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Background 

 

The Laboratory for Cognitive Architecture Mapping [Laboratório de Investigação da Arquitetura 

Cognitiva (LAICO)] was founded in 2009 in the department of psychology of the Federal 

University of Minas Gerais, Brazil. Its mission consists in articulating the psychometrics fields in 

educational issues and investigating the validity of psychological constructs, particularly related 

to the educational psychology field. In other words, LAICO aims to contribute to three research 

lines. 

 The first involves the construction and validation of psychological tests, particularly related to 

educational outcomes (Costa, Gomes & Fleith, 2017; Gomes, & Golino, 2012; Golino & Gomes, 

2012, 2014b; Golino, Gomes, & Andrade, 2014; Gomes, 2010b, 2011b, 2021a, 2012b; Gomes & 

Borges, 2007, 2008a, 2008c, 2009b, 2009c; Gomes & Gjikuria, 2017, 2018; Gomes & Golino, 

2012a, 2012b; Golino & Gomes, 2011; Gomes & Golino, 2014; Gomes, Golino & Menezes, 2014; 

Gomes, 2010c, 2011a, 2013; Gomes, Araujo, & Jelihovschi, 2020; Gomes & Golino, 2012c; 

Gomes et al., 2019; Gomes, Golino, Pinheiro, Miranda, & Soares, 2011; Gomes & Linhares, 2018; 

Gomes et al., 2021; Gomes & Marques, 2016; Gomes, Marques, & Golino, 2014; Pinheiro, Gomes, 

& Braga, 2009; Rodrigues & Gomes, 2020; Silveira & Gomes, 2014; Silveira, Gomes, & Golino, 

2012).  

Many of these tests are available for research and teaching in researchgate (Gomes & Nascimento, 

2021a, 2021b, 2021c, 2021d, 2021e, 2021f, 2021g, 2021h, 2021i, 2021j, 2021k, 2021l, 2021m, 

2021n, 2021o, Gomes, Nascimento & Araujo, 2021a, 2021b, 2021c, 2021d) 



The second contribution of LAICO involves cooperation with many research centers, concerning 

the validation of theoretical models or instruments of measurement (Alves, Gomes, Martins, & 

Almeida, 2016, 2017, 2018; Araujo, Gomes, Almeida, & Núñez, 2018; Casanova, Gomes, 

Bernardo, Núñez, & Almeida, 2021; Fleith et. al 2020; Fleith & Gomes, 2019; Fleith, Gomes, 

Marinho-Araujo, & Almeida, 2020; Matos, Brown, Gomes, 2019; Monteiro, Almeida, Gomes, & 

Sinval, 2020; Golino, Gomes, Commons, Miller, 2014; Golino & Gomes, 2015, 2019; Martins, 

Gomes, Alves, & Almeida, 2018; Andre, Gomes, & Loureiro, 2016, 2017, 2018, 2020a, 2020b, 

2020c; Rosário, Gomes, & Loureiro, 2019; Sampaio, Loureiro & Gomes, 2015; Costa, Gomes, 

Andrade, & Samulski, 2012; Moura, Gomes, Blanc, Mesquita, & Ferreira, 2014; Rosa et al., 2013; 

Cardoso, Seabra, Gomes, & Fonseca, 2019; Dias et al., 2015; Mecca et al., 2015; Pazeto, Dias, 

Gomes, & Seabra, 2019, 2020; Reppold et al., 2015; Gomes & Borges, 2007, 2008c; Laros, 

Valentini, Gomes, & Andrade, 2014; Muniz, Pasian, & Gomes, 2016; Valentini et al., 2015).  

The third contribution of LAICO involves both the applications of innovative statistics and 

algorithms of machine learning, as well as, the elaboration of original methodologies (Cardoso, 

Seabra, Gomes, & Fonseca, 2019; Ferreira & Gomes, 2017; Fleith & Gomes, 2019; Gauer, Gomes, 

& Haase, 2010; Golino, Andrade, & Gomes, 2014; Golino & Gomes, 2012, 2014a, 2014c, 2016, 

2019; Golino, Gomes, Amantes, & Coelho, 2015; Gomes, 2007a, 2007b, 2010a, 2020a, 2020b; 

