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Abstract

The design and analysis of data from factorial experiments using statistical packages saves time,
simplifies calculations, and allows discussion of the individual or joint contribution of several
factors. This study indicates the procedures for analyzing data with the InfoStat and InfoGen
statistical packages in 2" factorial experiments, with n=2, 3, 4, 5, 6, 7 and 8 factors of productivity.
In addition, the design of its treatment structure, possible interactions, statistical models for a
randomize complete block design and some formulas for calculating sums of squares for n=8 are
shown. The relationships between the linear models are established and also the procedures that
must be applied in both statistical packages to obtain an analysis of variance and the comparison
of treatment means if the general statistical model is used, the instructions to estimate the effects
for each of the eight main factors and for their possible interactions with the Tukey test (p= 0.01)
are also indicated. The design of this type of experiments was made to be analyzed with academic
test versions, which are free for six months in both statistical packages. The user could purchase a
license for one year to install it on two personal computers paying, for each software, only
USD$50.00. Both statistical packages are very friendly and can be used to analyze any
experimental design if the appropriate statistical model is indicated.
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Introduction

The sequential and iterative nature of the response surface methodology requires that in each phase
significant factors be identified, model adaptation is made, and the direction in which the optimal
experimental conditions are determined. To identify the factors that have the greatest influence on
the response and to examine the goodness of fit of the statistical model, the analysis of variance
should be used (Jiménez, 2015).

In this context, the design and analysis of factorial experiments in randomized complete blocks has
been used as a very valuable tool in agricultural sciences, and in other branches of science and
technology (Sahagin, 1998; Medina and Lopez, 2011; Jiménez, 2015; Alvarez et al., 2018), in
addition to determining the contribution of each of the factors studied, it allows simultaneously
knowing what are the effects of their interactions, in each trial and through years, localities or their
combinations in time and/or space (Montgomery, 2010; Gomez and Gomez, 1984; Di Rienzo et
al., 2008; Balzarini and Di Rienzo, 2016).

The 2" experiments are families of tests with n factors and two levels within each of them that
generally represent very wide intervals of variability in exploratory studies, when there is no or
when there is little published information and consequently, it is desirable to redesign their research
with a more important subset (Gomez and Gomez, 1984; Montgomery, 2010; Medina and Lépez,
2011; Jiménez, 2015).

The evaluation of two promising crosses formed with the most outstanding lines, the introduction
to a new region of cash crops, of plant species in the process of domestication or of animals of
various breeds, as well as the generation, validation, application and transfer of technology could
represent a desirable case for the design and analysis of this type of research (Torres et al., 2011,
Reynoso et al., 2014; Torres et al., 2017; Gonzélez et al., 2019). The determination of optimal
doses when organic and inorganic fertilizers are applied, in different population densities, on
several planting dates, or different localities and years, could have as a prerequisite the analysis of
data from exploratory trials (Rodriguez et al., 2015; Quiroz et al., 2017; Padilla et al., 2019;
Gonzélez et al., 2019).

The 2" factorial experiments are difficult to analyze with a desktop calculator when n increases,
due to an increase in the number of interactions to be estimated, when n= 6, 7 and 8, there are 57,
120 and 247 interactions, respectively. With the use of statistical packages, their design and
analysis save time and simplify calculations, especially in series of experiments or in arrangements
of experimental units that are designed to facilitate their handling in the field and to obtain different
levels of precision in the estimation of the factors that make them up (Gomez and Gomez, 1984;
Martinez, 1988; Padilla et al., 2019; Gonzélez et al., 2019).

The first versions of InfoStat and InfoGen appeared before 2008 and 2016, respectively, both were

created by programmers and analysts from the University of Cdrdoba, in Argentina and their
academic versions can be downloaded for free from their websites.
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Both programs are very friendly and can be used to analyze any type of experiment if the correct
statistical model is introduced, because these can now enhance its use; through R-software
(Sahagun, 1998; Balzarini et al., 2008; Di Rienzo et al., 2008; Balzarini and Di Rienzo, 2016). As
a reference in the use of the SAS (Statistical Analysis System, 1989); InfoStat and InfoGen; Padilla
et al. (2019); Gonzélez et al. (2019) analyzed data on the production in green pod of three broad
bean cultivars (Vicia faba L.), planted in two Mexican localities, with three population densities
and three fertilization formulas: in the first publication, the codes to analyze and validate a series
of experiments in randomized complete blocks in arrangement of subdivided plots were presented
and in the second publication, the program to estimate mutually orthogonal contrasts in this type
of trials was described.

