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How to Find a P-Value from a Z-Test
Statistic

by Sophia

‘ WHAT'S COVERED

This tutorial will explain how to find a p-value when given the z-test statistic, by using either graphing
calculator, z-table, or technology. Our discussion breaks down as follows:

1. Two-Sided Tests
1a. Z-Table
1b. Graphing Calculator
1c. Excel

2. Left-Tailed Test
2a.Z-Table
2b. Graphing Calculator
2c. Excel

3. Right-Tailed Test
3a. Z-Table
3b. Graphing Calculator

3c. Excel

1. Two-Sided Tests

Suppose a pharmaceutical company manufactures ibuprofen pills. They need to perform some quality
assurance to ensure they have the correct dosage, which is supposed to be 500 milligrams. This is a two-sided
test because if the company's pills are deviating significantly in either direction, meaning there are more than
500 milligrams or less than 500 milligrams, this will indicate a problem.

Hg: p=500mg
Hyop#500mg



In a random sample of 125 pills, there is an average dose of 499.3 milligrams with a standard deviation of 6
milligrams. Because this is quantitative data, 500 mg is the population mean. We can use the following formula
to calculate the z-score:

X—y
a

Jn
=sample mean =499.3 mg
= population mean =500 mg
= sample standard deviation =6 mg
sample size =123
X—-p 4993-500 -0.7 =07 =07
El 6 6 B 0.52667
Jn S 125 S 125 11.18

F=

S g o= x|

z =-1.304

We get a z-score of negative 1.304. Because this is a two-sided test, it is not enough to just look at the left tail.
We also have to look at the equivalent of the right tail, or a positive 1.304.

-1.304 1.304

Now that we have the z-score, we can use a variety of methods to find the probability, or p-value.

1a. Z-Table

The first way to find the p-value is to use the z-table. In the z-table, the left column will show values to the tenths
place, while the top row will show values to the hundredths place. If we have a z-score of -1.304, we need to
round this to the hundredths place, or -1.30. In the left column, we will first find the tenths place, or -1.3. In the top
row, we will find the hundredths place, or O.

0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0002

0.0013 0.0013 0.0013 0.0012 0.0012 0.00M 0.00M 0.00M 0.0010 0.0010

0.0005 0.0005 0.0005 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004 0.0003
0.0007 0.0007 0.0006 0.0006 0.0006 0.0006 0.0006 0.0005 0.0005 0.0005

0.0010 0.0009 0.0009 0.0009 0.0008 0.0008 0.0008 0.0008 0.0007 0.0007

0.0019 0.0018 0.0017 0.0017 0.0016 0.0016 0.0015 0.0015 0.0014 0.0014



0.0026 0.0025 0.0024 0.0023 0.0023 0.0022 0.0021 0.0021 0.0020 0.0019

N
N

0.0035 0.0034 0.0033 0.0032 0.0031 0.0030 0.0029 0.0028 0.0027 0.0026

N
o

0.0047 0.0045 0.0044 0.0043 0.0041 0.0040 0.0039 0.0038 0.0037 0.0036

N
o)

0.0062 0.0060 0.0059 0.0057 0.0055 0.0054 0.0052 0.0051 0.0049 0.0048

0.0082 0.0080 0.0078 0.0075 0.0073 0.0071 0.0069 0.0068 0.0066 0.0064

0.0107 0.0104 0.0102 0.0099 0.0096 0.0094 0.0091 0.0089 0.0087 0.0084

0.0139 0.0136 0.0132 0.0129 0.0125 0.0122 0.0119 0.0116 0.0113 0.0110

0.0179 0.0174 0.0170 0.0166 0.0162 0.0158 0.0154 0.0150 0.0146 0.0143

0.0228 0.0222 0.0217 0.0212 0.0207 0.0202 0.0197 0.0192 0.0188 0.0183

0.0287 0.0281 0.0274 0.0268 0.0262 0.0256 0.0250 0.0244 0.0239 0.0233

0.0359 0.0351 0.0344 0.0336 0.0329 0.0322 0.0314 0.0307 0.0301 0.0294

0.0446 0.0436 0.0427 0.0418 0.0409 0.0401 0.0392 0.0384 0.0375 0.0367

0.0548 0.0537 0.0526 0.0516 0.0505 0.0495 0.0485 0.0475 0.0465 0.0455

0.0668 0.0655 0.0643 0.0630 0.0618 0.0606 0.0594 0.0582 0.0571 0.0559

0.0808 0.0793 0.0778 0.0764 0.0749 0.0735 0.0721 0.0708 0.0694 0.0681

0.0968 0.0951 0.0934 0.0918 0.0901 0.0885 0.0869 0.0853 0.0838 0.0823

0M51 oM31 01112 01093 0.1075 0.1056 01038 01020 01003 0.0985
01357 01335 01314 01292 0127 01251 01230 01210 0.1190 01170
01587 01562 01539 01515 01492 01469 01446 01423 01401 01379
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This results in a p-value of 0.0968, or 9.68%, for a z-score of negative 1.304. We also need to take the positive
1.304 into account, which is the upper right tail.

