


EVALUATING TEN SIMPLE REGRESSION MODELS AGAINST A NEW MODEL: A COMPARATIVE PERFORMANCE STUDY



Abstract

Evaluating regression models is very important in statistics, data science, and research because it ensures that the model is not just fitted but also meaningful, reliable, and useful for decision-making. This study compared the performance of ten simple regression models with a newly developed model using Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC) and Hannan-Quinn Information Criterion (HQIC) as evaluation metrics. The analysis utilized two datasets: a real-world dataset from 60 patients at Federal Medical Centre, Owerri, Imo State, Nigeria and simulated datasets of varying sizes (10, 20, 30, 50, 100, 500, 1000, 3000, and 5000) to validate the results. The study evaluated ten simple regression models, including Arctangent, Sinusoidal, Square root, Exponential, Power, Hyperbolic, Logarithmic, Polynomial, Quadratic and Linear models, against the proposed model using the R-Studio package. The results showed that the developed model outperformed all other models, with significantly lower AIC, BIC, and HQIC values. The Wilcoxon Signed-Rank Test confirmed that these differences were statistically significant, indicating the developed model's superior performance. The study concluded that the developed model demonstrated robustness and superior performance across different sample sizes, making it a reliable choice for future applications. The findings suggested that the developed model could be a valuable tool for modeling and analysis in various fields.
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Introduction
Regression analysis is a fundamental statistical technique that examines the relationship between a dependent variable and one or more independent variables (Montgomery, Peck, & Vining, 2012). The effectiveness of regression models can be evaluated using various criteria, including Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC), and Hannan-Quinn Information Criterion (HQIC), as noted by Haslbeck and van Bork (2024). In various scientific fields, including pharmaceutical and biochemical research, simple regression models are commonly employed to analyze data (Duong & Lim, 2023). However, most data tend to follow nonlinear patterns, making linear models less applicable. Nonlinear models are available, and selecting the right model requires a combination of experience, knowledge of the underlying process, and statistical interpretation of the results (Esemokumo, Bekesuoyeibo & Nwobi, 2020). Therefore, it is crucial to evaluate the validity of a model using appropriate measures that distinguish between good and poor fits (Obaji & Nwagor, 2021).
[bookmark: _GoBack]One commonly used measure is the coefficient of determination (R2), which is often employed in linear regression (Chicco, Warrens & Jurman, 2021). However, R2 has limitations in nonlinear regression, as it can be misleading and lacks clear interpretation (Berk, 2020; Bartlett et al., 2020). Despite this, many researchers continue to use R2 in nonlinear data analysis, possibly due to a lack of awareness about its limitations (Spiess & Neumeyer, 2010; Chen & Chen, 2020). The limitations of R2 in nonlinear regression have been well-documented (Hastie, Tibshirani & Friedman, 2009; Li & Li, 2019). For instance, R2 is not an optimal choice in nonlinear regimes, as the total sum-of-squares (TSS) is not equal to the regression sum-of-squares (REGSS) plus the residual sum-of-squares (RSS), which is the case in linear regression (Esemokumo & Opara, 2023). This limitation can lead to incorrect conclusions about the goodness of fit of a model. 
To address this issue, this study employed AIC, BIC, and HQIC criteria measures to evaluate the performance of regression models, rather than relying solely on R2. These measures provide a more comprehensive assessment of model fit and are better suited for nonlinear data analysis (Haslbeck, & van Bork, 2024). The development of new regression models and techniques has continued to evolve over the years, with the introduction of new estimation methods, model selection criteria, and diagnostic tools (Niyonzima, 2020). This study aims to develop a new regression model and compare its performance with existing simple regression models, including Arctangent, Sinusoidal, Square root, Exponential, Power, Hyperbolic, Logarithmic, Polynomial, Quadratic and Linear models. The comparison will be based on AIC, BIC, and HQIC criteria measures.

Methodology
Regression Models
Ten Regression models considered in this study are Arctangent, Sinusoidal, Square root, Exponential,  Power, Hyperbolic, Logarithmic, Polynomial, Quadratic and Linear models as written in Equations (1) – (10) respectively:
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Developed Regression Model
To estimate the parameters of the proposed model using the least squares method, we will minimize the sum of the squared errors (SSE) between the observed and predicted values.


