




Areas of a Standard Normal Distribution

(a) Table of Areas to the Left of z

z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09

�3.4 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0002

�3.3 .0005 .0005 .0005 .0004 .0004 .0004 .0004 .0004 .0004 .0003

�3.2 .0007 .0007 .0006 .0006 .0006 .0006 .0006 .0005 .0005 .0005

�3.1 .0010 .0009 .0009 .0009 .0008 .0008 .0008 .0008 .0007 .0007

�3.0 .0013 .0013 .0013 .0012 .0012 .0011 .0011 .0011 .0010 .0010

�2.9 .0019 .0018 .0018 .0017 .0016 .0016 .0015 .0015 .0014 .0014

�2.8 .0026 .0025 .0024 .0023 .0023 .0022 .0021 .0021 .0020 .0019

�2.7 .0035 .0034 .0033 .0032 .0031 .0030 .0029 .0028 .0027 .0026

�2.6 .0047 .0045 .0044 .0043 .0041 .0040 .0039 .0038 .0037 .0036

�2.5 .0062 .0060 .0059 .0057 .0055 .0054 .0052 .0051 .0049 .0048

�2.4 .0082 .0080 .0078 .0075 .0073 .0071 .0069 .0068 .0066 .0064

�2.3 .0107 .0104 .0102 .0099 .0096 .0094 .0091 .0089 .0087 .0084

�2.2 .0139 .0136 .0132 .0129 .0125 .0122 .0119 .0116 .0113 .0110

�2.1 .0179 .0174 .0170 .0166 .0162 .0158 .0154 .0150 .0146 .0143

�2.0 .0228 .0222 .0217 .0212 .0207 .0202 .0197 .0192 .0188 .0183

�1.9 .0287 .0281 .0274 .0268 .0262 .0256 .0250 .0244 .0239 .0233

�1.8 .0359 .0351 .0344 .0336 .0329 .0322 .0314 .0307 .0301 .0294

�1.7 .0446 .0436 .0427 .0418 .0409 .0401 .0392 .0384 .0375 .0367

�1.6 .0548 .0537 .0526 .0516 .0505 .0495 .0485 .0475 .0465 .0455

�1.5 .0668 .0655 .0643 .0630 .0618 .0606 .0594 .0582 .0571 .0559

�1.4 .0808 .0793 .0778 .0764 .0749 .0735 .0721 .0708 .0694 .0681

�1.3 .0968 .0951 .0934 .0918 .0901 .0885 .0869 .0853 .0838 .0823

�1.2 .1151 .1131 .1112 .1093 .1075 .1056 .1038 .1020 .1003 .0985

�1.1 .1357 .1335 .1314 .1292 .1271 .1251 .1230 .1210 .1190 .1170

�1.0 .1587 .1562 .1539 .1515 .1492 .1469 .1446 .1423 .1401 .1379

�0.9 .1841 .1814 .1788 .1762 .1736 .1711 .1685 .1660 .1635 .1611

�0.8 .2119 .2090 .2061 .2033 .2005 .1977 .1949 .1922 .1894 .1867

�0.7 .2420 .2389 .2358 .2327 .2296 .2266 .2236 .2206 .2177 .2148

�0.6 .2743 .2709 .2676 .2643 .2611 .2578 .2546 .2514 .2483 .2451

�0.5 .3085 .3050 .3015 .2981 .2946 .2912 .2877 .2843 .2810 .2776

�0.4 .3446 .3409 .3372 .3336 .3300 .3264 .3228 .3192 .3156 .3121

�0.3 .3821 .3783 .3745 .3707 .3669 .3632 .3594 .3557 .3520 .3483

�0.2 .4207 .4168 .4129 .4090 .4052 .4013 .3974 .3936 .3897 .3859

�0.1 .4602 .4562 .4522 .4483 .4443 .4404 .4364 .4325 .4286 .4247

�0.0 .5000 .4960 .4920 .4880 .4840 .4801 .4761 .4721 .4681 .4641

For values of z less than �3.49, use 0.000 to approximate the area.

0z

Table entry for z is the area to the left
of z.
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Areas of a Standard Normal Distribution continued

