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The standard deviation

m Benefits:

OUses measure of central tendency (i.e.
mean)

OUses all of the data points

OHas a special relationship with the
normal curve

0OCan be used in further calculations

Psy 320 - Cal State Northridge 2

Normal Distribution
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Example: The Mean = 100 and the Standard Deviation = 20
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Normal Distribution (Characteristics)
m Horizontal Axis = possible X values

m Vertical Axis = density (i.e. fiX) related to
probability or proportion)
m Defined as

1 2 2
X)= —~(X-u)*/20
F(X) Yoy ()

1 —(X,-X)*/25*
(X)= #(2.71828183)™ %
f ()72 (3.14159265)

m The distribution relies on only the mean and s

Psy 320 - Cal State Northridge

a

T

Normal Distribution (Characteristics)

m Bell shaped, symmetrical, unimodal
m Mean, median, mode all equal

m No real distribution is perfectly normal
m But, many distributions are

approximately normal, so normal curve
statistics apply

m Normal curve statistics underlie
procedures in most inferential statistics.
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The standard normal distribution

m What happens if we subtract the mean
from all scores?

m What happens if we divide all scores by
the standard deviation?

m What happens when we do both???
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Normal Distribution
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H
The standard normal distribution

m A normal distribution with the added
properties that the mean = 0 and the
s=1

m Converting a distribution into a
standard normal means converting
raw scores into Z-scores
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e
Z-Scores

m Indicate how many standard
deviations a score is away from the
mean.

= Two components:
OSign: positive (above the mean) or
negative (below the mean).
OMagnitude: how far from the mean the
score falls
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Z-Score Formula

m Raw score — Z-score

7 = X, —X __ score - mean
' s standard deviation
m Z-score — Raw score
X, =Z(s)+X
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Properties of Z-Scores

m Z-score indicates how many SD’s a
score falls above or below the mean.

m Positive z-scores are above the
mean.

m Negative z-scores are below the
mean.

m Area under curve > probability

m Z is continuous so can only compute
probability for range of values
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Properties of Z-Scores

m Most z-scores fall between -3 and +3

because scores beyond 3sd from the
mean

m Z-scores are standardized scores —
allows for easy comparison of
distributions
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The standard normal distribution

m Rough estimates of the SND (i.e. Z-scores):

Z-3core
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The standard normal distribution

m Rough estimates of the SND (i.e. Z-scores):
50% above Z = 0, 50% below Z = 0
34% betweenZ=0andZ =1,
orbetweenZ=0and Z = -1
68% between Z = -1 and Z = +1
96% between Z =-2 and Z = +2
99% between Z =-3 and Z = +3
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Normal Curve - Area

m In any distribution, the percentage of
the area in a given portion is equal to
the percent of scores in that portion

OSince 68% of the area falls between +1
SD of a normal curve

068% of the scores in a normal curve fall
between +1 SD of the mean
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Rough Estimating

= Example: Consider a test (X) with a
meanof50anda S =10,S2 =100

m At what raw score do 84% of examinees
score below?

A&hﬁw

3

3
30 40 50 60 70
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Rough Estimating

m Example: Consider a test (X) with a
mean of 50 anda S =10, S2 = 100

m What percentage of examinees score
greater than 60?

-3 -2 -1 0 1 2 k]
2z-score

30 40 50 60 70
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W o
Rough Estimating

m Example: Consider a test (X) with a
mean of 50anda S =10, S2 = 100

m What percentage of examinees score
between 40 and 60?