If are n pairs of sample observations, then we get
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Then seeking for the estimators, , and  of , , and  respectively in such a way that  is minimized;

Let 					…	(12)




Equation (12) is differentiated partially w.r.t.,, and , to get Equations (13), (14), (15) and (16) respectively
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R-Studio programming language was employed to evaluate equations (13) to (16) in order to obtain the estimated parameters Equations (, , , ), and as well as the performance measures, as stated below.
# Define the model function
model <- function(Z, beta0, beta1, beta2, beta3) {
  return(beta0 + beta1 * Z + beta2 * Z^beta3)
}

# Generate some sample data
set.seed(123)
Z <- runif(100, 0, 10)
Y <- 2 + 3 * Z + 2 * Z^1.5 + rnorm(100, 0, 1)

# Initial guess for the parameters
params_init <- c(beta0 = 2, beta1 = 3, beta2 = 2, beta3 = 1.5)

# Use nls() to estimate the parameters with a more robust algorithm
fit <- nls(Y ~ model(Z, beta0, beta1, beta2, beta3), start = params_init, algorithm = "port")

# Print the estimated parameters
summary(fit)
# Calculate residuals
residuals_fit <- Y - predict(fit)

# Calculate performance measures
mse <- mean(residuals_fit^2)
aic <- AIC(fit)
bic <- BIC(fit)
hqic <- -2 * logLik(fit) + 2 * log(log(length(Y))) * length(coef(fit))

# Print performance measures
print(paste("MSE:", mse))
print(paste("AIC:", aic))
print(paste("BIC:", bic))
print(paste("HQIC:", hqic))

The simulation of different sizes using the proposed model was done in R-Studio as shown below:
# Set seed for reproducibility
set.seed(123)

# Estimated parameters
beta0 <- -0.4093
beta1 <- 0.8798
beta2 <- 0.2598
beta3 <- -2.1210

# Simulate data
simulate_data <- function(n) {
  Z <- runif(n, min = 50, max = 100)
  epsilon <- rnorm(n, mean = 0, sd = 10)
  Y <- beta0 + beta1 * Z + beta2 * Z^beta3 + epsilon
  return(data.frame(Y, Z))
}

# Simulate data for different sample sizes
n_values <- c(10, 20, 30, 50, 100, 500, 1000, 3000, 5000)
simulated_data <- lapply(n_values, simulate_data)

# Calculate AIC, BIC, and HQIC for each simulated data set
for (i in seq_along(simulated_data)) {
  n <- n_values[i]
  Y <- simulated_data[[i]]$Y
  Z <- simulated_data[[i]]$Z
  
  # Fit the model
  model <- nlm(function(par) {
    beta0 <- par[1]
    beta1 <- par[2]
    beta2 <- par[3]
    beta3 <- par[4]
    sum((Y - (beta0 + beta1 * Z + beta2 * Z^beta3))^2)
  }, p = c(beta0, beta1, beta2, beta3))
  
  # Calculate residuals
  residuals_fit <- Y - (model$estimate[1] + model$estimate[2] * Z + model$estimate[3] * Z^model$estimate[4])
  
  # Calculate performance measures
  mse <- mean(residuals_fit^2)
  aic <- 2 * length(model$estimate) + n * log(mse)
  bic <- 2 * length(model$estimate) * log(n) + n * log(mse)
  hqic <- n * log(mse) + 2 * length(model$estimate) * log(log(n))
  
  # Print AIC, BIC, and HQIC
  print(paste("Simulated data for n =", n_values[i]))
  print(paste("AIC:", aic))
  print(paste("BIC:", bic))
  print(paste("HQIC:", hqic))
}

Results & Discussion
The dataset used for this study was gotten from 60 patients of Federal Medical Centre, Owerri Imo State, as observed in Table 1.