Gomes & Almeida, 2017; Gomes, Almeida, & Núñez, 2017; Gomes, Amantes, & Jelihovschi, 

2020; Gomes, Araujo, Ferreira, & Golino, 2014; Gomes, Araujo, Nascimento, & Jelihovisch, 

2018; Gomes & Borges, 2008b, 2009a; Gomes, Fleith, Marinho-Araujo, & Rabelo, 2020; Gomes 

& Gjikuria, 2017; Gomes & Golino, 2015; Gomes, Golino, & Costa, 2013; Gomes, Golino & 

Peres, 2016, 2018, 2020; Gomes, Golino, Santos, & Ferreira, 2014; Gomes & Jelihovschi, 2016, 

2019; Gomes, Lemos, & Jelihovschi, 2020; Gomes, Linhares, Jelihovschi, & Rodrigues, 2021; 

Gomes, Nascimento, & Peres, 2019; Gomes & Valentini, 2019; Jelihovschi, & Gomes, 2019; 

Matos, Brown, Gomes, 2019; Pereira, Golino & Gomes, 2019; Pires & Gomes, 2017, 2018; Ricci, 

Gomes, Nico, & Seabra, 2020; Rodrigues & Gomes, 2020).  

Question of Research 

The researchers of LAICO have been using the CART algorithm for tree analysis in many 

educational and psychological data and many papers resulted from this work, as Gomes and 

Almeida (2017) and Gomes and Jelihovschi (2019), which discussed the use of decision and 

regression tree methods in educational datasets. The CART algorithm along with other algorithms 

for tree analysis require pruning the tree, in order to eliminate the leaves resulting from noise and 

do not contribute to the prediction of the outcome. The mainstream approach consists in using the 

cross-validation K-folder and the identification of the cutoff point value which minimizes the error 

of prediction to do the pruning. This approach is called complexity cost criterion. Another criterion 

also largely used is the interpretability, which involves pruning the tree by selecting only a number 

of leaves which are small enough to allow the researcher to interpret them and get a clear view of 



their meaning. The complexity cost criterion is considered an objective criterion, because it uses 

the cut-point where the tree is pruned to the smallest error of prediction. Compared to it, the 

interpretability criterion seems to be an arbitrary cutoff point chosen by convenience. However, 

this apparent adequacy of the complexity cost criterion is a mistake. Two simulation analyses 

conducted by the researchers of LAICO show that this criterion is not suitable and the 

interpretability criterion is much more appropriate to analyse a tree. 

Scopus of the Paper 

We created a true tree with 20 leaves and ran two simulation analyses (the code is in appendix), 

the first generating 100 samples of N = 239 and the second generating 100 samples of N = 10000. 

We used those simulations to test the adequacy of the complexity cost criterion in pruning the 

trees, that is, whether by using this criterion the trees were pruned to the correct number of leaves.  

 

Results  

The simulation of N = 239 produced pruned trees with an average of 12.21 (SD = 3.86) leaves, 

and a range of 2 to 20 leaves. The simulation of N = 10000 produced an average of 53.62 (SD = 

12.11) leaves for the pruned trees, and a range of 36 to 85 leaves.  

The complexity cost criterion generated pruned trees which clearly underestimated the true number 

of leaves in the small samples (N = 239) and largely overestimated the correct number of leaves 

in the large samples (N = 10000. In short, these results show that the complexity cost criterion 

does not lead to the correct number of leaves. 

 

Conclusion 

Our study brings initial evidence that the complexity cost criterion may be ineffective. In small 

samples, there is a tendency to underestimate the correct number of leaves, while in large samples 

there is a tendency to overestimate the correct number of leaves. Although the interpretability 

criterion appears to be guided by convenience, it nonetheless may be better than the complexity 

cost criterion to estimate the correct number of leaves. The lack of objectivity of the pruning guided 

by this criterion, can be evaluated through an old approach used in the scientific field, that is, the 

replicability in different samples. The number of leaves and the adequacy of the tree produced by 

the interpretability criterion can be evaluated by observing the number of times that these leaves 

occur in different samples in a similar context of study. If the same variables are used in a similar 

predictive model in one hundred samples, for example, then the leaves that are continually present 



and show consistent and similar values may be seen as valid. Instead of searching a true tree 

through a criterion to cut the tree, our study suggests that it may be more effective to evaluate the 

validity of the tree through this old and powerful strategy of the scientific field. 
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Appendix  

