ommen!

OF AN INDIVIDUAL

[(NTERPRETING THE SCORE

n units, they ar
en his or her &
Taw score O

duals in a group are expressed in standard deviatio

called standard scofes Ot Z-scores. A person’s Z-score is the distance betwe

score and the mean, divided by the standard deviation. Using X; to represent the

person on vatiable X (for example, the mathematics test), the person’s Z-score is
X T My

i SDx

When the scotes of indivi

Zx

ding test (which we will call variable Y) would be found

The same person’s Z-score o0 the rea

Y, — M
ZY — i Y
SDy
= 38.17, My = 34.44, SDy = 8.93, and SDy = 5.35 (these are the I
}, then Aaron Andrews Z-scO

If we know that Mx
and SDs for the rnathematics an

these two variables are

d reading scores il Table 2-1

43 — 38.17
8.93

32 — 3444
5.55

espectively) What these tw
ove the mean in math and

Zx = 40.54

Zy = = —(.44
aw scotes were 43 and 32, ¢ o Z-scores el us is thi
ahout one-halt standa

{Aaron’s T
about one-half standard deviation ab

tion below the mean in reading.
The problems of interpreting the
where we turn to test NOTMS and units

e treatecd more fully iﬁ.Ch

score of an individual will b
ow to indicate that thi

of measure, Tt will suifice 1

y used when the median -
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of measures we have j
ve jus s et .
work with shich e ci . ;E;eilhcons;denng—Percentﬂes and standard scores—provide a fr
i e performance of a specifi ame-
person’s performance relati o pecitic person. Both provide a w i
in the score distributiori?t\;f ;j:geaﬁc Yefefrence group. Percentile inforrflation tells i}; iig;f; t'he
.. eds a specified fi : ot
deviation : pecified fraction of the sc f
provides a ¢ ; . ores for the group;
can then be expressed omm(?n 1mit of distance from the mean of the group "ﬂi: inlcji)' t'lzle St?ndard
s poseible 10 give a mis a 1sft§nce above or below the mean in these comm‘xon units l? L;-?ls s
aningful answer to questions such as “Are you taller than y{;un t 1;1 way it
are heavy?”

ASURES OF RELATIONSHIP

We look now for a statistic to express th i i

in Table 21, for eac i e relationship between two sets of scores.

et did those pupﬂshwlﬂgpixzC?avas;ores for rea('iing, mathematics, and Spelli;;%r) ‘:{‘Eﬁik:

case, we have two scores for each Wg . 1121 mathematics also score well on the reading test? In th}'(“

mensions. one dimension for ¢ 1111 ividual. We can picture these scores using a graph m' tw dl'S

scatterplot, The frst person I acd Fest. Such a graph is shown in Figure 2-9 and is Cauo d i-

‘and a mathematics test score of1 iit'; lﬁ:sffgiei;ié }r&alron Aﬂdge;:’sa paqa eacing e score Oef 33

32 on the vertical, o i ' ' epresented by the * in Figure 2~ ;

in the figure each)re;:z?;?% rf,calfe ;nd at 43 on the horizontal, or mathema%iuc Se 3&3(; p%%ttegl at
ading score of 21 and e of the other 531 pupils’ paired scores. For exam, 1 h C

_ and a math score of 19 represents Quadra Quickly’s scores pie, the docat 4
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High

The vertical and horizontal lines drawn through the scatterplot are the means of the two
and divide the plot into four pars, or quadrants. When a person who does well in
above the mean) also does well in mathematics, the dot representing that pair of scores
d quadrant. The dot for one who does poorly (below the mean) on

left quadrant. Where a good score on ONe test is paired with a pooT
that is, the uppet left and the

alling in the other quadrants,
middle on both tests are represented by poins in the cen-

ter of the plot. Inspection of Figure 2-9 reveals some tendency for the scores Lo scatter in the
o the upper Tight direction, from low reading and low mathematics to high reading
any exceptions. The relationship is far from perfect; itisa
f index to express this degree ol relationship.

a statistic known. as the correlation coefficient is

variables
reading
talls in the upper right-han
both tests falls in the lower
<core on the other, we find the points &
lower right. Students who score in the

lower left t

and high marhematics, but there are ™

matter of degree. We need some type 0 Low
As an index of degree of relationship,

widely used. The symbol ris wsed to designate this coefficient. Looking at the formula for r will help

A why the coefticient has the properties it does. The correlation coetficient is defined as

s understan
-
N

where Zx and Zy are the pair of standard scores for an individual
scores for Aaron Andrews). What the formula tells us to do is M
score on one variable by their standard score 0D the other, sum the
divide the result by the mumber of people in our sample.

