Informatics and biometry, VL.0413

Biometry practical 4
Illustrated (imperfect) practical guide

Preparatory work

1. Open in MS Excel the questionary data (file analysed already in previous practical),

2.

insert new worksheet, rename new worksheet to

"Praks4’ (or "Practical4’) and

3. make a copy of the data table (from worksheet ’Andmed’) and paste it into the upper left

corner of the new worksheet.

Exercise 1.

Suppose that the first year students of Institute of Veterinary Medicine and Animal Sciences
(students in our dataset) are just a random sample from all first year students of Estonian
University of Life Sciences. Knowing, that the average height of Estonian women is 169 cm,

test the hypothesis: is the average height of first yea

r female students of Estonian University of

Life Sciences different from Estonian average 169 cm?

Guide
1. Sort the datatable by column 'GENDER'.
File Home Insert Page Layout Farmulas Data Review View Add-Ins ¥LToolbox & @ =
== ¥ Calibri 11 T r; = General - g2 Insert ~ E- W \?a
Ja-sru- Ay EEEE Bow o o Foa- g LA 09
aste | .. . - o ind &
- F | HE | S A P %8 508 - LE,_IED,”@L"’,.Z' Filter = |Select =
Clipboard Font Alignment Number - -1 ~ Cells ﬁl Sort AtoZ
M B | w - 2| sertztoa
A B C D ’_,—?' F G H | ¥ Custom Sart...
1 GENDER HEIGTH WEIGHI,HEQD’ SHOE_SIZE MATH BREAKFAST PORRIDGE PET _
2 |w 170---"70 55,5 39 3 other ves ves = Hiter
3w -~ 158 47,5 55 36 3 cereals or muesli yes yes
A M; 170 B = =] E reresale nr muscli uvec T
7
/, -f‘_ W
1) For example, by putting the - i —
cursor into column *"GENDER’ A it 1 - A B s B F
and selecting from Home-tab ; EJE”DER B I =&-A- 5550 IATH -
commands T - o - ;; ;
Sort & Filter -> :: ¥ cut
s W A | & L 38 5
SortZto A 1B copy
to get women before men) 2 W, |2 = °7 :
(tog ' 6 W ! |[@ PasteOptions 41 5
7w : 37 4
e - -E’ W j 40 3
2) Or clicking with right mouse 9w Paste Special.. 38 3
button on an arbitrary cell in EE W Insert... 39 5
column "GENDER’ and selecting i1 M Delete.. 42 3
from the drop down menu =W Clear Contente 32 :
13 M a 42 4
commands 14 _ o5 .
Sort -> Sort Z to A. Filter '
15 W Sort b 8] sortAtez
16 W j =
17 |w A Insert Comment i) sotZtoa
o liay Dtk ©olocka dl
Tanel Kaart, Alo T4navots, Mirjam Vallas 1




Informatics and biometry, VL.0413

2. Find the number of girls and their average height and standard deviation of height using
functions COUNT, AVERAGE and STDEV.S.

- ® v x| =STDEV.5(B2:B45}
A B 5 L M N o] B Q R 5]

1 |GENDER HEIGTH WEIGHT |SKI CAR BEER SMOKE Neidude pikkus

2 |wW 170 0 no Vaatluste arv 44

3 |W 158 47,5 Keskmine 168,2
EW 170 &0|yes no Standardh'aIvel:STDEV.S(BZ:Bﬂ-SJ
5w 170 50|yes no P

6 |W 179 68|no no 0 no

T |wW 163 56(yes no 0 no

B W 177 65 |yes no 0 no

9 W 162,5 53|no no 0,25 no

10 (W 170 75|yes yEeS 0 no

11 (W 176 GG |yes no 0.5 no

12 (W 161 50(yes yes 0 no

13 (W 170 85|no no 0 no

14 W 176 58|no no 0.5 no

15 (W 172 %0|no no 0 no

16 (W 158 55(yes yes 0 yes

17 (W 169 &0 |yes no 1 yes

18 |W 164 52|yes no 0 no

19 ‘W 172 62|no no 0 no

20 (W 173 66 |yes no 0 no

21 (W 169 60(no yes 0 no

22 (W 162 50(yes yes 0 no

23 (W 165 52|yes 0 no

24 W 171 B3 |yes yeSs 0 no

25 (W 170 &0|no yES 0 no anymore, but I'\'ve smoked

26 (W 163 62 |yes yes  but 1'\'ve smoked

27 (W 168 &0 |yes yes

28 (W 174 54|yes yes

29 |\W 166 68 |yes yeSs , but I''ve smoked

30 (W 168 63|no yES

31 (W 165 58(yes na

32 (W 171 75|yes yes

33 W 165 77| no yes . .

34 W 161 55|yes YES 0 no anymore, but I\'ve smoked GIrIE‘J hEIght

35 (W 169 53 0 no H

36 (W 175 &0 0,5 no SEI’TIFI'E slze 44
57 |W 167 g0 2/no Average 168.2386
38 W 158 70 0 no

