Hypothesis Testing Summary
ONE-PROPORTION Z-TEST (Normal approximation)

Left-tailed Right-tailed Two-tailed
Assumptions e Observations are independent
e Data should follow a binomial distribution
e Large sample: np > 10 and n(1 — p) > 10
Hypotheses Ho:p>po Ho:p <po Hy :p=po
Hy:p <po Hyi:p>po Hy :p #po
Test Statistic - PP
po(1 — po)
n
Rejection
Region ,
—Za Za —Za/2 Ra /2
Critical Value Zo = —1.645 Zo = 1.645 2q/2 = £1.96
(oo =0.05)
Conclusion Reject Hy if z < —1.645 Reject Hy if z > 1.645 Reject Hy if |z| > 1.96
Otherwise, fail to reject Hy Otherwise, fail to reject Hy Otherwise, fail to reject Hy
1 —
Confidence PE2q)2 - M
Interval

(2-tailed test)

n
If Hy is true, this CI gives the range of likely sample proportions p. If p falls outside, reject Hy.

(L=
Confidence Dt Zaya A/ u
Interval no. . N -
(Estimation) We are 100(1 — )% confident that the true population proportion p is within this interval.
TWO-PROPORTION Z-TEST (Normal approximation)
Left-tailed Right-tailed Two-tailed
Assumptions e Observations are independent
e Data should follow binomial distribution
e Large sample: Typically, n; and ny should exceed 30
e Large sample: n;p; > 5 and n;(1 — p;) > 5 for ¢ = 1,2 (some newer textbooks use > 10)
Hypotheses Ho:p1—p22>0 Hy:p1—p2<0 Ho:p1—p2=0
Hy:pi—p2 <0 Hy:pr—p2>0 Hy:pr—p2#0
D1 — P2 1ty

Test Statistic

z = =

1 1 ’ 0 ny + ng
po(1 —po) < + )
ny o

Critical Values,
Region & Conclusion

Same as one-proportion testing

Confidence
Interval
(2-tailed test)

1 1
b — Po) =+ zas2 - 1— — 4=
(D1 — P2) £ 2a)2 \/po( Do) (nl + nz)

falls outside, reject Hy.

Confidence
Interval
(Estimation)

p1(l —p1) " P2(1 — p2)

5 — 5o) & )
(P1 — Do) Ra)2 ni g

this interval.

If Hy is true, this CI gives the likely range of sample differences p; — p2. If the observed difference

We are 100(1 — )% confident that the true difference in population proportions p; — ps is within




Hypothesis Testing Summary
ONE-SAMPLE T-TEST

Left-tailed Right-tailed Two-tailed
Assumptions o Observations are independent
e Population is approximately normal or n > 30 (Central Limit Theorem).
e Population standard deviation o is unknown.
e No significant outliers and is a continuous data
Hypotheses Ho:p > po Ho:p<po Ho:p= po
Hy:p < po Hy:p > po Hy oy # po
Test Statistic t=2" Mo, where s is the sample standard deviation
Critical Value to,qf Withdf =n —1 to,qf Withdf =n —1 Hloso,qp With df =n —1
Rejection
Region | i
—ta,df to,df ~tay2,df tas2
Conclusion Reject Hy if t < —t, Reject Hy if t > tq Reject Hy if [t| > t4/2
Otherwise, fail to reject Hy Otherwise, fail to reject Hy Otherwise, fail to reject Hy
Confidence TEtaogq - s/Vn
Interval We are 100(1 — a))% confident that the true mean g lies within this interval.
Also, if the null hypothesis Hy : 1 = pg is true; then this interval shows the range of sample means = we
would expect to observe with 100(1 = )% confidence.
PAIRED T-TEST
Left-tailed Right-tailed Two-tailed
Assumptions e Pairs are independent of each other.
e Differences are approximately normally distributed (or n > 30 by CLT).
e No significant outliers in the differences.
e Data is continuous and collected in natural pairs (e.g., before/after, twins, A/B materials).
Hypotheses Hy:pg >0 Hy:pg <0 Hy:pg=20
Hy:pg <0 Hy:pg>0 Hy:pg#0
Test Statisti t d
es atistic =—
Sa/v/n
where
e ( is the sample mean of the differences,
e 54 is the sample standard deviation of the differences, and
e 1 is the number of pairs.
Critical Values, Same as one-sample t-test
Region & Conclu-
sion
Key Differences e Tests the mean of paired differences, not raw values.
?_‘Egslt One-Sample e The sample size n refers to the number of pairs (not total observations).
e Observations within each pair are dependent, but the pairs themselves are independent.




