vey (BIOL322); anonymous g in-class statistical
ursday Nov. 10 (5pm) Don’t iorget‘ our survey for a in-cl
— demonstration!!

https://docs.google.com/forms/d/1qMjnycABtyKrF
MKyJIrXGkbrKrxNXEBe7vTv95pGZI4/edit
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One-sided versus
two-sided tests

also known as

One-tailed versus
two-tailed tests

The statistical hypothesis
testing framework is an
intimate stranger

Most researchers know how to operate it!
But few know how it really works!




Research question - Do other animals exhibit handedness as well? (Frog
example, 18 individuals)

Ho: Right-handed and left-handed toads are equally frequent in the population.

Ha: Right-handed and left-handed toads are NOT equally frequent in the
population.

11/7/22

The alternative hypothesis Ha is two-sided (or two-tailed). This just means that
the alternative hypothesis allows for two possibilities:

[1] that the proportion is greater than 0.5, in which case right-handed toads
outnumber left-handed toads in the population; OR

[2] that the proportion is less than 0.5 (i.e., left-handed toads predominate).

Neither possibility [1 or 2] can be ruled out before gathering the data, so both
should be included in the alternative hypothesis.

Ho: Right-handed and left-handed toads are equally frequent in the population.

Ha: Right-handed and left-handed toads are NOT equally frequent in the
population.

The test statistic that we will use here is the number of right-handed
frogs.

Remember that the test statistic is a number calculated from the data that is
used to evaluate how compatible the observed (sample) data are with the
result expected under random sampling from a statistical population in
which the null hypothesis is true (i.e., the sampling distribution under Ho).

Ho: Right-handed and left-handed toads are equally frequent in the population.

Ha: Right-handed and left-handed toads are NOT equally frequent in the
population.

Sampling distribution under Ho
A perfect match with the null ° —
hypothesis would be 9 right- —
handed and 9 left-handed
frogs but even when
assuming the null hypothesis
as true, the majority of values
are different from this
expectation (> 82%).

probability

\\\\\\\\’L

00123 456 7 891011 1211151617

Number of right-handed toads
(out of 18 toads)




Sampling distribution under Ho So, the sampling distribution

underlying the null hypothesis is
the realm of values for the test
statistics that are consistent
with the null hypothesis.

Even in a world where Hy is
true, some values for the test
im! statistic of interest are more

Toias s e agununweny consistent and some values
Number of rightfhanded toads are less consistent with H,.
Values less Value most consistent Values less
consistent with Ho consistent
with Ho with Ho

What is consistency? compatible or in agreement with something (here Ho).

11/7/22

Ho: Right-handed and left-handed toads are equally frequent in the population.

Ha: Right-handed and left-handed toads are NOT equally frequent in the
population.

RESULTS: 14 toads were found to be right-handed

Sampling distribution under Ho

020

According to the sampling

distribution assuming Ho as |

true, a total of 14 right- .

handed toads out of 18 is S

fairly unusual if the null §

hypothesis were to be true. 53 14 right-
e , handed

g toads

0.00

T T T
001 23 45 6 7 89 101 12131151617

Number of right-handed toads

(out of 18 toads)

Ho: Right-handed and left-handed toads are equally frequent in the population.

Ha: Right-handed and left-handed toads are NOT equally frequent in the
population.

RESULTS: 14 toads were found to be right-handed

Why should we then also count

S ling distributi der H
the more extreme values than the ampling cistribution under Ho

020

observed, i.e., 15, 16, 17 & 18?
Because they are even more rare g ‘ £ w
to observe in the (theoretical) z £3
sampling distribution built s, b
assuming Ho as true. 8- 53
s ES
L z £
These values are even less g SE
consistent with Hoiis true. ° |l ==
| a
Therefore, values more extreme gl =1L |
than the observed count as 001 23 456 7 8 9101 1221311516 17
evidence against Ho as well. Number of right-handed toads

(out of 18 toads)




RESULTS: 14 toads were found to be right-handed

Why do we then also count the frequency of right-hand toads on the left
side of the distribution that were 4 or more extreme?

Pr[14 or more right-handed toads] = Pr[14] + P[15] + P[16] + P[17] + P[18] = 0.0155
+
Pr[4 or less right-handed toads] = Pr[4] + P[3] + P[2] + P[1] + P[0] = 0.0155

=0.031
Ho: Right-handed and left-handed toads are equally frequent in the
population.