z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09

0.0 .5000 .5040 .5080 .5120 .5160 .5199 .5239 .5279 .5319 .5359

0.1 .5398 .5438 .5478 .5517 .5557 .5596 .5636 .5675 .5714 .5753

0.2 .5793 .5832 .5871 .5910 .5948 .5987 .6026 .6064 .6103 .6141

0.3 .6179 .6217 .6255 .6293 .6331 .6368 .6406 .6443 .6480 .6517

0.4 .6554 .6591 .6628 .6664 .6700 .6736 .6772 .6808 .6844 .6879

0.5 .6915 .6950 .6985 .7019 .7054 .7088 .7123 .7157 .7190 .7224

0.6 .7257 .7291 .7324 .7357 .7389 .7422 .7454 .7486 .7517 .7549

0.7 .7580 .7611 .7642 .7673 .7704 .7734 .7764 .7794 .7823 .7852

0.8 .7881 .7910 .7939 .7967 .7995 .8023 .8051 .8078 .8106 .8133

0.9 .8159 .8186 .8212 .8238 .8264 .8289 .8315 .8340 .8365 .8389

1.0 .8413 .8438 .8461 .8485 .8508 .8531 .8554 .8577 .8599 .8621

1.1 .8643 .8665 .8686 .8708 .8729 .8749 .8770 .8790 .8810 .8830

1.2 .8849 .8869 .8888 .8907 .8925 .8944 .8962 .8980 .8997 .9015

1.3 .9032 .9049 .9066 .9082 .9099 .9115 .9131 .9147 .9162 .9177

1.4 .9192 .9207 .9222 .9236 .9251 .9265 .9279 .9292 .9306 .9319

1.5 .9332 .9345 .9357 .9370 .9382 .9394 .9406 .9418 .9429 .9441

1.6 .9452 .9463 .9474 .9484 .9495 .9505 .9515 .9525 .9535 .9545

1.7 .9554 .9564 .9573 .9582 .9591 .9599 .9608 .9616 .9625 .9633

1.8 .9641 .9649 .9656 .9664 .9671 .9678 .9686 .9693 .9699 .9706

1.9 .9713 .9719 .9726 .9732 .9738 .9744 .9750 .9756 .9761 .9767

2.0 .9772 .9778 .9783 .9788 .9793 .9798 .9803 .9808 .9812 .9817

2.1 .9821 .9826 .9830 .9834 .9838 .9842 .9846 .9850 .9854 .9857

2.2 .9861 .9864 .9868 .9871 .9875 .9878 .9881 .9884 .9887 .9890

2.3 .9893 .9896 .9898 .9901 .9904 .9906 .9909 .9911 .9913 .9916

2.4 .9918 .9920 .9922 .9925 .9927 .9929 .9931 .9932 .9934 .9936

2.5 .9938 .9940 .9941 .9943 .9945 .9946 .9948 .9949 .9951 .9952

2.6 .9953 .9955 .9956 .9957 .9959 .9960 .9961 .9962 .9963 .9964

2.7 .9965 .9966 .9967 .9968 .9969 .9970 .9971 .9972 .9973 .9974

2.8 .9974 .9975 .9976 .9977 .9977 .9978 .9979 .9979 .9980 .9981

2.9 .9981 .9982 .9982 .9983 .9984 .9984 .9985 .9985 .9986 .9986

3.0 .9987 .9987 .9987 .9988 .9988 .9989 .9989 .9989 .9990 .9990

3.1 .9990 .9991 .9991 .9991 .9992 .9992 .9992 .9992 .9993 .9993

3.2 .9993 .9993 .9994 .9994 .9994 .9994 .9994 .9995 .9995 .9995

3.3 .9995 .9995 .9995 .9996 .9996 .9996 .9996 .9996 .9996 .9997

3.4 .9997 .9997 .9997 .9997 .9997 .9997 .9997 .9997 .9997 .9998

For z values greater than 3.49, use 1.000 to approximate the area.

0 z

Table entry for z is the area to the left
of z.

Areas of a Standard 
Normal Distribution continued

(b) Confidence Interval 
Critical Values zc

Level of Critical 
Confidence c Value zc

0.70, or 70% 1.04

0.75, or 75% 1.15

0.80, or 80% 1.28

0.85, or 85% 1.44

0.90, or 90% 1.645

0.95, or 95% 1.96

0.98, or 98% 2.33

0.99, or 99% 2.58

Areas of a Standard Normal Distribution continued

(c) Hypothesis Testing, Critical Values z0

Level of Significance � � 0.05 � � 0.01

Critical value z0 for a left-tailed test �1.645 �2.33

Critical value z0 for a right-tailed test 1.645 2.33

Critical values �z0 for a two-tailed test �1.96 �2.58
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0 t–t