Now think about those pairs of standard scores. If a perso

will have a positive sigh; if it is below the mean, the sign will b
are above the mean (Upper right quadrant), the product will be

Lw
High : : |
Low
High

(a)

High

% Z-score is above the mean
e negative. When both Z-score L
positive. Likewise, when b " o

Il also be positive. Howeve

scores are below the mean (Jower left quadrant), the product Wi
other is below the mean (upper left or lower right quat
ross all the people i

one score is above the mean and the
rant), the product will be negative. When we add these products ac
sample, the Tesult will be positive if people tend, on average, to have scores on the same sid
the mean on both variables, Conversely, the sum will be negative if people who score above
mean on one vartable tend to score below the mear o the other, and vice versa. Dividing by
simply adjusts the resulting sum for the number of people in the group- :
The correlation coefiicient can tale values ranging from +1.0 through zero to — 1.0.A¢
relation of +1.0 signities a perfect positive celationship between the two variables. It means
the person with the highest Z-score on one test also had the highest 7.score on the other
next highest on one was the second highest on the other, and so forth, exacily parallel thr
the whole group. A scatterplot of data like this would form a straight line of dots runnin
the lower left quadrant to the upper right guadrant. A correlation of —1.0 means that the:s
on one test go in exactly the reverse order from the scores on the other. The person highe

one test is the lowest on the other, the second highest on one is the

and so forth. The scatterplot in this case would be a line of dots runping from the upp
the lower right. A zeT0 correlation represents & complete lack of relationship; that 15, there
tendency for people who score high on one test to e either above or below average on
{the posiiive 1 is essentially random &

products balance out the negative ones). The patter
seatterplot will alues of the correlation coefficient TepIe
dencies for a relations hown in Figlt

look like a circle. In-between ¥

hip to exist, but with discrepancies, as in the case s
Every correlation coelficient contains two pleces of information. One is the sign©
Jation, which telis whether the two variables tend 1o rank people in the same order (pl

Low p k e : i
© High Low ig

High .
Low -

(©)

atiorishiip, i
sl b%tﬁu‘iailebglrsl[ 1.'eveals that there is some tendency for people to be i
Bl ...té.havealofjérthe second shows some tendency for people \Jvitlrf}lllil lt1he
_ scores on the other. Figure 2—10 illustrates four di[feg o
rent
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i i at
10a. the correlation 1s ZET0, and the points s¢

. wigh—high, low-low,
i d equally: high: high, .
o c foi?tioilqof —E 30, You can see & sligh

direction. This tendency is more ma

levels of relationships. In Figure .2—
fhat js almost circular. All combina ‘ e
low—high. Figure 5.10b corresponds to ; ; e 1
o e A andlh}gnﬂof %r 60. In Figure 2-10d, which portrays acoirela
we 210, WmCh éeiriii{f ?ncoirepi;;ounced. Note thaF wh.m the cozefﬁlt
.(;_f ;‘0-9)0= fﬂe ggn(Filgure 7-10f), the scattering of the points 1s the same,
~10e) or —. ,

iie di that of Figures 2~ .
s dlom e dlagomﬁ;‘i\fén corier, But even with as high a corre

: the lower right Bt g 2
e scggzdt{;ut :uite a bit and do pot all lie du’ectlylgﬁ ;Eec él;;;dem o
The in T d to a cotte
The scores plotted in Figure 2-9 correspomn o om and e nology

i i foun:

high for most relationships between vgngbles e

As is the case for the standard devmulon, many o e

compute the correlation coefficient. Likewise, s;;lr e e Tie

;’? rograms 0 compute correlations, althoug Y

ess ic tnat {scuss next.
regression, a closely related topic that we discus

lagion as +.90,

ocket ca
statistics packa
d under the

MAKING THE COMPUTER DO IT

Correlation Coefficients

outines for computing the
under ‘
f correlation you wish

i have convenient ¥
. 5SS has a Correlate pro gram

on this progratm, you will be asked w};ich of Srg;e \t{}éieirﬁl o be pre
foariate ” i ariables at a tme.
Select "Bivana’e e ‘1’16 variables to be correlated. Move each

| o i hich is the
box b _auOWS Yiut}g;’f ;O?tho the Variables box. The Pearson correlatloﬁ, whic
w0 B s ihe is the one you wart, SO click OK. The output wi
o f the variable in the

we have been discus 1 o
the correlatio e, e

Both SPS5 :
variables at the same fime.