-3 2 B 0 1 2 3
2-score
30 40 50 60 70
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DngHave—>Need Chart

When rough estimating isn’t enough
X _-% Table D.10
7 =—t = Start with Z
! s column

S TN

Area under
Distribution

N N

X,=Z,(s)+X  TableD.10
Start with the Mean

to Z Column
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Raw Score Z-score

i
Table D.10

Smaller
Portion

Larger Smaller ‘ Larger Smaller
z Mean to z Portion Portion | 2 Meantoz  Portion Portion
00 0.0000 0.5000 05000 | .40
o1 0.0040 05040 04960 | .41
02 0.0080 0.5080 0.4920 42
03 0.0120 05120 0.4880 43
04 0.0160 05160 0.4840 44
05 0.0199 05199 0.4801 45
06 0 05239 04761 16
07 0 5 04721 47
08 00319 0.4681 48
09 0.0359 04641 | 49
10 0.0398 046 | 50 0.3085
1 0.0438 0.45¢ 51 0.3050
12 0.0478 C 52 03015
13 0.0517 53 0.2981
14 0.0557 54 0.7054 0.2946
15 0.0596 55 0.7088 02912
16 0.0636 56 0.7123 02877
17 00875 7 07157 aosan
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Smaller vs. Larger Portion

Smaller Portion
is .1587

Larger Portion
is .8413
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From Mean to Z

Area From Mean to Z
is .3413
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Beyond Z

Area beyond a Z of
2.161is .0154
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Below Z

Area below a Z of
2.16is .9846
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What about negative Z values?

m Since the normal curve is symmetric,
areas beyond, between, and below
positive z scores are identical to
areas beyond, between, and below
negative z scores.

m There is no such thing as negative
area!
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What about negative Z values?

Area below a Z of Area above a Z of
-2.16is .0154 -2.16is .9846

Area From Mean to Z
is also .3413

4 3 2 a0 1 2 31 4 27
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Keep in mind that...

m total area under the curve is 100%.

m area above or below the mean is 50%.

m your numbers should make sense.

ODoes your area make sense? Does it
seem too big/small??
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Tips to remember!!!

1. Always draw a picture first

2. Percent of area above a negative or
below a positive z score is the
“larger portion”.

3. Percent of area below a negative or

above a positive z score is the
“smaller portion”.

4. Always draw a picture first!
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Tips to remember!!!

5. Always draw a picture first!!

6. Percent of area between two
positive or two negative z-scores is
the difference of the two “mean to z”
areas.

7. Always draw a picture first!!!
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Converting and finding area

m Table D.10 gives areas under a
standard normal curve.

m If you have normally distributed
scores, but not z scores, convert first.

m Then draw a picture with z scores and
raw scores.

m Then find the areas using the z
scores.
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Example #1

m In a normal curve with mean = 30, s = 5,
what is the proportion of scores below 277

27-30
5
Smaller portion of a Z of .6 is
.2743

Mean to Z equals .2257 and
w15 o 2| 3 3 40 45 S 5. 2057- 2743
4 3 -2 - 2 3 4
Portion = 27%

-0.6
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Example #2

m In a normal curve with mean = 30, s = 5,

what is the proportion of scores fall

between 26 and 357
26-30 _

5

Mean to a Z of .8 is .2881

35-30
TS T

Meanto a Z of 1is .3413

Zyo = -0.8

1

!

10

i 302881+ .3413 = .6294

- 4 .