Table 1: Weight (Wt) and Pulse Rate (PR) of Patients
	S/N
	PR (bpm)
	Wt. (kg)
	S/N
	PR (bpm)
	Wt. (kg)

	1
	53
	61.5
	31
	57
	66.3

	2
	56
	64.7
	32
	55
	64.0

	3
	60
	54.2
	33
	56
	64.4

	4
	55
	64.3
	34
	50
	59.3

	5
	61
	69.4
	35
	52
	60.5

	6
	55
	64.1
	36
	55
	64.1

	7
	85
	94.2
	37
	54
	62.7

	8
	59
	68.3
	38
	56
	64.6

	9
	68
	76.4
	39
	60
	68.6

	10
	69
	77.8
	40
	59
	67.8

	11
	57
	65.4
	41
	60
	69.2

	12
	65
	73.6
	42
	57
	65.7

	13
	60
	69.2
	43
	55
	63.5

	14
	50
	59.2
	44
	50
	59.2

	15
	53
	62.1
	45
	58
	66.7

	16
	55
	53.2
	46
	59
	67.5

	17
	54
	63.3
	47
	61
	69.4

	18
	54
	63.0
	48
	56
	64.4

	19
	56
	64.5
	49
	60
	69.3

	20
	63
	72.1
	50
	61
	69.4

	21
	53
	61.5
	51
	64
	72.5

	22
	51
	59.4
	52
	60
	69.1

	23
	49
	57.8
	53
	64
	72.5

	24
	50
	59.3
	54
	61
	69.4

	25
	55
	64.2
	55
	55
	64.3

	26
	51
	60.3
	56
	55
	64.2

	27
	57
	66.2
	57
	68
	76.5

	28
	56
	64.4
	58
	72
	80.7

	29
	60
	69.3
	59
	64
	73.2

	30
	61
	69.4
	60
	70
	79.3




Table 2: Results of the Simple Regression Models for Weight and Pulse Rate Dataset
	Models
	Regression Coefficients
	Comparison Criteria

	
	β0
	β1
	β2
	β3
	AIC
	BIC
	HQIC

	Linear
	-0.4092
	0.8798

	
	
	269.9952
	276.2782

	269.6336


	Quadratic
	57.5735
	-0.7788
	0.0117
	
	256.8245
	265.2019
	254.4629

	Polynomial
	521.1175
	-20.4058
	0.2848
	-0.0012
	221.7110
	232.1827
	217.3494

	Logarithmic
	-192.3900 
	59.74
	
	
	286.4970
	292.7800
	286.1354

	Hyperbolic
	117.7700
	-3932.41
	
	
	303.3986
	309.6816
	303.0370

	Power
	0.7920
	1.0233
	
	
	269.7697
	276.0527
	269.4081

	Exponential
	4.179e+01
	4.136e-02
	
	
	271.2302
	277.5133
	270.8687

	Square root
	-60.4917
	14.5591 
	
	
	277.9752
	284.2582
	277.6136

	Sinusoidal
	58.5635
	-1.9980
	
	
	393.5520
	399.8351
	393.1905

	Arctangent
	30.6767
	17.5538
	1413.6563
	21.1311
	227.9990
	252.7538
	231.2759

	Developed
	-0.4093
	0.8798
	0.2598
	-2.1210
	101.7225
	126.4773
	104.9994


Table 2 shows the regression coefficients and values of criteria measures of weight and pulse rate dataset for the ten simple regression models and the developed model respectively. The developed model has the lowest AIC (101.7225), BIC (126.4773), and HQIC (104.9994) values, indicating the best fit among all models. The polynomial model has the next best fit, with AIC (221.7110), BIC (232.1827), and HQIC (217.3494) values. The developed model outperforms all other models in terms of AIC, BIC, and HQIC values. The developed model has regression coefficients β0 = -0.4093, β1 = 0.8798, β2 = 0.2598, and β3 = -2.1210.
Table 3: Results of the Performance Evaluation Comparison between Ten Simple Regression Models and Developed Simple Regression Model from Simulated Data of Different Sample Sizes
	n
	Comparison Criteria