In the above context, the main objective of this study was to design the procedures for analyzing
2" factorial experiments in randomized complete blocks with r repetitions using InfoStat and
InfoGen, to generate an analysis of variance and a comparison of treatment means with the
Tukey test.

Materials and methods
Notation used

The eight factors will be represented as A, B, H; both levels within each of these will be
designated by the same letter, in lowercase and with a subscript, as a; and a, for the factor A.
Interactions will be designated as A*B, A*C, AxB*C*D+ExF*G=H. In statistical models, each

factor will be associated with a subscript: A, B, C, D, E, F, G, H will correspond to i, j, k, I, m,
n, o, p, respectively. The repetitions will be identified with R and the last subscript that is
indicated in the residual of each model used (Sahagun, 1998; Balzarini et al., 2008; Balzarini
and Di Rienzo, 2016).

Number of treatments and their factorial structure

Treatments will be represented by the combination of levels of two or more factors.
Experimental design is a strategy of combining the structure of treatments with the structure of
experimental units in such a way that alterations in responses, of at least in some subset of
experimental units, can be attributed exclusively to the action of treatments, except for random
variations. Thus, it is possible to compare treatment means or linear combinations of treatment
means with as little noise as possible (Di Rienzo et al., 2008; Balzarini et al., 2016; Balzarini
and Di Rienzo, 2016). Table 1 shows the terminology, how many and what is the structure of
treatments for n=2, 3,4, 5,6, 7, 8.

Table 1. Number of factors, codes to represent them, number and structure of treatments.

n  Symbology = Number Treatments that will be analyzed
2 A B 4 ai1b1, a1by, azbs1, azbs
3 A B,C 8 a1biC1, a1b1Cz, a1b2C1, a1b2C2, a2b1C1, A2b1C2, A202C1, azb2C2
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>

Symbology

Number

Treatments that will be analyzed

SN

7

ABCD

ABCDE

A/ B CDEF

A /B, C D E,
F,G

16

32

64

128

aibicids, a1bicidy, aibicodi, aibicadz, aibocidi, aibacids,
aib2c2ds,
aibacadz, azbicids, azbicidz, azbicads, azbicads, azbacids,
azb2c1d2,
a2bac2dy, a2bacod:
aibicidier, aibicidier, aibicidoes, aibicidoer, aibicadies,
aibicodier, aibicodaer, aihicodoez, athocidies, athocidies,
aibacidaes, a1baocidaer, aibacadier, aibacadier, aibacadoes,
arbacodoer, azbicidier, azbicidier, azbicidrer, azbicidqes,
azbicodies, azbicad1e2, axbicadzer, azbicadzez, azb2cid1en,
azbocidier, azbacidaer, azhacidoer, azbacadier, azbacadies,
azb2c2d2e1, azbaca0ze2
alblcldlelfl, a1b1C1d181f2, a1b1C1d182f1, alblcldlezfz,
aibicaidzesfs,
alblcldzelfz, a1b1C1dzezf1, a1b1C1dzezf2, alblczdlelfl,
aibicodiesfy,
aibicodierfy, aibicodiesfs, aibicodoesf, athicodoesfs,
aibicadoenfy,
aibicadzeafs, aibocidieifi, aibacidiesfs, athocidienfy,
a1bzcidienfs,
aibzcidesfs, aibacadzesfs, arbacidesfs, aibzcidzexf,,
a1bacodiesfy,
aibacadiesfz, aibocodieafl, aibacodiesfs, athaocadoesfy,
a1bacadoesfs,
a1hacadoeofy, aibocodzesfs, azhicidiesfs, asbicidierfs,
azbicidienfy,
azbicaidiesfs, azbicidoesfs, azbicidseifs, asbicidoesfs,
azbicidaerfs,
azbicadiesfi, azbicodierfs, asbicodiesfi, azbicadienfy,
azbicadoesfy,
azbicodzesfs, azbicadoeofi, azbicadaerfs, azbocidiesfs,
azbacidierfs,
azbocadiesfi, azhocidienfs, azhacidoefi, azbocidoesfs,
azbacidoenfy,
azbzcadzexf2, azb2codiesfs, axbacodierfz, azbacadiesfs,
azbacadienfs,
azhacadzerfi, azbacodaesfs, azhacadzesfi, azhocodaesfs
aibicidiesfigy, aibicidiesfigr, aibicidiesfogs, aibicidiesfzgo,
aibicidieofigr, aibicidierfigz, aibicidierfog1, atbhicidierfago,
aibicidoeifigy, aibicidzesfigr, aibicidzesfogs, aibicidoeifago,
aibicidzeof1g1, aibicidoerf1g2, aibicidzerfog1, athicidaesfago,
aibicodieifigy, aibicodiesfigr, aibicodiesfogs, aibicodieifago,
aibicodieofigr, aibicodierfigz, aibicadierfogl, atbicodiesfagy,
aibicodoe1f1g1, aibicodzesfige, aibicodzesfogs, aibicodoeifago,
aibicodoeof1g1, a1bicodoerf1g2, aibicodzerfog1, athicodaesfagy,
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n Symbology Number Treatments that will be analyzed