Portion = 62.94% or = 63%
26 Psy 320 - Cal State Northridge 34
Larger Smaller | Larger Smaller
z Mean to z Portion Portion z Mean to z Portion Portion
80 0.2881 0.7881 0.2119 | 1.29 0.4015 0.0985
) 2910 79T = | 130 0.4032 0.0968
0.2939 0.7939 02061 | 131 0.4049 0.9049 0.0951
83 0.7967 0.2033 04066 29066 00934
84 0.7995 0.2005 [i33. 0.4082 0.9082 0.0918
85 0.8023 01977 1.34 0.4099 0:5099 0907
08051 0.1949 135 04115 09115 0.0885
87 0.8078 0.1922 136 0.413 0.0869
88 08106 0.1894 1,37 0.4147
89 0.8133 0.1867 1.38 0.4162
%0 0.8159 01841 139 04177
91 0.8186 0.1814 140 04192 0.0808
92 08212 01788 1.41 0.4207 0.9207 0.0793
93 08238 0.1762 142 0.4222 0.9222 0.0778
94 0.8264 0.1736 143 0.4236 0.9236 0.0764
95 0.8289 01711 144 0.4251 0.9251 0.0749
9% 0.8315 0.1685 145 0.4265 0.9265 00735
97 0.8340 0.1660 36 0.4279 09279 0.0721
98 0.8365 0.1635 | 1.47 0.4292 0.9292 0.0708
a0 0.8389 01611 148 0.4306 0.9306 0.0694
1.00 0.8413 0.1587 | 1.49 0.0681
TOT T > | 150 0.0668
1.02 0.8461 0.1539 | 1.51 0.0655
1.03 0.8485 0.1515 1.52 0.0643
1.04 0.8508 01492 153 0.0630
1.05 0.8531 0.1469 154 0.0618
1.06 0.8554 0.1446 | 1.55 0.0606
107 08577 0.142 1.56 0.0594
vom 0.8599 0.1401 157 09418 0.0582
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Example #3

m The Stanford-Binet has a mean of 100 and a
SD of 15, how many people (out of 1000 )
have 1Qs between 120 and 1407

140100

Zy = =2.66

Mean to a Z of 2.66 is .4961
Zp = 120-100 —133
15
Mean to a Z of 1.33 is .4082

.4961 - .4082 = .0879
Portion = 8.79% or = 9%

.0879* 1000 = 87.9 or = 88
120 140 people 36

.4082

4 3 2 41 0 1
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Larger Smaller | Larger Smaller
z Mean to z Portion Portion = Mean to z Portion Portion
2.07 0.4808 0.9808 0.0192 2./ V.avay v
2.08 0.4812 0.9812 0.0188 ‘ 2.58 0.4951 0.0049
2.09 0.4817 0.9817 00183 | 259 0.4952 0.0048
2.10 0.4821 0.9821 0.0179 2.60 0.9953 0.0047
2.11 0.4826 0.9826 0.0174 2,61 0.0045
B2 0.4830 0.9830 00170 | 262 0.0044
2.13 0.4834 0.9834 00166 | 263 0.4957 957 0.0043
2.14 0.9838 ool62 | 264 0.4959 0.9959 0.0041
2.15 0.9842 0.0158 | 265 4960 0.9960 0.0040
2.16 0.9846 0.0154 [266 0.4961 0.9961 0.0039
2.17 0.9850 0.0150 2.67 0.4962 0.9962 0.0038
z e Aarae | aee A rara naara 00037
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Example #4
m The Stanford-Binet has a mean of 100 and

a SD of 15, what would you need to score
to be higher than 90% of scores?

In table D.10 the closest
90% area to 90% is .8997 which
corresponds to a Z of 1.28

IQ =2(15) + 100
IQ=1.28(15) + 100 = 119.2

-4 3 -2 -1 o 1 2 3 4
40 55 70 85 100 115 130 145 160
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Larger Smaller ‘ Larger Smaller
z Mean to z Portion Portion Mean to z Portion Portion
1.19 0.3830 0.8830 0.1170 168 v.4050 v.vuou —
1.20 0.3849 0.8849 0.1151 ‘ 1.69 0.4545 0.9545 0.0455
1.21 0.3869 0.8869 0.1131 1.70 0.4554 0.9554 0.0446
1.22 0.3888 0.8888 0.1112 1.71 0.4564 0.9564 0.0436
1.23 0.3907 0.8907 0.1093 1.72 0.4573 0.9573 0.0427
1.24 0.3925 0.8925 0710755 | =i1i73 0.4582 0.9582 0.0418
1.25 0.3944 0.8944 0.1056 1.74 0.4591 0.9591 0.0409
1.26 0.8962 0.1038 1.75 0.4599 0.9599 0.0401
T 07598¢ + ] ‘ 1.76 0.4608 0.9608 0.0392
T — 3 1.77 0.4616 0.9616 0.0384
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