NTHU STAT 5510, 2024 Solution to Homework 1

BB X 3 5#1 HW1 solution

Problem 1.

Do Problem 6 in Chapter 1 of textbook.

(a) For the typing experiment considered in Section 1.3, use a statistical model to quantify the gains from
using randomization (as illustrated in the second sequence) and from using balance in addition to
randomization.

(b) Suppose that the following sequence is obtained from using balanced randomization:

1.A,B, 2.A,B, 3.A,B, 4B,A, 5.B,A, 6.B,A.

Would you use it for the study? If not, what would you do? What aspect of the sequence makes you
uneasy? Can you relate it to the possibility that the advantage of the learning effect may diminish
over time and express it in more rigorous terms? (Hint: The terms in the model should represent the
effects you identified as potentially influencing the comparison.)

(a) For the typing experiment considered in Section 1.3, use a statistical model to quantify the
gains from using randomization (as illustrated in the second sequence) and from using balance
in addition to randomization.
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case 1. Block design

6
jzl(’hj - 72]‘) =0 B

Keyboard  Manu  Order Model
A 1 I Y11 = My Ty + 54
B 1 II y21:ﬂy+a2+ﬁl+c
A 2 I Y12 = Hy + 1 + 5o
B 2 II Yoo = fly + g+ Py + ¢
A 3 I Y13 =ty + a1 + B3
B 3 II Yoz = fly + g+ B3+ ¢
A 4 y14=py+a1+ﬁ4
B 4 II You = My + g+ By +c
A 5 I Y15 = My + 1 + By
B 5 IT Yos = [y + Qo+ B + ¢
A 6 I Y16 = My T 1 + B
B 6 I Yae = My + 0y + P + ¢

B case P

E(jy—yy) =a;—ay —c
case 2. Block design + randomized
Keyboard  Manu  Order Model
A 1 I Y11 = My Ty + 54
B 1 II Yo1 = fly + o+ P + ¢
A 2 I Y12 = fy + 1 + By
B 2 II Yoo = fly + g+ Py + ¢
B 3 Yoz = [y + g + B
A 3 IT Y13 = fy + 1 + B3+ ¢
A 4 I y14:ﬂy+a1+ﬁ4
B 4 II You = My + g+ By +c
A 5 I Y15 = My + 1 + By
B 5 IL yos =y +p+ P54 ¢
B 6 I Yog = [y + o + B
A 6 II Y16 = My + 1+ B +c
2
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iZ 1B case P

_ 1
E(yy —9s) = oy _042_§C
case 3. Block design + Balance randomized
Keyboard ~ Manu  Order Model
A 1 I Y = My + g + 5y
B 1 I yoy =py+ag+f+c
A 2 I Y1z = Hy + 1 + By
B 2 I yop=py tag+Py+c
B 3 I Yoz = Hy + Qg + B3
A 3 II ylszﬂy+a1+ﬁ3+c
A 4 I Y1a = Hy T 1 + 54
B 4 II y24:ﬂy+a2+ﬁ4+c
B 5 I Yos = Hy + Qg + 55
A 5 II y15:/Ly+Ozl+B5+c
B 6 I Yog = Hy T o + B
A 6 IT Y16 = Hy T + B+ ¢

Z1E case P
E(y; —93) = a3 —ay

# & =8 case ¥ /AT AR

1. 1£ A Block design & LR T &8 F 4 F r]iaﬁi.é'lg" &

2. 34T randomized FH AP T learning effect &9%5

3. # ¥ & 1% $U4T balance randomized A] & H & T E(gjl Us) 9 bias term > £ #F45 3t treatment effect BF=T
L F otk i o

(b) Would you use it for the study? If not, what would you do? What aspect of the sequence
makes you uneasy? Can you relate it to the possibility that the advantage of the learning
effect may diminish over time and express it in more rigorous terms?
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Problem 2.

Two groups of students are conducting the same experiment on some sample units. There are two factors
which can be adjusted to affect the outcome. Each factor has only two settings. There are only two students
in each group. Group 1 does their experiment in the following way: every treatment is only applied to one
unit, then both students read the measurements and record their readings. Group 2 does their experiment in
another way: each treatment is applied to two units, and each student reads only one of the measurements.
The two groups have the same number of observations. What are the differences between their observations?
In what situation would one group obtain more accurate results than the other? Why? Is there a block
factor?

What are the differences between their observations?