aibocidiesfigr, aibocidiesfigo, aibocidieifogs, athocidiesfogo,
aibocidiexf1gr, aibocidiesfigo, aibocidierfzgr, athacidiesfogy,
aibocidzesfigr, aibocidoesfigo, aibocidoeifogs, athocidoesfogo,
aibocid2exf1g1, arbacidzesfigz, aibocidoerfzgr, athacidzerfogo,
aibocodiesfigr, aibocodiesfigo, aibocodieifzgs, athocodiesfogo,
aibacodiexf1g1, arhacadiesfiga, aibocodierfzg, athacodiesfogy,
aibocodoesfigr, aibocadoesfigo, aibocodzeifzgs, athocoderfogo,
aibacod2exf1g1, arhacadzesfig2, aibocoderfzgr, athacodzesfzgy,
aobicidieifigr, azbicidiesfigo, arbicidieifog, azbicidiesfogo,
aobicidierfigr, azbicidiesfigo, asbicidierfzgr, azbicidieafogy,
asbicidresifigr, azbicidoesfigo, arbicidreifogr, azbicidoerfogo,
aobicidoexrf1gr, azbicidaesfigo, asbicidoerfogr, azbicidaerfogy,
a2bicodieifig, azbicodiesfigr, axbicodiesfogs, azbicodieifzgo,
azbicodiexfigr, azbicadiesfigr, asbicodierfzgr, azbicodiesfogy,
a2b1code1f1Q1, azbicodzesfigz, axbicodzesfogs, a2bicodoe1fogo,
aobicodzexf1gr, azbicadzerfigz, asbicodaerfzgr, azbicodzesfzgy,
a2boc1dieifig, azbocidiesfigr, axbocaidiesfogs, azbacidieifzgo,
aobacidiexf1gr, azbocidiesfigr, asbocidierfzgr, azbacidiesfogy,
a2boc1d2e1f101, az2boc1d2e1f102, a2bocidzesfogs, a2bacidoeifago,
azbac1d2exf1g1, azbacidzerfigz, azbociderfzgr, azbacidzesrfzgy,
a2b2c2die1f101, azbocodiesfigy, azbacodiesfzgs, a2bacodieifage,
azbacodiexf1gr, azbacadiesfigr, abocodierfzg, azbacodiesfzgy,
a2b2Co02e1f101, a2b2C2d2e1f102, a2bacodzesfzgi, a2bacod2e1f2g2,
azbacod2exf1g1, azbacadzerf1g2, asbocodzerfzgr, azbacodaexrfagr
256 aibicidiesfigihy, aibicidiesfigihy, aibicidiesfigohs,
aibicidiesfigohy, aibicidiesfogihs, aibicidiesfogihy,
aibicidieifogohy, aibicidiesfgoho,
aibicidierfigihy,aibicidierfigihy, aibicidiesfigoha,
alblcldlezflgzhz,
aibicidierfogihy, aibicidiesfogihy,
aibicidierfogohy,aibicidienfogohy, aibicidzesfigihy,
aibicidzesfigihz,aibicidoesfigohs, aibicidzesfigaha,
alblcldzelfzglhl,alblcldzelfzglhz, alblcldzelfzgzhl,
aibicidze1fogohy,
aibic1dze2f1g1hy, aibicidaerfigihy,
aibicidrerf1gohy,aibicidoeofigohy, aibicidzesfogih,
aibicidzezfog1h2,a1b1c1d2eof2g2h1, aibicidoerfogohsy,
aibicodieifigihy,aibicodiesfigihy, aibicadiesfigohs,
aibicodieifigohy,
aibicodieifogihy, aibicadiesfagihoa,
aibicodieifrgohs,aibicadiesfogohy, athicadiesfigih,
aibicodierfigihy, aibicadiesfigohs, aibicodieafigohy,
aibicodiezfogihy,aibicodieafagihy, aibicadiesfgohs,
alblCzdlezfzgzhz,

