T Tests and Confidence Intervals in Excel

Example 1 (1-sample T-Test): The data file 'Score with 1-Sample T-Test
Calculations.xlIsx. has final scores for the STATS 101 class at a university. Test if
the true mean L for STATS 101 class equals 90.

This problem is formulated as testing Ho: 1t =90 vs. Hy: p# 90.

Start with SCORE data in cells A2:A61. Microsoft Excel does not provide a 1-sample t-test
/confidence interval function, so you need to compute these in Excel. The Score data file has all
of these calculations.

Running the 1-sample t-test

Calculate the mean (Figure 1a), sd (Figure 1b), the t-statistic (Figure 1c) in Excel from the

following formula:

Xy

X—-90
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and then using the Excel function
P-value =2xP(t, , >/t |) asshown in Figure 1d.

tdist to compute the P-value using the formula

Note that '=tdist(|toss|,n-1,2) gives the P-value for 2-sided alternative (Figure 1d), and

'=tdist(Jtoss|,n-1,1) gives the P-value for 1-sided alternative.

c3 - fe | =AVERAGE(A2:A61)
A B C D E

1 Score n 60
2 76 mul 90
3 8h wbar I ?4_88333333!
4 78 sd 10 616730745
5 70t obs -11.02911991
6 78 P-Value 5 76993E-16
7 [

8 73

a 7n

ca - f | =STDEV(AZ:A61)

A B c D E
1 Score n 60
2 76 mul 90
3 85 xbar 7488333333
4 78 sd [Clostersors]
5 70 t_obs -11.02911991
6 78 P-Value  5.76993E-16
T TE

Figure 1a: Computing xbar in Excel

Figure 1a: Computi

ng sd in Excel

cs - # | =(ca-c2)/(ca/sarT(c1))

A B C D L r
1 Score n 60
2 76 mud 90
3 85 xbar 74.88333333
4 78 sd 10.61673075
5 70t obs  [C1029119911
6 78 PValue  5.76993E-16
r TR

ToIST - X ﬁr| =TDIST{ABS(C5),C1-1,2)
A E C TDIST (%, deg_freedom, tail

1 |Score n 60

2 76 mul 90

3 85 xbar 74.88333333

4 78 sd 10.61673075

5 70 t_obs

6 78 P-Value |=TD|ST ABS q

7 TC

Figure 1c: Computing togs in Excel
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Figure 1d: Computing P-value in Excel
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Computing the confidence interval for mean U

The 95% confidence interval for the mean p of an approximately normal population from a
sample of size n is given by:

L=X

S
- tn—l,.025 ﬁ

S
U= X+t 10—
=

X = sample mean or average, s = sample standard deviation
t 105 = Upper 2.5% point from t-table with df n-1

The SCORE data is in cells A2:A61, and the sample size n was entered in Cell C1. We have also
calculated the sample average (in Cell C3) and sample sd (in Cell C4). The lower endpoint of
95% confidence interval is calculated in Cell G4 (see Figure 1e) by typing the formula

=D6-TINV/(0.05,$D$4-1)

=D6-TINV(0.05,$D%4-1)

D E F G H
a5t 95% Confidence Interval for Mean p

B0 L I ?2.88234!

Figure le: Calculating lower limit L
The upper limit U is similarly calculated by typing the formula

=D6+TINV(0.05,$D$4-1) in Cell G5.
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Example 2 (2 Independent Samples T-Test): Measured weights 0f 20 '3 Ibs
hamburger meat’ packets from Grocery store A and 15 from Grocery Store B are
given in the data file "Weights with 2 Independent Sample T-Test
Calculations.xlIsx'. Test to see if the true means of '3 Ibs hamburger meat’ packets
from Grocery store A and Grocery Store B are equal.

The null hypothesis Hq: 1y = [, IS to be tested vs. the alternative Hi: [y # .

Running the 2-sample t-test using the Excel function TTEST

Start with Grocery Store A data in cells A2:A21 and Grocery Store B data in cells
B2:Al6.

Go to Cell E2, and click on Formulas/More Functions/Statistical/ TTEST, select
range A2:A21 as Arrayl, and B2:B16 as Array2, Tails = 2 (for 2-sided alternative),
and Type = 2 for running the t-test for Equal Variances Case, and click OK (see
Figure 2a), which will return P-value of 0.063191.

