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distinct values that occur. Again, this requires caution in interpreting the graph because
there is no warning that the program has omitted some values.

MEASURES OF CENTRAL TENDENCY

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.

The Mode

A very simple way of identifying the typical score is to pick the one that.occurs most frequentl.y. This
score is called the mode and corresponds to the highest point in the hls.tog'ram.. If you examine the
array of math scores in the tabulation in the Preparation of a Frequency Distribution section, you Wﬂl
find that the scores 33 and 38 each occur five times. A unique value for the mode does not exist with
these data. 1f one of the students who scored 37 had instead scored 38, the mode Wpuld be 3;81_ If one
of the 345 had been a 33, then 33 would have been the mode. The que is sensn{w}e1 to suc 1mmor
changes in the data and is therefore a crude and often not very'useful ;;1@1(:3&123; tweh te);ptii zé:grr;
In Table 2-3, the grouped frequency distribution, the modal intervalis :

: i 7, the mode.
e 1 in thi -  1n0int of the modal interval, 37,
e mldp}? determination of the mode in the same way. Both

Our two computer programs approac i
look for the score v}:lue irllj th% raw d;ia that has the greatest frequen‘xevihg;ﬁtfdof:?h?;cxt
'Wo or more scores occur with the same frequency, [h; Sm? gsérzz as 33, even though the score
Thus, both programs report the mode for our set pibit tesmultiplt‘. modes, but Excel does nat.
38 also had a frequency of five. SPSS reports that there aré ouped frequency distribution, we -
When we compare this result with the highest point in our gr e
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get quite a discrepancy. In Table 23 the mode clearly fell in the interval 36-38, yielding a mod,

at the midpoint of the interval, or 37,

The Median

A much more useful way of represen
score scale that separates the top half

ting the typical, or average, score is to find the value on the
of the group from the bottom half. This value is called the

median. In our example, with 52 cases, this means separating the top 26 students from the bo-
tom 26. The required value for our mathematics scores can be found by placing the scores in
order of magnitude the way we did earlier (page 28) or by using the Sort command in Excel
We want to identify the point below which 50% of the cases fall. Because 50% of 52 is 26, we
must identify the point below which 26 pupils fall. Starting with the lowest score, we count up
until we have the necessary 26 cases.

Counting jgst the scores in a table such as the one shown earlier, the 26th score is one of the
scores of 38. ‘Usmg Excel to sort the cases into order on math score, the 25th case is Gail Galaraga,
‘whose score is 37. We need to include 1 more case to obtain the required 26 cases. The next score
’valm (38) is shared by five individuals. We require only one fifth of these individuals. Now how shall we
F’%mlkof these cases being spread out over the score value of 38? As noted earlier in this chapter, a rea-

: assumption is that they are spread out evenl the i ' :
’ : o mm sp nly over the interval. Then to include one fifth of the
e o i; < ve to go one fifth of the way from the bottom of the interval toward the top.
e by, o point, we must define what we mean by a score of 38. First, let us note that alth,
R o (o e : , ote that although test
W thjc tespt mzzsu rete h12:crements) of one unit (37, 38, and 39), we consider the underlying
alnhtﬁ y res to have a continuous distribution that takes in al i i
R _ : St - es in all the intermediate values
s : 05001!5 t\';’i;mgyh;ilier; thg ituauon to a digital clock. Although time is continuous, the
e recording instrumen , Wi j i T : .
L TSt pléim Th:r: C3[lJt1mp T_very time the basic unit of 1 minute is passed.
' o ¥ om line represents the continuum of ability. Wi
, : ; rval on the continuum that is clos i : -
g Thw, n Figure 2-5, 38 is represented as a slice exte d‘er t(; R W gtber 1 or 39
-what arbitrary, this definition of a score is a r Wikt 37.510 38.5. Although some-
B easonable one and is accepted by mo 2y
e interval 36-38 is really to be thought of as extending from 3 y most authorities.
mnunuum, gk shown in the figure. We do not get scg Oin' 2:2.19.38),0n the wn-
& 38 and 39—not because those levels of the trait dgo notfi’s twlilg ¥ iy sad JB o

