Informatics and biometry, VL.0413

Biometry practical 3
Illustrated (imperfect) practical guide

Preparatory work

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

2. insert new worksheet, e s -
4 4+ M| Andmed . Praksl | Praks2 %1

3. rename new worksheet to *Praks3’ Ready | [Insert Worksheet (shift=F11] |

(or ’Practical3’) and

4. make a copy of the data table (from worksheet ’Andmed’) and paste it into the upper left
corner of the worksheet Praks3’.

Exercise 1.

= Leave at least one empty row below data table and calculate for all numerical variables
number of observations (n), average (X ), median, standard deviation (s), standard error
(se), minimum and maximum using Excel functions.

* Add into data table new variable BMI (body mass index) and calculate it’s values for all
students applying the formula
BMI = Weight, kg / (Height, m)2.
Calculate all mentioned characteristics also for new variable.

Guide

1. Leave at least one empty row below data table

(it is necessary to separate summary statistics from initial data to avoid considering these calculated
values as a part of database — for example in case of sorting the data or applying the PivotTable)

and write into the first column the names of calculable characteristics (then it is later more
easier to understand, what is done).

i} B C
1 GENDER HEIGHT WEIGHT H
24 | W 162 J0
25 |W 172 58
56
57 |Mumber DbeSEF‘u’EﬁDhSl _l
S8 [Average
59 |Median
60 |Standard deviation
61 |Standard error
62 Min

2. Use Excel functions to calculate
03 Max

desired characteristics for students’
height (variable HEIGHT).

Tanel Kaart, Alo Ténavots, Mirjam Vallas 1



Informatics and biometry, VL.0413

a. For this you can select appropriate function from the list of Excel functions
(the names of functions are listed at the beginning of next page):

BS7 - I \
=
m Insert Function
A
1 |GENDER HEIdHT WEIC Search For a Function:
54 W 162 Type a brief description of what vou want ko do and then
click Go
55 W 172
56 Or select & category: | Statistical [V]
57 |Number of observations ! Select a function;
58 |Average CORREL |
- [iEolnT |
59 Median COUNTA =
Alehnmdaed deias; COUMTELAMNK
» COUNTIF
COUNT - X f.r =COUNT(B2:B55) COvaR
CRITEINGM v
A —t . t o : F = H COUNT(valuel;valuez;...)
1 |EEnDER HENGHT CWENGHT HEAD  SHOE SOE MATH  BREAKFAST BORRIDE ' - )
=W B———us 70 me = S other e Clltznunts the number of cells that conkain numbers and numbers within the list
3 W 1%z ] Lo S 3 omramls or moasli pas of arguments.
4 W 170 | =2 S| gmresals or mossli | es
3 W 170 - 7 4| sanchwich s
5 |w 173 S -y a1 5 omresis or mussli - pes Help on this function ful'd ] [ Cancel
7 |w 153, S w N, = 4| sanvtwich s /’
Z W 177 5 3 N o EHE sormeti]
5 |w 1528 == = = 3 porridze yus
10 |w 170 73 % 2Ny 1 otner s
11 [ 175 74 = 42| N3 sancwid I
17 W 175 55 37 o) :ssm-'c-. sormeti]
13 | 175 A = 4z 4 other yus
12 [wa 120 ] LH] 45 s -
15 |w 151, 10 Er D¢ Pl
15 |W 170 = =7 41 R
17 W 175 22 k3 -] COLMT ~
15 |w 17z =0 = 41 D’
19 W 1% - -7 3= ¥aluel |B2:B55 = {170;158;170;170;179;163;177; 162, ..
20 | 125 =z 17 2z
21 |w = P P a1 Valgéz = number
T |W 154 EH 25 7 ’
73 |W 172 A k5 = ’
24w 173 & (5 a0 : /’
25 |W 155 = = ) p
25 |W 152 0 E5] = ’
77 |W 155 EH 0 7 ’
22 M 170 20 =5 a1 : 4 = o
75 (A 175 TL L5 42 E Coupfs the number of cells in a range that contain numbers.,
20 M 173 73 T 43 d
1 W 171 =] -7 5 El2 ¥Yaluel: valuel,valueZ,... are 1 ko 255 arguments that can contain or refer to a
= W 170 = uz == fiRs variety of different types of data, buk only numbers are counted.
W 152 &2 = = ,"
24 M 131 74 ET) ) /e
3w 182 ] E) = : _
s lw e w P i /, r Formula result = 54
7 W 155 S = =), i ; : [ o l [ Cancel
= 152 = - Y | Help on this Function ance
5 W 155 = 25 F2l p— —
a0 W 171 75 E) £ 4 sanchwiich I
1w 15% 77 32 ,' o) S | sarachwich s
sz |w 151 = E ] 3 porridze us
£z | 122 73 3/ a3 3 porridze yus
et W 155 L5 s/ = 3 samcwiich sormatinn
s | 173 50 _-;' 42 S| gmresals or mossli | es
lss |w 157 = Er X 41 5 otnar us
4T W 138 T /733 3 3 | oenesals or moesli | yes B
Bt o A = e e Mumber of DbEEWEtIDnEE!
ss | 155 Y =7 ) 3 otner sormertin]
’
=0 |w 154 =, =7 ) 3 sanchwiich yus AVEFEEE
51 W 1=5 =] =] 41 4 omnesis or mussli | sometin i
I3z [w 177, /155 =0 40 2| santwichi o Median
[z |w 150 T 37 o) 4 | sarchwich sormeti] P
P T = e = Standard deviation
oL —T ¥ = = ety St Standard error
f‘._l'l?m'u‘m'aetoﬂdl:\:l:\.\‘iii::l Min
Max
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b. Knowing the function name, you can just
type the desired formula into the
corresponding cell.