33 |w 165 51 0,5 yes Standard deviation 6.076536
40 W 164 58 0 no anymaore, but 1'\'ve smoke
41 |w 185 80 0 no
42 W 177 yes no 0 no
43 |W 160 70|no yes 0 no anymore, but I\'ve smoked
44 W 162 70|no no 2 no
45 ‘W 17, 58(no no 0 no anymaore, but 1'\'ve smoked
48 M 175 T4|yes no 1no
47 1w 175 fdluae ues 02 noanumore hur 1V'we emoked

So, there are 44 girls with average height 168.2 cm and standard deviation 6.1 cm;

— this says, that the average difference of girls’ height from 168.2 cm is 6.1 cm; or, expecting that the height follows
normal distribution, then according to the properties of normal distribution

* i 0,
) approximately 68.3% Girls’ height

of the heights of first :

year female students isin | Sample size a4
interval 168.2+6.1 cm Average 168.2386
(X+s)and Standard deviation = 6.076536
*) approximately 95.5%

of the heights of first

year female students isin [ Hg: the heights of first year female students correspond to Estonian standard (169 cm)
interval 168.2£12.2 cm

(X +25) H,: the heights of first year female students does not correspond to Estonian standard (169 cm)

3. Formulate the Hg: the average height of first year female students does not differ from 169 cm
hypothesis pair and H,

PR : the average height of first year female students differs from 169 cm
write it down.

For example: — | Hg: e =169 He - average height of first year female students
Hy:pe 2170
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Remainder from theory — relationships between hypothesis testing and confidence
intervals

= |f the task of hypothesis testing is to compare some estimated parameter with
constant value, the decision is often made based on the confidence interval of the
studied parameter:

o if the constant is between confidence limits, then there is no reason
to reject null hypothesis and it can be concluded that the studied
parameter does not differ from given constant;

o if constant is outside confidence interval, then the studied parameter
is differ from given constant.

= For example, if you want to compare the average value with given constant (does
the data correspond to standard), the hypothesis pair is:

Ho: u=c and Hi: u#c.

if ce[ 2], then Ho: = c is true; if ¢ ], then Ha u# cis true.

: :

=T
N "
=T
=il

4. Calculate the half of the 95% confidence interval using functions CONFIDENCE.NORM
and CONFIDENCE.T:

a) function CONFIDENCE.NORM

(this function has 3 arguments:
significance level a, standard deviation and number of female students in dataset);

Function CONFIDENCE.NO | Insert Funstion |7

A

Search for a Function:

Type a brief description of what you want ko do and then click
~ €Tu]

Or select & cakegory: | Statistical W

\
You can just type this text (to be clear later, ,' Select a function:
1

which function was used). / CHISCLINY.RT
And after that put the cursor into result cell! o S eIl
: — CONFIDENCE.NORM
CONFIDENCE. T
CORREL
COUNT
COLNTA

CONFIDENCE.NORM{ alpha;standard_dev;size)

W

Returns the confidence inkerval for a population mean, using a normal distribution.

Help on this function (o] 4 l

[ Cancel
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COUNT i XK W ﬁ =CONFIDENCE.NORM(0.05;R4;R2)
P Q R | 5 T U v W X Y z
1 Girls" height
2 Sample size
3 Average 168.2386
4 Standard deviation| 6.07653
3 (o) NORM
° pha(0.09), | - 005
7 Hg: the heights of first year fem Standard 4 %% = 6076535729
8 H,: the heights of first year fem Size S| = 44
E
: ; = 1795468576
10 Hp: the daverage hEIght of ‘F|r5t\,|r Returns the confidence interval for a populatioN mean, using a normal distribution.
1 Hy: the average hEight of first i Alpha icance level used to compute the confid
17 greater thak 0 and less than 1.
| i U T T T~ I
13 Hy: e = 169 Ur - averag ' If we want to calculate 95% confidence !
. interval, then the significance level a = 0.05. |
14 Hy: P 2170 Formula result = 1.795488576 2 —----------mmm e e e e
15 Help on this function OK
16
17 Function CONFIDENCE.NORM

| =COMFIDENCE.NORM(0.05;R4;R2)

&

Function CONFIDENCE.NORM
| 1.?‘354591

b) function CONFIDENCE.T
(arguments of this function are similar to the function CONFIDENCE.NORM).