[oNe
TO
m
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n

Symbology

Number

Treatments that will be analyzed

aibicodreifigihs, aibicodoesfigihy, aibicodoeifigohy,
aibicodzeifigohy, aibicadzesfogihi, aibicodzeifogihy,
aibicodre1fogohs, aibicadoesfagohy, aibicodoerfigihy,
aibicodzexrfigihy, aibicadaesfigohs, aibicodaeafigohy,
aibicodrerfogihs, aibicadoeafogihy, aibicodoerfagohy,
aibicodzerfagohy, aihocidiesfigihs, aibacidiesfigihy,
aibocidieifigohs, aibocidiesfigohy, aibocidiesfagihy,
aibacidieifagihy, aibocidiesfogohs, aibacidiesfagohy,
aibocidierfigihs, aibocidiesfigihy, aibocidiesfigohy,
aibacidiexfigohy, aihocidiesfogihi, aibacidierfagihy,
aibocidierfogohs, aibocidiesfogohy, aibocidoeifigihy,
aibacidzeifigihy, aibocidzesfigohs, aibacidoeifigohy,
aibacidre1fogihy, aibocidoesfogihy, aibocidoeifogohy,
aibocidzerfog2hy, athacidzesrfigiha, aihacidzesfigihy,
aibacidzerfigohs, aihocidaerfigohy, aibacidoexfogihy,
aibacidzexfogihy, aibaocidaesfogohi, aibacidzeafagohy,
aibacodieifigihs, aibocodiesfigihy, aibocodiesfigohy,
aibacodieifigohy, aibocadiesfogihi, aibacodieifagihy,
aibacodie1fogohs, aibocodiesfogohy, aihocodiesfigihy,
aibocadiezfigihy, athacodiesfigohs, athacodieafigohy,
aibacodiexfogihy, aihocodiesfogihy, aihacodiesfagohs,
aibocadierfogohy, athacodzesrfigihy, athacodzesifigihy,
aibacodze1figohs, aihocodoesfigohy, aibacodoeifogihy,
aibacodze1fogihy, aibaocadzesfogohi, aibacodeifagohy,
aibacodzerfigihs, aihocadaesfigihy, aibacodoerfigohy,
aibacodzexf1g2hy, aihaocadaesfogihi, aibacodzeafogihy,
aibacodzexfagohs, aihaocadaesfogohy, azbicidiesfigihy,
azbicidiesfigihy, azbicidiesfigohs, azbicidiesfigohy,
asbicidieifogihy, aobicidiesfogiha, azbicidiesfagohy,
azbicidiesfagohy, azbicidierfigihs, azbicidieafigihy,
asbicidierfigohs, azbicidiesfigohy, azbicidierfogihy,
azbicidierfogihy, azhicidiesfogohs, azbicidieafagahy,
asbicidreifigihs, azbicidoesfigiha, azbicidoeifigohy,
azbicidzeifigohy, azbicidzesfogihi, azbicidoeifogihy,
azbicidzeifagohs, azbicidaesfogohyz, azbicidoeafigihy,
a-bicidrerfigihy, axbicidaerfigohs, azbicidoexfigohy,
azbicidzerfogihy, azbicidaerfogiha, azbicidoeafogohy,
asbicidrexfogohy, axbicadiesfigihs, azbicodiesfigihy,
azbicodiesfigoh, aszbicodiesfigohs, azbicodieifagihy,
azbicodieifagihy, a2bicadiesfogohi, azbicodieifagohy,
azbicodierfigihy, azbicadierfigiha, azbicodierfigohy,
azbicodiexfigohy, a2bicadiesfogihi, azbicodierfagihy,
azbicadierfogoh, azbicadierfagohs, azbicodzeifigrhs,
a-bicodre1figihy, a2bicadoesfigohs, azbicodoeifigohy,
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n Symbology Number Treatments that will be analyzed
asbicodre1fogihs, a2bicadoesfogihy, azbicodreifagohs,
azbicodzeifagohy, azbicadaerfigihi, azbicodoerfigihy,
a-bicodrerf1gohs, axbicadoerfigohy, azbicodrexfagihy,
azbicodzerfagihy, axbicadaerfogohi, azbicodaerfagohy,
asbocidieifigihs, a2bocidiesfigihy, azbocidiesfigohs,
azbacidiesfigohy, azbocidiesfogihs, azbacidiesfagihy,
a-bocidieifogohs, a2bocidiesfogohy, azbocidierfigihy,
azbacidierfigihy, azbocidierfigohs, azbacidierfigohy,
a-bocidierfogihs, a2bocidiesfogihy, azbocidierfagohs,
azbacidiexfagohy, azbocidzesfigihs, azbacidoeifigihy,
a-baocidre1figohs, azbocidoesfigohy, azbocidoeifagihsy,
azbacidzeifagihy, azbocidaesfagohi, azbacidoeifagohy,
a2bacid2exf1gihy, a2bocidaerfigihy, azbacidoexfigohy,
azbacidzexfigohy, azbocidaerfogihi, azbacidzeafogihy,
a2b201d282f292h1, azbzcldzezfzgzhz, a2b2C2d161flglh1,
azhocodierfigihy, azhacodiesfigohs, azbacodiesfigahy,
azbacodie1fogihy, a2bocodiesfogihy, azbacodieifagohy,
azbacodieifagohy, azbocadierfigihi, azbacodiexfigihy,
a2bacod1exf1g2hs, a2bocadiesfigohy, azbacodierfagihy,
azbacodiexfagihy, axbaocadiesfogohi, azbacodierfagohy,
a2bacodre1figihy, a2bocodzesfigiha, azbacodoeifigohy,
azbacodzeifigohy, azbocadzesfogihi, azbacodzeifogihy,
a2bacodre1fagohs, axbocadzesfagohyz, azbacodexfigihy,
azbacodzerfigihy, azbacadaerfigahi, azbacodzexfigohy,
a2bacod2exf2gihs, a2bocadaesfogihz, azbacodexfagohs,