table in which each entry is

j i e table
column. The values n the diagonal of t Z zf e sl e

1n Excel you simply se?lect the
alogue box will appear askmg you
1o be included in the analysns,h or e
table containing the scOTes 7 ; )

l;&zzgzi gitoil in the dialogue box, lick in the “Curput Range

i b

1l where you wish the upper 1eft corner of the correlgtuz; i e

iﬁe ?(;wer half of the table you Woulil1 geg frj(m;zii, tﬁmat O e 1 RS

function on the & 0T Jx . ae

Excelbaltso };S; ;E??f 3:r('1:ables. Highlight the scores ot one variable for ATTaY
fion betwe ‘ . o

her variable for vy

- oHiight the scores on the o _ Che

2;%;2;% in the cell into which you have pasted the function

for the Input Range. You must

if the upper left cell :
s u wgnt to analyze. Then cli

le 10 go. The output

ter in a pattern
highalow, and
¢ tend for the
rked in Fig-
tion
on is —.60 (Figure
the swarm of dots
10¢ and 2-10d—from the upper lefi-

ow to high-high.
2. which is fairly -

leulators include a program "
ges will always |
heading of:

correlations among several-_.
the Analyze menu. Clicking
1o compuie:
cented with a dialogue
of the variables you

1 include 2 squaie
yow with the variable in th
says that the correlation: e
number of cases Use

highlight all of the sC
and the lower right cellal
ck on the‘-“_O_g

box, and click in an €]

ones in the ‘diag!

7. Click OK, and the corrg:lati
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You will encounter correlation coellicients in connection with testing and measurement in
three important settings. The first situation is one in which we are trying to determine how pre-
cise and consistent a measurement procedure is. Thus, if we want to know how consistent a
measure of speed we can expect to get from runners doing a 50-meter dash, we can have each
person run the distance twice, perhaps on successive days. Correlating the two sets of scores will
give information on the stability, or reliability, of this measure of running speed. The second
situation is one in which we are studying the relationship between two different measures to
evaluate one as a predictor of the other. Thus, we might want to study a scholastic achievement
test from. high school as a predictor of college grades. The correlation of the test scores with
grades would give an indication of the test’s usefulness as a predictor. These two uses of the cor-
relation coefficient will be described more fully in Chapters 4 and 5.

The third situation in which we encounter correlation coefficients is more purely descrip-
tive. We often are interested in the velationships between variables, simply to understand better
how behavior is organized. What correlations do we find between measures of verbal and quan-
titative abilities? How close is the relationship between interest in mechanical jobs and compre-
hension of mechanical devices? Is rate of physical development related to rate of intellectual
development? Many research problems in human behavior can best—or perhaps only—be stud-
ied by cbserving relationships as they develop in a natural setting, and these relationships often
are expressed with correlation coefficients.
© We face the problem, in each case, of evaluating the correlation we obtain, Suppose the two
“sets of 50-meter dash scores yield a correlation of +.80. Is this satisfactory? Suppose the achieve-
“ment test scores correlate +.60 with college grades. Should we be pleased or discouraged? (The
wording of this question implies that we want correlations to be high. When a correlation ex-
presses the reliability, or consistency, of a test, or its accuracy in predicting an outcome of inter-
st to us, it is certainly true that the higher the correlation, the more pleased we are. In other
ontexts, however, “bigness” does not necessarily correspond to “goodness,” and we may not
dve a preference on the size of a correlation—or may even prefer a low one.)