Area c

c is a confidence level

0 t

Right-tail
area

One-tail area

0–t

Left-tail
area

0 t

Area

Two-tail area

–t

Critical Values for Student’s t Distribution

one-tail area 0.250 0.125 0.100 0.075 0.050 0.025 0.010 0.005 0.0005

two-tail area 0.500 0.250 0.200 0.150 0.100 0.050 0.020 0.010 0.0010

d.f. c 0.500 0.750 0.800 0.850 0.900 0.950 0.980 0.990 0.999

1 1.000 2.414 3.078 4.165 6.314 12.706 31.821 63.657 636.619

2 0.816 1.604 1.886 2.282 2.920 4.303 6.965 9.925 31.599

3 0.765 1.423 1.638 1.924 2.353 3.182 4.541 5.841 12.924

4 0.741 1.344 1.533 1.778 2.132 2.776 3.747 4.604 8.610

5 0.727 1.301 1.476 1.699 2.015 2.571 3.365 4.032 6.869

6 0.718 1.273 1.440 1.650 1.943 2.447 3.143 3.707 5.959

7 0.711 1.254 1.415 1.617 1.895 2.365 2.998 3.499 5.408

8 0.706 1.240 1.397 1.592 1.860 2.306 2.896 3.355 5.041

9 0.703 1.230 1.383 1.574 1.833 2.262 2.821 3.250 4.781

10 0.700 1.221 1.372 1.559 1.812 2.228 2.764 3.169 4.587

11 0.697 1.214 1.363 1.548 1.796 2.201 2.718 3.106 4.437

12 0.695 1.209 1.356 1.538 1.782 2.179 2.681 3.055 4.318

13 0.694 1.204 1.350 1.530 1.771 2.160 2.650 3.012 4.221

14 0.692 1.200 1.345 1.523 1.761 2.145 2.624 2.977 4.140

15 0.691 1.197 1.341 1.517 1.753 2.131 2.602 2.947 4.073

16 0.690 1.194 1.337 1.512 1.746 2.120 2.583 2.921 4.015

17 0.689 1.191 1.333 1.508 1.740 2.110 2.567 2.898 3.965

18 0.688 1.189 1.330 1.504 1.734 2.101 2.552 2.878 3.922

19 0.688 1.187 1.328 1.500 1.729 2.093 2.539 2.861 3.883

20 0.687 1.185 1.325 1.497 1.725 2.086 2.528 2.845 3.850

21 0.686 1.183 1.323 1.494 1.721 2.080 2.518 2.831 3.819

22 0.686 1.182 1.321 1.492 1.717 2.074 2.508 2.819 3.792

23 0.685 1.180 1.319 1.489 1.714 2.069 2.500 2.807 3.768

24 0.685 1.179 1.318 1.487 1.711 2.064 2.492 2.797 3.745

25 0.684 1.198 1.316 1.485 1.708 2.060 2.485 2.787 3.725

26 0.684 1.177 1.315 1.483 1.706 2.056 2.479 2.779 3.707

27 0.684 1.176 1.314 1.482 1.703 2.052 2.473 2.771 3.690

28 0.683 1.175 1.313 1.480 1.701 2.048 2.467 2.763 3.674

29 0.683 1.174 1.311 1.479 1.699 2.045 2.462 2.756 3.659

30 0.683 1.173 1.310 1.477 1.697 2.042 2.457 2.750 3.646

35 0.682 1.170 1.306 1.472 1.690 2.030 2.438 2.724 3.591

40 0.681 1.167 1.303 1.468 1.684 2.021 2.423 2.704 3.551

45 0.680 1.165 1.301 1.465 1.679 2.014 2.412 2.690 3.520

50 0.679 1.164 1.299 1.462 1.676 2.009 2.403 2.678 3.496

60 0.679 1.162 1.296 1.458 1.671 2.000 2.390 2.660 3.460

70 0.678 1.160 1.294 1.456 1.667 1.994 2.381 2.648 3.435

80 0.678 1.159 1.292 1.453 1.664 1.990 2.374 2.639 3.416

100 0.677 1.157 1.290 1.451 1.660 1.984 2.364 2.626 3.390

500 0.675 1.152 1.283 1.442 1.648 1.965 2.334 2.586 3.310

1000 0.675 1.151 1.282 1.441 1.646 1.962 2.330 2.581 3.300

� 0.674 1.150 1.282 1.440 1.645 1.960 2.326 2.576 3.291

For degrees of freedom d.f. not in the table, use the closest d.f. that is smaller.
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The �2 Distribution