Result: Function CONFIDENCE.NORM

1.795469

Function COMFIDENCE.T
1.847436

Tanel Kaart, Alo T#navots, Mirjam Vallas 4
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5. Calculate the lower and upper confidence limits based on both functions.

V21 - fr || =R3+R21
P Q R 5 T U v W

1 Girls’ height

2 Sample size 44

3 Average [[162.2236]

4 Standard deviation 6.076536

5

&

7 Hg: the heights of first year female stu correspond to Estonian standard (169 cm)
8 H,: the heights of first year female studentsdises not correspond to Estonian standard
9
10 Hg: the average height of first year female stude es not differ from 169 cm
11 H,: the average height of first year female students
12
13 Hg: e = 169 W - average height of first year femalestud
14 H,: pe 2170
15
16
17 Function CONFIDENCE.NORM Lower confidence limit  166.4432 =R3-R18
18 1.795469 Upper confidence limit  170.03
19 \
20 Function COMFIDENCE.T Lower confidence limit  166.3912 =R3-R21
21 1.847436 Upper confidence Iimitl l?D.DEEm_liI

Which of these 95% confidence intervals is wider? Why?

Answer.
The confidence interval got with function CONFIDENCE.T is slightly wider.

The reason is, that function CONFIDENCE.T calculates the confidence limits based on t-distribution following

the formula X£t,_,, ., %/ﬁ ,
but function CONFIDENCE.NORM calculates asymptotic (approximate) confidence interval (whereby the
accuracy is increasing when the sample size is increasing) based on normal distribution: X +z, , %/ﬁ got range

is little under estimated in case of small data set.
Parameters t, , ., =t o545 =2,017 and z,_,, =2,,,, =1,96 are 97.5%-points (values, from which the bigger

values can occur only with probability 0.025) of t-distribution and standard normal distribution, respectively, the
first of these quantities is calculable in Excel 2010 with function =T.INV/(0,975;43) and the second with function
=NORM.S.INV(0,975).

NB! In the older Excel versions there is no functions CONFIDENCE.T and CONFIDENCE.NORM. There is only
function CONFIDENCE, which is equivalent to functions CONFIDENCE.NORM,

to calculate the confidence interval based on t-distribution the corresponding option Confidence Level for Mean of
procedure Descriptive Statistics can be used.
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6. Make a final conclusion and write it down — does the average height of first year female
students differ from Estonian average (169 cm)? The answer must contain also the
argumentation, why you made this decision.

Example. As the average height of Estonian women (169 c¢cm) is between 95% confidence limits of the first
year female students average height: 169<(166,4; 170,1), then there is no reason to reject nullhypothesis Ho:
the average heights of first year female students does not differ from 169 cm.

7. Supplementary task.

The average height of women over the world is 154 cm. Can you conclude that the
average height of first year female students in Estonian University of Life Sciences
differs from the world average?

NB! You don’t need to make any additional calculations. The decision can be made just
based on already calculated confidence interval.

Tanel Kaart, Alo T4navots, Mirjam Vallas 6
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Exercise 2.

Are weights of students owning and not owning a car different?

Guide

1. Make an additional table containing only columns "WEIGHT’ and ’CAR’ and sort it by

column ’CAR’.