U WE 7 . 1 1S

register any \{alues between 37 and 38 or be’tw:[ be3Cause e
res. In SPSS a score of 3 | S8 and 39. (This i
A s read as extending from just above
1S at the upper limit of its interval rather th
» Putexplains why you might i e
e gnt get slightly different re-
ations or from another program.)

oY
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375+ 2 = 37.7
Note that the '
median need not be a whole score value while the mode always is.

MAKING THE COMPUTER DOIT

The Median

Most computer programs, including SPSS and Excel, define the median as the score ob-
tained by the middle person, regardless of how many people got the same score. The pro-
grams look at the cumulative percent of cases for each score interval and select as the
median the score corresponding to the first interval where the cumulative percent exceeds
50%. In our example, the interval 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 differences found in computing the median by this approach and the one described
above are usually small, they are not likely to be important to test users. However, when
working with grouped data, the differences can be substantial. SPSS has a way to handle
grouped data and produce results essentially identical to what we fmmdhem but Excel
does not. In the special case where the median falls exactly between two individuals who

is 30 and the 51st personbscomis32,ﬁleappr?pﬁattvaluefonhzm&miisluﬁwybc-
tween the scores, or 31. Both ExcelandSPSSwﬂlproducedtismaﬁL

Percentiles

The ggpsusedwcomputcthenwdmncm i dian is the 50th per-
m;rgedﬁwsfwa’s'mvalwm mhw%ddz%mwum,x'
cenulc,thauis.thcpoim"“d“’“’n"mkbdm-v m;hcmtsakbdowwhichﬁ‘%d“
10 find the 25th percentile, we must ﬁ":{‘;‘gmm, 13 cases take us through the
cases fall- 25% of 52 is 13. For our set g - So, th

: five ¢z

score value 32 (f = 11), and include two of ‘?f,., interval 32.5-33.5 and is co

percentile is located 2/5ths of the way B

325 + (U/5) = 32.9. he 85th M,mm@iﬁ:ﬁ;ﬁ
As another illustration, consider 44 cases e 10

g up the bottom 85% of our group- W&"“mwmb.nw

and there are 2 cases in the next Wj p .";x" 48.6. Other percentiles can

val and the B5th percentile is 48
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PART ONE  Technical Issues ped frequency distribution, we Proce,
-entiles from a grou : als are now more thy
To find the median or‘otfzel; ;’te:: r::uS[ remember lhz;gr; élr:;f:};ution in Table 2-3 Wre1 Zm
in exactly the sar;t pm é le;: ;r:edian from the gTOUPed freq he interval 36-38. We have )
score unit wide. To fin

< one of the 10 people in th we need 6 of the 10 ..
need 26 cases. The 26!*11 P‘iqni:t:rtl (cf of interval 33-3515 20), so Peo.
fall below this :
ple whose scores

: 6/10th of the way through th
the median falls 3 ’ b
ple in the interval to make our 26. Ther;if;“;}i e st g 0OS) = 1.8 scl:qorT units (60
interval. Because the intervall1 is 3 S;:;;;; we need. The interval starts at 35.5 (the lower edge of
i to include the six S
:0 ﬂdx: :;:V;: tl.;c interval), so the median is
35.5 + 1.8 = 37.3

Ne

& : especially in connection with test norms and the interpretation
 Percentiles have many uses,

 of scores. We will encounter them again in Chapter 3.

