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Abstract

Agronomic experiments are often complex and difficult to interpret, and the proper use of appropriate statistical
methodology is essential for an efficient and reliable analysis. In this paper, the basics of the statistical analysis of nested
factorial experiments for three phases with repeated measurements are discussed using real examples from agricultural field
trials. The presented experiment consists of three phases factors. A third factor represents the experimental units (subjects)
taken as measurements or repeated treatments of the experimental units. While, the fourth factor represents the treatments
(repeated measurements), this factor will in turn interact with the other factors that resulted from the nested factorial
experiments. As the maximum a posteriori estimators (MAP) is a common method of point estimation in Bayesian
Statistics, this study used a MAP approach to provide conclusions about the treatment of nested factor experiments for
three phases. A complete block desigh was used to apply the suggested model to the real world based on data from cold
storage unit of Horticulture Department, Agriculture College, Baghdad University during the spring growth seasons of
2011- 2012 years.
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1. Introduction

A repeated measures design element refers to the practice of measuring the outcome on each study unit multiple times.
Most frequently the multiple measurements occur over time, although other factors can be studied such as repeated
exposure of individuals to changing levels such as sound or light [1]. Inclusion of a repeated measurements design element
can be desirable for a variety of reasons. Repeated measurement of outcomes is often included if the impact of the factor,
time, or changes in the effect of treatment over time are of explicit interest to the investigator [2, 3]. Studying multiple
outcomes for each subject might also allow investigators to reduce subject-to-subject and within-subject variation in the
investigation of the relative effects of different treatments. Reduced variability might increase the study’s power, and this is
another rationale for implementing repeated measurements [4] Inclusion of a repeated measurements design element can be
desirable for a variety of reasons. Repeated measurement of outcomes is often included if the impact of the factor, time, or
changes in the effect of treatment over time are of explicit interest to the investigator. Studying multiple outcomes for each
subject might also allow investigators to reduce subject-to-subject and within-subject variation in the investigation of the
relative effects of different treatments. Reduced variability might increase the study’s power, and this is another rationale
for implementing repeated measurements [5, 6].

Repeated measurement designs with nested rows and columns have received much attention in the literature. Recently,
Bailey and Lacka (2015) pioneered work on such designs when the treatments consist of treatment combinations of two
factors, plus a control. They called these nested row-column designs for near factorial experiments and discussed how these
designs can have wide ranging applications, notably in agriculture, plant protection experiments and clinical trials. On the
other hand, Bose & Mukerjee (2018) proposed a method for constructing a nested row-column design, involving a control
treatment and test treatments, starting from a Latin square and an incomplete block design.

This study suggested an intertwined experience of two factors. The first factor (B) has (n) levels. The second factor (y) has
(q) levels, as the levels of the second factor (y) are intertwined within the levels of the first factor (), and then this
relationship is denoted by the symbol y(p) the second factor (y) is called the interfering factor and the first factor () is a
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factor Interference (nested factor) then the experimental units are taken for each level of the interfering factor (y) where
these experimental units are considered as a third factor (n) and has (p) levels that are interconnected within both factors ()
and (y) and symbolize this relationship n(By) In this case, we obtain an interconnected global experiment in three stages.
When taking more than one response for each experimental unit at different periods where repeated measurements are
formed which can be counted as a fourth factor (m) and has (s) levels and be crossed with levels factor (B) as well as
intersecting with factor levels (y) within factor levels (B) as well as intersecting with factor levels (r) within the levels of
both factors () and (y) Thus we will have an interfering factorial experiment with the repeated measurements. A maximum
posteriori estimation (MAP) approach [9, 10] was employed to making inferences on the nested factorial experiments for
three phases with repeated measurements. This paper is organized as follows. Section 2 reviews Prior Distribution for
Nested-Factorial Experiments of three phase with Repeated Measurements. Section 3 presents the Maximum a posteriori
estimation for Nested-Factorial Experiments of three phase with repeated measurements. Section 4 presents the numerical
experiments Results and conclusions discussed in Section 5.

2. Prior Distribution for Nested-Factorial Experiments of three phases with Repeated Measurements.

In this section a maximum posteriori estimation (MAP) approach is formulated to determine the inferences on the treatment
of nested factorial experiments for three phases with repeated measurements. Table 2.1 below summarizes the symbols that
are used.