azbacod2exf2g2h2

Statistical models

To construct the statistical models used in data analysis, only the capital letters used to represent
the main factors and those corresponding to their possible interactions, a specific value of n should
be chosen, then the subscripts that identify them are chosen, and p, R and ¢ are added. Their
construction was based on the procedures described by Sahagun (1998). For example, in a 23
factorial experiment, if Y is the quantitative variable of interest: Yiu= p + Ai + Bj + Ck+ (AB)jj +
(AC)ik + (BC)jk + (ABC)ijk + R| + s&iji.

Where: p is the arithmetic mean of the abcer data; Aj, Bj and Ck are the effects of the i-th, j-th
or k-th level of A, B or C, respectively; (AB)ij, (AC)ik, (BC)jk and (ABC)ijx are the interactions
between two or three factors; Ry is the effect of the I-th repetition and &ijxi is the residual of the
model. Table 2 shows the statistical models that will be used to analyze the data when n= 2,
3,8.
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Table 2. Statistical models used in data analysis with InfoStat and InfoGen.

Value of n Statistical model

2 Yijk= 1 + Ai + Bj + (AB)jj + Rk + sijk

3 Yijk= H + Aj + Bj + Cy+ (AB)jj + (AC)ik + (BC)jk + (ABC)ijk + Ri + &ijki

4 Yijkim= M + Ai + Bj + C«t Dy + (AB)jj + (AC)ik + (AD)ii +(BC)jk + (BD)ji + (CD)xi
+(ABC)ijk + (ABD)iji + (ACD)ixi + (BCD)jxi +(ABCD)jjki + Rm + €ijkim

5 Yijkimn = . + Ai + Bj + Cx+ Dy + Em + {interactions between two, three, four and five
factors}® + R + sijkimn

6 Yijkimno = 1 + Aj + Bj + Ck + Dy + Em +Fn + {interactions between two, three, four,
five and six factors}* + Ro + sijkimno

7 Yijkimnop = [t + Ai + Bj + Cx + D) + Em+ Fn + Go + {interactions between two, three,
four, five, six and seven factors}& + Ry + €ijkimnop

8 Yijkimnopg = 1L + Aj + Bj + Ck + Dy + Em+ Fn + Go + Hp + {interactions between two,
three, four, five, six, seven and eight factors}® + Rq + €ijkimnopg

2t08 Yi=p+1i+Rj+gj

Where: tj = 22, 23, 24 25 25 27 or 28 treatments

&= the possible interactions for n=5, 6, 7 and 8 are shown below.

To calculate how many interactions will be indicated in the statistical models, the combinations
that are possible for the n factors taken k times are simply added, such that 2< k <8; k represents,

in that order, interactions between two, three, eight factors. If n=8: C5 + C3 + C} + CS + C5 + C3 +
C§ = 28 + 56 +70 +56 +28 +8 +1 = 247 interactions. To verify: 2"-Cj-Cl= 2% C5-
C%=1256 -1 -8= 247 interactions.