(NB! Don’t forget to start the formula
with sign =)

All these functions can be applied also
in previously described way — select
yourself, which is more simple for you
(try both variants).

MNumber of observations
Average

Median

Standard deviation
Standard error

Min

Max

=COUNT(B2:B55)
=AVERAGE(B2:B55)
=MEDIAN(B2:B55)
=5TDEV.5(B2:B55)

=MIN(B2:B55)
=MAX(B2:B55)

c. As in Excel there is no function for standard error, the calculations must be

performed following the standard error A -
formula 1 |GENDER HEIGHT
Se = S/\/ﬁ 55
| | | ]
(this means, that you must input the 57 |Number of observations| 54|
formula just typing necessary commands): 58 Average 170.1944444
59 Median ! 1?0.
60 |Standard deviation 7.397358444|
Ellstandard error =3-EC,J'SC1RT{55?}|
62 |Min 158
. 63 |Max 190
3. Apply the same functions to calculate the
desired characteristics for
. . A B C D E F
a” numerlcal Varlables' 1 GEMDER HEIGHT WEIGHT HEAD SHOE_SIZE MATH
54 |\W 162 70 35 40 5
55 |W 172 58 62 39
56
57 |Mumber of observations 54
58 |Average 170.19444
50 | Median 170
60 | Standard deviation 7.3973584
61 |Standard error 1.006653
62 [Min 158
63 |Max w0 >
4. Round the average, standard deviation and standard error values to one decimal place.
Result: " Tgenper HEIGHT WEIGHT HEAD  SHOE_SIZE MATH
56
57 \Mumber of observations 54 54 54 54 54
58 Average 170.2 65.4 55.2 39.6 4.0
59 |Median 170 63 56 39 4
60 | Standard deviation 7.4 10.7 6.6 2.0 0.8
61 |Standard error 1.0 1.5 0.9 0.3 0.1
62 |Min 158 47.5 17 36 2
63 |Max 190 90 75 46 5
5. Write some sentences about the location and variability on studied variables.
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6. Add into data table new column (after column WEIGHT), name the new variable as ’"BMI’
(body mass index) and calculate it’s values for all