g e A A A A A e e N e e A A

B C D E F = H ] K b L o P Q ] T w W W X ¥ r
HEIGHT pWEMSHT JHEAD |SHOE SQ MATH |BREAKFA! PDRRIDGE PET SHCE SPDRT  |SKI yCAR BEER SWIOEE Girls” heagit 'WIEISHT |{CAR
170| Ty bk = | otiesr s e o e s s 0 mo Sampie sive L TO s
138 47 = e 3| cmreals o pas e e Fa P hras [ofs-] Awerage 182238 473 yas
170) 508 3= = 3| omneails o pas {i=d o e e i a|ma Standand deviatior 507654 50 mo
170) 20 L) 7 4 archwich as s o e s I aro 30 F
175 L= = 41 3| cmreals o pas e e Fa L] e [ofs-] 2
153 5 27 4| samdwich | pas P L] L] s = 0ro Hg: tee Pesigits of first yaar female shudents connesnond to Extonian standand (169 o] 36 o
177 [ L) 40 3| sardhwich | sometime yes = = s ] aro Hy: the Peighvts of first year female shoderts doss not connespond to Extonian standard (159 af 53
162.3) 33 L) = 2 porridge | pas s o e ) ) 0.3 o 32 0
170 = 35 k) S| otfer | pes = no no s = aro He: the annerame heigit of first year femabe shudents does not difier from 155 on 73 pes
175 55 7 k) 4| samchwich | sometine o no s s 0 a3 no H,: the asnerame heigit of first year femabe shudents differs from 163 on 55 o
151) 0 L) 7 4 rothing  mo e Fes Fes e res aro 30 yes
170 = 7 41 4| cmneals of ro = L] L] o ino ara e e = 159 | - israge height of first pear female stodents 23 o
175 E -r3 =) 3| cmreals o pas TR b= o -] e 2% no Byl 470 38 r
173 Er = L] L] ] no aro 20 ma
13| = 7 = RS Fa e P res 0)yes 33 yes
185 E L] 41 o= o s o 1 yes Function OOMFIDENCE WORM Lower corfidencs limit | 155443 = RI-RIS 50/m0
154] L 35 7 ] o e <N aro 179847 Upper oorfidence limit | 170,024 32 F
172 Lri 35 k) 4| samchwich | pes = o o o 2 &2 o
173 EE 5 40 3 omnesls of pas e m e e =] COMFIDENCE.T 58 o
153 =08 = =) 3| ortier P e e Fa L] hpas [ofs-] 50 s
152 e ] 2 = | porridee | pes = s o s = aro 30 pes
153) Er 05 7 4 arFchWich | SoRnetime yes e e s aro 2
171 53 7 = 3 cmreals o pes s yes yes =l Thad a ro =y, 53 =5
170) =0 EE = 3 otrer  mo e e e o s = - o -l
1&3) L = = 3| cmreals o pas e e Fa P Ticd 0|0 arvprine, bt IVve smoied B2 s
15E| 508 33 = & |omneails o a|ma 50
174] 2 L) 40 J-CEIE&BOIE E r r E E L] COpy -> PaSte Hﬁ
155| 53 35 E) Zother M0 o o Fes e bres 0|0 arvprine, bt IVve smoied 52 yes
152] = 32 ) 4| samdwich | pas P TS TS ) hpes L + V]
155 23 35 7 = sarahwich ro e o Fes e o 1m0 38
171] 7 = &1 4 sancwich pes yes o o5 pes o P 0ro Sort ... 73[pes
153) 7 28 ) 5 saFWih | as s o o ) T aro T7 s
151) EL 7 = 2 porridge | pes e Fes Fes e s 0|0 arvprine, bt IVve smoied 33 yes
155 23 L] 2 = | samcharich | soenetione e o s s e aro 33 pes
17 =08 7 42 3| cmreals o pas e e e L] e 03 o 50
157] = 75 41 3| otfer e {i=d o e e {iad Z|ma 20 s
138 o EL] ) 3| cmneais o at = s s ] ) aro 70/ma
155| [ 7 E) 3 other | sometime yes Fes o ) T 08 yes 51 yes
154 25 7 k) = | samchwich | pes = s s o T 0| mo argrone, but I3 ve smoied 38 yes
12| = 50 41 4 cmresils o SOPDEtmE e o e ) T aro 0 e
177 &3 ] 20 2| samcharich| o o o s s 0 aro o
150) 70 7 ) 4 arFchWich | SoRnetime yes e e ) hrag 0 ro arvgrmone, DUt 1've smoned TO s
152] 7 L) 40 = sarahwich ro e o o ) ir Zm 70
172 23 L k) 4|other | soenetine pes o s o ina 0| mo argrone, but I3 ve smoied 38|
173 74 7 4z 2| sarawich | as s o e s e 1m0 T4 0
173 = 3% 42 4| oriier P e o Fa P Ticd 0.2 o amyrmane, but Ve smoked B s
120 =2 = 45 4 otmer  per = L] s ] T 2m 22 ye
1z5) e 43 4| mreals o m e e Fa P yas T3 |yes B2 yes
170) =0 35 41 & |omneals of no {i=d o e na Ti=d a|ma 20 s
17| 4 35 4z S porridEe | pas s e e s homg 0 yes T4 s
17y 73 22 43 4| oriier sometime s Fa Fa L] e 0 pes 73 r
121] 74 L) 44 4 sanchaich | pas pas o yas s res 1o T4 pas
13| s 43 2 porridge | pes o o Fes e T ElL] 73 yes
174 27) 7 20 4| samchrich | soenetine e s s o = a3 no 57 yes
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2. Calculate the average and standard deviation of weights depending on the owning of car
(NB! Omit the student, who does not know has she or he a car or not).