Interactions for n=8

Between two factors: A*BE, A*CE, A*DE, A*EE, A*F, A*G, A*H, B*CE, B*DE, B*EE, B*F, B*G,
B*H, C*DE, C*EE, C*F, C*G, C*H, D*Ef, D*F, D*G, D*H, E*F, E*G, E*H, F*G, F*H, G*H.

Between three factors: A*B*CE, A*B*DE, A*B*EE, A*B*F, A*B*G, A*B*H, A*C*DE, A*C*EE,
A*C*F, A*C*G, A*C*H, A*D*EE, A*D*F, A*D*G, A*D*H, A*E*F, A*E*G, A*E*H, A*F*G,
A*F*H, A*G*H, B*C*DE, B*C*EE, B*C*F, B*C*G, B*C*H, B*D*E, B*D*F, B*D*G, B*D*H,
B*E*F, B*E*G, B*E*H, B*F*G, B*F*H, B*G*H, C*D*Ef, C*D*F, C*D*G, C*D*H, C*E*F,
C*E*G, C*E*H, C*F*G, C*F*H, C*G*H, D*E*F, D*E*G, D*E*H, D*F*G, D*F*H, D*G*H,
E*F*G, E*F*H, E*G*H, F*G*H.

Between four factors: A*B*C*Df, A*B*C*EE, A*B*C*F, A*B*C*G, A*B*C*H, A*B*D*Ef,
A*B*D*F, A*B*D*G, A*B*D*H, A*B*E*F, A*B*E*G, A*B*E*H, A*B*F*G, A*B*F*H,
A*B*G*H, A*C*D*EE, A*C*D*F, A*C*D*G, A*C*D*H, A*C*E*F, A*C*E*G, A*C*E*H,
A*C*F*G, A*C*F*H, A*C*G*H, A*D*E*F, A*D*E*G, A*D*E*H, A*D*F*G, A*D*F*H,
A*D*G*H, A*E*F*G, A*E*F*H, A*E*G*H, A*F*G*H, B*C*D*Ef, B*C*D*F, B*C*D*G,
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B*C*D*H, B*C*E*F, B*C*E*G, B*C*E*H, B*C*F*G, B*C*F*H, B*C*G*H, B*D*E*F,
B*D*E*G, B*D*E*H, B*D*F*G, B*D*F*H, B*D*G*H, B*E*F*G, B*E*F*H, B*E*G*H,
B*F*G*H, C*D*E*F, C*D*E*G, C*D*E*H, C*D*F*G, C*D*F*H, C*D*G*H, C*E*F*G,
C*E*F*H, C*E*G*H, C*F*G*H, D*E*F*G, D*E*F*H, D*E*G*H, D*F*G*H, E*F*G*H.

Between five factors: A*B*C*D*Ef, A*B*C*D*F, A*B*C*D*G, A*B*C*D*H, A*B*C*E*F,
A*B*C*E*G, A*B*C*E*H, A*B*C*F*G, A*B*C*F*H, A*B*C*G*H, A*B*D*E*F,
A*B*D*E*G, A*B*D*E*H, A*B*D*F*G, A*B*D*F*H, A*B*D*G*H, A*B*E*F*G,
A*B*E*F*H, A*B*E*G*H, A*B*F*G*H, A*C*D*E*F, A*C*D*E*G, A*C*D*E*H,
A*C*D*F*G, A*C*D*F*H, A*C*D*G*H, A*C*E*F*G, A*C*E*F*H, A*C*E*G*H,
A*C*F*G*H, A*D*E*F*G, A*D*E*F*H, A*D*E*G*H, A*D*F*G*H, A*E*F*G*H,
B*C*D*E*F, B*C*D*E*G, B*C*D*E*H, B*C*D*F*G, B*C*D*F*H, B*C*D*G*H,
B*C*E*F*G, B*C*E*F*H, B*C*E*G*H, B*C*F*G*H, B*D*E*F*G, B*D*E*F*H,
B*D*E*G*H, B*D*F*G*H, B*E*F*G*H, C*D*E*F*G, C*D*E*F*H, C*D*E*G*H,
C*D*F*G*H, C*E*F*G*H, D*E*F*G*H.