Sampling distribution under Hy ,
Ha: Right-handed and left-handed toads are NOT equally frequent in

the population.

The alternative hypothesis H, is two-sided (or two-tailed). This just means that
the alternative hypothesis allows for two possibilities:

4 and more extrems
right-handed toads
14 and more extrem
right-handed toads

[1] that the proportion is greater than 0.5, in which case right-handed toads
outnumber left-handed toads in the population; OR

:l_lﬁ
A

"

Lo [2] that the proportion is less than 0.5 (i.e., left-handed toads predominate).
Number of right-handed toads

Neither possibility [1 or 2] can be ruled out before gathering the data, so both
B | Should be included n the altemative hypothesis.

11/7/22
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Let's contrast the observed test statistic with ~ P-value is a measure of consistency of the
the sampling distribution underlying Ho. observed test statistic and more extreme values
with the sampling distribution underlying Ho.

Sampling distribution under Ho Why should we also count the more extreme
values than the observed? Because they are
even rarer to observe in the sampling distribution
f assuming Ho as true.

Therefore, values more extreme than the observed
count as evidence against Ho as well, thus assisting
in measure whether the observed test statistic is
consistent or not with Ho.

o mll | m If tht_a p—valu_e is high, then the obs_e_rved sampl_e is

° PieseT e wn DU ey consistent with the general proposition of Ho (i.e.,

Number of right-handed toads number of right- and left-handed toads are the
same).

P=0.031 If the p-value is low, then the observed sample is

inconsistent with the general proposition of Ho. And
is more consistent with the proposition of Ha (i.e.,
number of right- and left-handed toads are NOT the
same).

As we saw, high and low p-values are decided
according to the significance value, alpha.

11

Ho: Right-handed and left-handed toads are equally frequent in the population.

Ha: Right-handed and left-handed toads are NOT equally frequent in the
population.

RESULTS: 14 toads were found to be right-handed

Pr[14 or more right-handed toads
Pr(14]+P[15]+P[16]+P[17]+P[18]
0.0155 x 2 = 0.031

In summary: this is clearly a
two-tailed test:

probability

we have no clear theoretical
basis for predicting a deviation
from the Ho in one direction
over the other direction.

005

001 23 45 6 7 89 101 12131151617

Number of right-handed toads
(out of 18 toads)
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Rule: if you don’t have a clear
theoretical basis, always
choose a two-tailed test

11/7/22
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Let’s take a break - 2 minutes

14

One-sided versus two-sided tests (toad example)

- In an one-sided (or one-tailed) test, the alternative hypothesis includes values
for the test statistic underlying the null hypothesis on only one side of the test
statistic specified by the null hypothesis.

- Ho is rejected only if data depart from it in the direction stated by Ha.

P-value is a measure of consistency of Number of right-handed frogs is smaller
the observed test statistic and more than expected by chance from a
extreme values with the sampling population where toads are 50%/50%
distribution underlying Ho. -
_ s

One-sided instead - so that it becomes easier
to understand; though there is no clear 2z Ha i Ho
theoretical basis for Ho & Ha (left side): 'm

Q2

o
Ho: The number of right-handed is equal or s
greater than left-handed toads in the
population.
Ha: The number of righ_t-handed is sr_naller Number of right-handed toads
than left-handed toads in the population. (out of 18 toads)

15



One-sided versus two-sided tests (toad example)

- In an one-sided (or one-tailed) test, the alternative hypothesis includes values
for the test statistic underlying the null hypothesis on only one side of the test
statistic specified by the null hypothesis.

- Ho is rejected only if data depart from it in the direction stated by Ha.
Number of right-handed frogs is

greater than expected by chance
from a population where toads are

One-sided instead - so that it becomes 50%/50%
easier to understand; though there is no o
clear theoretical basis for Ho & Ha (right — _
side): 2 % Ho Ha
;] RN
Ho: The number of right-handed is equal 8
or smaller than left-handed toads in the a M

population.
Ha: The number of right-handed is greater t '

than left-handed toads in the population. Number of right-handed toads
(out of 18 toads)
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One-sided versus two-sided tests (human body temperature)
Temperature Temperature
decreases in increases in
relation to Ho relation to Ho

Two-sided: 544 a4
Ha Ha
Ho: the mean human body é

temperature is 98.6°F.

