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The strategy of the best model’s selection is one of a key question to be addressed 

before a modelling is started. Current study proposes the model selection strategy 

which will help to prevent a built classification model to overfit data. 

Most often, the best regression model is selected according to its coefficient of 

determination 𝑅2; the best classification model is selected according to its accuracy or 

AUC [1,2]. The model which is selected by the mentioned way is called “best fit” 

model. The “best fit” model is complex - it includes many parameters in order to better 

approximate a training data, however, it can fail on the test data due to noisy, 

uninformative and unrepresentative data included. 

The principle of parsimony suggests a model should be as simple as possible 

concerning the included variables, model structure, and number of parameters [3]. It is 

a desired characteristic of a model which is defined by a suitable trade-off between 

squared bias and variance of parameter estimators. Kullback–Leibler (K–L) 

information is a measure (a ‘distance’ in an heuristic sense) between true model and 

approximating model. Akaike Information Criterion (AIC), denoted by 𝐴𝐼𝐶𝑖 =
−2𝑙𝑜𝑔𝐿𝑖 + 2𝑝  (1) and Bayesian Information Criterion (BIC), denoted by 𝐵𝐼𝐶𝑖 =
−2𝑙𝑜𝑔𝐿𝑖 + 𝑝𝑙𝑜𝑔𝑛 (2) are the estimators of the expected, relative K–L information, 

based on the maximized log-likelihood (𝐿𝑖); the number of estimable parameters (p) 

which are included in the model and (n) - the number of observations in dataset [4]; 

𝑖 = 1, . . . , 𝑅, where 𝑅 is a number of candidate models. The model with the smallest 

𝐴𝐼𝐶 or 𝐵𝐼𝐶 is preferable because the complex models are almost always likely to fit 

the data better, so the 1st term in definitions (1) and (2) will have a low value, however 

the 2nd term provides a way to penalize these extra parameters so causes 𝐴𝐼𝐶 and 𝐵𝐼𝐶 

are increasing. 

𝐵𝐼𝐶 is applied for model selection as being a good approximator of Bayes factor 

which forms a basis for Bayesian hypothesis testing. 𝐴𝐼𝐶 is applied mainly with data 

where linear dependency between independent features and target class exists. 

Candidate models’ comparison by 𝐴𝐼𝐶𝑖 or 𝐵𝐼𝐶𝑖 is done by weights denoted by 𝑤𝑖 and 

calculated as 𝑤𝑖 =
𝑒𝑥 𝑝(−

1

2
∆𝑖)

∑ 𝑒𝑥 𝑝(−
1

2
∆𝑖)

𝑅
𝑟=1

, where ∆𝑖  is a difference between 𝑖 -th candidate 

model with calculated AICi  or BICi  and the minimum value, denoted by AICmin , 

BICmin. In other words, the weights are the probability that i-th candidate model is the 

best among the set of candidate models. BIC weights use Bayes factor grades to 

evaluate a candidate model: 1) 0.5 < 𝑤𝑖 < 0.75  - weak; 2) 0.5 < 𝑤𝑖 < 0.75  - 

positive; 3) 0.75 < 𝑤𝑖 < 0.95 -  strong; 3) 0.95 < 𝑤𝑖 < 0.9  - very strong. 
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A formal comparison in terms of performance between AIC and BIC is very 

difficult. Most simulations that show BIC to perform better than AIC assume that the 

true model is in the candidate set and that it is relatively low dimensional. In contrast, 

most simulations that favour AIC over BIC assume that reality is infinitely 

dimensional, and hence the true model is not in the candidate set. In study [5] AIC was 

used to compare of plausible functions to describe the relationship between 

temperature and performance. During the experiment for each candidate model were 

compared values of ∆𝑖  and coefficient of determination 𝑅2  with the noticed 

differences: the model with the minim value of ∆𝑖 does not correspond to the model 

with the higher value of 𝑅2, i.e. the model with the best fit data. The obtained results 

were proposed as the argument against the approach of the selection the optimal model 

based on only fit criteria as it could lead to a selection of the model that overfits the 

data. For classification model that problem was left not examined.  

In current study, will be executed tests to understand if classification machine 

learning algorithm – logistic regression is biased to create a complex model which may 

overfit data. Our experiment methodology is specified per each phase of supervise 

learner model’s creation lifecycle [6]. 

Data preparation and acquisition: Generate eight random datasets denoted by 𝐷𝑖 , 

where (𝑖 = 1, . . . , 𝑑) for a binary classification problem with predictors matrix 𝑋𝑖 ∈
𝑅𝑛×𝑝 and target 𝑦𝑖 ∈ 𝑅𝑛 which takes values in the set {0,1} for each 𝑖 and  𝑑 is set 8 

for the current experiment. The number of samples (n) is set 1000 in each dataset and 

the number of features (p) consists of informative and redundant feature in different 

proportion in each dataset: 1st data – 5 informative; 40 – redundant; 2nd -10 informative; 

35 – redundant; 3d - 15 informative; 30 – redundant; 4th – 20 informative; 25 – 

redundant; 5th – 25 informative; 20 – redundant; 6th – 30 informative; 15 – redundant; 

7th – 35 informative; 10 – redundant; 8th - 40 informative; 5 – redundant. 

Data pre-processing and Data modelling include steps which are specified through 

an algorithm in pseudocode 1. The algorithm for each 𝐷𝑖 performs data standardization 

in step 2 as logistic regression learner behaves better when data values look like 

standard normally distributed data. In step 4 for each 𝐷𝑖  is formed (p) candidate 

models, where each candidate differs by the number of features which are selected for 

modelling by mutual information criteria [7]. Step 4 is included to verify how BIC and 

logistic regression learner are affected by included redundant features as its number is 

increasing with loop in step 3. Steps 5-6 are executed to train candidate models. In 

steps 7-12 on test data are calculated metrics which are defined in this study as 

mandatory to select the best-fit and parsimonious model. In steps 13-14 a pair of the 

best-fit and parsimonious models are selected and added to the results vector Si
⃗⃗⃗  . 