Table 2.1: Summary of symbols that are used in the model

Symbol Description
n Index levels of the first factor 8 (indexed by i).
q Index levels of the second factor y (indexed by j).
p Index levels of the third factor n (indexed by k).
S Index levels of the fourth factor IT (indexed by I).
u over all mean.
B, Added effect of the i*" level of the first factor 3.
Yio Added effect of the j™ level of the second factor y that nested within the i*" level of
the first factor .
Maij) Added effect of the k™ level of the third factor 7 that nested within the two levels
(i,j) of the first factor § and the second factor y, respectively, which is a random
variable, i.e.: nygy ~ i.i.d N(0,02).
I, Added effect of the first level of the fourth factor IT that represents a repeated
measurement.
(B, Added effect of the interaction between level i of the first factor g and the first level
of the fourth factor I1.
(Hy)lj(i) Added effect of the interaction between first level of the fourth factor 17 and the j**
level of the second factor y nested within the it" level of the first factor 3.
Average service time of the ALS and BLS ambulances in the system, respectively.
€1 ij) Added effect of random error resulting of the interaction effect of the " of the fourth
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factor 1 and the k™ from the third factor 1 intervening within the levels (i, j) of the

first factors 3 and the second factors vy, respectively.

Also define the following set of conditions:
LiBi=0 XL vp=0 ;Vi=1,..,n
Yieim=0 XYL, (Bm);=0 ;vi=1,..,s
Zle(Bn)il =0 ;Vi=1,..,n
quzl(ny)]j(i) =0 ;Vi=1.,n and VIi=1,..,5s
Y (M) =0 ;Vj=1.,qad Vi=1.,n
YL L Vi) =0, X Xy =0 ;Vi=1.,n
?zlziqzl(ny)ll-(i) =0 ;vi=1,..,s
With these definitions, the proposed model can be formulated as:
Yig = K+ B v + Ny T8+ (Bm),, + (“Y)lj(i) + &) €]
This model assumed each of random error factor &, ;;, and the third factor Mgy are independent, such that:
eugy ~ -i:d N(0,0%) and m . ~ iid N(0,0}) @
Thus, the above model parameters can be estimated using the least squares method as:
Let Q= XL XL, Xh 2, (Yijkl - E(Yijkl))z = 2 2 Xhey Zima (Brap + M)
Q= X, Z]g:l Zi:l X1 Wi — 1= Bi — vjo —m — (B — (1TY)1j(i))2 ®)
By derivation the equation (3) above and setting it equal to zero, get:
= 3—3 =-2%L, Z?:l ZE:l ZlS=1(Yijkl —p—Bi- Yig) — ™ — By — (T[Y)lj(i))z =0
iy Xl Xy Zim1 Vygg —NAPSH =0 > =7 _,
Derive the equation (3) for B, and setting it equal to zero, get:
B 2 P TG — k= By — Y — T — (B — (), )
o, j j ) j
= L ey Bt Vi —npsfi—apsi =0 > — -, =0

- Vi.—y.—-B=0- B: =y —Y..-

By using the least squares method, obtained an estimate of the all parameters as follows:
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YT(\i) = yij.. Vi % = }_,ijk. - yij.. ' m=y,-Y.
(B =y, =¥, —V,+Y . (M) = Yia = ¥y ~ Yia T Yo

The sum of the squares will be total
$S = aps X5, —7 )
SSy@) = PSXic1 Z]g:l(}_’ij.. - }_’i...)z
SSngy) = S Zit1 Xty Zey (Fijke — 75.)"
sS, =nap 217, —7.)"
SSgx = AP XL Xy, — Y, — Y, + Y
SSmy(@) = P 2is1 quﬂ Y1y — Vig. — ia +¥i)?