Ha: the mean human body
temperature is different from 98.6°F.

Probability density
2

Prt < -5.44] + Prt > 5.44] =
2 Pr[t > abs(5.44)] = 0.000016

17

One-sided versus two-sided tests (human body temperature)
- In an one-sided (or one-tailed) test, the alternative hypothesis includes test
statics values underlying the null hypothesis on only one side of the test
statistic specified by the null hypothesis.

- Ho is rejected only if data depart from it in the direction stated by Ha.

One-sided instead - so that it Temperature
R Increases In
becomes easier to understand; relation to Ho
though there is no clear theoretical 5.44
basis for Ho & Ha (right side): .

| | Ha

Ho: the mean human body
temperature is smaller or equal to
98.6°F.

Probability density
2

Ha: mean human body temperature ) i}
is greater than 98.6°F. A

18



One-sided versus two-sided tests (human body temperature)

- In an one-sided (or one-tailed) test, the alternative hypothesis includes test
statics values underlying the null hypothesis on only one side of the test
statistic specified by the null hypothesis.

- Ho is rejected only if data depart from it in the direction stated by Ha.

Temperature
One-sided instead - so that it decreases in
relation to Ho

becomes easier to understand;

though there is no clear theoretical H —5.44
basis for H & Ha (left side): A

Ho: the mean human body
temperature is equal or greater than

Probability density
2

98.6°F. [
s / \
Ha: mean human body temperature - J \__
is smaller than 98.6°F. I S A
t129

11/7/22
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One-sided versus two-sided tests
The two-sample test: two- versus one-sided tests

Research question - Do spikes help protect horned lizards from predation
(being eaten)? - perhaps large-spiked individuals carry extra weight and would
not allow them to escape from predators as well as small-spiked individuals
Ho: Lizards killed by shrikes and living lizard do not differ in mean horn
length (i.e., pu; = p,).

Ha: Lizards killed by shrikes and living lizard differ in mean horn length
(e, py # py). _435 435
Prt < -4.35) + Prt > 4.35] =
2 Pr[t > abs(4.35)] = 0.000023

This should be a two-tailed test — we
have no clear theoretical basis for
predicting a deviation from the Ho in one
direction over the other direction.

Probability densit
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One-sided versus two-sided tests (lizard)

- In an one-sided (or one-tailed) test, the alternative hypothesis includes test
statics values underlying the null hypothesis on only one side of the test
statistic specified by the null hypothesis.

- Ho is rejected only if data depart from it in the direction stated by Ha.

Although there is no theoretical basis to choose a two-sided test in this case,
here are the one-tailed possible hypotheses:

One-sided instead — so that you understand
though no clear theoretical basis for these (left

side): t based on (KXguuzea- Xiowe)/SE —435

I
>

Ho: Lizards killed by shrikes have larger or

o3
equal mean horn length than living lizard (i.e., R
Hittea = Miiving)- t value is positive g
>
Ha: Lizards killed by shrikes have smaller 2.
mean horn length than living lizard (i.e., 3 p
Hrittea < Miiving)- t value is negative e

21



One-sided versus two-sided tests (lizard)

- In an one-sided (or one-tailed) test, the alternative hypothesis includes test
statics values underlying the null hypothesis on only one side of the test
statistic specified by the null hypothesis.

- Ho is rejected only if data depart from it in the direction stated by Ha.

Although there is no theoretical basis to choose a two-sided test in this case,
here are the one-tailed possible hypotheses:

One-sided instead — so that you understand
though no clear theoretical basis for these (left
side): t based on (Xxiiea- Xiive)/'SE

Ho: Lizards killed by shrikes have smaller or
equal mean horn length than living lizard (i.e.,
Hiittea < Piiving)- t Value is negative

Ha: Lizards killed by shrikes have greater
mean horn length than living lizard (i.e.,
Mrittea > Miiving)- t value is positive

Probability density

11/7/22
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Let’s take a break - 2 minutes
23
Rule: if you don’t have a clear
theoretical basis, always
choose a two-tailed test
A fictional example L%E
where a one-sided FATHER
. LIKE DAUGHTER
test is preferable I'M NOT
SURPRISED
24



One-sided versus two-sided tests

For the three previous examples (as discussed) we had no clear
theoretical basis for predicting a deviation from the Hy in one direction
over the other direction: a two-sided test should be used.