- ) )
— Home Insert Fage Layout Formulas Data Review View
. fo X | a Al = 4 e )
Insert AutoSum Recently Financial Logical T D : : -
Function Library Defined Mames

TTEST ~ (0 X  |fc| =TTEST(A2:A21,82:B16,2,2)+TTEST(A2:A21,82:B15,2,2)

A B C D E F G H |
1 A B P-Value
2 3 2.65 Equal Variances Assumed |315,2..2} -l
3 2.95 2.83 Unegqual Variances
1 3 31 Function Arguments l 2 i‘z—]
5 2.94 281
6 3 3.67 TTEsT -
7 am 2.93 Arrayl |AZ:A21 [ = {32.9552.9433.02,2.95,2.95;...
8 295 2.92 Array2 |B2:B15 [ = 2652833 1428436729292
3 2.95 3.15 Tails |2 = = 2
10 2.95 3.04 Type [ IEI -
11 3.05 2.837

= 0.057294336
12 3.05 3.3
Returns the probability assodated with a Student's t-Test.
13 2.96 3.45
Type is the kind of t-test: paired = 1, two-sample equal

14 2.34 3.53 variance {(homoscedastic) = 2, two-sample unegual
15 2.95 3.51 variance = 3.
16 3.07 3.01
17 3.03 Formula result = 0.120485116
18 2.34 Help on this function QK ] | Caneel
19 2.93
20 2.96
21 3.05

Figure 2a: Running 2-sample T-Test for Equal Variance case
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The T-Test for Unequal Variances Case is run the same way, the only difference is that Type = 3 in this
case. The P-values for the 2-sample T-Test run both ways are shown below:

P-Value
Equal Variances Assumed 0.063191
Unequal Variances 0.116863

Since the P-values in both cases > .05, the null hypothesis of equal means is not rejected for data of

Example 2.

Note that Excel only outputs the P-values; to get estimates and intermediate results, use the method

shown below.

Computing the confidence interval for difference in two means pi- Y

Excel does not provide a function for calculating the confidence interval for difference in two means, so

we have to calculate it using the following formulas:

EQUAL VARIANCES - Use Pooled sample Variance
=iy =% =%,

1 1
sd(X,—X,)=s f—+—
( 1 2) pooled n1 nz

12 a2
where s, = |08+ (D)
(n1+n2_2)

95% Confidence Interval for g — s,

- o ,1 1
X =%, £l 05 XS pooeg n—+n—, where df =n, +n, -2
1 2

UNEQUAL VARIANCES - Satterthwaites's Approximate Formula
=, =% =%

o
gf=— L0 Tl
(st/n)  (si/n.)

ty o5 =2-sided T-table value corresponding to probability .05

All of the formulas for running the 2-Sample T-Test (Equal Variance Case and Unequal Variance Case)
and computing 95% Confidence Intervals are shown in Figure 2b and the results in Figure 2c.
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Formulas Data

Weights with 2 Independent Sample T-Test Calculations - Microsoft Ex_

Review View

|aﬁcm

153 Copy

| Calibri

M 15

g S Wrap Text

bl

e | =B

Pavste - Format Painter |B s -‘|&-A.|

Melge& Center - ||| & « % » |[% ;%8|  Conditional Format — Cell Insert Delete Format

| F ing ~ as Table ~ Styles ~ =
Clipboard L} Alignment F} Mumber ) Styles Cells
| D4 0
i (4 A | B | c D E | F
| 1| A B N MEAMN s
| 23 2.65 A 20 =AVERAGE(A2:A21) =STDEV(A2:A21)
| 3 |2.95 2.83 B 15 =AVERAGE(B2:B16) =STDEV(B2:B16)
ESE 31 | |
| 5 2.94 2.81
| 613 3.67 ASSUMING EQUAL VARIANCES
| 7 3.02 2.93 xbarl-xbar2 =E2-E3
2 295 2.92 S2+pooled =({D2-1)"F242+{D3-1)"F312)/(D2+D3-2)
| 9 295 3.15 S_pooled =SQRT(D8)
| 10 |2.95 3.04 s_pooled X sqri(1/nl+1/n2) =D9*SQART((1/D2)+(1/D3))
A 3.05 2.87 df =D2+D3-2
| 12 |3.05 3.3 t(df,.05) =TINV(0.05,D11)
£ 2.96 3.45 L =D7-D12*D10
| 14 |2.54 3.53 u =D7+D12*D10
| 15 2.95 3.51
| 16 3.07 3.01
| 17 3.03
| 18 |2.94
| 19 |2.93
| 20 |2.96 UNEQUAL VARIANCES
| 21 3.05 xbarl-xbar2 =E2-E3
| 22 | sd(xbarl-xbar2) =SQRT(F2"2/D2 +F32/D3)
| 23 | num_df =(F2~2/D2 + F3*2/D3)*2
| 24| denom_df =(F2°2/D2)"2/(D2-1) + (F3~2/D3)*2/(D3-1)
| 25 | df =D23/D24
| 26| t{df,.05) =TINV({0.05,D25)
| 27 | L =D21-D26%D22
| 28 | u =D21+D26%D22
|29 |
| 30|