Between six factors: A*B*C*D*E*F, A*B*C*D*E*G, A*B*C*D*E*H, A*B*C*D*F*G,
A*B*C*D*F*H, A*B*C*D*G*H, A*B*C*E*F*G, A*B*C*E*F*H, A*B*C*E*G*H,
A*B*C*F*G*H, A*B*D*E*F*G, A*B*D*E*F*H, A*B*D*E*G*H, A*B*D*F*G*H,
A*B*E*F*G*H, A*C*D*E*F*G, A*C*D*E*F*H, A*C*D*E*G*H, A*C*D*F*G*H,
A*C*E*F*G*H, ~A*D*E*F*G*H, B*C*D*E*F*G, B*C*D*E*F*H, B*C*D*E*G*H,
B*C*D*F*G*H, B*C*E*F*G*H, B*D*E*F*G*H, C*D*E*F*G*H.

Between seven factors: A*B*C*D*E*F*G, A*B*C*D*E*F*H, A*B*C*D*E*G*H,
A*B*C*D*F*G*H, A*B*C*E*F*G*H, A*B*D*E*F*G*H, A*C*D*E*F*G*H,
B*C*D*E*F*G*H.

Between eight factors: A*B*C*D*E*F*G*H

The above interactions can also be used to construct any statistical model, such as those
corresponding to the series of experiments in randomized complete blocks in arrangement of
subdivided plots (Padilla et al., 2019; Gonzalez et al., 2019). For example, the 26 interactions that
originate between factors A, B, C, D and E, and that must be fed in specifications to the model of
InfoStat and InfoGen, were previously identified with the superscript £.

Some formulas for verifying sums of squares with n=8

The formulas presented below were obtained with the procedures described by Sahagin (1998).

2

AR GO NP EDYEPIEPISPHEDIEPHEPHER )

ijklmnopq

SC Factor A = bedefghr i abcdefghr
Y2 (Zi{lzb_lzﬁ_lzfi_lze —1Zf—12g_ Zh_lzr_lY )2
SC Factor B = 2ol . | Z 2 i A Al A Ponl 77 24 jkimnopg
acdefghr abcdefghr
a yb yc d ye f g h r 2
SC Factor C = ¥ Y2 ] (i1 2t 2kt 2t Zin=1 Zin=1 Lio=1 Zp=1 Lg=1 Y imnopg)
abdefghr abcdefghr
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2
2 (Z?zlZjbzlZﬁzlziizlzrcnzlZg:lzﬁzlzgﬂzazlY )

_ILY jikimnopq
SC Factor D = —— o
¢ y2 (C B 2 O e B B B Y )
SC FactorE:ZmZIYm _ i=1 &j=1 &k=1 &1=1 &m=1 &n=1 £io=1 ~p=1 £q=1 ijklmnopq
abcdfghr abcdefghr
f 2 (32, 3b oy yd ye wf $& wh gr oy )2
SC FactorF:ZHZIY ..... n. _ i=] &j=1 &k=1 4l=1 4m=1 &n=1 Zo=] &p=1 &q=1 ijklmnopq
abedeghr abcdefghr
g 2 (3o, yb oy yd ye wf & wh wr oy )2
SC FactorG:Z‘J:lY"-"-"-'- i=1 &j=1 Lk=1 4l=1 fm=1 n=] 2o=1 2p=1 2q=1 iy 1m00ng
abcdethr abcdefghr
N2 (R I B B T B B S V)
SC FaCtorH:szlY ....... D i=1 4j=1 &Lk=1 4]=1 4m=1 &n=1 &o=] &p=1 &q=1 iikimnopq
abcdefgr abcdefghr

2
y )
ijklmnopq

a b Cc d e f g h T
o m Y, (TR IS I IS I S T Y
SC Repetitions = === - abedefghr

Next, the second part of each formula, which corresponds to the correction factor, will be
identified as FC and for convenience, the SCs of treatments 1, 2, s will be defined so that by
difference the SC of the interaction of interest is calculated. The procedure is similar to that
reported in Padilla et al. (2019), for a series of experiments in randomized complete blocks in
arrangement of subdivided plots.

SC for an interaction between two factors

SC Treatments 1 = SC A+ SC B + SC A*B
SC A*B = SC Treatments1 —-SC A-SC B
AR \6i

Where: SC Treatments 1 = .

SC for an interaction between three factors

SC A*B*C = SC Treatments2-SC A-SCB-SC C-SC AxB - SC A*C - SC B*xC
g 2}321 Tiot Yizjk

Where: SC Treatments 2= z
defghr

SC for an interaction between four factors

SC A*B*C*D = SC Treatments 3-SC A-SCB-SCC-SCD-SCA*B-SC A*xC - SC A*D -
SC B*C - SC B*D - SC C*D - SC A*xB*C - SC AxB*D - SC A*C=D. Where: SC Treatments 3 =
LI T I Vi

efghr - FC.