SSE = Zin=1 Z;:l:l Z£=1 lezl(yijkl - yijk. - 3_/1]'_1 + 3_/1])2

where,
n yd yPooys 9 yP oy
- Y1 Zj:l Yi=1 Zl=1yijkl - Zj:l Y1 Zl=1yijkl
naps ’ Yi. s
noyP oy n yd oy
—  Zi=12k=121=1Yij = _ &i=1Zj=1Zi=1Yjk
Y. nps ' Yk ngs
ynoydoyP oy TS Ly
_ Zi=1Zj=1 2k=1Yjjkl —  _ Zi=1Zi=1Yjk
Y. nap ’ Y jk. s
n q
Y R Vi X sl
1= np ’ Y =7 o
n p N
_ _ Zi:l Yijkl - Zi=121:1 Yijki
y-jkl n ! yii-- ps
s p
- L, P vija - 2i-1 Yy - Yio1 Vi
Yia = e ) yijk. - s ! yii-l - p

Table 2.2 below summarizes the ANOVA table for nested-factorial experiments of three phases with repeated
measurements.
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Table 2.1: ANOVA table for nested-factorial experiments of three phases with repeated measurements.

Source of d.f S.S M.S (E.M.S) Frable
variation
Between ngp-1 SSg
(sub.)
B n-1 SSp SSp ws O, MSg
n-1 (n—1) z Bi + soy MSg @)
i=1
Y(B) n(g-1) SSy@) SSy@ ps T i i MS,)
-1 o D) @ 50 | My
i=1 j=1
Error (Bet.) nq(p-1) SSee) SSk(s) So;
=n(By) nq(p — 1)
Within (sub.) nap (s-1) SSw
i s-1 SS.. SS, nqp s , , MS,
=1) s-nL ™o MSew)
1=1
Bm (n-1) (s-1) SSgn SSgn qp Ak 5 5 MSgn
(n - 1)(5 - 1) n(q — 1) Z Z(Bﬂ)ll + G(WH) MSE(W)
i=1 I=1
y(B) N(s-1) (0-1) | Sy SSy ) D LN , MS )
n(s—1)(q-1) mz Z Z(TW(B))“G MSg
i=1 j=1 1=1
+ Ofm)
Error(Within) | nq(s-1) (p-1) | SSgw, SSgw) ofm)
ngs—H(p-1
TOTAL ngps-1 SSt

3. Maximum a Posteriori Estimation for Nested-Factorial Experiments of Three Phases with Repeated
Measurements

Suppose that the prior distribution of the coefficients for the suggested model is given by:
m~N(py0h), B ~Ng op),  ¥iq ~ N, o), m~N(ir, 07)

(B, ~ N(kgn O(am)); (¥)jiy ~ Ny, Ofry))s

oﬁ ~ 1G(ay, Bn) and cfm]) ~ 1G (s B(m])) 4)

In this section, the maximum a posteriori estimation of each coefficients (u, By Yicy T (Bm)y, (ny)“(i),oﬁ,cﬁm)) for the

suggested model has been formulated.

The likelihood function for the equation (1) is given by:

f(yia/m Bi Vi T Bt (MY)iiciy, O3, Oryy) =

1 ~(ijk1~H=Bi=¥j) ~Tu— (B~ (m)yjiy)?
T 1, T, T ex [
=0 h= k=t 11\/211(0'%+an")) 2(07+0Cen))
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exo |~ iy 219:1 Yheq 2= 1 Yijka— 1= Bi —Yj) —m—(Bmi - (i)
\/Zn(cﬁ+c(2ﬂn)) 2(6721+6%m1))

®)

So, the maximum a posteriori estimation (MAP) of each coefficient for the suggested model and the variances (ofm)) and
(0,2]) can be computing as follows:;

The function to be maximized is then given by

f(l’-)f(}’ijkl/u' Bis Yicy ™o (Bt (T )ijciy» 0% 6%mmy) = LK, Bis iy, T, (B, (V)30 03 Oy ) =

(n— llu) ] x oL 1Z 1Zk 121 1ijr1—H=Bi=Yj)—m—(Bmi— (T[Y)]](l))

1
exp
2“(0'721*'0'%1111)) [ Z(O-Tl"'o(ml))

(2nof) 2 exp [

Which is equivalent to minimizing the following function of p:

I:Zin=1 Z?:l Zﬁ:l Zf:l(yijkl_li_ﬁi_yj(i) _T[l_(BT[)il_(T[Y)]j(i))z] + I:(P_Pu)z]

(G,Zl +0'€.ml))

Thus, the MAP estimator for p is given by:

(nqps)(o )7 .) ] G +o(m))uu ] _ 0ap) (T )+(07+0 Iy ©)

i o=
MAP ( +U(Tm) +nqpscll +G(m1) +nqpsau (6%+G?m))+nqpsoﬁ

The MAP estimator for {3, is given by

~

(aps)(of) (7, 7. )] [ (cn+a(m))uB ]_ @)D T, 5 )+ (02 +0%m g -

(i)PMAP |:(°n+°'(m1) +qpsorB °n+"(m]) +qpscB (oﬁ+c€m))+qpsc§

The MAP estimator for 10 is

“ ) (0D Ty 5, )+ (0 +0tn
¥ — Y/ Vi Y ( MO n))Py (8)

JOpap (0,2]+U%m))+psc7$

The MAP estimator for m, is

~ (ap)(0R)G 1=, )+(0f +0 ) Jur
— LY (n (n)) ©

T
Owmar (O’% +G?1m))+nqp6%

The MAP estimator for (Bm); is

= @P)OF) T,y =V; =Y 15 +(0% 40w e (10)

Dise Ty

The MAP estimator for (Try)h.(i) is

(p)(G%Y)(yij.l_yij.._yi..l +9;. )+(of +6%ﬂn))um{

(G'ZI +°gﬁn))+p6%ﬁv)

™Y Giap an

where,

23



ﬁ@b Journal of Iragi Al-Khwarizmi Society (JIKhS) Volume: 4 Issue: 2 December 2020
A The Sixth International Scientific Conference of Iragi Al-Khwarizmi Society 23-24 November 2020

— 2 _ _ 2
[ SSeum) +SSq +naps(y —w)" +aps T (Fi. —7.) —B)" |
2
_|tps Qi Z?:l ((}_’ij.. ~-¥i.)— Yj(i)) +ngp X, (T —3.) —m)?

s fr— _ _ _ 2
+ap X X (Giy — ¥ — T+ 7)) — (Bma)
+p Xiz1 Z,q:l Yo (Fiia = ¥ — Via + 9i.) — (0 Diiciy)?

RSS

The MAP estimator for oﬁ is

n (1) RSS

5 _(a(ﬂﬂ)+£+1) B o _(_)_B T

2 2 2 (mm) 2 (m)
o x (o ex (12)

(mmn) MAP ( (T[T])) r‘(a(_‘m)) O-%Tm)

The MAP estimator for 0,2] is given by

- (g 211y " -(5)-s

2 2 nt2 n 2 n
CEI (on) (@) exp [ 2 (13)

4. Experimental Results

This section considers the application of the suggested model to the real world based on data from cold storage unit of
Horticulture Department, Agriculture College, Baghdad University during the spring growth seasons of 2011 and 2012
years. The field work was carried out on potato tuber Solanum tuberosum L. Desiree cv., Tubers were lifted at three time
i.e. early morning, mid-day and in the evening. Tubers were stored either immediately after lifting or left for one, two or
three hours in the field under a shade or without it. Curing was done at 15 + 1 " and 80-85% RH for ten days, tuber then

stored at 4 + " and 85-90% RH for three months. Reconditioning was done at room temperature (28-32 C°) and 45-52%
RH for ten days. Randomized complete Block Design (RCBD) with four replicates for each treatment were adapted and the
comparison was done using L.S.D at 5% level of significance. The design of the experiment was done according to the
suggested model in equation (1). Table 4.1 below shows the experimental results for the analysis of variance for suggested
model. On the other hand, Table 4.2 below shows the estimation results of parameters for suggested model based on
ANOVA table. From Table 4.1 can see that the calculated F-values is greater than the tabulated F-values at (0.05) level that
is means there is significant effect for a shade on storage capability for potato under different temperatures.

Table 4.1: Experimental results of ANOVA table for nested-factorial experiments of three phases with repeated

measurements.
Source of variation d.f S.S M.S Fc Fiable
B 2 4.48 2.24 Fr.12=3.89
5.296
Y(B) 9 23.049 2.561 6.0543 Fo,12=2.8
Error (Bet.) 12 5.071 0.423
=n(By)
T 3 3.1198 1.0399 13.506 F.24=3.01
Bm 6 0.724 0.121 1.571 F.24=2.51
my(B) 27 21.251 0.787 10.221 F7.24=1.95
Error (Within) 24 1.859 0.077
TOTAL 83
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Table 4.2: The estimation results of parameters of suggested model based on ANOVA table.