Let’s describe a fictional study where such theoretical basis exists:

Imagine a study designed to test whether daughters resemble their
fathers. Each out of 18 participants examines a photo of one girl and
photos of two adult men (one of whom is the girl’s father).

Observer
(participant) ' '
@ 1 2

e

11/7/22
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One-sided versus two-sided tests

Let’s describe a fictional study where such theoretical basis exists:

Imagine a study designed to test whether daughters resemble their
fathers. Each out of 18 participants examines a photo of one girl and
photos of two adult men (one of whom is the girl’s father).

The only reasonable alternative hypothesis is that daughters indeed
resemble their fathers more than expected by chance, i.e., why would
we expect that daughters resemble their fathers less than other men?

Ho: Participants pick the father correctly half of the time (p = 1/2).
Ha: Participants pick the father more frequently than half of the time
(p>1/2).

Ho: expected under pure guess (chance) alone

26

One-sided versus two-sided tests

Ho: Participants pick the father correctly half of the time (p = 1/2).
Ha: Participants pick the father more frequently than half of the time (p > 1/2).

The only reasonable alternative hypothesis is that daughters indeed resemble their
fathers more than expected by chance, i.e., why would they resemble their fathers less
than other men?

A one-sided test here is g
justifiable because the
values on the other side =
of the value stated in
the Ho are inconceivable
for any other reason

015
L

other than chance!!

i.e., it’s not really
conceivable that
daughters would
resemble their fathers
less than they resemble
randomly chosen men.

Probability

0.10
L

005
L

0.00
L

Q
=

&
—

T T
01 2 3 45 6 7 8 9 1011 121314 15 16 17

Number of fathers correctly guessed
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One-sided versus two-sided tests

Ho: Participants pick the father correctly half of the time (p = 1/2).
Ha: Participants pick the father more frequently than half of the time (p > 1/2).

Let’s say that 14 daughters out of 18 were paired correctly with their fathers.
P = Pr[number of correct guesses > 14]

= Pr[14] + .. + Pr{1§]

=0.0155 (i.e, assuming that Ho is correct).

No need to multiply this N

probability by two as in

the two-sided test 2 @
cases, i.e., the =

probability only 3, -
accounts for values in 8-

the one tail of the o —

distribution under Ho. 8

(jargon: “under Ho" =

assume Ho is true). N - ‘ P

01234567 8 9 1011213141516 17

Number of correct guesses
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One-sided versus two-sided tests — the differences in P-values

Pr[14 or more right-handed toads] = A
Pr[14] + P[15] + P[16] + P[17] + P[18] = [

— 0.0155 x 2 = 0.031 z -

©
This is a two-tailed test —we have no clear §
theoretical basis for predicting a deviation H
from the Ho in one direction over the other . [ ‘ ‘
direction. BT T
Number of right-handed frogs
(out of 18 frogs)

Pr[14 or more right-handed toads] =
Pr[14] + P[15] + P[16] + P[17] + P[18] = -

L, 0.0155 2

§ —
This is a one-tailed test — we have clear g
theoretical basis for predicting a deviation =
from the Ho in one direction over the other
direction. oAl [
One-sided tests lead to smaller p-values, Number of fathers correctly
which increases statistical power. guessed
29
One-sided versus two-sided tests
Two-sided tests keep us honest!
What if we carried out a subsequent study to test whether
daughters, when they marry, choose husbands who resemble
their fathers?
The null hypothesis is that there is no resemblance, but what
is the alternative hypothesis here then?
Should it be one-sided (husbands resemble fathers) or two-
sided (husbands may resemble fathers OR husbands may not
resemble fathers in contrast to chance alone)?
We should opt for a two-sided test here because there is no
theoretical basis to establish one side over the other.
30
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One-sided versus two-sided tests

Two-sided tests keep us honest!

One researcher may have a clear theoretical basis for a particular
one-sided hypothesis but another researcher may not.

We may be tempted to choose the side that provided us with
greater probability of significant results (i.e., greater statistical

power) - Two-sided tests keep us honest!

CONCLUSION: unless one has a clear theoretical basis to support
a one-sided test, use a two-sided test.

11/7/22

31
Rule: if you don’t have a clear
theoretical basis, always
choose a two-tailed test
32

11