MAKING THE COMPUTER DO IT

Percentiles

percentiles using a different program function than we have discussed o
Insert menu (and also as a button on the toolbar next to the sort icons) you can
on (fy) in a cell of the spreadsheet. First select a cell in which you wish the per-
appear. Then click on the Jx symbol (some editions of Excel have an arrow next
%) and a series of function types such as “Math and Trig” and “Statisti-

fyou select the Statistical group, you will be presented
of which is “Percentile.” You can use this approach to
 most of the other descriptive statistics we will be d

lect Percentile and you will see a screen like this:

with a wide variety
compute any per-
iscussing. After se-
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page 42 (the same score may be re
centiles), but it is usuall
SPSS in the next section

ported as corresponding to several different per-
y accurate enough. We describe how to compute percentiles with

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
averages, they identify this one as the arithmetic mean (M). It 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

M e i

4+ 6+ 7)/3=17/3 = 5.67

' Inour example of scores on the mathematics test, we can add the scores of all 52 individuals in
the group, giving us 1,985. Dividing by 52, we get M = 38.17 for the average, or arithmetic mean,
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Descriptive Statistics
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‘ 'mndaw on the pop-up box, then on the main screen highlight
puting the mean. If you are using the data from Table 2—1,
G, Tows 2-53 as we show here. Next click in the “Output
‘Then click on a cell in the spreadsheet where you would
‘I, row 1. Finally, make sure there is a check in the
(. The program will produce the three measures of
the tics, some of which we will di
Statistic to be sure you have included the ccloﬁi
4 also use the statistical function (f) method
ust the arithmetic mean, 1 is listed as the

€ Statistics, you can get everything
- uenc_y distribution. After open-

 YOU Wish to analyze, click on the
mpute. Here we have selected

es (10,27, and 46); and three
‘mark in the “Values are group
centiles as we have described

V8ram to take the first score

- Click Continue, then OK
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; Frequencies: Statistcs |

Central Tendency and the Shape of the Distribution

The mode, arithmetic mean, and median seldom have exactly the same value, but usually they
do not differ greatly. In our example, the values of the median and mean are 37.7 and 38.17, re-
spectively, and one alternative for the mode is 38. The three statistics will differ substantially only
when the set of scores is skewed greatly, that is, when there is a piling up of scores at one end and
a long, thin tail at the other. Figure 2-6 on page 46 shows three distributions that differ in the
amount and direction of skewness. The top figure is positively skewed; that is, it has a.tail
running up to the high scores. We might get a distribution like FhlS for income in the Umt'ed
States, because there are many people with small and moderate incomes aqd cl>nly.a fe‘w wuh
very large incomes. The center figure in Figure 2-6is negatlvel.y ske?v.ed. A distribution like this
would result if a class were given a very easy test that resulted in a Plhpg up gf pgrfect I\ind near-
perfect scores. The bottom figure is symmetrical and is not Sliec‘liz’;crli ;)r:;‘:ilct;er direction. Many psy-
chological ional variables give such a symmetrica SR 5

Eicel ::3 segélsc ?)t:t)h provide an i%ldex of skewness as part of thex; lc(ieslchlptlv; i?us:;i p:tgké
age. The index will yield a positive number if the distribution looks 11 e '}futrif) i h:t 5 & r:}’(—
value if the graph looks like Figure 2-6b, and a value near zero for a distribu pp

Imately symmetric. ; : i i
Inyth}:r:iistgl;tions that are approximately Symm?mcil’ eltgegiil:ingg;:rtﬁe;ﬁﬁl gz;ru
fepresent the average of the group equally D ewse out in the long’ tail. The mean is
erally seems preferable because it is affected less by 2 il ns that will become clear later in
more often used when the distribution is symmetrical for :,Zas? used less often because, although
this chapter when we discuss the normal distribution: e md‘ ;lsas we have seen in our example.
L1s easy 10 obtain, it is less stable than the mean and n:;slllato’ obtain. 3
Also, the mode is not related to other statistics We T2y
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It is often significant, when describing a set of scores, to report how variable the scores are—that
how much they spread out from high to low. For example, two groups of children, each with
n age of 10 years, would represent quite different educational situations if one group had

of ages from 9 to 11 and the other group ranged from 6 to 14. A measure of this spread
portant statistic for describing a group.