Figure 2b: Excel formulas for running t-test and calculating L and U of 95% confidence interval for p; - W,
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{\L:::j Home l Insert Page Layout Farmulas Data Review View
- & Cut Calibri -1 - A A= == | SiweapTe
=3 Copy S
Pafte 3Furmat Painter | iy el T” b T” & - ﬁ- T| |§ = E||EE iE'§| MHQE&
Clipboard ] Font ] Alignment
D4 - 3
A | B | c | D | e | F

i Fi B M MEAM 5
i 3 2.65 A 20 2.9845  0.040052
i 2.95 2.83 B 15 3.118 0.30746
4| 3 3.1 | 1
5| 234 2.81
i 3 3.67 ASSUMING EQUAL VARIANCES
7 3.02 2.93  xbarl-xbar2 -0.1335
i 2.95 2.92  S2+pooled 0.041325303
3 293 3.15 5 pooled 0.203286259
10| 295 3.04 s _pooled X sgrt{1/nl- 0.069435476
11| 3.05 2.87 df 33
12 3.05 3.3 t[df,.05) 2.034515287
13| 2.96 3.45 L -0.274767538
i 2.94 3.53 u 0.007767538
13| 295 3.51
£ 3.07 3.01
17| 3.03
18 294
19| 2.93
20| 2.96 UNEQUAL VARIAMNCES
21| 3.05 xbarl-xbar2 -0.1335
22 sd(xbarl-xbar2) 0.080050826
E num_df 4.10642E-05
24 denom_df 2.83748E-06
E df 14.47207444
26 t(df,.05) 2.144786681
E L -0.305191945
28 U 0.038191945
29
30
Figure 2c: Results of T-Test and 95% confidence interval for p; - W,
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Example 3 (Paired T-Test): The data file Burger_Sales.xlsx shows daily sales of
two adjacent fast food places for 14 randomly selected days. Test to see if the

average sales of the two fast food restaurants are equal.

The data in this example is PAIRED since the sales for the two restaurants are for
same day, and we will need to run the paired T Test for this example. Start with
data in cells A2:A15 (McB sales) and B2:B15 (DK sales), and click on
Formulas/More Functions/Statistical/ TTEST. Select input ranges, Tails = 2, Type

= 1 (for Paired T-Test), click on OK (Figure 3), to get P-value of 0.033599. Since the
P-value for Example 3 data is < .05, we conclude that the average sales at the two stores are not

equal.

- Home Insert Page Layout Formulas Data Review View

fr =T 0 d A B @ )

Insert AutoSum Recently Financial Logical Text I_a:e;'\ Loo up & _ . ! -

Function Library . R - - Defined Names
TTEST - v | =TTEST(A2:A15,B2:B15,2,1)+TTEST(A2:A15,B2:B15,2,1)
A B C D B F G H 1

1| McB DK

2 | 10043 9028 p-Value for paired T-Test |315,2,1} .l

3 | 947.05 73965 s N
4 | 093.83 97563 Function Arguments l T il
5 | 3454 38218 TTEST

6 | 796.76 629.02 Arrayl |AZ:A15 Ei| = {1004.27,947.05,993.83;345.4.7...
7 82344 59077 Array2 |B2:B15 [(] = 1902.8;739.65,975.63;382.18;629.0
g 75521 574.36 rote [2 & -

5 | 93582 668.39 vee |2 & -
10 11143 773.89 =

= 0.03359945
i: ;82192 1;;;2 Reb.lrnsmeprobabilityassodated'n'imasmtnfkls:—Te:t. d | |
T i i t-test: pai =1, tw

13 969.58 11277 vee I\cs'ari:ncg moomoscsed:sai;rc?=2, bn'goﬂ:fnrgfaeuﬁggzal
12 1007.8 97463 variance = 3.
15 1090.1 1001.3
16 Formula result = 0.067198399
17 Help on this function OK. ]I Cancel
18

Figure 3: Running Paired T-Test for Example 3
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