To calculate the true p-value, we just need to multiply 0.0968 by two, or 0.1936. This would be a p-value of
19.36%.

1b. Graphing Calculator

The second method is using a graphing calculator. This can give us a more exact number because we will not
have to cut off the z-score at the hundredths place. On the calculator, click "2nd", then "DISTR" for distribution.
We will use "normalcdf", which stands for normal cumulative density function. When inserting the values into the
calculator, we always go lower boundary to upper boundary.

In this case, the lower boundary was shaded all the way to the left of the curve, which would be negative infinity.
We cannot enter negative infinity in our calculator, so instead, we can just enter negative 99. The shading stops
at -1.304, so this is the upper boundary.



n

normaledf (-99,-1.304)
0.0961168558

We get a value of 0.0961, which is about the same value as we got in the table. Again, we need to take both tails

into account, so we can simply multiply this value by two to get a p-value of 0.1922, or 19.22%.

1c. Excel

The third method to find the p-value is to use Excel. First, select "Formulas", choose the "Statistical" option, and
pick "NORM.DIST". The first value we are going to input is the mean of the sample, which was 499.3, then the
population mean which we are testing against, or 500, and finally the standard deviation, which was 6, divided
by the square root of the sample of n. We can find the square root under the "Math and Trigonometry" optionin
"Formulas". The last value that we need to enter is "TRUE".

A B

A B
1 |=NORM.DIST(499.3,500,6/5QRT(125 ), TRUE)| |
= 1 0.09605322

3

We get about the same value as we did with the table and the calculator. Since this is a two-sided test, we need
to multiply the value by two, or 0.096 times two equals 0.1912.

2. Left-Tailed Test

In this next example, we'll look at the proportion of students who suffer from test anxiety. We want to test the
claim that fewer than half of students suffer from test anxiety.

Hy: p=0.50

Hy p<0.50

In this case, we will have a left-tailed test. Because this is qualitative data, meaning the students answer yes or

no to suffering from test anxiety, this is a population proportion and we can use the following formula to



calculate the z-test statistic:

p-p
pg

n
o =sample proportion of success
P =population proporiion of success
q =
n

zZ=

omplement of p
ample size

w0

In a random sample of 1000 students, 450 students claimed to have test anxiety. This will be p-hat, or the
sample proportion. We can calculate this by dividing 450 by 1000, or 0.45. The population proportion, p, is 50%,
or 0.50. The complement of p, or g, can be found by calculating 1 minus 0.50, or 0.50. The sample size is 1000.

p-p 0.45-0.50 —0.05 —0.05 —0.05
Jﬂ (0.50)(0.50) 025 40.00025 0.015811
n 1000 1000

The corresponding z-score is negative 3.162. Testing against that half, or 50%, of students suffer from test

anxiety, we get the following shaded region all the way to the left of our curve:

-<

0.50

-3.162

2a. Z-Table

The first way to find the p-value is with the z-table. Remember, we can only go up to the hundredths place, so we
will need to round -3.162 to -3.16. In the left column, we will first find the tenths place, or -3.1. In the top row, we
will find the hundredths place, or 0.06.

0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0002

0.0013 0.0013 0.0013 0.0012 0.0012 0.00M 0.00M 0.00M 0.0010 0.0010

0.0005 0.0005 0.0005 0.0004 0.0004 0.0004 0.0004 0.0004 0.0004 0.0003
0.0007 0.0007 0.0006 0.0006 0.0006 0.0006 0.0006 0.0005 0.0005 0.0005

0.0010 0.0009 0.0009 0.0009 0.0008 0.0008 0.0008 0.0008 0.0007 0.0007

0.0019 0.0018 0.0017 0.0017 0.0016 0.0016 0.0015 0.0015 0.0014 0.0014



0.0026 0.0025 0.0024 0.0023 0.0023 0.0022 0.0021 0.0021 0.0020 0.0019

This gives us a p-value of 0.0008, or 0.08%.

