EPFL Probability and statistics for materials science
Autumn Semester 2025 Prof. Gregor Jotzu

Exercises Set 10 - Solution

1 A new post-it chemical

The calculation is the same as in last week’s pizza exercise, yet now we do not have access to the
individual datapoints. We only have the aggregated values of the mean and the standard deviation
calculated by the laboratory. This means we do not have the full information about the data, and
cannot do all analyses, for example we cannot calculate the Total SS directly as in the previous exercise.
Each of the 3 groups has 40 samples, hence vy = 117 and vg = 2. S5 = Z?gl(azu — 1) =
39 x Var(X;) = 39 x 4.5% = 789.8. Analogously, we find:

5SS = 789.8,58, = 1179.8, SS3 = 1312, SSp = 3281.5

The total mean is Zr = 19.1. The SSp we compute directly as SSp = Z?Zl ni * (Z; — 27)% = 405.2.
We cannot check SS7, hence we compute it by adding SSg and SSpg.

This yields the following ANOVA table:

Source v SS MS F
Group/Between 2 405.2 202.6 7.23
Error/Within 117 3281.5 28.04

Total 119  3686.7

We compute the a = 0.01 percentile of the F-distribution as ¢F5 117(99%) = 4.79. The experimental
F exceeds the critical one, hence we reject Hy and state that there is significant difference between
the groups. Given that the EPFL glue has the highest mean, and a comparable standard deviation,
it looks like the EPFL glue is also statistically significantly the best, but we would have to show that
separately.

Some more info on how the F-distribution works. On the level of the sum of squares, the group SSp is
much smaller than the error SSg. So superficially, it may seem that the model does not explain much
of the variance. However, the large numbers n; = 40 pull the M S down, such that the total variance
per datapoint is much lower within the groups than between them.

2 Is size a good predicator of weight? (a linear regression)

We want to find a linear function to express the weight with respect to the height. The linear regression
should minimize the sum of square error SSg between the actual weight (w;), and w; = @ + bh;, the



predicted one. The two model’s parameters a and b are estimated with a and b.
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This is exactly the same equation as derived in the lecture. The parameters are obtained after solving

these equations:
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The linear regression @ = f(h) = @ + bh is shown in the figure below.
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The ANOVA table is:
Sum of Squares Degree of Freedom v Mean Squares F
Model | SSy = >, (w; — w)? = 864.0 1 MSy = SSy/1 =864 | 20.9
Error | SSg = >".(w; —w;)? = 165.3 n—2=4 MSg = SSp/4=41.33
Total | SSr =, (w; —w)? = 1029.3 n—1=5 -

The Fisher coefficient is F' = M Sy /M Sg = 20.9. Since this is bigger than ¢F 4(95%) = 7.709, we
have to reject the hypothesis that b = 0, so there is a relation between the height and the weight.

The error variance is 62 = M Sy = 41.33.

The regression coefficient R? =

points fall onto the regression line.

3 Exam question from 2024

SSp /S St = 0.84. The closer this coefficient is to 1, the better are the

The correction for the exam question is given in the following pages as was used to correct last year’s

exals.






| ?G?: 0.2 ?(818)=6.6
14) PlA)=08 |, P(l)=04  PlFaE)=0%2

p(in3)= P(A)- P(BIA) 24@*-
9 P(ElA)= ”ﬂj“(;f) £ -%—.if}_-__g___._g_gj ‘

)




PUE)  P(314)-PlY)

1¢) P(A /5) T P T P(RI4) HH) + PORR)-NA

= 0.6 0.2 0.2
0.6 0.2 + 0./-0.84 0L 10024

- .2 _ _ .
= T =06 = §o/

—_—



| /14: /J0 O-=/o
1d) P[R< zgo):f(ié%ﬁ/i):f(’fj“”ycfpj
 Srhbk =084 = 84X |

————
—




‘7)@ e ’ :
M 4_ ‘4 [ (-Z)
( ’ 2,4 é(é }

=[1-
; /0;56 ([ - [1-09%72f
— 0.022¢

D. /1342
0. lq
de =/ v
= AL

> UNT




____[ [ =
/0 /)2

YAGTARIC

=10, 9938 = vz
4 MWl

, RN o o
e



X = T uE s T
'4(7) - lezfﬂ*fé_:-gﬁ: 2 gﬂ.f,u%
/ L 2
\S\‘L:/I/_‘-“/ _Z(X'Z _X)
2
e (e - )
_ 24
=+ (grarorig)=S2 27

\

% Al [4@ : A { Asie 0. YAl



4(/ A W:J/W _ﬁ "7‘L¢"J?{' (zf&wm G urkrn

\// fiWW{f] r{vf/m. W)

| 5)
= =

- / 1
; Y SR ?
/ /1,1::,.' | )2 /M {’%’( /1 e fz [/J({’

<

C IV, / l . i I e s
oredly in 24 )=> S g e pal



¥ oMo et 3/%M%M46’4/

74
74) L= X-20 . 222 37453
ﬁ//ﬁ é@//q (z1g"

ot gty k=?)= 4.4 (o
t < gfty, (v=Y)
Apt = Coinnidt wtjolt- wll by pafti (the menn 1
[or ¢ r largty han 20K o dCcamic of rametpn
- | l“ Fhotuaton ) & Connd pron

\

/%/hm/ps /4%/%1 2008 & 97 m%'/ﬁw/f

2pt