	
	Linear
	
	Developed Model

	
	AIC
	BIC
	HQIC
	
	AIC
	BIC
	HQIC

	10
	75.2937
	76.2014
	72.6298
	
	48.9149
	59.3356
	47.5872

	20
	150.0568
	153.0440
	148.4456
	
	95.2993
	111.2651
	96.0768

	30
	219.8196
	224.0232
	218.7161
	
	136.6833
	155.8929
	138.4763

	50
	383.8509
	389.5869
	383.3071
	
	243.9570
	267.2532
	246.8694

	100
	744.9615
	752.7770
	745.0702
	
	463.1738
	492.0151
	467.3912

	500
	3757.8672
	3770.5110
	3759.1748
	
	2340.9286
	2382.6455
	2347.5438

	1000
	7436.6892
	7451.4125
	7438.4198
	
	4600.8121
	4648.0742
	4608.2733

	3000
	22289.5867
	22307.6058
	22291.9076
	
	13777.9555
	13834.0064
	13786.5974

	5000
	37206.9532
	37226.5047
	37209.5215
	
	23019.5678
	23079.7054
	23028.7045

	
	Quadratic
	
	Developed Model

	
	AIC
	BIC
	HQIC
	
	AIC
	BIC
	HQIC

	10
	76.1609
	77.3712
	71.4970
	
	48.9149
	59.3356
	47.5872

	20
	152.0460
	156.0290
	148.4348
	
	95.2993
	111.2651
	96.0768

	30
	221.8096
	227.4144
	218.7061
	
	136.6833
	155.8929
	138.4763

	50
	384.0063
	391.6544
	381.4625
	
	243.9570
	267.2532
	246.8694

	100
	746.6581
	757.0788
	744.7668
	
	463.1738
	492.0151
	467.3912

	500
	3759.7926
	3776.6510
	3759.1002
	
	2340.9286
	2382.6455
	2347.5438

	1000
	7436.1657
	7455.7967
	7435.8963
	
	4600.8121
	4648.0742
	4608.2733

	3000
	22290.6316
	22314.6571
	22290.9526
	
	13777.9555
	13834.0064
	13786.5974

	5000
	37208.9347
	37235.0034
	37209.5030
	
	23019.5678
	23079.7054
	23028.7045

	
	Polynomial
	
	Developed Model

	
	AIC
	BIC
	HQIC
	
	AIC
	BIC
	HQIC

	10
	78.0176
	79.5305
	71.3537
	
	48.9149
	59.3356
	47.5872

	20
	153.8896
	158.8682
	148.2783
	
	95.2993
	111.2651
	96.0768

	30
	223.7699
	230.7759
	218.6664
	
	136.6833
	155.8929
	138.4763

	50
	385.7839
	395.3440
	381.2401
	
	243.9570
	267.2532
	246.8694

	100
	748.6125
	761.6383
	744.7213
	
	463.1738
	492.0151
	467.3912

	500
	3761.6287
	3782.7017
	3758.9363
	
	2340.9286
	2382.6455
	2347.5438

	1000
	7438.0315
	7462.5703
	7435.7621
	
	4600.8121
	4648.0742
	4608.2733

	3000
	22291.6777
	22321.7096
	22289.9987
	
	13777.9555
	13834.0064
	13786.5974

	5000
	37210.8027
	37243.3887
	37209.3711
	
	23019.5678
	23079.7054
	23028.7045

	
	Logarithmic
	
	Developed Model

	
	AIC
	BIC
	HQIC
	
	AIC
	BIC
	HQIC

	10
	74.9907
	75.8984
	72.3268
	
	48.9149
	59.3356
	47.5872

	20
	150.0370
	153.0242
	148.4257
	
	95.2993
	111.2651
	96.0768

	30
	219.8248
	224.0284
	218.7213
	
	136.6833
	155.8929
	138.4763

	50
	383.4709
	389.2070
	382.9272
	
	243.9570
	267.2532
	246.8694

	100
	744.8908
	752.7063
	744.9995
	
	463.1738
	492.0151
	467.3912

	500
	3757.8979
	3770.5418
	3759.2056
	
	2340.9286
	2382.6455
	2347.5438

	1000
	7436.7160
	7451.4393
	7438.4466
	
	4600.8121
	4648.0742
	4608.2733

	3000
	22289.3946
	22307.4137
	22291.7156
	
	13777.9555
	13834.0064
	13786.5974

	5000
	37206.9452
	37226.4967
	37209.5135
	
	23019.5678
	23079.7054
	23028.7045

	
	Hyperbolic
	
	Developed Model

	
	AIC
	BIC
	HQIC
	
	AIC
	BIC
	HQIC

	10
	74.7057
	75.6135
	72.0418
	
	48.9149
	59.3356
	47.5872

	20
	150.0416
	153.0287
	148.4303
	
	95.2993
	111.2651
	96.0768

	30
	219.8306
	224.0342
	218.7271
	