The R code to simulate the trees 

 

set.seed(2004) 

leafs <- NULL 

n=239 

for(i in 1:100){  

  lista <- list(  

 TDRI <- rnorm(n, mean = 3.78, sd = 0.96) 

 EABAP_AS <- rnorm(n, mean = 2.62, sd = 0.88) 

 EABAP_AP <- rnorm(n, mean = 3.81, sd = 0.86) 

 TAP_AP <- rnorm(n, mean = 0.11, sd = 0.1) 

 TAP_AS <- rnorm(n, mean = 0.79, sd = 0.24) 

 TAP_INT_P <- rnorm(n, mean = 0.32, sd = 0.1) 

https://revistaepsi.com/artigo/2012-ano2-volume1-artigo4/
https://cran.r-project.org/package=rpart
https://cran.r-project.org/package=rpart


 e<-rnorm(n) 

 enem <- 510*I(TDRI<2.7)*I(TAP_AS<0.92)+ 

  

 492*I(TDRI<4.4)*I(EABAP_AP<4.2)*I(EABAP_AP>=3.1)*I(TAP_AS<0.75)*I(TDRI>=2.7)*I(

TAP_AS<0.92)+ 

  

 586*I(TDRI>=4.4)*I(EABAP_AP<4.2)*I(EABAP_AP>=3.1)*I(TAP_AS<0.75)*I(TDRI>=2.7)*I

(TAP_AS<0.92)+ 

  

 558*I(TDRI>=4.8)*I(EABAP_AP>=4.2)*I(EABAP_AP>=3.1)*I(TAP_AS<0.75)*I(TDRI>=2.7)*

I(TAP_AS<0.92)+ 

  

 628*I(TDRI<4.8)*I(EABAP_AP>=4.2)*I(EABAP_AP>=3.1)*I(TAP_AS<0.75)*I(TDRI>=2.7)*I

(TAP_AS<0.92)+ 

 

637*I(EABAP_AP<3.1)*I(TAP_AS<0.75)*I(TDRI>=2.7)*I(TAP_AS<0.92)+ 

 

543*I(EABAP_AP<4.3)*I(EABAP_AS<2.7)*I(EABAP_AS>=2.1)*I(TAP_INT_P>=0.065)*I(TAP_AS>=0.7

5)*I(TDRI>=2.7)*I(TAP_AS<0.92)+ 

  

 621*I(EABAP_AP>=4.3)*I(EABAP_AS<2.7)*I(EABAP_AS>=2.1)*I(TAP_INT_P>=0.065)*I(TAP

_AS>=0.75)*I(TDRI>=2.7)*I(TAP_AS<0.92)+ 

  

 573*I(TAP_AP<0.085)*I(EABAP_AS>=2.7)*I(EABAP_AS>=2.1)*I(TAP_INT_P>=0.065)*I(TAP

_AS>=0.75)*I(TDRI>=2.7)*I(TAP_AS<0.92)+ 

  

 692*I(TAP_AP>=0.085)*I(EABAP_AS>=2.7)*I(EABAP_AS>=2.1)*I(TAP_INT_P>=0.065)*I(TA

P_AS>=0.75)*I(TDRI>=2.7)*I(TAP_AS<0.92)+ 

  

 656*I(EABAP_AS<2.1)*I(TAP_INT_P>=0.065)*I(TAP_AS>=0.75)*I(TDRI>=2.7)*I(TAP_AS<0

.92)+ 

   

688*I(TAP_INT_P<0.065)*I(TAP_AS>=0.75)*I(TDRI>=2.7)*I(TAP_AS<0.92)+ 

 

596*I(EABAP_AP<3.4)*I(TAP_AS>=0.92)+ 

 

609*I(EABAP_AP>=4.5)*I(EABAP_AS<3.5)*I(EABAP_AP>=3.4)*I(TAP_AS>=0.92)+ 

  

 609*I(TDRI>=3.9)*I(TAP_INT_P>=0.44)*I(EABAP_AP<4.5)*I(EABAP_AS<3.5)*I(EABAP_AP>

=3.4)*I(TAP_AS>=0.92)+ 

  