Right-tail Area

d.f. .995 .990 .975 .950 .900 .100 .050 .025 .010 .005

1 0.04393 0.03157 0.03982 0.02393 0.0158 2.71 3.84 5.02 6.63 7.88

2 0.0100 0.0201 0.0506 0.103 0.211 4.61 5.99 7.38 9.21 10.60

3 0.072 0.115 0.216 0.352 0.584 6.25 7.81 9.35 11.34 12.84

4 0.207 0.297 0.484 0.711 1.064 7.78 9.49 11.14 13.28 14.86

5 0.412 0.554 0.831 1.145 1.61 9.24 11.07 12.83 15.09 16.75

6 0.676 0.872 1.24 1.64 2.20 10.64 12.59 14.45 16.81 18.55

7 0.989 1.24 1.69 2.17 2.83 12.02 14.07 16.01 18.48 20.28

8 1.34 1.65 2.18 2.73 3.49 13.36 15.51 17.53 20.09 21.96

9 1.73 2.09 2.70 3.33 4.17 14.68 16.92 19.02 21.67 23.59

10 2.16 2.56 3.25 3.94 4.87 15.99 18.31 20.48 23.21 25.19

11 2.60 3.05 3.82 4.57 5.58 17.28 19.68 21.92 24.72 26.76

12 3.07 3.57 4.40 5.23 6.30 18.55 21.03 23.34 26.22 28.30

13 3.57 4.11 5.01 5.89 7.04 19.81 22.36 24.74 27.69 29.82

14 4.07 4.66 5.63 6.57 7.79 21.06 23.68 26.12 29.14 31.32

15 4.60 5.23 6.26 7.26 8.55 22.31 25.00 27.49 30.58 32.80

16 5.14 5.81 6.91 7.96 9.31 23.54 26.30 28.85 32.00 34.27

17 5.70 6.41 7.56 8.67 10.09 24.77 27.59 30.19 33.41 35.72

18 6.26 7.01 8.23 9.39 10.86 25.99 28.87 31.53 34.81 37.16

19 6.84 7.63 8.91 10.12 11.65 27.20 30.14 32.85 36.19 38.58

20 7.43 8.26 8.59 10.85 12.44 28.41 31.41 34.17 37.57 40.00

21 8.03 8.90 10.28 11.59 13.24 29.62 32.67 35.48 38.93 41.40

22 8.64 9.54 10.98 12.34 14.04 30.81 33.92 36.78 40.29 42.80

23 9.26 10.20 11.69 13.09 14.85 32.01 35.17 38.08 41.64 44.18

24 9.89 10.86 12.40 13.85 15.66 33.20 36.42 39.36 42.98 45.56

25 10.52 11.52 13.12 14.61 16.47 34.38 37.65 40.65 44.31 46.93

26 11.16 12.20 13.84 15.38 17.29 35.56 38.89 41.92 45.64 48.29

27 11.81 12.88 14.57 16.15 18.11 36.74 40.11 43.19 46.96 49.64

28 12.46 13.56 15.31 16.93 18.94 37.92 41.34 44.46 48.28 50.99

29 13.21 14.26 16.05 17.71 19.77 39.09 42.56 45.72 49.59 52.34

30 13.79 14.95 16.79 18.49 20.60 40.26 43.77 46.98 50.89 53.67

40 20.71 22.16 24.43 26.51 29.05 51.80 55.76 59.34 63.69 66.77

50 27.99 29.71 32.36 34.76 37.69 63.17 67.50 71.42 76.15 79.49

60 35.53 37.48 40.48 43.19 46.46 74.40 79.08 83.30 88.38 91.95

70 43.28 45.44 48.76 51.74 55.33 85.53 90.53 95.02 100.4 104.2

80 51.17 53.54 57.15 60.39 64.28 96.58 101.9 106.6 112.3 116.3

90 59.20 61.75 65.65 69.13 73.29 107.6 113.1 118.1 124.1 128.3

100 67.33 70.06 74.22 77.93 82.36 118.5 124.3 129.6 135.8 140.2

Source: Biometricka, June 1964, The Distribution,  H. L. Herter (Table 7). Used by permission of Oxford University Press.x2

For d.f. ≥ 3

2

Right-tail
area

For d.f. = 1 or 2

2

Right-tail
area
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� Critical Thinking
Critical thinking is an
important skill for students
to develop in order to avoid
reaching misleading conclu-
sions. The Critical Thinking
feature provides additional
clarification on specific
concepts as a safeguard
against incorrect evaluation
of information.

Interpretation �

Increasingly, calculators and
computers are used to generate
the numeric results of a statistical
process. However, the student
still needs to correctly interpret
those results in the context of a
particular application. The
Interpretation feature calls
attention to this important step.
Interpretation is stressed in
examples, guided exercises, and
in the problem sets.

Critical Thinking

Students need to develop critical thinking skills in order to understand and evaluate the limita-
tions of statistical methods. Understandable Statistics: Concepts and Methods makes students
aware of method appropriateness, assumptions, biases, and justifiable conclusions.

� NEW! Critical Thinking and
Interpretation Exercises
In every section and chapter problem set, Critical
Thinking problems provide students with the
opportunity to test their understanding of the
application of statistical methods and their
interpretation of their results. Interpretation
problems ask students to apply statistical results
to the particular application.
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viii

� Statistical Literacy
Problems
In every section and chapter
problem set, Statistical
Literacy problems test student
understanding of terminology,
statistical methods, and the
appropriate conditions for use
of the different processes.

Statistical Literacy

No language can be spoken without learning the vocabulary, including statistics.
Understandable Statistics: Concepts and Methods introduces statistical terms with
deliberate care.

Definition Boxes �

Whenever important terms
are introduced in text,
yellow definition boxes
appear within the
discussions. These boxes
make it easy to reference
or review terms as they are
used further.

� REVISED! Important Words & Symbols
The Important Words & Symbols within the Chapter Review feature at the end of each
chapter summarizes the terms introduced in the Definition Boxes for student review
at a glance. Page numbers for first occurrance of term are given for easy reference.

      Copyright 2010 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



ix

Statistical Literacy

Linking Concepts:

Writing Projects �

Much of statistical literacy is
the ability to communicate
concepts effectively. The
Linking Concepts: Writing
Projects feature at the end
of each chapter tests both
statistical literacy and
critical thinking by asking
the student to express their
understanding in words.

Expand Your Knowledge

Problems �

Expand Your Knowledge
problems present optional
enrichment topics that go
beyond the material introduced
in a section. Vocabulary and
concepts needed to solve the
problems are included at
point-of-use, expanding
students’ statistical literacy.

� NEW! Basic Computation
Problems
These problems focus student
attention on relevant formulas,
requirements, and computational
procedures. After practicing these
skills, students are more confident
as they approach real-world
applications.
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x

Chapter Preview �

Questions
Preview Questions at the
beginning of each chapter
give the student a taste of
what types of questions can
be answered with an
understanding of the
knowledge to come.

Direction and Purpose

Real knowledge is delivered through direction, not just facts. Understandable
Statistics: Concepts and Methods ensures the student knows what is being cov-
ered and why at every step along the way to statistical literacy.

� Chapter Focus Problems
The Preview Questions in each chapter are followed by Focus
Problems, which serve as more specific examples of what
questions the student will soon be able to answer. The Focus
Problems are set within appropriate applications and are
incorporated into the end-of-section exercises, giving students
the opportunity to test their understanding.
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xi

Focus Points �

Each section opens with
bulleted Focus Points
describing the primary
learning objectives of
the section.