‘The answer to the third question lies in part in the plots of Figure 2-10. Clearly, the higher the
rrelation, the more closely scores on one variable agree with scores on the other. If we think of dis-
pancies away from the diagonal line, from low—low to high-high, as “errors,” the errors become
as the correlation becomes iarger. If we think of the standard deviation of scoves on test Y as the
e would make in predicting people’ scores without test X, then the correlation coefficient

the

OTIE

Co e with celfis perfect. Fach cell of th o (Sie?) st for the correlation { 'twe-'a’t_i_};( and Y tells us how mu‘ch our errors m121 he reduced by using test X as a prec'l‘ictmj of vari-
¥ lation and the statistical signilicance & oo correlation 11 th The square of the correlation coefficient (r°) tells us how much our errors in estimating peo-
to compute the &7 jation represents a random deviation fron & 250  much fait ‘scores are reduced using test X over what those exrors would be without the test. But these
probability that s - Oni-a sample was drawn). Most investigators will not pu are still discouragingly large for even rather substantial correlation coefficients, for ex-
population from which t 1151'19_ of Sig is larger than 05. vsis ment: those shown in Figure 2-10. We must always be aware of these discrepancies and realize
a correlation where the v Correlation option Xom the Data Anelys s A with a correlation such as +.60 between achievement test scores and school grades {which

gh as correlations between these measures usually get), there still will be a number of
whose school petformance will differ a good deal from the best prediction we can make
st We will discuss these issues in more detail inn Chapter 5.

verything is relative, and any given correlation coefficient must be interpreted in
hivalues that are commonly obtained. Table 2-6 contains a number of correla-
1 reported for different types of variables. The nature of the scores being cor-
tiped; and the coellicient is reported. An examination of this table will provide
kground for interpreiing correlation coefficients. The correlation coefficient will
e on added meaning as you encounter coefficients of different sizes in your reading
vork with tests.
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Table 2-6
Correlations Between Selected Variables 507
Correlation
variable Coefficient = 40-
Heights of identical twins 985 . E Mean of criterion scores
Inteliigence test scores of identical twins 88 : ‘2’ 30
Reading test scores in Grade 3 and Grade 6 80 g
Rank in high school class and teacher's rating of work habits 73 ;J
Height and weight in 10-year-olds 60 ﬁ 20
Arithmetic cornputation test sCOre and nonverbal intelligance test (Grade 8) 54 §
Height of brothers (adjusted for age) 50 c 104
inteliigence iest score and parents’ ocoupational leve! .30
Strangth of grip and running speed 16
Adult height and intelligence test score 06 0 . :
widith and intelligence iest score 01 0 10 20
Figure 2-11

Ratio of head length 10

Armed Forces Qualiication Te
grades repeated

Artist interest score and

st scores of recruUits and nurnber of school -27

anker interest score — .64

30
Spelling test scores (predictor)

40

50

60 70 80

Scatterplot of scores
3 rom the reading and spelli i
v r I
ov__erall mean of criterion scores and the regﬁesgsn:lelisegwen Py M Gordoro and M. Johnson showing the

50 +

40

MAKING PREDICTIONS

We have seent that the correlation coefficient tells us the degree of association betweerl tWo ¥
ables and the direction of that relationship. We car use this information, along with the 10¢
and standard deviations of the predictor and criterion variables, to answer our seventh quest
how can we make the best possible prediction about criterion periormance for each persomn;
on his or her score 01 the predictor? To do this we use what is called a regression equ
The regression equation tells us what our best guess of a person’s score o an outcome va
known as the criterion, would be, given the person’s score on the predictor.

To see how the Tegression equation works, let us look at the scatterplot of the relations
tween scores on the reading test and scares Ol the spelling test for Mr. Corderos and Ms Jo
sizth-grade classes. Suppose We wish to use the spelling test 0 predict what level of readin
ciency we might expect from Heloise Abelard, 2 student who is being considered for transier:
<chool. The scaiterplot for the combined classes is shown in Figure 2-11. We have drawil
through the scatterplot. One is 2 horizontal line that shows the mean Teading test score f

dents for whom we have test scores. This is our best guess about Heloise’ likely readir,

leriow nothing else about her Tn. general, the mean of the criterion scowes will always be out b

ahout a person’s score if we don't have any additional information. The regression equd

signed 1o allow us £ iake optimal use of any additional information we iy have. Wha

sion equation does i describe the other line through the scatter plot, called the regress!