Model Validations: for each 𝐷𝑖 compare 𝑀1, 𝑀2 from S𝑖
⃗⃗⃗   to select a single model 

to deploy according to model selection strategy. In current study, for the models’ 

comparison to be used the values of the fields: number of features (p); models’ 

accuracy (a) and BIC weight (𝑤). 

Model Deployment: to be according to technical document and is not in the scope 

of the current study. 
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Figure 1. Pseudocode of the algorithm to be executed on data pre-processing and 

data modelling phases. 

In order to identify the model selection strategy, the results of the conducted 

experiment which are recorded in table 1 are examined and differences are specified 

hereafter: 1) 𝑀1 includes the number of feature which almost always corresponds to 

the number of informative feature in 𝑋𝑖
∗∗ but 𝑀2 includes redundant as well. The fact 

indicates that BIC gives less preference to the models with redundant features. 

Contrary, logistic regression learner algorithm, - it almost always tends to include as 

many features as possible to make a best fit; 2) 𝑀1 which is selected as a very strong 

model still can have 𝑤 < 0.5 (e.g. 𝐷2) as BIC weight estimates a probability of the 

model is being the best candidate so such model should be ignored; 3) 𝑀1 which is 

selected as the strong model by BIC may be ill-fitted (e.g. 𝐷2, 𝐷3, 𝐷6) – such models 

should be ignored as well; 4) Best fit 𝑀2 have BIC weight equal to 0, i.e. are never 

parsimonious; 5) The accuracy of best-fit 𝑀2  is better than parsimonious 𝑀1  in all 

cases, however, for 𝐷5  the accuracies of 𝑀1  and 𝑀2  are closed but the number of 

included features in 𝑀1 is twice less than 𝑀2 which indicates that 𝑀1 can be further 

improve to become the final model to deploy. 

 

 

Input: 𝑋𝑖, 𝑦𝑖 , 𝑑 

Output:  Si
⃗⃗⃗  , 

1.FOR 𝑖 in range (1 .. 𝑑) 

2.     Scale 𝑋𝑖 ∈ 𝑅𝑛×𝑝  to receive  𝑋𝑖
∗ ∈ 𝑅𝑛×𝑝  

3.     FOR 𝑘 in range (1..p) 

4.          get predictors matrix 𝑋𝑖
∗∗𝜖𝑅𝑛×𝑘 , by selecting k features from 𝑋𝑖

∗. 

5.          divide 𝑋𝑖
∗∗ and 𝑦𝑖  on train/test subsets. 

6.          fit learning algorithm with train data. 

7.          calculate accuracy  𝐴𝑘 =
1

𝑛
∑ [𝑦̂𝑗 = 𝑦𝑗]

𝑛
𝑗=1 , 𝑗 = 1. . 𝑛, 𝑦̂𝑗 – predicted. 

8.        _calculate probability 𝑝̂𝑗 =
1

1+𝑒𝑥𝑝(−𝑋𝑗𝑖𝑤𝑗⃗⃗ ⃗⃗  ⃗−𝑤𝑗0)
, 𝑗 = 1. . 𝑛,  

𝑤𝑗⃗⃗⃗⃗ , 𝑤𝑗0 – coefficients of the model. 

              

9.____   calculate logistic-loss 𝐿𝑘(𝑦, 𝑝̂) = ∑ −(𝑦𝑗𝑙𝑜𝑔(𝑝̂𝑗) + (1 − 𝑦𝑗)𝑙𝑜𝑔(1 −𝑛
𝑗=1

  𝑝̂𝑗)), 𝑗 = 1. . 𝑛. 

10.         calculate deviance 𝑑𝑒𝑣𝑘  = 2 ∗ 𝐿𝑘(𝑦, 𝑝̂). 

11.        calculate 𝐵𝐼𝐶𝑘 = −2𝑙𝑜𝑔𝑑𝑒𝑣𝑘 + 𝑘𝑙𝑜𝑔𝑛. 

12.        calculate BIC weights according to (3). 

        ENDFOR 

13.      select parsimonious model 𝑀1, which BIC = min{𝐵𝐼𝐶𝑘} 

14.      select the best fit model 𝑀2, which Accuracy = max{𝐴𝑘} 

15.      add 𝑀1, 𝑀2 to result vector S𝑖
⃗⃗⃗  . 

16.ENDFOR 
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Table 1. Characteristics of candidate models pairs 𝑀1 and 𝑀2 

Dataset 

# 

Number of 

informative 

features 

Parsimonious 𝑀1 Best fit 𝑀2 

p a 𝑤 p a 𝑤 

1 5 2 0.7 0.85 28 0.82 0 

2 10 12 0.5 0.38 44 0.86 0 

3 15 17 0.47 0.61 39 0.74 0 

4 20 17 0.7 0.96 44 0.8 0 

5 25 22 0.67 0.93 44 0.7 0 

6 30 31 0.5 0.78 44 0.73 0 

7 35 37 0.71 0.81 44 0.83 0 

8 40 42 0.8 0.9 44 0.86 0 

 

Conclusions 

The current study proposes to further consider a model’s building strategy for 

classification problem which includes the following steps: find M1 , M2  pairs by 

repeating algorithm in pseudocode 1; from the results’ vector S⃗  remove pairs, which 

won’t path validations. Choose the best pair M1, M2 from S⃗  which performances are 

closed and create a new model M3  which includes most of the achievements in 

maximized likelihood of M1and the performance of M2. 
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