i cause it can be changed quit¢
il Or omission of a single ¢ g

Xtreme case. If Uriah Urdah] the math
d have been 19 (o 53, or 34 rather than 41, i

lf; 55(})1% The rpiddle 50% of the cases in the group are the cases lyin?
; percentiles. We can compute these two percentiles following 1
- O our example, the 25¢h percentile wag computed to be 32.9 !
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Figure ,zibutions differing only in
- (a) large variability and

(b)

you calculate the 75th percentile using these procedures, you will find that it is 44.0. The dis-
tance between the 25th and 75th percentiles is thus 11.1 points of score, and this range contains
the scores of the middle 50% of the distribution, or 26 students.

The 25th and 75th percentiles are called the quartiles because they cut off the bottom
quarter and the top quarter of the group, respectively. The score distance between them is called
the interquartile range. A statistic that is often reported as a measure of variability is the
semi-interquartile range (Q), which is half of the interquartile range. It is the average dis-
tance from the median to the two quartiles; that is, it tells how far the quartile points lie from the
median on the average. In our example, the semi-interquartile range is

it 4403286 555

If the middle 26 scores spread out twice as far, Q would be twice as large: if they sp;ead out onlylr
half as far, @ would be half as large. Two distributions that havg the same mean, t 'ebsvalx-me to.ta
number of cases, and the same general form and that differ only in that one has a variability twice

as large as the other are shown in Figure 2-7.

MAKING THE COMPUTER DO IT

Quartiles
i ine. Click on the box
’ in the Frequencies routine.
SPSS wi the quartiles for you int o ik Tl e
labi?er‘l‘l()floar?tﬁzg aned ?36 sure you tell the 2 e fz \trzztsr[naﬁl discrepancy from that
midpoints. For our student math achievement d?[a’ i gese PSS uses a formula that is very
Obtp d 'b in computing the 25th percenule becau ke ki
am? ba1 O\: B/ 11'35 will be the same within ..01. Yout e B 10 g a0 S
%::era X dut tf e zmsWeelf You can use the Percentile funcbecause of the way Excel deter-
75t§1€;er;ce§tﬂ(:; ygﬁisthéy will be whole Pog‘t‘:’) zgz:;;ie Q. '
’ [ : B
Mines percentiles. The quartiles aré then use

e ——
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The Standard Deviation

i o measures of variabili
1 cases of the more general concept of percenules. There are also mea ity thy
cial cases 0

iations from the
| i i d are based on score deviations Mean
he family of the arithmetic mean an : e
e fmjlorﬂy used one is called the standard deviation. Let usd et 1;\
The ;nost co ha)(’i four scores: 4, 5, 6, and 7. Adding these scores an g by the 1oy
uppose We .' b 7' b |
number of scores, we find the arithmetic mean to be

(4+5+6+T7/4=55

But now we ask how widely these scores spread out around tha; mear; vsalgle. Supp}cl)se we fing
\ . that is, we subtract 5.5 from each score. W

the difference between each score and the mean; :

thin Sewe ~1 5 —{1% 05 and 1.5. These values represent deviations of the four scores frop

the mean. We can represent this procedure symbolically as

Deviation = X — M

The bigger the deviations, the more widely the set of scores spreads out around the mean. If our
scores were 2. 5, 6, and 9, the mean would still be 5.5, but the deviations would be —3.5, -0,
0.5, and 3.5. What we require as an index of the variability, or spread, present in the data is some
type of average of these deviations. 5

If we simply add the four deviation values for either case in the preceding paragraph, we
find that they add up to zero. The positive deviations exactly balance the negative ones. Thisout-
come will always be true because one of the definitions of the arithmetic mean is that it is the
point around which the sum of deviations is zero. (Note that in our two examples above, the sum
of deviations was zero in both cases.) That is

>SX—-M) =0

- We w?ll. have to do something else to get an index of the amount of spread. The procedure tha
sticians have devised for handling the plus (positive) and the minus (negative) signs is 10
¢ al‘l the deviations, thus getting only positive values. (A minus times a minus is a plus.) We
n an average of these squared deviations by adding them and dividing by the total num-
cases This value is called the variance. This statistic is widely used in more advanced si&
procedures. The variance is defined as the mean of the squared deviations from the mean of

22X — M)?