Direction and Purpose

� Chapter
Summaries
The Summary within each
Chapter Review feature
now also appears in
bulleted form, so students
can see what they need
to know at a glance.

� NEW! Looking Forward
This feature shows students where the presented material will be used later. It helps
motivate students to pay a little extra attention to key topics.
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Real-World Skills

Statistics is not done in a vacuum. Understandable Statistics: Concepts and Methods
gives students valuable skills for the real world with technology instruction, genuine
applications, actual data, and group projects.

� REVISED! 
Using Technology
Further technology
instruction is available at
the end of each chapter in
the Using Technology
section. Problems are
presented with real-world
data from a variety of
disciplines that can be
solved by using TI-84 Plus,
TI-nspire (with 84 Plus
keypad) and TI-83 Plus
calculators, Microsoft Excel
2007, and Minitab.

REVISED! Tech Notes �

Tech Notes appearing throughout the
text give students helpful hints on using
TI-4 Plus and TI-nspire (with 84 Plus
keypad) and TI-83 calculators, Microsoft
Excel 2007, and Minitab to solve a
problem. They include display screens to
help students visualize and better
understand the solution.
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Real-World Skills

� UPDATED! Applications
Real-world applications are used from
the beginning to introduce each statis-
tical process. Rather than just crunch-
ing numbers, students come to
appreciate the value of statistics
through relevant examples.

Most exercises in each section �

are applications problems.

� Data Highlights:
Group Projects
Using Group Projects,
students gain experience
working with others by
discussing a topic,
analyzing data, and
collaborating to formulate
their response to the
questions posed in the
exercise.
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Making the Jump

Get to the “Aha!” moment faster. Understandable Statistics: Concepts and
Methods provides the push students need to get there through guidance and
example.

� REVISED! Procedures
and Requirements
Procedure display boxes
summarize simple step-by-step
strategies for carrying out
statistical procedures and
methods as they are intro-
duced. Requirements for using
the procedures are also stated.
Students can refer back to
these boxes as they practice
using the procedures.

Guided Exercises �

Students gain experience
with new procedures and
methods through Guided
Exercises. Beside each
problem in a Guided
Exercise, a completely
worked-out solution
appears for immediate
reinforcement.
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Preface

Welcome to the exciting world of statistics! We have written this text to make
statistics accessible to everyone, including those with a limited mathemat-

ics background. Statistics affects all aspects of our lives. Whether we are testing
new medical devices or determining what will entertain us, applications of statis-
tics are so numerous that, in a sense, we are limited only by our own imagination
in discovering new uses for statistics.

Overview

The tenth edition of Understandable Statistics: Concepts and Methods continues to
emphasize concepts of statistics. Statistical methods are carefully presented with a focus
on understanding both the suitability of the method and the meaning of the result.
Statistical methods and measurements are developed in the context of  applications.

Critical thinking and interpretation are essential in understanding and evalut-
ing information. Statistical literacy is fundamental for applying and comprehend-
ing statistical results. In this edition we have expanded and highlighted the
treatment of statistical literacy, critical thinking, and interpretation.

We have retained and expanded features that made the first nine editions of
the text very readable. Definition boxes highlight important terms. Procedure dis-
plays summarize steps for analyzing data. Examples, exercises, and problems
touch on applications appropriate to a broad range of interests.

New with the tenth edition is CourseMate, encompassing all interactive online
products and services with this text. Online homework powered by a choice of
Enhanced WebAssign or Aplia is now available through CengageBrain.com Also
available through CourseMate are over 100 data sets (in Microsoft Excel,
Minitab, SPSS, and TI-84Plus/TI-83Plus/TI-nspire with 84plus keypad ASCII file
formats), lecture aids, a glossary, statistical tables, intructional video (also avail-
able on DVDs), an Online Multimedia eBook, and interactive tutorials.

Major Changes in the 

Tenth Edition

With each new edition, the authors reevaluate the scope, appropriateness, and
effectiveness of the text’s presentation and reflect on extensive user feedback.
Revisions have been made throughout the text to clarify explanations of important
concepts and to update problems.

Critical Thinking, Interpretation, and Statistical Literacy
The tenth edition of this text continues and expands the emphasis on critical think-
ing, interpretation, and statistical literacy. Calculators and computers are very good
at providing numerical results of statistical processes. However, numbers from a
computer or calcultor display are meaningless unless the user knows how to inter-
pret the results and if the statistical process is appropriate. This text helps students
determine whether or not a statistical method or process is appropriate. It helps
students understand what a statistic measures. It helps students interpret the results
of a confidence interval, hypothesis test, or liner regression model.

xv
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New Problems Featuring Basic Computation
Calculators and computer software automatically calculate designated statistical
measurements. However, students gain an appreciation and understanding of what
the measurements mean by studying and using the basic formulas. Basic computa-
tion problems focus attention on using formulas with small data sets. Students see
not only how the formulas work, but also how the resulting measurements relate to
the displayed data set.

There are more than 200 new and revised problems that feature basic com-
putations, interpretation, and statistical literacy. Studets are asked to cheek that
the use of specific probability distributions and inferential methods are appro-
priate.