 660*I(TDRI<3.9)*I(TAP_INT_P>=0.44)*I(EABAP_AP<4.5)*I(EABAP_AS<3.5)*I(EABAP_AP>=

3.4)*I(TAP_AS>=0.92)+ 

  

 621*I(EABAP_AS>=3)*I(TAP_INT_P<0.44)*I(EABAP_AP<4.5)*I(EABAP_AS<3.5)*I(EABAP_AP

>=3.4)*I(TAP_AS>=0.92)+ 

  

 668*I(TDRI<3.9)*I(EABAP_AS<3)*I(TAP_INT_P<0.44)*I(EABAP_AP<4.5)*I(EABAP_AS<3.5)

*I(EABAP_AP>=3.4)*I(TAP_AS>=0.92)+ 

  

 705*I(TDRI>=3.9)*I(EABAP_AS<3)*I(TAP_INT_P<0.44)*I(EABAP_AP<4.5)*I(EABAP_AS<3.5

)*I(EABAP_AP>=3.4)*I(TAP_AS>=0.92)+ 

 

711*I(EABAP_AS>=3.5)*I(EABAP_AP>=3.4)*I(TAP_AS>=0.92)+ e 

  

data1 <- as.data.frame(cbind(enem,TDRI,EABAP_AS,EABAP_AP,TAP_AS,TAP_AP,TAP_INT_P)), 

 cfit <- rpart (enem ~ TAP_AP + TAP_INT_P + TAP_AS + EABAP_AS + EABAP_AP + TDRI, 

                na.action = na.rpart, 

                data = data1, 

                method = 'anova', 

                control = rpart.control(xval = 10, 

                                        cp = 0)) 

 cpvalue <- cfit$cptable[which.min(cfit$cptable[,"xerror"]),"CP"] 



     

 cfit <- rpart (enem ~ TAP_AP + TAP_INT_P + TAP_AS + EABAP_AS + EABAP_AP + TDRI, 

                na.action = na.rpart, 

                data = data1, 

                method = 'anova', 

                control = rpart.control(xval = 10, 

                                        cp = cpvalue)) 

  

 x1 <- cfit$cptable[which.max(cfit$cptable[,"nsplit"]),"nsplit"] 

 leafs <- append(leafs, x1) 

 leafs + c(1)) 

} 

 

 

set.seed(2004) 

leafs <- NULL 

n=10000 

for(i in 1:100){  

  lista <- list(  

 TDRI <- rnorm(n, mean = 3.78, sd = 0.96) 

 EABAP_AS <- rnorm(n, mean = 2.62, sd = 0.88) 

 EABAP_AP <- rnorm(n, mean = 3.81, sd = 0.86) 

 TAP_AP <- rnorm(n, mean = 0.11, sd = 0.1) 

 TAP_AS <- rnorm(n, mean = 0.79, sd = 0.24) 

 TAP_INT_P <- rnorm(n, mean = 0.32, sd = 0.1) 

 e<-rnorm(n) 

 enem <- 510*I(TDRI<2.7)*I(TAP_AS<0.92)+ 

  

 492*I(TDRI<4.4)*I(EABAP_AP<4.2)*I(EABAP_AP>=3.1)*I(TAP_AS<0.75)*I(TDRI>=2.7)*I(

TAP_AS<0.92)+ 

  

 586*I(TDRI>=4.4)*I(EABAP_AP<4.2)*I(EABAP_AP>=3.1)*I(TAP_AS<0.75)*I(TDRI>=2.7)*I

(TAP_AS<0.92)+ 

  

 558*I(TDRI>=4.8)*I(EABAP_AP>=4.2)*I(EABAP_AP>=3.1)*I(TAP_AS<0.75)*I(TDRI>=2.7)*

I(TAP_AS<0.92)+ 

  

 628*I(TDRI<4.8)*I(EABAP_AP>=4.2)*I(EABAP_AP>=3.1)*I(TAP_AS<0.75)*I(TDRI>=2.7)*I

(TAP_AS<0.92)+ 

 

637*I(EABAP_AP<3.1)*I(TAP_AS<0.75)*I(TDRI>=2.7)*I(TAP_AS<0.92)+ 

  