2b. Graphing Calculator

To find the p-value on the graphing calculator, click "2nd", then "DISTR" for distribution. Again, we will use
"normalcdf". When inserting the values into the calculator, remember we always go lower boundary to upper
boundary. In this case, the lower boundary was shaded all the way to the left of the curve, which would be
negative infinity. We cannot enter negative infinity in our calculator, so instead, we can just enter negative 99.
The shading stops at -3.162, so this is the upper boundary.

TI-84 Plus C Silver Edition
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normaledf (-99,-3.162)
7.835137035E-4

This answer shows a p-value of 0.00078, or 0.078%.

2c. Excel

In Excel, select "Formulas", choose the "Statistical" option, and pick "NORM.DIST". The first value we are going
to input is the sample proportion, "0.45", then the population proportion, "0.50", and finally the standard
deviation, which was the square root of pq divided by n, or 0.50 times 0.50 divided by 1000. We can find the
square root under the "Math and Trigonometry" option in "Formulas". The standard deviation should be input as
"SQRT((0.50*0.50)/1000)". The last value that we need to enter is "TRUE".

A B A B

1 |=NORM.DIST(0.45,0.5,5QRT((0.5*0.5)/1000),TRUE) | 1 0.000782701
2 2

We get about the same p-value as we did with the z-table and the calculator.



3. Right-Tailed Test

In this final example, we will be testing the claim that women in a certain town are taller than the average U.S.
height, which is 63.8 inches.

Hp: p=863.81n.
Ha p>63.810n.

From a random sample of 50 women, we get an average height of 64.7 inches with a standard deviation of 2.5
inches. Inches is a quantitative variable, therefore the 63.8 inches is a population mean. We will then use the
following formula to calculate the z-score:

z=2"F
9
vn

X =sample mean =64.7 in.

U =population mean =63.8in.
a

n

= gample standard deviation=2.5in.
sample size =50
X—u _f647-838_ 09 _ 09 _ 08

a 2.5 2.5 2.5 0.35356

n WL JED 7.071

=2.548

We get a z-score of 2.546, which is labeled on the following distribution:

2.546

3a. Z-Table

The first way to find the p-value is to use the z-table. In the z-table, the left column will show values to the tenths
place, while the top row will show values to the hundredths place. If we have a z-score of 2.546, we need to
round this to the hundredths place, or 2.55. In the left column, we will first find the tenths place, or 2.5. In the top
row, we will find the hundredths place, or 0.05.

0.5000 0.5040 0.5080 0.5120 0.5160 0.5199 0.5239 0.5279 0.5319 0.5359



0.5398
0.5793
0.6179
m 0.6554
m 0.6915
n 0.7257
0.7580
m 0.7881
m 0.8159
n 0.8413
n 0.8643
0.8849
0.9032
n 0.9192
n 0.9332
n 0.9452
0.9554
n 0.9641
n 0.9713
0.9772
0.9821
0.9861
0.9893
m 0.9918
0.9938
0.9953
0.9965
0.9974
E 0.9981

0.5438

0.5832

0.6217

0.6591

0.6950

07291

0761

0.7910

0.8186

0.8438

0.8665

0.8869

0.9049

0.9207

0.9345

0.9463

0.9564

0.9649

0.9719

0.9778

0.9826

0.9864

0.9896

0.9920

0.9940

0.9955

0.9966

0.9975

0.9982

0.5478

0.5871

0.6255

0.6628

0.6985

07324

07642

0.7939

0.8212

0.8461

0.8686

0.8888

0.9066

0.9222

0.9357

0.9474

0.9573

0.9656

0.9726

0.9783

0.9830

0.9868

0.9898

0.9922

0.9941

0.9956

0.9967

0.9976

0.9982

0.5517

0.5910

0.6293

0.6664

0.7019

07357

07673

07967

0.8238

0.8485

0.8708

0.8907

0.9082

0.9236

0.9370

0.9484

0.9582

0.9664

0.9732

0.9788

0.9834

0.9871

0.9901

0.9925

0.9943

0.9957

0.9968

0.9977

0.9983

This gives us a p-value of 0.9946, or 99.46%.