i fi E C 1]
students applying the formula A DERILEIGHT e Eﬂ
BMI = Weight, kg / (Height, m)?. e | 170 T0: 2422
g g/ (Heig ) 3w B2 475
4 | 170 &
3 2 E _ 5w 170 50
1 GEMDER HEIGHT WEIGHT BMI B 173 a5
2 |w l?DI 70| =C2/((B2/100) 2 L Lo
L |=c2/((82/100)"2) e el 56
3wy 158 A7 5 9 25 3
.. 0w 170 75
NB! Follow the number and position of bracket! 1M 175 24
. 2w 176 B
Do you understand this Excel formula? 5 M 175 B
9 M 130 g2
Remarks. B W 11 50
 Usually you can get the power sign ” by key 16 W 170 85
combination *AKGr’ +°A’, L) LI at
) ) L . B W 172 a0
e Alternative to find the square is just to multiply the value 15w 58 ct
with itself: (82/100)*(82/100), 20 |M 183 a7
e another alternative is to use the power function: 21 W 163 &0
POWER(B2/100;2) — here the first argument is the base of a 22 W 16 52
power and the second argument is exponent. 23 | Tr2 62
24 | 173 B
25 W 163 B0
26 W 62 50
2T W 65 52
28 M 170 a0
23 M 176 T4
30 M 175 73
3w 171 B3
32 W 170 B0
33 W 63 B2
34 M 181 T4
35 W s B0
36 W 174 54
3T W 166 B8
38 W 68 B3
33 W 65 5&
40 | 171 75
W 65 77
4z | 1 55
43 M 183 75
4 | 163 53
45 | 175 B0
46 | 67 a0
47 | 158 70
7. Calculate all descriptive characteristics also for new a6 |M 174 g7
variable 49 | 65 B
. 50 W 164 T
A £ B 52 |w 177 B3
1 |GENDER HEIGHT  WEIGHT BMI HEAD =5 |l 160 70
54w 62 70
- e TN — 55 | 72 58 4
57 |Number of observations 54: 54, 54 5] ==
58 | Average 170.21 55.4! 22.6 55.2
59 |Median 170} 63! 21.55482 56
60 |Standard deviation 7.4] 10.7} 3.2 6.6
61 |standard error 1.0! 1.5! 0.4 0.9
62 | Min 158] 47.5| 17.30104 17
1
63 |Max 190! 901 30.42185 75
______ e
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rmulas Data Feahams Mgy Add-Ins
? & %l g*g =4 Data validation ~ 9 Group ~ == >l Data Analysis
| = _ |
c D S H J E L L H 0 P a R
WENSHT |EM HEAD SROE S MAATH EREAKFAST PORRIDSE PET S SPOET =K CAR BEER SWAOKE l l
T EAETIN ] 3| otiemr S e e s S e Q|mo <4
478 15U0ET4 33 3| cmnesls or mraesli - |yes a5 re e ] a5 Qe ,'
0| zo7eLz LE - St e = =lper = = e = = ey = = e = = e a|re L
S 2 i If study variables are located in columns side 1 o e 7
g2 IlII = . ! o
w o . by side, all of them can be analysed together. ¥
52 IOT4TS = T e S e 1
=z = - Descriptive Statistics 4
73 zmEmas £ | ;‘ = / |
74| z4383z 57 IR T~ - - L. oK |
sz 11z0m = Input Range: ~~b  5BS1:5FS55 E.5 !
54 DOEEE = I cancel fr= smoied
£2| Zrar = Grouped By: ® Columns e |
- M_wmzms o _ 2l . R ’
) hows 4 Hel
- Selectlon "Labels in first row’ is necessary, if data | ' s ——
[+ Labels in first row -
| are specmed with varlable names in the first row. |='= |
/
________________ -—— e V I
2 T = Output options / i
80 Z1o0077 o B v3 = . ... . W " |
= 1337 s (@ Qutput Range: SRS 7 + Location of the left upper |
52 E0EAT 5 - ] !
corner of output table
55 Zzom 5 I Mew Warksheet Ply: L______________p __________ |
S0 710077 2] — -
= 1e0NE = L MNew Wnrkbnnk
[ E———— - I
=2, About additional optlons | V] Summary statistics I
j‘LI
-1 Summary statistics’ etc '. Confidence Level for Mean: g5 -
| |
=, look at the next page. : 2 I
= T p____ 1 [V] kth Largest: T—
2 1Im == Kth Smallest: e smaies
T4 IRIETE 2 Il
80| zizses EL) |
3 17.EENS 3 1
S5 4ETT 5 o i Gl =] = = TTFG crrpenore, Bt 1 we smoiked
55 ZZiZls 3= & sarchwiich s e =] s el e O3 s
= Z1E0EE 5 3 saratwich v ] ) as ] ) 1m0
7H IZmEaEm =] 4| sarhwich ] e -] s RS e Qe
TF ERIEEE = 3 sarchwich = s Fic 1] 1] s Qro
3 Ziziss 37 3| porridge s e =] s S e 0 mo angmane, bt e smoied
T3 OIZEElL TH 3| porridge S o e s S e 3 mo
3z 12352 =] 2| samcwiich sometime yes -] s RS e Qe
S0 19.%9a2 7 S omresls or meossli - yes e -] o o ] 0% o
=0 ZESEEL k] 3 otier s e ) as s e z mo
T ZEOS0L i) S omresls or muoesli - yes e s s el o Q|mo
7 275 37 & sarchwiich sometime pes s Fes no ] ]
51 FzAOS 7 3 other somatime as ] ro v ] 03 yes
E zimean 7 3| samcwich RS e e s o e 0 o arigrmars, bt Ive smoied
20| ZEIT4T B0 4 omresls or muoesli | sometime e o s L] s 0 na
53 20.105E 2| samcwich el o e s S o Q|mo
T 73433 37 & sarchwiich sometime pes s Fes no ] 0 mo angmane, bt e smoied
| EETER =] 3 samdwich o e -] o o ] F]
22 05087 52 4 otier sometime yes -] s o ] 0 ro angmare, bt 1ve smoined
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Exercise 2.