Normal Distributions and Sampling Distributions in Same
Chapter
Chapter 6 of the tenth edition includes both an introduction to normal distribu-
tions as well as an introduction to sampling distributions. Putting both topics in the
same chapter streamlines the course, and gives an immediate, important applica-
tion of normal distributions. The chapter also includes the normal approximation
to the bionomial distribution.

New Content
The uniform probability distribution and the exponential probability distribution
are introduced in Expand Your Knowledge problems in Chapter 6. Polynomial
regression (also known as curvilinear regression) is discussed in Expand Your
Knowledge problems of Section 9.4 Multiple Regression.

Excel 2007 and TI-nspire Calculator (with 84plus keypad)
Excel 2007 instructions are included in in the Tech Notes and Using Technology
features. 

The TI-nspire calculator with the 84Plus keypad is also addressed.
Instructions for using the TI-nspire calculator with the nspire keypad are
included in the separate Technology Guide for the TI-84Plus graphing calculator.

Looking Forward
A new Looking Forward feature briefly points out how current subject matter will
be used in later chapters.

Other Changes
Examples in probability (Chapter 4) have been revised to incoporate sample spaces
that are small and easy for students to visualize.

Throughout the tenth edition, examples, guided exercies, and problem sets
feature interpretation. They also address the suitability of using a specified statis-
tical method or process for analysis.

Chapter 6 Normal Curves and Sampling Distribution of the tenth edition com-
bines material from Chapters 6 and 7 of the ninth edition. Chapter 7 Estimation,
Chapter 8 Hypothesis Testing, Chapter 9 Correlation and Regression, Chapter 10
Chi-Square and F Distribution, and Chapter 11 Nonparametic Statistics of the
tenth edition correspond respectively to Chapters 8–12 of the ninth edition.
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Continuing Content

Introduction of Hypothesis Testing Using P-Values
In keeping with the use of  computer technology and standard practice in research,
hypothesis testing is introduced using P-values. The critical region method is still
supported, but not given primary emphasis.

Use of Student’s t Distribution in Confidence Intervals and
Testing of Means
If the normal distribution is used in confidence intervals and testing of means, then
the population standard deviation must be known. If the population standard
deviation is not known, then under conditions described in the text, the Student’s
t distribution is used. This is the most commonly used procedure in statistical
research. It is also used in statistical software packages such as Microsoft Excel,
Minitab, SPSS, and TI-84Plus/TI-83Plus/TI-nspire calculators.

Confidence Intervals and Hypothesis Tests of Difference 
of Means
If the normal distribution is used, then both population standard deviations must
be known. When this is not the case, the Student’s t distribution incorporates an
approximation for t, with a commonly used conservative choice for the degrees of
freedom. Satterthwaite’s approximation for the degrees of freedom as used in com-
puter software is also discussed. The pooled standard deviation is presented for
appropriate applications (s1 � s2).

Features in the Tenth Edition

Chapter and Section Lead-ins
• Preview Questions at the beginning of each chapter are keyed to the

sections.
• Focus Problems at the beginning of each chapter demonstrate types of ques-

tions students can answer once they master the concepts and skills presented
in the chapter.

• Focus Points at the beginning of each section describe the primary learning
objectives of the section.

Carefully Developed Pedagogy
• Examples show students how to select and use appropriate procedures.
• Guided Exercises within the sections give students an opportunity to work

with a new concept. Completely worked-out solutions appear beside each
exercise to give immediate reinforcement.

• Definition boxes highlight important definitions throughout the text.
• Procedure displays summarize key strategies for carrying out statistical proce-

dures and methods. Conditions required for using the procedure are also stated.
• NEW! Looking Forward features give a brief preview of how a current topic

is used later.
• Labels for each example or guided exercise highlight the technique, concept,

or process illustrated by the example or guided exercise. In addition, labels for
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section and chapter problems describe the field of application and show the
wide variety of subjects in which statistics is used.

• Section and chapter problems require the student to use all the new concepts
mastered in the section or chapter. Problem sets include a variety of real-
world applications with data or settings from identifiable sources. Key steps
and solutions to odd-numbered problems appear at the end of the book.

• NEW! Basic Computation problems ask students to practice using formu-
las and statistical methods on very small data sets. Such practice helps
students understand what a statistic measures. 

• Statistical Literacy problems ask students to focus on correct terminology
and processes of appropriate statistical methods. Such problems occur in
every section and chapter problem set.

• NEW! Interpretation problems ask students to explain the meaning of the
statistical results in the context of the application.

• Critical Thinking problems ask students to analyze and comment on vari-
ous issues that arise in the application of statistical methods and in the
interpretation of results. These problems occur in every section and chapter
problem set.

• Expand Your Knowledge problems present enrichment topics such as nega-
tive binomial distribution; conditional probability utilizing binomial, Poisson,
and normal distributions; estimation of standard deviation from a range of
data values; and more.

• Cumulative review problem sets occur after every third chapter and include
key topics from previous chapters. Answers to all cumulative review problems
are given at the end of the book.

• Data Highlights and Linking Concepts provide group projects and writing
projects.

• Viewpoints are brief essays presenting diverse situations in which statistics is
used.

• Design and photos are appealing and enhance readability.

Technology within the Text
• Tech Notes within sections provide brief point-of-use instructions for the

TI-84Plus, TI-83Plus and TI-nspire (with 84plus keypad) calculators,
Microsoft Excel 2007 and Minitab.