0.5557

0.5948

0.6331

0.6700

0.7054

07389

07704

0.7995

0.8264

0.8508

0.8729

0.8925

0.9099

0.9251

0.9382

0.9495

0.9591

0.9671

0.9738

0.9793

0.9838

0.9875

0.9904

0.9927

0.9945

0.9959

0.9969

0.9977

0.9984

0.5596

0.5987

0.6368

0.6736

0.7088

07422

07734

0.8023

0.8289

0.8531

0.8749

0.8944

0.9115

0.9265

0.9394

0.9505

0.9599

0.9678

0.9744

0.9798

0.9842

0.9878

0.9906

0.9929

0.9946

0.9960

0.9970

0.9978

0.9984

0.5636

0.6026

0.6406

0.6772

0.7123

07454

07764

0.8051

0.8315

0.8554

0.8770

0.8962

0.9131

0.9279

0.9406

0.9515

0.9608

0.9686

0.9750

0.9803

0.9846

0.9881

0.9909

0.9931

0.9948

0.9961

0.997

0.9979

0.9985

0.5675

0.6064

0.6443

0.6808

0.7157

0.7486

07794

0.8078

0.8340

0.8577

0.8790

0.8980

0.9147

0.9292

0.9418

0.9525

0.9616

0.9693

0.9756

0.9808

0.9850

0.9884

0.991

0.9932

0.9949

0.9962

0.9972

0.9979

0.9985

0.5714

0.6103

0.6480

0.6844

0.7190

07517

07823

0.8106

0.8365

0.8599

0.8810

0.8997

0.9162

0.9306

0.9429

0.9535

0.9625

0.9699

0.9761

0.9812

0.9854

0.9887

0.9913

0.9934

0.9951

0.9963

0.9973

0.9980

0.9986

0.5753

0.6141

0.6517

0.6879

07224

07549

07852

0.8133

0.8389

0.8621

0.8830

0.9015

0.9177

0.9319

0.9441

0.9545

0.9633

0.9706

0.9767

0.9817

0.9857

0.9890

0.9916

0.9936

0.9952

0.9964

0.9974

0.9981

0.9986



However, when we are performing an upper-tail test, or right-tailed test, that p-value from the table always
reads left to right for our distribution. The p-value of 99.46% is associated with the 99.46% percent that is
unshaded.

99.46%

63.8

2.546

To get the percent that is shaded under the curve, we just need to calculate 100% minus 99.46%. This gives us
the p-value of 0.54%, or 0.0054.

3b. Graphing Calculator

On the graphing calculator, again we are going to click "2nd", then "DISTR", and use "normalcdf". When inserting
the values into the calculator, remember we always go lower boundary to upper boundary of the shaded
region. In this case, the lower boundary of the shaded region is our z-score, 2.546. The upper boundary goes

all the way up to positive, but we cannot type positive infinity in our calculator. Instead, we can just enter positive
99.

T1-84 Plus C Silver Edition
*3 TEXAS INSTRUMENTS
HORMAL FLOAT AUTO REAL RADIAN WP [y

normalcdf (2.546,99)
0.0054482832

This answer shows a p-value of 0.0054, or 0.54%.

3c. Excel



In Excel, first, select "Formulas", choose the "Statistical" option, and again pick "NORM.DIST". The first value we
are going to input is the mean of the sample, which was 64.7, then the population mean which we are testing
against, or 63.8, and finally the standard deviation, which was 2.5, divided by the square root of the sample size
of 50. We can find the square root under the "Math and Trigonometry" option in "Formulas". The last value that
we need to enter is "TRUE".

A B A B

1 |=NO RM.DIST(54.7,63.8,2.5/SQRT(50 ), TRUE) | 1 0.954545251
2

Notice that we do not get the same p-value as the graphing calculator. In this case, since it is a right-tailed test,
Excel always goes from the first part of the distribution and reads left to right. We know that the distribution is
100%, so to get that upper portion of the distribution, we have to do 100%, or 1, minus this value.

1 0.394545251 1 0994545251
2 [-1-a] 2 0.005454749
2

We get the same p-value, which is about 0.0054, or 0.54%.

SUMMARY

Today we calculated the p-value from a given z-test statistic, for a two-sided test, a left-tailed test, and a
right-tailed test. For each test, we performed the calculation using three different methods: z-table,

graphing calculator, and Excel.

Good luck!

Source: THIS TUTORIAL WAS AUTHORED BY JONATHAN OSTERS FOR SOPHIA LEARNING. PLEASE SEE OUR
TERMS OF USE.

2 TERMS TO KNOW

P-value
The probability that the test statistic is that value or more extreme in the direction of the alternative
hypothesis

Test Statistic
A measurement, in standardized units, of how far a sample statistic is from the assumed parameter if the
null hypothesis is true


https://www.sophia.org/terms/