= Apply the procedure Descriptive Statistics (Data-tab — Data Analysis...) to calculate
descriptive statistics for numerical variables HEIGHT, WEIGHT, BMI, HEAD and
SHOE_SIZE.

= Calculate also 90%, 95% or 99% confidence interval of the mean. What you can conclude
based on confidence interval?

Guide

1. To calculate descriptive statistics: Data-tab — Data Analysis...

— Descriptive Statistics

170

im
170
17
153
i
1523
170
173
175
173

153

173

188

155
158
153
171
153
151

158
73
157

i7s
153

154

177
150

15z

172
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Result of option Summary statistics’

A
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Explanation of additional options of procedure Descriptive Statistics:
— option *Summary statistics’ asks Excel to calculate values of 12 basic characteristics;

— option *Confidence Level for Mean: 95%’ asks Excel to calculate one half of the confidence interval of mean
(this value must be added to and subtracted from the average value to get the confidence limits); instead of
default confidence level 95% some other value can be typed (for example 90 or 99);

— options *Kth Largest = 1” and "Kth Smallest = 1” ask Excel to output the maximum and minimum value;
as these values include already in the summary statistics table calculated according to the first
option *Summary statistics’, it is more meaningful to output the second largest and the second smallest values
by specifying *Kth Largest = 2” and *Kth Smallest = 2.

e Result:
HEIGHT WEIGHT BMI HEAD SHOE_SIZE
Mean 170.184 Mean £5.4352 Mean 22.5569 Mean 55.2037 Mean 396481
Standard Error 100665 Standard Error. 145092 Standard Error 043855 Standard Error. 090204 Standard Error 027365
Median 170 Median &3 Median 21.5548 Median 56 Median 39
Mode 170 Mode &0 Mode 20,7612 Mode 55 Mode 39
Standard Deviation 7.39736 Standard Devi: 106621 Standard Devi  3.2227 Standard Devi: 6.62864 Standard Devii 2.0108%
Sample Variance 547209 Sample Varian 113.68 Sample Variar 103858 Sample Varian 439389 Sample Variar 4.04368
Kurtasis 0.34724 Kurtosis -0.67517 Kurtosis -0.16936 Kurtosis 224574 Kurtosis 0.76174
Skewness 058075 Skewness 0.39892 Skewness 0.7811%8 Skewness -3.43833 Skewness 0.77969
Range 32 Range 42 5 Range 13.1208 Range 58 Range 10
mMinimum 158 Minimum 47.5 Minimum 17.301 Minimunn 17 Minimumm 36
Maximum 190 Maximum 20 Maximum 304218 Maximum 75 Maximum 45
Sum 9190.5 Sum 3533.5 Sum 1218.07 Sum 2981 |Sum 2141
Count 54 Count 54 Count 54 Count 54 Count 54
Largest{2) 1BS Largest(2) B7 Largest(2) 294118 Largest(2) 62 Largest(2) 44
SEmallest(2) 158 |Smallest{2) 50 Smallest(2) 17 8359 Smallest(2) 40 Smallest(2) 37
Confidence Level(95.0%) 2.01909 Confidence Lex 291018 Confidence Let 0.87963 Confidence Lex 1.B0927 Confidence Lev 0.5488B7