SC for an interaction between five factors

SC A*B*C*D+E = SC Treatments 4 - SCA-SCB-SCC-SC D - SC E - (SC interactions

) X R R B e Yiikm,
between two, three and four factors). Where: SC Treatments 4 = .

Henceforth, the SCs for A, B, C, D, E, F, G, H will be identified as SC main factors.

- FC.
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SC for an interaction between six factors

SC AxB*xC*D*ExF = SC Treatments 5 - SC main factors - SC interactions between two, three,
Z?:l Zjbzl Zlc(:l Zflzl Z?nZI 2221 Yizjkhnnm

ghr

four and five factors. Where: SC Treatments 5 = -FC.

SC for an interaction between seven factors

SC A*B*C*D*ExF*G = SC Treatments 6 - SC main factors - SC interactions between two, three,

b d fogg 2
S 21 Dkt Zie1 2l Zn=1 Zooq Yijkimno.. FC

four, five and six factors. Where: SC Treatments 6 = -

SC for the interaction between eight factors

SC A*B*C*D*ExF+GxH = SC Treatments 7 - SC main factors - SC interactions between two,
three, four, five, six and seven factors. Where: SC Treatments 7 =
Y 2 T B B e Y mnop. _FC

T

Development of databases

These must have the structure of Table 3, in case the partial or total number of data captured is
observed, Rep identifies repetitions, Trat defines the treatment, Ren specifies the yield and in A,
B, H, the combinations between both levels of each of the eight factors are recorded.

Table 3. Structure of the database of a 28 factorial experiment.

Case Rep Trat A B C D E F G H Ren
1 1 01 1 1 1 1 1 1 1 1 4
2 1 02 1 1 1 1 1 1 1 2 6.3
3 1 03 1 1 1 1 1 1 2 1 53
4 1 04 1 1 1 1 1 1 2 2 6.9
5 1 05 1 1 1 1 1 2 1 1 6.5
6 1 06 1 1 1 1 1 2 1 2 7.9
7 1 07 1 1 1 1 1 2 2 1 7.2
8 1 08 1 1 1 1 1 2 2 2 8.3

m-1 r t-1 a-1 b-1 c-1 d-1 e-l f1 g-1 h-1 8.6
m r t a b c d e f g h 9.1

m= 2"r observations, r= number of repetitions; Rep= repetition; Trat= treatment; Ren= yield (t ha™2).
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Saving this treatment structure follows the same recommendations as for any file that contains
databases, the file could be called EXP2N. IDB2.

Procedure for analyzing the data

After loading InfoStat or InfoGen, two dialog boxes are displayed on the screen, in both choose
ok, their main menu will appear. In file choose the open option to load the database. InfoStat or
InfoGen will display a table similar to that of Table 3.

In statistics choose analysis of variance and another dialog box will appear, where the definition of
the dependent and classification variables is requested. If the objective is to analyze the 22 factorial
experiment, the dependent variable is rinde, the classification variables are Rep, A, B, C, D, E, F,
G, H. Click accept.

Another dialog box that says analysis of variance will be displayed on the screen. Here, the user
will verify that in the specifications of the terms of the model, the classification variables (Rep, A,
B, H) are correct, the interactions A*B, AxC, A*xB*xC*D*E*F+G*H must be entered below the last
main factor. In a 23 factorial experiment, Rep, A, B, C, A*B, AxC, BxC, AxB*C should be
displayed vertically in the dialog box. It is not necessary to specify either the arithmetic mean or
the residual of the model. The analysis of variance will be obtained.

In the last dialog box, a comparison of treatment means with LSD Fisher, Bonferroni, Tukey,
Duncan and Scheffé, among others, could be chosen. In comparisons choose: Tukey/show means
according to: Rep, A, B, C, H, A*B, A*C, AxB*xC*D*ExF*G*H/ presentation in descending
list/significance level 0.01/accept. This procedure generates the analysis of variance and the
comparison of means with the Tukey test (p= 0.01) for the eight factors and for their 247
interactions.

Conclusions

If the user wants to perform an analysis of variance using the general statistical model and a
comparison of means, in the corresponding dialog box, in classification variables they must choose
rep trat and rinde. InfoStat and InfoGen will only show the output with the 256 treatments for a
randomized complete block design, if in classification variables rep is not chosen, then the analysis
of variance of a completely randomized design will be obtained.
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