• Using Technology sections have been revised to show the use of SPSS as
well as the TI-84Plus, TI-83Plus and TI-nspire (with 84plus keypad) calcu-
lators, Microsoft Excel, and Minitab.

Alternate Routes Through the Text

Understandable Statistics: Concepts and Methods, Tenth Edition, is designed to be
flexible. It offers the professor a choice of teaching possibilities. In most one-semes-
ter courses, it is not practical to cover all the material in depth. However, depending
on the emphasis of the course, the professor may choose to cover various topics. For
help in topic selection, refer to the Table of Prerequisite Material on page 1.
• Introducing linear regression early. For courses requiring an early presenta-

tion of linear regression, the descriptive components of linear regression
(Sections 9.1 and 9.2) can be presented any time after Chapter 3. However,
inference topics involving predictions, the correlation coefficient r, and the
slope of the least-squares line b require an introduction to confidence inter-
vals (Sections 7.1 and 7.2) and hypothesis testing (Sections 8.1 and 8.2).

• Probability. For courses requiring minimal probability, Section 4.1 (What Is
Probability?) and the first part of Section 4.2 (Some Probability Rules—
Compound Events) will be sufficient.

xviii Preface

      Copyright 2010 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Acknowledgments

It is our pleasure to acknowledge the prepublication reviewers of this text. All of
their insights and comments have been very valuable to us. Reviewers of this text
include:

Reza Abbasian, Texas Lutheran University
Paul Ache, Kutztown University
Kathleen Almy, Rock Valley College
Polly Amstutz, University of Nebraska at Kearney
Delores Anderson, Truett-McConnell College
Robert J. Astalos, Feather River College
Lynda L. Ballou, Kansas State University
Mary Benson, Pensacola Junior College
Larry Bernett, Benedictine University
Kiran Bhutani, The Catholic University of America
Kristy E. Bland, Valdosta State University
John Bray, Broward Community College
Bill Burgin, Gaston College
Toni Carroll, Siena Heights University
Pinyuen Chen, Syracuse University
Emmanuel des-Bordes, James A. Rhodes State College
Jennifer M. Dollar, Grand Rapids Community College
Larry E. Dunham, Wor-Wic Community College
Andrew Ellett, Indiana University
Ruby Evans, Keiser University
Mary Fine, Moberly Area Community College
Rebecca Fouguette, Santa Rosa Junior College
Rene Garcia, Miami-Dade Community College
Larry Green, Lake Tahoe Community College
Shari Harris, John Wood Community College
Janice Hector, DeAnza College
Jane Keller, Metropolitan Community College
Raja Khoury, Collin County Community College
Diane Koenig, Rock Valley College
Charles G. Laws, Cleveland State Community College
Michael R. Lloyd, Henderson State University
Beth Long, Pellissippi State Technical and Community College
Lewis Lum, University of Portland
Darcy P. Mays, Virginia Commonwealth University
Charles C. Okeke, College of Southern Nevada, Las Vegas
Peg Pankowski, Community College of Allegheny County
Ram Polepeddi, Westwood college, Denver North Campus
Ron Spicer, Colorado Technical University
Azar Raiszadeh, Chattanooga State Technical Community College
Traei Reed, St.Johns River Community College
Michael L. Russo, Suffolk County Community College
Janel Schultz, Saint Mary’s University of Minnesota
Sankara Sethuraman, Augusta State University
Stephen Soltys, West Chester university of Pennsylvania
Winson Taam, Oakland University
Jennifer L. Taggart, Rockford College
William Truman, University of North Carolina at Pembroke
Bill White, University of South Carolina Upstate
Jim Wienckowski, State University of New York at Buffalo

Preface xix

      Copyright 2010 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Stephen M. Wilkerson, Susquehanna University
Hongkai Zhang, East Central University
Shunpu Zhang, University of Alaska, Fairbanks
Cathy Zucco-Teveloff, Trinity College

We would especially like to thank George Pasles for his careful accuracy
review of this text. We are especially appreciative of the excellent work by the
editorial and production professionals at Brooks/Cole Cengage. In particular we
thank Molly Taylor, Shaylin Walsh, Jill Clark, and Heather Johnson.

Without their creative insight and attention to detail, a project of this quality
and magnitude would not be possible. Finally, we acknowledge the cooperation
of Minitab, Inc., SPSS, Texas Instruments, and Microsoft.

Charles Henry Brase

Corrinne Pellillo Brase

xx Preface

      Copyright 2010 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Additional
Resources—Get More
from Your Textbook!

Instructor Resources

Annotated Instructors’s Edition (AIE) Answers to all exercises, teaching
comments, and pedagogical suggestions appear in the margin, or at the
end of the text in the case of large graphs.