Variance =

4
e 220 TOB TN gy
Tt

$R= V125 .11

D= [L7L5) + (=57% (:5)% + (15)2
)l SR )
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. Sands o
of the second, more variable set of scores i dard deviation is 1.12. The standard deviation

o e
A ————

. [(F35) + (cos oo ———
D= (33) + 0S) + (5T + (op [
—— = [— =25
4 \ 4
A companson of the stand: \
F:; v o the two standard deviations tells us that the second set of scores spread
out more widely around its mean than the first does . set of scores spreads
Using the same notation that we ! 2
. At we encountered with the ~an wri "
Sada Tok the standard deviation: mean, we can write the following for-

ey
sp = _ [ &(X= M)’
\ N

This formula tells us to do the following;

Subtract the mean from each score to obtain deviations (e.g., 2 — 5.5 = —3.5).
Square each deviation.

Sum the squared deviations.

Divide the sum of the squared deviations by the number of cases (V).

Take the square root of the result.

Gt

There is one factor in computing the standard deviation that may cause your calculator or com-
puter to give results that are different from what you would get using the formula given above or that
are 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 term applied when using the data from
a sample to estimate a characteristic of a larger group (called a population). This distinction does
not affect the mean (the same value serves as a description of the sample and as an estimate for the
population), but it does affect the standard deviation. In the standard deviation that is used to de-
scribe the variability of the sample, the sum of the squared deviations from the mean is divided by
the number of members of the sample (). However, the best estimate (from the samﬂe data) of the
standard deviation of the population from which the sample comes is found by dividing the sum of

squared deviations from the sample mean by N = | rather than N. Using N — 1 in the denominator

has the effect of making the population estimate slightly larger than the sample value. The difference

ost measurement applications, but it can cause some confusion

is not of practical importance for m
when people compare their answers to a problem. You may want to check the manual for your cal-

culator to see which version it uses (many will give you eithergne;s: m ?fgﬁhg;tm@wmm-
if you obtain slightly different answers from the ones we provide. : (;n introductory statistics book.
ence exists and for computing formulas for hand calculators, see any :

MAKING THE COMPUTER DOIT |
standard Deviation Tl

slatistics [
Most calculators and all computer Spm%;fl;e:ﬁmg: data. Both |
that will calculate the standard d‘““ionv 5 m s

variance and standard deviation 5 :
you have to do is click on the W
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50 the standard deviation is par of

iptives programnt, . ' ik
escriptives prog eviation and variance as par

SD
Frequencies. If you select the SPS both the standard d

the standard output. Excel produces

T isti tine. :
: tive Statistics rou iati u get—it always y,
the output from its Desc.gf an option for which standard deviation you g always ugeg
SPSS does not provi

o l-——bll Exce does W jati f u use [hcf, (2
]C standard dev1at10n i Y() fx (%)
allo yOU to gﬁt the samp ’ ) + (W :
aNpptoach Ithe leIllCtiOl’l list includes bOth SIDE v (Wthh uses < B 1 ian(itS I tl )iEl Pl [ ] l(h
N) . h d'fference is minimal unless N is quite small, but kI]OW [lg ha S
uses b eXI1sts ¢