Hypothesis Testing Summary
TWO-SAMPLE T-TEST (Independent Samples)

Left-tailed Two-tailed

Right-tailed

Assumptions e The two samples are independent of each other.
e Data in each group is approximately normally distributed (or n > 30 by CLT).
e No significant outliers.
e For Welch’s t-test: variances may be unequal.
e For pooled t-test: equal variances (homogeneity of variances) with pooled standard deviation:
o=+ -1
P ny + ng — 2
Hypotheses Ho:pyp—p2 >0 Ho:py—p2 <0 Ho g —p2 =0

Hy:pp—pe <0 Hy:ipp —p2 >0 Hy:py —p2#0

Test Statistic

Equal variances (pooled t-test) Unequal variances (Welch’s t-test)

T1 — Io T1 — To
t= 71 T = ——
2 2
Spy/— 51, 52
ny %) nq N9

Degrees of
freedom

Equal variances (pooled t-test) Unequal variances (Welch’s t-test)

(3/n2)’

2 2\ 2 2 2
df =ny +ng —2 df = (24-8*2) /[(Sl/nl) +
) ny —1

ng—l

|

t., Region & Con-
clusion

ni
Same as one-sample t-test

Confidence (T1 = Z2) Ftasoq - SE
Interval We are 100(1 — «)% confident that the true difference in population means p; — po lies within this
interval.
F-TEST: COMPARING TWO INDEPENDENT VARIANCES
Left-tailed Right-tailed Two-tailed
Assumptions e The two samples are independent.
e Each population is normally distributed.
e Each sample size is at least 30 for robustness.
Hypotheses Hy:0? > 03 Hy: 0% < o3 Hy:0? =03
Hy:0% < o5 Hy:0% > 03 Hy : 0% # o5
) ) 1 )
Test Statistic F= S% F= S—é = KTSQ
51 55 smaller s
(reframe as right-tailed) (ensure F' > 1)
Degrees of vy =ng — 1, Vg =ng — 1
Freedom (df)
1
Critical Values Flony 0s Fovy 09 Fo/2,0, 0, and
Fa/2,U27U1
Rejection :
Region . i : :
Fr Fr Fy, Fr
1
F>F,u 0 F>Fyou 0 F<——— or F>Fy5.4 0
Fa/Q"U2ﬂ)l
Conclusion Reject Hy if FF > Fg Reject Hy if FF > Fg Reject Hy if FF < F, or F > Fg
Otherwise, fail to reject Hy Otherwise, fail to reject Hy Otherwise, fail to reject Hy




Hypothesis Testing Summary

CHI-SQUARED (x?) TEST

Component Goodness-of-Fit Test Test of Independence
Purpose Test if observed frequencies match expected Test if two categorical variables are independent in
proportions in one categorical variable a contingency table
Assumptions — Data are frequencies (counts), not percentages Same as for goodness-of-fit, applied to contingency
— Categories are mutually exclusive table cells
— Expected frequency in each category is at least 5
Hypotheses Hy: Proportions (in population) are equal to Hy: The variables are independent

theoretical values proposed/stated
H;: Proportions (in population) are not equal to
theoretical values proposed/stated

H;: The variables are dependent or associated

Test Statistic

(0i — E)?

2 _
X = E,

2 _ s (Oi — Eyy)?

row total) - (column total)

(
E;; =
J grand total

Degrees of
Freedom

df = k — 1 where k is the number of categories

df =(r = 1)(c— 1), where r=rows, c=columns

Critical Value

X2, qp from chi-squared table

Rejection Reject Hy if 2> x2 df
Region '
Conclusion If test statistic falls in rejection region, reject Hy. Otherwise, fail to reject Hy.

Discrete

Responses

Continuous

Responses

Hypothesis Testing Decision Tree

( \ s

One-proportion

\ J \.

One-proportion
z-test

Proportions

( \ s

Two-proportion

Two-proportion
z-test

-

)\ 's D

Goodness-of-fit /

Chi-squared test

Independence test
Known o One-sample
) z-test
One-sample . J .
(independent) 1 ) ( )
J One-sample
Unknown o
t-test
_ Equal g2 Pooled t-test \
Independent P— h
Means
—_ Unequal g2 Welch’s t-test
Two-sample
Dependent Paired t-test
> 2 samples ]— ANOVA
Variances ]—[ F-test ]