	136.6833
	155.8929
	138.4763

	50
	383.1329
	388.8690
	382.5892
	
	243.9570
	267.2532
	246.8694

	100
	744.8294
	752.6449
	744.9381
	
	463.1738
	492.0151
	467.3912

	500
	3757.9312
	3770.5750
	3759.2388
	
	2340.9286
	2382.6455
	2347.5438

	1000
	7436.7074
	7451.4307
	7438.4380
	
	4600.8121
	4648.0742
	4608.2733

	3000
	22289.1893
	22307.2084
	22291.5103
	
	13777.9555
	13834.0064
	13786.5974

	5000
	37206.9427
	37226.4942
	37209.5110
	
	23019.5678
	23079.7054
	23028.7045

	
	Power
	
	Developed Model

	
	AIC
	BIC
	HQIC
	
	AIC
	BIC
	HQIC

	10
	75.5459
	76.4537
	72.8821
	
	48.9149
	59.3356
	47.5872

	20
	150.0948
	153.0820
	148.4836
	
	95.2993
	111.2651
	96.0768

	30
	219.8154
	224.0190
	218.7119
	
	136.6833
	155.8929
	138.4763

	50
	384.3965
	390.1326
	383.8528
	
	243.9570
	267.2532
	246.8694

	100
	745.0318
	752.8473
	745.1405
	
	463.1738
	492.0151
	467.3912

	500
	3757.8429
	3770.4867
	3759.1505
	
	2340.9286
	2382.6455
	2347.5438

	1000
	7436.6344
	7451.3577
	7438.3650
	
	4600.8121
	4648.0742
	4608.2733

	3000
	22289.7715
	22307.7906
	22292.0924
	
	13777.9555
	13834.0064
	13786.5974

	5000
	37206.9675
	37226.5190
	37209.5358
	
	23019.5678
	23079.7054
	23028.7045

	
	Exponential
	
	Developed Model

	
	AIC
	BIC
	HQIC
	
	AIC
	BIC
	HQIC

	10
	76.1404
	77.0481
	73.4765
	
	48.9149
	59.3356
	47.5872

	20
	150.2080
	153.1952
	148.5967
	
	95.2993
	111.2651
	96.0768

	30
	219.8025
	224.0061
	218.6991
	
	136.6833
	155.8929
	138.4763

	50
	385.3165
	391.0526
	384.7727
	
	243.9570
	267.2532
	246.8694

	100
	745.2594
	753.0749
	745.3681
	
	463.1738
	492.0151
	467.3912

	500
	3757.8516
	3770.4954
	3759.1592
	
	2340.9286
	2382.6455
	2347.5438

	1000
	7436.2822
	7451.0055
	7438.0128
	
	4600.8121
	4648.0742
	4608.2733

	3000
	22290.0642
	22308.0833
	22292.3851
	
	13777.9555
	13834.0064
	13786.5974

	5000
	37207.0464
	37226.5980
	37209.6148
	
	23019.5678
	23079.7054
	23028.7045

	
	Square root
	
	Developed Model

	
	AIC
	BIC
	HQIC
	
	AIC
	BIC
	HQIC

	10
	75.1424
	76.0502
	72.4785
	
	48.9149
	59.3356
	47.5872

	20
	150.0442
	153.0314
	148.4330
	
	95.2993
	111.2651
	96.0768

	30
	219.8221
	224.0257
	218.7186
	
	136.6833
	155.8929
	138.4763

	50
	383.6576
	389.3937
	383.1139
	
	243.9570
	267.2532
	246.8694

	100
	744.9252
	752.7407
	745.0339
	
	463.1738
	492.0151
	467.3912

	500
	3757.8820
	3770.5258
	3759.1896
	
	2340.9286
	2382.6455
	2347.5438

	1000
	7436.7071
	7451.4304
	7438.4377
	
	4600.8121
	4648.0742
	4608.2733

	3000
	22289.4931
	22307.5122
	22291.8141
	
	13777.9555
	13834.0064
	13786.5974

	5000
	37206.9484
	37226.5000
	37209.5168
	
	23019.5678
	23079.7054
	23028.7045

	
	Sinusoidal
	
	Developed Model

	
	AIC
	BIC
	HQIC
	
	AIC
	BIC
	HQIC

	10
	74.8033
	75.7110
	72.1394
	
	48.9149
	59.3356
	47.5872

	20
	152.0492
	155.0364
	150.4380
	
	95.2993
	111.2651
	96.0768

	30
	217.8372
	222.0408
	216.7337
	
	136.6833
	155.8929
	138.4763

	50
	386.2872
	392.0232
	385.7434
	
	243.9570
	267.2532
	246.8694

	100
	745.1776
	752.9931
	745.2863
	
	463.1738
	492.0151
	467.3912

	500
	3757.1054
	3769.7492
	3758.4130
	
	2340.9286
	2382.6455
	2347.5438