E B 6035 2 18 factors & 2 18 settings > E 3L E B F &9 treatment E# %A 2 (factors) x 2 (settings) =
4 (treatments) » f&3% 2 18 factors 4 %] & Factor One & Factor Two * 2 18 settings % % & + & -
treatment ¥ LA %2 LA T w9 &

Treatment Factor One Factor Two

1 + -
2 + -
3 - +
4

o Groupl #)% k% A#4H54E treatment 18 %]/ Al £ — 18 experimental unit(EU) » 3 3% studentl & stu-
dent2 #RH HE# 25 > F it Groupl #4£ A 7 4 18 experimental units » 3£45%] 8 AL » LR Ak
KB — 42 treatment ¥ /& — 18 EU > B A repetition » B 5% £ (experimental error) 1€ 6,28 &
% % (measurement error) °

o Group2 #9% 7% % 44 54E treatment B 3|45 A £ {8 EU > 33 studentl 3 student2 £ —#8EK -
tb Group2 #£4# B T 8 18 experimental units > 3£45%] 8 Z£#HAME > B R AL F5F R 4 treatment
YERARE® EU £ B4 replication * BERZ£Z LR FHREZRK EU MR £ -

o Groupl E A& & repetition * 2 A #4 F # treatment 1 A £ R F EU > & tb#k 2% unit-unit variation °
treatment effect B9 &R Z B K 2B AE AR RE 2 A B % > Bk Groupl & &4 R 4 student-
student variation A& measurement error > 1238 % ¥} student-student variation 7 B A o

o Group2 B & & replication > # F] & treatment £ Al &£ R F] EU > & 3k €,4 unit-unit variation * treat-
ment effect 963 W™ EZ8/ N> EH AE—2ABE > Bkt Group2 B ¥4 R#: % student-student

variation > R A unit-unit variation & measurement error °

In what situation would one group obtain more accurate results than the other? Why?
LERFTRERGGEAUTEME

1. student-student variation: 7~ [F] 5 & #3,R]:% ix, £ &

2. unit-unit variation: F]#& treatment /AR EU %89 £ &

3. measurement error: ;3| & Bk R 8 R £
B AT W18 case:

o Groupl B A& & repetition * %A # Bl # treatment 1E A £ R F] EU > B b4k 2 unit-unit variation > 12

BEARRLABRK > B Groupl & R &4 student-student variation & measurement error °

% 9k > tb# Groupl #v Group2’ B % Groupl # EU &7V > B b & A714F 2] B 7 unit-unit variation
B B G EEE ) o treatment &3t 89 variance 4L & LI K ©
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o Group2 B & 7 replication * ## F] 4 treatment ¥FA £ R F] EU > Hibé < 4 unit-unit variation  treat-
ment effect B9EF T/ EBUN > (BB AE -2 A BE > Bt Group2 E 54 £ 4% student-student

variation °

3 AT wAE case:

1. & student-student variation>>unit-unit variation > #19% &4 B repetition R4 student-student
variation Ffi& m #93% £ > Bk Groupl &i#4 -

2. & student-student variation<unit-unit variation * #%19 % & #| A replication R & unit-unit varia-
tion FFiE Ak 893% £ » B b Group2 &4 °

Is there a block factor?

@%@ﬁ%qﬁﬁ—@%@ﬂ%&%@l# BB AT E 409 B 73X € 4 block factor ° ﬁ&&‘)%&bng']_ LA, btudent
T ETRERNGH  ABFZESAFNNBE LT CTRALNZEARNNEE  RbATEEL
treatment effect > ZB#% student 3% & & block factor °
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Problem 3.

Suppose in Problem 2, the settings of the two factors require highly accurate measurements. Minor deviation
from the nominal value of the settings could lead to the failure of the experiment, which is judged by the
reading of the outcome. If the measurement is less than a certain value, this run of the experiment fails.
The following table shows how Group 2 conducts the experiment. For example, in the first run, setting of
the two factors is completed by student A and the measurement is read by the same student. Note that in
this table, each treatment has been applied to two units.

Run Factor One Factor Two Setting Reading

+
_|_

+
- +

0~ O T WD
oelieite Sl ve Mlue Jife te' e
W >ww e e

The higher the reading, the better is the experimental run. If the reading shows that this run fails, it has
to be repeated again by the same student. Is there any problem with this design? What suggestion can you
provide to improve the design?

ARFBREH A T RERA

1. student A & F 5 RE (setting) R K B &k (reading) % * E R balanced * A ¥ B & F 5 A3t ék
R A8 B #AEAE treatment effect &9/E3H F AvtE £ > B8 % student LIEFTHRATERGE F > Bt ek
£ % block factor

2. fE#3LE Factorl #7 Factor2 F]3% & B} (Factorl,Factor2)=(+,+)/(--) 8 % & student A &5 > &7
A& A%, slightly confounded » #b4F > runl Fo run2 B &% EAAF) » &4 & student A B » B TH &
A measurement error ° & ¥ learning effect #9fE3T EFEE 2 B E

3. FAA &% & Bl — A setting #v reading > & # W student 455 > LFRERD B AZRE A

ML E = BERPRELE - BT T R E #He%:

Run Factor One Factor Two Setting Reading

1 + + A B
2 - + A B
3 + - A B
4 - - A B
5 + + B A
6 - + B A
7 + - B A
8 - - B A

1. B E 1 &A% student A Fv student B 5w R E B8 &R ieék > £ F runl-rund % student A
B runb~run8 % student B T B

2. BELE 2 HAIE student A Fo student B EHAT (+,+),(+,-),(-,+),(+,-) —R
3. BAEE 3 BITEBRTRAGLHATR
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