This line results in the most accurate predictions we Cal smake using the information fro

We can use the regression line in either of two ways. The first is visual and 18

Figure 2-12. Suppose Heloise earned a score of 50 on the spelling test. if we draw.
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o
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I
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Spelling 80

8 visuall .
visue y to make the best prediction of reading test score for Helois
£,
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X is the person’s score on the predictor, and

A is the inter :
cept. . .
Hion scale ags El(ti };.mercept is the value where the regression line crosses the cri
comeone with e §catterplot. It is the value of the criterion we would crite-
e with a predictor score of zero. ould predict for

50

.
[=}

Using relationshi i .
———————————————————— : from spelling sciﬁz \:;‘?H:de;;gbe thn}f” the slope and intercept for predicting reading scor
_ : _ score for Heloise is : and A == 11.8, respectively. Therefore, the predicted rgeadin;

4]
o

YHEIOiSC = 393(50) + 11.8 = 3145

This is very close t -
o the predicted sc
scatterplot. ore of 32 we got from examining the regression line in the

™
o

Reading test scores (criterion)

—
<

Finding the Regression Line

An intimate relati i i
onsh ici
An intiate resrons 111131 ?:fts'.fbetween the coefficients that define the regression line and
e e Wher.e bOthcv,ai;i ;ﬂ; p;epareha scatterplot of standard scores {Z-scores ores?:n ﬂ'le
ny ¢ ‘ es have the same standard deviati ession
line is the correlation coefficient. That is, when SDy = SDd deviado) the stope ol e regresson
+ - Xs

30 40 50 60
Speliing test scores (predictor)

0 d 20

owing the distribution of reading test

Figure 2-13
vd deviation of this distribution is the sta

Scatterplot of reading and speliing test sco
scores for all people who earned spelling s

dard error of estimate.

ras for a large group sh

cores of 50. The standa
BYX = ]’Y)(

e 61‘, and re not eq 12 B sre a[ed to? y t] [ 1 t ] € ;
d d d viatlo a s
Wev WINe e fwo st I € tions b alio o DS

on line, and then horizontally over to the'sc

scale will be the best prediction we can. gel
her predicted readin,

of 50 directly up to the TEgressi

for the reading test, the value on the reading test
reading performance for people with this spefling test score. For Heloise,

score appears to be about 32. _
1f we had data on a Very large umber of people for which the relationship resembled th:
Figure 212, many pecple would have spelling test SCOTES of 50. The value on the reqdifl
scale for the point on the regression line that corresponds to the spelling score of 50 wo

This feature of the sca

the mean reading score for all people with that spelling score.
e scatterplot at a score of

chown in Figure 2-13. Here a vertical slice is drawn through th
Il people who would have earne

the normal distribution is the distribution of scotes fora
of 50 in the very large group. Tn this way, the regression Jine allows us to make
new individuals. Our prediction is the mean of the theoretical group wh
which is a point on the regression line, and the uncertainty of our pre
spread of the distribution around the regression line.
The second way we can use the regression line is for direct computation of 4
score. Any straight line can be described by a simple equation, and the regression.
‘ e regression ]

is the equation that describes the regression tine. The equation for th

general form

spelling test sCOTe

T . . »
IO S.ee }10 W thlS Equatloll W()IkS 1etS tak h a 10T W Hg ade classes and com-
8 th 2 ] Ef. . ¥ e the dat f QT two SiXLh d
. . ; la
. gI’eSSI()Il eq uation. Thﬁ: Standal‘d dE\nat fO }16 W V -
.S P ‘Oe 1cient {OI our re ' : 10118 T i 8] aﬂ
a[e. SDSngIng 9.‘0 aIld SDReadmg - 5 5 5 Ih.e COIrelatIOH between thE W0 va .a es .S
% S0 L‘Ele eqaatlotl or BY){ pIOdU.CES

Byy = (_5“?2) { _
9 04 64) = (61)(.64) = 393

ue of A, the in

Hat the i;'lteI'Ce tte ;Cilﬁt, dt’.pends on the value of B and the means of the two variabl

on the regressign f : %Dmt %n the criterion variable (Y) axis when X is zet ar(ml is-
. ine where the regression li o tor the

o ; ine crosses the Y axi

point where . e Y axis), we can

unt My. But if)‘ileshz_z_o to t)lgebpomt where X = My, we must increase the ire:lilatft)c;

- . ease X by My, the regression line i i y

v point we kn o P e gression line is going to chan,

J; ) PO ow for certain in the Y distribution is th : ge by By

ationiship emean of ¥ (My), we can find

= BpX T+ A

:say that the i '
b B eranle e e Mo = 3444
ol - e two variables in our exampl '
: e we have ——
The equation for A therefore produces a valEe of Mecadng = 444

A= 3444 — [{393)(57.54)] = 11.8

where ¥ is the predicted score on ihe criterion,
m X (ihe slope is th

Byy is the slope of the regressiot line for predicting ¥ fro
units that the line rises of falls in the scale of the criterion variable foreve

increase we nave in the predictor),
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in Tigure 2-12. The equation ¢ = 303X + 11.8 can be used o

new students as we wish. The same equation would be used for all

radents until we have collected criterion data on them, at which point we might add thern
sample and recompute the values for the regression equation.