i he same data.
explain some inconsistencies between summaries of t

|

INTERPRETING THE STANDARD DEVIATION

—_—

. viation is or what it corre.
It is almost impossible to say in §1mple terrr}s What Fhf: stanac:jisrtciicci; i S SC(Z;ed
sponds to in pictorial or geometric terms. Primarily, it is ast ; p
of a distribution of scores. It increases in direct Proioeat B the scores Sp're;(il'mg out more
widely around the mean. The larger the standard deviation, the greater thg variability among the
individuals. A student sometimes asks, but what is a small standard deviation? What is a larg
one? There is really no answer to either question. Suppose that for some group the stapdard de-
viation of weights is 10. Is this value large or small? It depends on whether we are talking about
ounces, pounds, or kilograms and on whether we are dealing with the weights of mice, men, or
mammoths.

The standard deviation gets its most clear-cut meaning for one type of distribution of scores,
the normal distribution, or normal curve. This distribution is defined by a particular math-
ematical equation, but to the everyday user, it is defined approximately by its pictorial qualities
The normal curve is a symmetrical curve having a bell-like shape. In fact, it is sometimes called
the bell curve. Most of the cases pile up in the middle score values; going away from the mid- |
dle.in either direction, the pile drops off, first slowly and then more rapidly and then slowly
again as the cases trail out into relatively long tails at each end. An illustration of a typical normal |
;ﬁ;‘vhe :; :hc;);fant:; ;ggzemz}jmléhzis— itug:zeh is the normal curve that best fits.the histogram of the

- It has the same mean, standard deviation, and total area

part of the graph. Because there &
37 or 37% of them fall in the inter™

f
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Figure 2-8
Normal distribution (bell curve)
rimposed on the histogram

of 52 mathematics test scores.
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standard deviation unit to the arrangement of scores i,

This unvarying relationship of the é s dari mieaving 45 & 01t of scope

istribution gives the standard deviation a | cor
;}tl;:;nr:i cah.:';rrlzl);ltilck igl terms of which groups may be compared or the status of a given ingj.

: ~ if Tohn’s score in reading is 1 SD above (h,
i 0?1 i;fsferen:etir:triaet)}iiﬁisgi izozr ?If)in;il;e tgle mean, then his perfomnce in mathe.
x’fil:ésaits1 bettersflgan his performance in reading relative to the mean of egch va;iﬁ;l (The I{i%e of
the standard deviation and the normal distribution for expressing red s o nc; will be
discussed in Chapter 3.) Although the relationship of the standard eYlatlon unit t? t.e 5('30re
distribution does not hold exactly in distributions other than the theoretical normal d1§tnbutlgn,
frequently the distributions of test scores and other measures approach the normal .dlstl'lbutlon
closely enough for the standard deviation to continue to have n.ear'l).' the same meaning.

In summary, the statistics most used to describe the variability of a set of scores are the
semi-interquartile range and the standard deviation. The semi-interquartile range is based on
percentiles—specifically, the 25th and 75th percentiles—and is commonly used when the median
is being used as a measure of the middle of the group. The standard deviation is a measure of vari-
ability that goes with the arithmetic mean. It is useful in the field of testing primarily because it
provides a standard unit of measure having comparable meaning from one test to another.

ERPR TING THE SCORE OF AN INDIVIDUAL

- When the scores of individuals in a group are expressed in standard deviation units, they are

called standard scores or Z-scores. A person’s Z-score is the distance between his or her raw

core and the mean, divided by the standard deviation. Using X; to represent the raw score of a
'S0 ‘ on variable X (for example, the mathematics test), the person’s Z-score is

7, = %= My
Hine

Z—g@ow on the reading test (which we will call variable Y) would be found by

¢ " and SD — 5 55
ead : 4 .55 (these are the means
“ Ing scores in Table 2-1), then Aaron Aot e ircs o

- 38.17
+0.54
— 34.44
=~ 44
y) Wha[ thCSe two

Z-scores tell us is that Aaron i
about one-half standard devid”