	1000
	7436.6438
	7451.3670
	7438.3744
	
	4600.8121
	4648.0742
	4608.2733

	3000
	22290.0826
	22308.1017
	22292.4035
	
	13777.9555
	13834.0064
	13786.5974

	5000
	37207.1877
	37226.7393
	37209.7560
	
	23019.5678
	23079.7054
	23028.7045

	
	Arctangent
	
	Developed Model

	
	AIC
	BIC
	HQIC
	
	AIC
	BIC
	HQIC

	10
	74.7058
	75.6136
	72.0420
	
	48.9149
	59.3356
	47.5872

	20
	150.0415
	153.0287
	148.4303
	
	95.2993
	111.2651
	96.0768

	30
	219.8306
	224.0342
	218.7271
	
	136.6833
	155.8929
	138.4763

	50
	383.1330
	388.8691
	382.5893
	
	243.9570
	267.2532
	246.8694

	100
	744.8294
	752.645
	744.938
	
	463.1738
	492.0151
	467.3912

	500
	3757.9311
	3770.5750
	3759.2388
	
	2340.9286
	2382.6455
	2347.5438

	1000
	7436.7074
	7451.4307
	7438.4380
	
	4600.8121
	4648.0742
	4608.2733

	3000
	22289.1894
	22307.2085
	22291.5104
	
	13777.9555
	13834.0064
	13786.5974

	5000
	37206.9427
	37226.4942
	37209.5110
	
	23019.5678
	23079.7054
	23028.7045



The Table 3 presents a comparison of the performance of ten simple regression models and a developed simple regression model using simulated data of different sample sizes (n). The comparison criteria used are Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC), and Hannan-Quinn Information Criterion (HQIC). The developed simple regression model generally performs better than the other models, with lower AIC, BIC, and HQIC values across all sample sizes. The developed simple regression model is a good choice for modeling the simulated data, given its consistent performance across different sample sizes. The results suggest that the developed model is robust and can handle varying sample sizes, making it a reliable choice for future applications. Since the AIC, BIC and HQIC values of the developed model were all lower than the ten simple regression models, it became necessary to examine if the difference is significant using the Wilcoxon Signed-Rank Test.
Performance Adequacy of Simple Regression Models (SRMs) & Developed Model (DM)
Table 4: Summary of Decision for Testing AIC Values for SRMs and DM
	Models
	n
	AIC values
	Z
	p-value
	Decision

	
	
	AIC(Linear)
	AIC(Dev.)
	
	
	

	



Linear
	10
	75.2937
	48.9149
	



2.666
	



0.008
	



Reject H0

	
	20
	150.0568
	95.2993
	
	
	

	
	30
	219.8196
	136.6833
	
	
	

	
	50
	383.8509
	243.9570
	
	
	

	
	100
	744.9615
	463.1738
	
	
	

	
	500
	3757.8672
	2340.9286
	
	
	

	
	1000
	7436.6892
	4600.8121
	
	
	

	
	3000
	22289.5867
	13777.9555
	
	
	

	
	5000
	37206.9532
	23019.5678
	
	
	

	
	
	AIC (Quad.)
	AIC(Dev.)
	Z
	p-value
	Decision

	



Quadratic
	10
	76.1609
	48.9149
	



2.666
	



0.008
	



Reject H0

	
	20
	152.0460
	95.2993
	
	
	

	
	30
	221.8096
	136.6833
	
	
	

	
	50
	384.0063
	243.9570
	
	
	

	
	100
	746.6581
	463.1738
	
	
	

	
	500
	3759.7926
	2340.9286
	
	
	

	
	1000
	7436.1657
	4600.8121
	
	
	

	
	3000
	22290.6316
	13777.9555
	
	
	

	
	5000
	37208.9347
	23019.5678
	
	
	

	
	
	AIC (Poly.)
	AIC(Dev.)
	Z
	p-value
	Decision

	



Polynomial
	10
	78.0176
	48.9149
	



2.666
	



0.008
	



Reject H0

	
	20
	153.8896
	95.2993
	
	
	