You can use corresponding functions or PivotTable. If you wish, you can try both variants.

WEGHT | CaR CAR
&0 | No Yar

20 o No of students 4 22 31
58 |no Hperzms 54 4020a0ol)| E6.5867741%
55 (o Standaind deviztion 504 5E42055|( 11.10BEESES
&5 [ no

53 |0

55 | no Column Labels |-T
N Values N yES Grand Total

el Count of WEGHT 22 31 53
] Hvmrgme of WEEHT2 54 40202031  E65567741% E5.EEES7S2S
e StdDew of WENZHTS 2245842055 11 10BBESES 10.35E54236

L=

88y

Bon
P

et
56 |
38 |
&0 |
70|
&3 |
70|

=
Wk
a a
oo

FRBBBBREFREER i‘;ﬁ BERRREREEERABDD B
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3. Formulate the hypothesis pair and write it down.

t-test
Hgy: The average weights of students owning and not owning a car are not different

H;: The average weights of students owning and not owning a car are different

or
Hp? Mo =Hyves Kye - average weights of students not owning a car
Hy: lpa®lyves Lyes - average weights of students owning a car

4. Which t-test to use?
NB! There are three types of t-tests, look at page 12 (step 7b).

= As compared groups are independent (there are different students in groups), before the
comparison of means the variances must be compared to decide, which t-test to use
(this, which assumes equal variances, or this, which assumes unequal variances).

= To compare variances the F-test can be used.

5. To decide is the weights’ variability of students with and without car equal or not,
formulate the hypothesis pair for variances comparison and perform F-test
(function F.TEST).

NB! There is also statistical procedure F-test (Data-tab -> Data Analysis... -> F-Test Two-Sample for
Variances), but this tests only one side hypothesis and can’t be directly applied to decide about equality of
variances.

t-test
Hgy: The average weights of students owning and not owning a car are not different

H;: The average weights of students owning and not owning a car are different

or
Hot Bpo=Hyes Ky, - average weights of students not owning a car
Hit Bpo®Hoyves Lye: - average weights of students owning a car

The groups are independent. Before comparison of means the variances must be compared to decide, which t-test to use.

F-test (comparison of variances)

Hp: 07 10=0"ves (the weights' variability of students owning and not owning a car is not different)

Hy: 020020 ves (the weights' variability of students owning and not owning a car is different)

Tanel Kaart, Alo T4navots, Mirjam Vallas 9
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L]
AD28 - X W x| =RTEST(Y2:Y23;24:Y54)