 543*I(EABAP_AP<4.3)*I(EABAP_AS<2.7)*I(EABAP_AS>=2.1)*I(TAP_INT_P>=0.065)*I(TAP_

AS>=0.75)*I(TDRI>=2.7)*I(TAP_AS<0.92)+ 

  

 621*I(EABAP_AP>=4.3)*I(EABAP_AS<2.7)*I(EABAP_AS>=2.1)*I(TAP_INT_P>=0.065)*I(TAP

_AS>=0.75)*I(TDRI>=2.7)*I(TAP_AS<0.92)+ 

  

 573*I(TAP_AP<0.085)*I(EABAP_AS>=2.7)*I(EABAP_AS>=2.1)*I(TAP_INT_P>=0.065)*I(TAP

_AS>=0.75)*I(TDRI>=2.7)*I(TAP_AS<0.92)+ 

  

 692*I(TAP_AP>=0.085)*I(EABAP_AS>=2.7)*I(EABAP_AS>=2.1)*I(TAP_INT_P>=0.065)*I(TA

P_AS>=0.75)*I(TDRI>=2.7)*I(TAP_AS<0.92)+ 

  

 656*I(EABAP_AS<2.1)*I(TAP_INT_P>=0.065)*I(TAP_AS>=0.75)*I(TDRI>=2.7)*I(TAP_AS<0

.92)+ 

 

688*I(TAP_INT_P<0.065)*I(TAP_AS>=0.75)*I(TDRI>=2.7)*I(TAP_AS<0.92)+ 

 

596*I(EABAP_AP<3.4)*I(TAP_AS>=0.92)+ 

 

609*I(EABAP_AP>=4.5)*I(EABAP_AS<3.5)*I(EABAP_AP>=3.4)*I(TAP_AS>=0.92)+ 



  

 609*I(TDRI>=3.9)*I(TAP_INT_P>=0.44)*I(EABAP_AP<4.5)*I(EABAP_AS<3.5)*I(EABAP_AP>

=3.4)*I(TAP_AS>=0.92)+ 

  

 660*I(TDRI<3.9)*I(TAP_INT_P>=0.44)*I(EABAP_AP<4.5)*I(EABAP_AS<3.5)*I(EABAP_AP>=

3.4)*I(TAP_AS>=0.92)+ 

  

 621*I(EABAP_AS>=3)*I(TAP_INT_P<0.44)*I(EABAP_AP<4.5)*I(EABAP_AS<3.5)*I(EABAP_AP

>=3.4)*I(TAP_AS>=0.92)+ 

  

 668*I(TDRI<3.9)*I(EABAP_AS<3)*I(TAP_INT_P<0.44)*I(EABAP_AP<4.5)*I(EABAP_AS<3.5)

*I(EABAP_AP>=3.4)*I(TAP_AS>=0.92)+ 

  

 705*I(TDRI>=3.9)*I(EABAP_AS<3)*I(TAP_INT_P<0.44)*I(EABAP_AP<4.5)*I(EABAP_AS<3.5

)*I(EABAP_AP>=3.4)*I(TAP_AS>=0.92)+ 

 

711*I(EABAP_AS>=3.5)*I(EABAP_AP>=3.4)*I(TAP_AS>=0.92) + e 

 

data1 <- as.data.frame(cbind(enem,TDRI,EABAP_AS,EABAP_AP,TAP_AS,TAP_AP,TAP_INT_P)) 

 cfit <- rpart (enem ~ TAP_AP + TAP_INT_P + TAP_AS + EABAP_AS + EABAP_AP + TDRI, 

                na.action = na.rpart, 

                data = data1, 

                method = 'anova', 

                control = rpart.control(xval = 10, 

                                        cp = 0)) 

 cpvalue <- cfit$cptable[which.min(cfit$cptable[,"xerror"]),"CP"] 

     

 cfit <- rpart (enem ~ TAP_AP + TAP_INT_P + TAP_AS + EABAP_AS + EABAP_AP + TDRI, 

                na.action = na.rpart, 

                data = data1, 

                method = 'anova', 

                control = rpart.control(xval = 10, 

                                        cp = cpvalue)) 

  

 x1 <- cfit$cptable[which.max(cfit$cptable[,"nsplit"]),"nsplit"] 

 leafs <- append(leafs, x1) 

 leafs + c(1)) 

} 

  

 

 

 

 