— p——
~ ~ —

13 Bi | (BT[) il (“'Y)]] ) Y] (i 0-12] o-%nn)

3.865 | 7.73 | 11595 | 23.189 44811 89.265 | 0.0811 | 0.077

By applied the maximum a posteriori estimation method to the storage experiment data, Table 4.3 represents the results of
the parameters (i, Bi, Yjciy, T, (B0, (T0y)yi), oﬁ, 0%1“1)) based on maximum a posteriori estimation method.

Table 4.3: The results of the parameters of suggested model based on maximum a posteriori estimation method.

p—
~

i B, | Bmy | MWy | Y o O en)

3.043 | 8582 | 11.2 22.63 44.14 88.8 | 0.121 | 0.099

From Tables 4.2 and 4.3, one can see that the values of parameters obtained in both ANOVA and maximum a posteriori
estimation are nearly alike and encouraging. On the other hand, the results of estimates are close to each other, which
means that the MAP method is a good compared with the classic methods. Figures 4.1 and 4.2 below represent the
maximum a posteriori density of all parameters for the suggested model and the maximum a posteriori density of the

variances ¢, and .

Figure 4.1: The maximum a posteriori density of all parameters for the suggested model.
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Figure 4.2: The maximum a posteriori density of the variances G%m]) and crf].
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5. Conclusion

This paper provides a method for discussing the basics of the statistical analysis of nested factorial experiments for three
phases in repeated measurements. The factor that represents an experimental units called the subject, while, the factor that
represents the treatments called repeated measurements. Factors that were considered to be repeated measurements interact
in turn with the rest of the factors that resulted from the nested factorial experiments. A maximum a posteriori estimators
(MAP) was utilized to provide conclusions about the treatment of nested factor experiments for three phases. For more
validity, the suggested model was applied by using a real examples from agricultural field trials based on a potato tuber
data that storage in unit of Horticulture Department, Agriculture College, Baghdad University. Randomized complete
Block Design (RCBD) with four replicates for each treatment were adapted and the comparison was done using L.S.D at
5% level of significance. The experimental results show there are a significant effect for a shade on storage capability for
potato under different temperatures.

References

[1] Zhao, J., Wang, C., Totton, S. C., Cullen, J. N., & O’Connor, A. M. (2019). Reporting and analysis of repeated measu
preclinical animals' experiments. PloS one, 14(8), e0220879.

[2] Jabeen, R., Ahmed, R., Rasheed, H. K., & Shehzad, F. (2019). Construction of circular strongly partially-balances
measurements designs. Journal of King Saud University-Science, 31(3), 345-351.

[3] Hussain, S., Ahmed, R., Aslam, M., Shah, A., & Rasheed, H. K. (2020). Some new construction of circular weakly
repeated measurements designs in periods of two different sizes. Communications in Statistics-Theory and Methods, 49
2263.

[4] Sullivan, L. M. (2008). Repeated measures. Circulation, 117(9), 1238-1243.

[5] McFarquhar, M. (2019). Modeling group-level repeated measurements of neuroimaging data using the univariate gen
model. Frontiers in neuroscience, 13, 352.

[6] Abduljaleel, M., Midi, H., & Karimi, M. (2019). Outlier detection in the analysis of nested Gage R&R, rand
model. STATISTICS, 31.

[7] Bailey, R. A., & Lacka, A. (2015). Nested row—column designs for near-factorial experiments with two treatment facto
control treatment. Journal of Statistical Planning and Inference, 165, 63-77.

[8] Bose, M., & Mukerjee, R. (2018). Near-factorial experiments in nested row—column designs regulating efficiencies.
Statistical Planning and Inference, 193, 109-116.

[9] Nerurkar, E. D., Roumeliotis, S. I., & Martinelli, A. (2009, May). Distributed maximum a posteriori estimation for n

26



"@ Journal of Iragi Al-Khwarizmi Society (JIKhS) Volume: 4 Issue: 2 December 2020

Q The Sixth International Scientific Conference of Iraqi Al-Khwarizmi Society 23-24 November 2020
cooperative localization. In 2009 IEEE International Conference on Robotics and Automation (pp. 1402-1409). IEEE.

[10] Breschi, V., Piga, D., & Bemporad, A. (2019, December). Maximum-a-posteriori estimation of jump Box-Jenkir
In 2019 IEEE 58th Conference on Decision and Control (CDC) (pp. 1532-1537). IEEE.

27