Y 3 ] BE AT Al AE AF BiE A
1 |'WEMSHT |CAR CAR
T S0 e Ko Vs
= 240 ey Ko off students s A
< == o] Averams S 40001 5533577413
3 5 reD Stardaind deyiation Rt ] 111000
] 53 me
7 35 me0
=z &8 |no Columan labeds |0
-] S red Values [ 1] e ‘arand Total
10 28 |reD Count of WEKSHT Iz = 3=
11 S0 m Aperaps of WEISHTZ S A0s0Es] SR ISETILIS EEERETIEY
1z =0 e Staley off WEEKSHTS Rt ] 11 10ESa0 10 IS ETS
1z 3T |
14 \Sﬁo
1% & t-tast
15 k] Hy: The average weigivts of students owning 2md not Cwning & car ane mot @iffenst
17 50 [ma Hi: The swerage weights of shodents owning and not owring & car ane &@ifferent
12 T ey ar
15 (] i o i hbvaa i = Bvrerame weisivhs of shudests not owning & car
rai T ma T T e - EWETAEE WS Of Shucents CWTINE & car
1 28 |
s T4 [ma The proups ane independent. Befione oompainison of means the vanianoss must be companed to decide, winidh t-best 1o use.
z T3 |ma
vl T =5 F-test (comparison of varancas)
it 475 yes Byt o o= e M waimnts” varisbility of stucents owring and not OWRINE & car is Bot Sitferent]
% 7 s B O ot M waisivts” varisbility of stucents owring and not owTine & car is different]
e} 240 s
= 33 s function F.TEST =F._5-_"If‘?_=~_f‘_=::'"5-=|
) Eli
| — \ Function Arguments
v E'rﬂ
i szffes— || F.TEST
2L i
= 34 fes Arrayl | Y2:y23 PR3 = {60;50;68;56;65;53;66;85
£ S5 [pas
L Array? [Y24:Y54 F®i| = {70:47.5,75,50;55,60;50;€
£ s
= 7T [pas
20 = pms = 0.605560196
21 I pes REeturns the result of an F-test, the two-tailed probability that the variances in Arrayl and Arr
sz Edfp=s significantly different.
4E 51 [y
: i:: Arrayl is the first array or range of data and can be numbe
25 70 [yas arrays, or references that contain numbers [blanks a
47 5 [
45 52 s
EL] 2 [pas
= E0[pes Formula result = 0.60556
L] T4 [pas
p-r3 T4 s
s 72 fyas Help on this funcdion oK

6. Write down justified conclusion based on F-test.

This is the justification.

F-test (comparison of variances)

Do you understood? *

Hp: 0°s=0" s (the weighte'sadahilitu afgtudents with and without car is not different)

BT 1 Decision rule
H:: glctge the wei e
100 e | EEL and decision

|

Etudentz with and wif

L

[ 1
function F.TEST  0.60556 = p=»0,05 == H.:‘.: the weights' variability in compared groups is not different
4

~ -

The t-test assuming equal variances must be used.

=

Tanel Kaart, Alo Ténavots, Mirjam Vallas
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7. Perform the t-test to compare average weights.
Using both
a) function T.TEST:

x v L- =T.TEST(Y2:Y23;Y24:Y54;2;2)

00 | = O O e Dl P =

s ot | =t |l |t | = | =t | =] i
o =@ oE W R =0 W

20

by

-
rd

o, AB AL aAD AE AF AG
CAR
Mo Yes
Mo of students 22 31
hverage 6440000091 66,5967742
Standard deviation 9945840055 11 1083598

Column Labels T
Values no yes Grand Total

Count of WEIGHT 22 31 53
Average of WEIGHT: 6440900091 665967742  65.58867925
StdDev of WEIGHT3 9945849055 111088698 1059854236

t-test
Hs: The average weights of students cwning and not owning a car are not different
H;: The average weights of students owning and not owning a car are different
or
He? Mae=hves M - BVETEEE welghts of students not owning a car
[ [ TP TP ve = Bwerage weights of students owning a car

DR 820232880 3E8R8 E}EEEEBE
3323323333332332332832832333338

3

F-test |mmnarison of nrimoes:
475

The t-test assuming equal variances must be used.

The groups are independent. Before comparison of means the variances must be compared to decide,

Hel 0% 5= vee [the weights' variability of students owning and not owning a car is not differes
Hy 0= as [the weights® variability of students owning and not owning 2 car is different)

function F.TEST 060556 =p > 005 => Hy the weights' variability in compared groups is

AH

which t-test 1

e

Returns the probability associated with a Student’s t-Test,

Arrayl_ v2:v23 = {60;50;68;56;65;53;66;85;58;90;60;52
Array2 |y24:y54 = {70;47,5;75;50;55;60;50;63;60;62;...

TT—Tails 2 > | To test two-side hypothesis |

Type is the kind of t-test: paired = 1, two-sample equal variance (homoscedastic) =

2, two-sample unequal variance = 3,

IR R R

JRAF 28RBS

Formula result = 0,464386809

M 4+ M| “Andmed .{| Help on bhis function i QK I I

Cancel ]

Tanel Kaart, Alo Tanavots, Mirjam Vallas
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b) corresponding statistical procedure (Data-tab -> Data Analysis... -> t-Test: ...):

Data Analysis

analysis Tools

Histogram

Mawing Average

F.andom Murmber Generation
Rank and Percentile

\ Redression

Sampling
k-Test: Paired Two Sample for Means

ik-Test; Two-Sample Assuming Equal variances

k-Tesk: Two-Sample Assuming Unequal Yariances

k.

