
1. Introduction 

Companies are always looking for a way to increase their 
customer portfolio and, consequently, their profitability. How-
ever, the initial cost that the operator has with new customers is 
so high that, in the first few months, it becomes costly for the 
company. 

Throughout the time of using the plan, the tendency of the 
client is to have stabilized his oral health and to use it less and 
less, thus becoming more profitable. However, some clients, 
upon completing their oral treatments, disconnect from the plan 
because they feel they no longer need it. Thus, the relationship 
between the client and the operator of the plan ends precisely 
when it becomes advantageous for the dental service provider. 
This fact damages the economic-financial health of the company, 
and it is in this scenario that one realizes the necessity of cus-
tomer loyalty. Mittal and Lassar (1998) consider that, over the 
long term, business profitability is increasingly related to cus-
tomer loyalty. According to Kotler and Keller (2006), the profit 
margin per customer tends to increase over time.  

  In this context, this paper aims to evaluate the determi-
nants of profitability (measured by the contribution margin) 
and the loyalty of the clients of a dental plan operator, using 
Classification and Regression Trees.  
 
2. Classification and Regression Trees 

  Tree-based methods can be used for two types of prob-
lems: classification and regression. These methods are espe-
cially appropriate when analyzing large data sets and there are 
doubts as to how independent variables should be incorpo-
rated into the models and is very useful in exploratory data 
analysis (Maindonald and Braun, 2010). 
  Classification and Regression Trees (CART) are the most 
popular tree-based methods and are widely used in data min-
ing studies. Their popularity stems from the simplicity of in-
terpretation and the good adjustment capacity they generally 
provide. These trees can be considered as non-parametric re-
gression models and aim to establish a relationship between 
the vector of independent variables and the response variable. 
If the dependent variable is categorical, as is the case of loy-
alty, the model is called a classification tree; if it is numerical, 
as is the case of the contribution margin, it is a regression tree. 
  The basic components of a tree are nodes and division 
rules. The trees are adjusted by successive binary divisions in 
the data set, in order to make the resulting subsets, which are 
the nodes, more and more homogeneous with respect to the 
dependent variable. This homogeneity is quantified by meas-
ures of error or impunity (Hastie et al., 2009). 
  In the regression trees the most commonly used impurity 
measurement is LSD (Least-Squared Deviation) and in the 
classification trees is the Gini index. The evaluation of the 
quality of the adjustment of the models is done through the es-
timated risk, which is the proportion of cases classified incor-
rectly (in the classification trees) or the variance within the 
nodes (in the regression trees). This evaluation was done using 
cross-validation. 
  
 
 
  

3. Methodology 
Table 1 - Characteristics of the two analyzes carried out. 

  The independent variables considered were: time of con-
tract (months), age, ownership, gender, region, plan, means of 
payment and segment. Data analysis, in addition to CART, in-
cluded descriptive statistics and hypothesis tests (t-test, ANOVA, 
Pearson's correlation and Chi-square test) 
 
4. Results 

  Regarding profitability, the Pearson correlation analysis al-
lowed us to conclude that the contribution margin correlates 
positively and significantly with contract time (p <0.00) and 
age (p = 0.04). The t test revealed significant differences by 
means of ownership and segment and ANOVA revealed by re-
gion, plan and means of payment (all with p <0.00). The mul-
tivariate analysis of these relationships was done with CART, 
as shown in Figure 1. 

  The most important variable was the means of payment 
(100.0%), followed by the segment (91.8%), contract time 
(84.8%), region (26.8%), plan (10.2%), ownership %) and age 
(0.1%). 
  Loyalty is significantly related to the contribution margin, 
contract time, and age (t-tests with p values <0.00) and with 
the segment, region, plan and payment modality (chi-square 
test with p values <0.00 ). The regression tree to predict lo-
yalty is in Figure 2. 
 

   
  The most important variable to predict loyalty was con-
tract time (100.0%), followed by the contribution margin 
(37.8%), the means of payment (27.6%), the region (23.8%), 
the segment (20.2% %), the plan (13.8%), age (2.4%), owner-
ship (0.1%) and gender (0.0%). The model obtained 82.1% of 
hits. 
 

5. Conclusion 

  The CART allow to identify interactions between variables 
and which are the most important variables in prediction. The 
operator should bet more on customers with contract time 
greater than 11 months, who pay by credit or debit card and 
are from the private partnership or public servant segment, be-
cause they are the most profitable. Customers with contract 
time of 11 to 17 months from the capital or metropolitan re-
gion were the least loyal. 
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Abstract 

The present study aims to verify the main determinants of the profitability and loyalty of the beneficiaries of a given Brazilian dental plan. The sample used is comprised of 42,784 beneficiaries 
who joined the plan between January 1, 2006 and December 31, 2012, which were active on April 30, 2013 and belonged to the Fortaleza branch. The interval between December 2012 and April 
2013 represents the grace period contemplated in the dental plans marketed by this operator. The beneficiaries who were in the grace period were not included. To achieve the objectives of the re-
search, we used Classification and Regression Trees (CART). This method is based on the successive binary division of data based on the sampling results of independent variables, seeking the 
creation of subsets that are more homogeneous with respect to the dependent variable. Data analysis also included descriptive statistics, t-tests for independent samples, ANOVA, correlation analy-
sis and Chi-Square tests to characterize the sample, to compare groups and to analyze relations between variables. The CART multivariate technique allowed the tracing of customer profiles with 
similar profitability or loyalty and quantifying the importance of each determinant in the regression, in the case of profitability, or in the classification, in the case of loyalty. Profitability was as-
sessed by the 12-month accumulated contribution margin of each beneficiary. The means of payment, the segment in which the beneficiary operates and contract time are the main determinants of 
profitability. To predict customer loyalty, the key determinants are contract time, contribution margin and means of payment. It is concluded that this operator should focus on loyalty actions in the 
months of the first year of the contract. 
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Purpose of 
the analysis 

Dependent variable Sample 

Evaluate 
profitability 

Contr ibut ion  margin 
(accumulated):  
Quantitative variable that 
represents the contribution 
margin, which is the differ-
ence between the sales value 
and the variable costs and ex-
penses, of each customer 
formed in the last 12 months 
(05/2012-04/2013)  

42,784 clients of the For-
taleza branch that joined 

the plan between 
01/01/2006 and 

12/31/2012 and were ac-
tive on 04/30/2013 

Evaluate 
loyalty 

Loyalty: 
Binary variable that indicates 
if between May 2013 and Oc-
tober 2013, the client left the 
dental plan operator  

632 clients (316 loyal and 
316 non) 

Figure 1 - Regression tree for contribution margin 

Figure 2 - Classification tree for loyalty 