Solution Builder Contains complete solutions to all exercises in the text,
including those in the Chapter Review and Cumulative Review Problems
in online format. Solution Builder allows instructors to create customized,
secure PDF printouts of solutions matched exactly to the exercises assigned
for class. Available to adoptions by signing up at www.cengage.com/ 
solutionbuilder

ExamView® Allows instructors to create, deliver, and customize tests for
class in print and online formats and features automatic grading. This
electronic test bank features more than 450 questions based on the text.
All test items are also provided in PDF and Microsoft® Word formats for
instructors who opt not to use the software component

PowerLecture Provides the instructor with dynamic media tools for teach-
ing. Create, deliver, and customize tests (both print and online) in minutes
with ExamView® Computerized Testing Featuring Algorithmic
Equations. Easily build solution sets for homework or exams using
Solution Builder’s online solutions manual. Microsoft® PowerPoint® lec-
ture slides and figures from the book are also included on this CD-ROM.

Student Resources

Student Solutions Manual Provides solutions to the odd-numbered sec-
tion and chapter exercises and to all the Cumulative Review exercises in
the student textbook.

Instructional DVDs Hosted by Dana Mosely, these text-specific
DVDs cover all sections of the text and provide explanations of key

concepts, examples, exercises, and applications in a lecture-based format.
DVDs are close-captioned for the hearing-impaired.

Aplia Is an online interactive learning solution that helps students
improve comprehension—and their grade—by integrating a variety of
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mediums and tools such as video, tutorials, practice tests, and an interac-
tive eBook. Created by a professor to enhance his own courses, Aplia pro-
vides automatically graded assignments with detailed, immediate
feedback on every question, and innovative teaching materials. More than
1,000,000 students have used Aplia at over 1,800 institutions.

MINITAB® and IBM SPSS Statistics CD-ROMs These statistical software
packages manipulate and interpret data to produce textual, graphical, and
tabular results. MINITAB and/or SPSS may be packaged with the text-
book. Student versions are available.

CourseMate Brings course concepts to life with interactive learning,
study, and exam preparation tools that support the printed textbook.
Watch student comprehension soar as your class works with the printed
textbook and the textbook-specific website. Statistics CourseMate goes
beyond the book to deliver what you need. Find the following and more
at www.cengage.com/statistics/brase.

• Engagement Tracker a first-of-its-kind tool that monitors student
engagement in the course. Online student quizzes

• Technology Guides Separate guides exist with information and exam-
ples for each of four technology tools. Guides are available for the TI-
84Plus, TI-S3Plus, and TI-nspire graphing calculators, Minitab
software (version 14) Microsoft Excel (2008/2007), and SPSS Statistics
software.

• Interactive Teaching and Learning Tools include glossary flashcards,
online datasets (in Microsoft Excel, Minitab, SPSS, and Tl-84Plus/
TI-83Plus/TI-nspire with 84Plus keypad ASCII file formats), statistical
tables and formulae, and more.

• Multimedia eBook Integrates numerous assets such as video explana-
tions and tutorials to expand upon and reinforce concepts as they
appear in die text.

Enhanced WebAssign Offers an extensive online program for Statistics to
encourage the practice that’s so critical for concept mastery. The meticu-
lously crafted pedagogy and exercises in Brase and Brase’s text become
even more effective in Enhanced WebAssign.

CengageBrain.com Provides the freedom to purchase online homework
and other materials a-la-carte exactly what you need, when you need it.

For more information, visit http://www.cengage.com/statistics/brase or
contact your local Cengage Learning sales representative.

xxii Additional Resources—Get More from Your Textbook!
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Chapter Prerequisite Sections

1 Getting Started None

2 Organizing Data 1.1, 1.2

3 Averages and Variation 1.1, 1.2, 2.1

4 Elementary Probability Theory 1.1, 1.2, 2.1, 3.1, 3.2

5 The Binomial Probability 1.1, 1.2, 2.1, 3.1, 3.2, 4.1, 4.2 
Distribution and Related Topics 4.3 useful but not essential

6 Normal Curves and Sampling
Distributions 
(omit 6.6) 1.1, 1.2, 2.1, 3.1, 3.2, 4.1, 4.2, 5.1
(include 6.6) also 5.2, 5.3 

7 Estimation
(omit 7.3 and parts of 7.4) 1.1, 1.2, 2.1, 3.1, 3.2, 4.1, 4.2, 5.1, 6.1, 6.2, 6.3, 6.4, 6.5
(include 7.3 and all of 7.4) also 5.2, 5.3, 6.6

8 Hypothesis Testing 
(omit 8.3 and part of 8.5) 1.1, 1.2, 2.1, 3.1, 3.2, 4.1, 4.2, 5.1, 6.1, 6.2, 6.3, 6.4, 6.5
(include 8.3 and all of 8.5) also 5.2, 5.3, 6.6 

9 Correlation and Regression
(9.1 and 9.2) 1.1, 1.2, 3.1, 3.2
(9.3 and 9.4) also 4.1, 4.2, 5.1, 6.1, 6.2, 6.3, 6.4, 6.5, 7.1, 7.2, 8.1, 8.2 

10 Chi-Square and F Distributions
(omit 10.3) 1.1, 1.2, 2.1, 3.1, 3.2, 4.1, 4.2, 5.1, 6.1, 6.2, 6.3, 6.4, 
(include 10.3) 6.5, 8.1 also 7.1 

11 Nonparametric Statistics 1.1, 1.2, 2.1, 3.1, 3.2, 4.1, 4.2, 5.1, 6.1, 6.2, 6.3, 6.4, 6.5,
8.1, 8.3

TABLE OF PREREQUISITE

MATERIAL
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