e Additional reading — description of the shape of the distribution

Most of the characteristics calculated by procedure Descriptive Statistics are introduced already earlier (and

in the lecture).

However, there are still two previously not described characteristics, which can be used to describe the shape
of the distribution — kurtosis and skewness. The nature of these characteristics is illustrated with the next

figure.

It is worth to talk

about the
remarkable

kurtosis = 0

difference from the
normal distribution
only if whichever of
these characteristics
has value over 1 or
under -1.

However, these
characteristics are
not used too often.

kurtosis > 0

kurtosis < 0

T

skewness = 0
(symmetric)

skewness > 0
(right skewed)

skewness < 0
(left skewed)

At the present moment the kurtosis of head girth (1.94) is slightly higher than values of the same
characteristic for other studied body measurements — this is implying that most of the head
circumference values are located in quite narrow range but at the same time there exist few much
smaller and/or much bigger values.
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e To decide about the symmetry of distribution, often the comparison of mean and
median values is used (instead of calculation of skewness).
Namely, as the mean (average) is sensitive to the unusual values (outliers), then

X >med refer to the positively (right) skewed distribution (there exist few much
bigger values, and so the skewness value > 0),

X <med refer to the negatively (left) skewed distribution (there exist few much
smaller values, and so the skewness value < 0).

e Look at the calculated values of mean, median and skewness — does these described
relations apply also for students body measurements?

2. Calculate 90%, 95% or 99% confidence limits for mean. What is the meaning of these
values?

As Excel does not calculate the confidence limits, it must be done by user based for example
on the output of procedure Descriptive Statistics. Just add to the output table of procedure
Descriptive Statistics two rows —

R 5 one for the lower 95% confidence limit and
1 HEIGHT second for the upper 95% confidence limit.
2
3 |Mean FECEC)| A >, The confidence limits of the mean
4 standard Error 1.0067 \ are calculated by the formula
5 Median 170 \ S
6 Mode 170 T A ey

\ ’ \/ﬁ

7 'standard Deviation 7.3974 ol N
& Sample Variance 534.721
9 |Kurtosis 0.3472 L+ As Excel outputs both parts of
10 skewness 0.5808 ,’ this equation, it is simple to
11 |Range 32 ol calculate desired confidence
12 |Minimum 158 ol limits.
13 Maximum 190 .
14 |Sum 9190.5 ,"
15 |Count 54 ol
16 | Largest(2) 183 J Lower 95% confidence limit | 158.18
17 Smallest(2) ik e Upper 95% confidence limit | 172.21
18 |Confidence Level(95.0%)] 2.0191 » bP . .
19
20 |Alumine 95% usalduspiir =53-518
21 (Ulemine 95% usalduspurl =53+518_,!

So, considering the analysed dataset as a sample from the first year students’ population, it can
be concluded that the average height of students is with 95% probability in interval from 168.2
cm to 172.2 cm. This means, that measuring the height of all first year students (the whole
population) and calculating the actual population mean, this value should stay between
calculated limits with 95% probability.

o If somebody calculated 90% or 99% confidence limits, then these should be (168.5, 171.9)
and (167.5, 172.9). Why is the 90% confidence interval narrower?

o Calculate the confidence intervals also for other variables and try to formulate the
conclusion for at least one of them!!
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