Zancel

Help

X

i - g z-Test: Two Sample for Means hl
| type 3 in function T.TEST:
" 4 z A4 AR AC AD AE AF
1 WEIGHT CaR CAR
2 B0 no Mo Yes
3 S0 ma Mo of students 22 21
4 63| no Ayerage 64.40909091 665967742
= 26| na Standard deviation 9945845055 11.1088698
& BS|no
T 53| no
g GE|no Column Labels -T
3 85| no Values ne yes Grand Total
gl 28[na Count of WEIGHT 22 31 53
il 30| na Ayarage of WEIGHTZ 64,4090909]1 E6.5967741 E5.6BBE7925
12 B0 na StdDev of WEIGHT3 9.945849055 11.1088698 10.59854236
13 52| no
14 62| no
15 GE|no Py
15 58| no Hy: The average welghts of students owning and not owning 8 car are not different
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8. Write down the final conclusion, justify it(!).

Comparison of means

function T.TEST 04643868

=p =>0,05 => Hy: the average weights of students with and without car are not different

procedure t-test  t-Test: Two-Sample Assuming Equal Variances

Variable 1 Variable 2

Mean

Variance
Observations
Pooled Varianc
Hypothesized i
df

1 5tat

P(T<=t) one-tail
t Critical one-ta
P(T==t) two-tail
t Critical two-ta

64,40909 66,596774
98,91991 12340699
22 3l
113,3241
0
51
-0,73719
0,232193
1,675285
0464387 =p » 0,05 =* Hy: the average weights of students with and without car are not different
2,007584

Other possibilities for the final conclusion:

= the average weights of students owning and not owning a car are not statistically
significantly different (p > 0,05),
this is a little more scientific and accurate conclusion;

,.the students’ weight does not depend on owning of a car (this is little differently
phrased conclusion but also correct).

Remark. Significance probability (p-value) p = 0.464 is showing that

= the probability

to make a mistake concluding that the average weights are different is 46.4%;

= assuming, that in population there is no difference between compared groups, the probability to get the

sample with observed difference just by chance is 0.464.

As from one hand the probability to make a wrong conclusion that the groups are different is too big
(formally the traditional limit is 0.05) and from other hand the probability to get observed difference just by
chance is also big (once again, the formal limit is 0.05), there is no reason to reject null hypothesis about

equality of average

weights.
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9. But what are showing the other quantities calculated by procedure t-Test: Two-Sample Assuming Equall
Variances?

The first part of output contains basic descriptive statistics of compared groups
(mean, variance and number of observations;

NB! Be careful and don’t mix up the ! Car="No’ Car="Yes’
compared groups; . ,
. Variable 1 Variable 2
you may want to write instead abstract
names ‘Variable 1’ and ‘Variable 2’ the Mean 64,40009091 66,59677419
real group names): Variance 98,91991342 123,4069892
Observations 22 31

The other output parts are already related with hypothesis testing:

Hypothesized Mean C 0

pooled Variance 113,3240757 Common variance calculated assuming the equal

variances in compared groups

51 / Empirical (sample based) value of t-statistic

tStat -0,737186893 / p-value corresponding to one-side hypothesis

P(T<=t) one-tail 0,232193405 Critical valus of - t SRR
+ Critical one-tail 1,67528495 |[4— ritical value of t-statistic corresponding to one-side hypothesis
P{T==t) two-tail 0,464386809 | «——p-value corresponding to two-side hypothesis

t Critical two-tail 2,00758377 | «——Critical value of t-statistic corresponding to two-side hypothesis

Two-side (or two-tailed) hypothesis means testing “non-equal against equal”:

Ho: tno = pves,
Ha pino # tves.

One-side (or one-tailed) hypothesis means testing “less than against more or equal than” (or “more
than against less or equal than”; in which direction to test depends on data, for example Excel performs
one-side t-test testing always is bigger average also statistically significantly bigger):

Ho: tino > fves,
Ha gino < peves.

Instead of p-value the final conclusion can be made also based on comparing the empirical value of
teststatistic |t| with its critical value teiicar. If the empirical value is smaller than critical value,
[t]=1,68<2,01=t_,.,  then there is no reason to reject the null hypothesis

(the empirical value of teststatistic is in interval, where it should be with 95% probability if the null
hypothesis is true — so, our data does not allow to reject null hypothesis).

10. Can you reject the null hypothesis of one-side t-test?
How about the conclusion of this one-side test (how to phrase it)?
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