{0 our
-
MAKING THE COMPUTER DO IT

which agrees with the graph

make predictions for as many

new S

Regression
e regression equation from either SPSS or Excel. Both have a pro-
a1 will compute the necessary values. In SPSS the Regression pro-
5 merm. The program offers several types of regression, but the
one we want is called “] jpear.” When you see the following screen, simply place the crite-

Hon variable in the Dependent box and the predictor in the Independent box. You can use’
the Statistics button to request additional output d standard devia-

¢ such as the means an
tions (under Descriptives). Click OK and you will get the regression slope and intercept.
The value for the intercept is in the Tow labeled C

onstant, and the value for the predictor
will be in the row with 118 iabel. The program can handle many predictors simultaneously;
but how this is done 15 beyond our scope-

It is quite simple to get th
gram called Re gression th
gram is wnder the Analyst

i Regression
* Excel has i
o v Sde; :;géeos;lt?:np;c;gran}nl}l}nder the Data Analysis opticn on the Tools m
 sel , vou will be prompted to © e
A enyou se ‘ prompted o “Input Y range” “ *
b T \s:; }?réﬁ you specify the cells in which the Y scores a%e lzf:ladteén%lt e s
St Sp;r;sults 1tlo be difsplayed in the same spreadsheet as tﬁe rci)athe Salme
y a cell in which the output shouid start, usually a cell t ?:i . 61(1:L
, o the right

Wl].]. et 5].1 hﬂ d].ﬂeIeIlt values an we ¢ ld Wilell tilE S€ WETE Ca ('.uiated b 14l ld B lh
3 Q

‘e humbers. It is usuall
' yde- 1. Whatiypeo
; numbers that result from represejr?rj? f scale docs our measurement

. both answer ifi i
e e e :ile?il; D1ffer§nt uses of numbers allow us to de differ
5 Yo have measured and ent things with the resulting data. In nominal -
_ scales, numbers substitute for labels, Ordinal

scales are usually i the form of ranks. Interval
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f WO measure- qual‘tll Oy h Q p -
. N ute
p e I"ith striputien 1n uestion .-‘ W Q
€5, £ LlSO C a: metic mean atld 8 the dl l] as a
pl’ X1

and ratio scales allow us to find means and 6. Towhat
ctandard deviations. ments “go0 ‘together 2 Or what is the degree of the standard deviation from the origj
5 What does the generdl arrdy of numbers “look relationship between the two sets of scores? 4 The B riginal scores. mately normal, wh
' Generally, th ful v of rela- 4. The Bureau of Census uses th oy 3 . what percentage of th
like”? Or how do they arrange themseives? enerally, the most Useit measurernent ot 1eta . porting average e median in re- would Heather, Krista, Rob : ©Eoer

estion fnvolves sortin the tionships is the correlation coefficient. This h ge income. Why is this index used Bill each s &2 2, Rob, Tina, Marc, and

s index runs from +1.0 indicating a perfect posi- rather than the mean? HIpass:
U, gape P A 50 ' 9. Assuming that i
-itern mathemati . ’ at a set of scores i .
) alics test was given to the tributed with 2 mean of 82 a 13 normaély dis-
nd a standard devi-

The answer to this qu
scores into a frequency
or a grouped frequency

50 students in five classes a i

. t Sunnyside School ation

- . ] of 12, what i

Ud:ntrsangeq from 16 to 50, with 93 of the for each of the folfvo?ld be the percentile ranc
gelting scores above 40. What would a 74 owing scores:

distribution (Table 2-2) e
dive relationship or exact agreement, through

disiribution {Table 2-3). Sani e
zeto, indicating No association between the sets

an also provide a o .
of scotes, to —1.00, indicating a perfect negative:

Histograms (Figure 2-Dc
picture of the data. ) : :
relationship, or exact disagreement, on the order;
3. What does the typical individual look Tike? OF of individuals on the tWo rraits. The correlation ; score distribution Jook like? Wh:

where is the middle of the group? ‘ coefficient is jmportant s an index of stability of oit say about the suitability of '[his t:;;? uk;- b 85

entile), and [measurement and as a meastre of how well one oup? What measures of central tendengr ;nl; ¢ %

bility would be most suitable? Why?y © Sjﬁgi-the megning of each of the following
ion coellicients:

The mode, median (or 50th perc
mean ate indices of where the middle of the trait can be predicte

© arithmetic average, is
7. How can we make the mos

d from another.

h 5
Ch()Ol teaChEI gave WO sections (]f a :IIEIE Lion between scores on a Ieadnl

class the same tes
. t. The results were as test and scores on a group test of 1
of genera

group falls. The meas, 0
the most commonly nsed measure of the center ) \
tion of a persons performance on one measureme
of the group. , , :
: . from their performance on another megstirement? ;
4. How widely do the scores spread out around their The regression line provides the most ACCUTA N intellectual ability is +0.78
P P . : : . Rat i
d? prediction of a petson’s score oL variable Y Section A Section B anc;I;gns ;gf;télsd_ems on %?Od citizenship
: siveniess s .
74.6 743 of —0.56, QW a correlation

center? Or what is thetr spred
n variable X. The regressiol
c. The correlation between weight and socia-

The spread of scores can be represented by the trom their score 0
range, the semiwinterquartﬂe range (half the line is defined by its glope, B, or the number 750
distance between the 25th and the 75th per- wnits that Y changes for every unit of change : 732 he cc
centiles), and the standard deviation, which X, and its intercept, A, of the value of Y whe 79.0 80.0 bility is +0.02.
is a measure of how far SCOTEs deviate, on the 1« zero. The slope of the regression line ha : 71.0 64.4 11. Jasons score on the Thorndike Precarious
average, from the meat. game sign as the correlation coefficient, bt 6.0 105 “'Prognostlcator of Potential Proficiency (TP%)
5. How should we interpret the score of any individual? affected by the relative sizes of the two va - : is 87. The test has a mean of 100 andya stan-
We will discuss this topic in Chapter 3. ables standard deviations. : h dq[a, W_hat can you say about these dsrg deﬁation of 20. The mean freshman
What implications do the test fita .e gomt ‘average at Flunkemout Univer-
r teaching the two groups? Thz 1CSO -51W}th a standard deviation of .5
) TT i
1y given to 2500 1 Oth grade st e ti aél(c)m between the TP* and grades
QUESTIONS AND EXERCISES 0f 52 and a standard deviation a. What ate the slope and i
. any standard deviations above or regressi 'pe an intercept of the
1. For each of the following sets of sCOres, select intervals (i.e., the dividing points betwe would the following students all? 5 ismn equation (be careful; watch the
the most suitable score interval and setup a them): - alls Y ifldgl:)t ‘
60 Marc i . ) 1:% ;s our best estimate of Jason’s GPA
36 Bl 84

form for tallying the scores:

Number Range 4_.7 17-19
Test of Cases of Scores
) 8-11 20-22
Mathematics 103 15-65
) 12-15 23-25
Reading 60 60-140 7 A (108
Comprehension : ‘ . Sy A 98). Statistics  Run
: Uppe ; yon, R. E, Coleman, X. A .
Interest [nventory 582 63-248 1 pper Saddle River, NJ: {2000). Fundamentals Of.bf?;ras}me?ger’ o
5 . (Oth ed). N ‘ .wm statistics
7. Tn each of the ollowing distributions, indicate 3. Using the speliing scores givenin 2 7 _ta:I; tics forthe behavioral ~ Stevens, S. S) (IS?SOTI? Moo T
the size of the score interval, the midpoinis of make a frequency distriburiory at Sy ._OP_ghton Mifflin. chology. N ew Yo k \?\;_L dbook of experimental psy-
Compute the median and the i i gragdufﬁon (4thed). Sweet, 5. A. (1999) rbatalfgﬁ is with
: 2 : : : sis wit
: ham Heights, MA: Allyn &ygaczil SPSS. Need-

the intervals shown, and the real limits of the