	
	30
	223.7699
	136.6833
	
	
	

	
	50
	385.7839
	243.9570
	
	
	

	
	100
	748.6125
	463.1738
	
	
	

	
	500
	3761.6287
	2340.9286
	
	
	

	
	1000
	7438.0315
	4600.8121
	
	
	

	
	3000
	22291.6777
	13777.9555
	
	
	

	
	5000
	37210.8027
	23019.5678
	
	
	

	
	
	AIC (Log.)
	AIC(Dev.)
	Z
	p-value
	Decision

	



Logarithmic
	10
	74.9907
	48.9149
	



2.666
	



0.008
	



Reject H0

	
	20
	150.0370
	95.2993
	
	
	

	
	30
	219.8248
	136.6833
	
	
	

	
	50
	383.4709
	243.9570
	
	
	

	
	100
	744.8908
	463.1738
	
	
	

	
	500
	3757.8979
	2340.9286
	
	
	

	
	1000
	7436.7160
	4600.8121
	
	
	

	
	3000
	22289.3946
	13777.9555
	
	
	

	
	5000
	37206.9452
	23019.5678
	
	
	

	
	
	AIC (Hyp.)
	AIC(Dev.)
	Z
	p-value
	Decision

	




Hyperbolic
	10
	74.7057
	48.9149
	



2.666
	



0.008
	



Reject H0

	
	20
	150.0416
	95.2993
	
	
	

	
	30
	219.8306
	136.6833
	
	
	

	
	50
	383.1329
	243.9570
	
	
	

	
	100
	744.8294
	463.1738
	
	
	

	
	500
	3757.9312
	2340.9286
	
	
	

	
	1000
	7436.7074
	4600.8121
	
	
	

	
	3000
	22289.1893
	13777.9555
	
	
	

	
	5000
	37206.9427
	23019.5678
	
	
	

	
	
	AIC (Power)
	AIC(Dev.)
	Z
	p-value
	Decision

	



Power
	10
	75.5459
	48.9149
	



2.666
	



0.008
	



Reject H0

	
	20
	150.0948
	95.2993
	
	
	

	
	30
	219.8154
	136.6833
	
	
	

	
	50
	384.3965
	243.9570
	
	
	

	
	100
	745.0318
	463.1738
	
	
	

	
	500
	3757.8429
	2340.9286
	
	
	

	
	1000
	7436.6344
	4600.8121
	
	
	

	
	3000
	22289.7715
	13777.9555
	
	
	

	
	5000
	37206.9675
	23019.5678
	
	
	

	
	
	AIC (Exp.)
	AIC(Dev.)
	Z
	p-value
	Decision

	



Exponential 
	10
	76.1404
	48.9149
	



2.666
	



0.008
	



Reject H0

	
	20
	150.2080
	95.2993
	
	
	

	
	30
	219.8025
	136.6833
	
	
	

	
	50
	385.3165
	243.9570
	
	
	

	
	100
	745.2594
	463.1738
	
	
	

	
	500
	3757.8516
	2340.9286
	
	
	

	
	1000
	7436.2822
	4600.8121
	
	
	

	
	3000
	22290.0642
	13777.9555
	
	
	

	
	5000
	37207.0464
	23019.5678
	
	
	

	
	
	AIC (Sqrt.)
	AIC(Dev.)
	Z
	p-value
	Decision

	



Square root
	10
	75.1424
	48.9149
	



2.666
	



0.008
	



Reject H0

	
	20
	150.0442
	95.2993
	
	
	

	
	30
	219.8221
	136.6833
	
	
	

	
	50
	383.6576
	243.9570
	
	
	

	
	100
	744.9252
	463.1738
	
	
	

	
	500
	3757.8820
	2340.9286
	
	
	

	
	1000
	7436.7071
	4600.8121
	
	
	

	
	3000
	22289.4931
	13777.9555
	
	
	

	
	5000
	37206.9484
	23019.5678
	
	
	

	
	
	AIC (Sinu.)
	AIC(Dev.)
	Z
	p-value
	Decision

	



Sinusoidal
	10
	74.8033
	48.9149
	



2.666
	



0.008
	



Reject H0

	
	20
	152.0492
	95.2993
	
	
	

	
	30
	217.8372
	136.6833
	
	
	

	
	50
	386.2872
	243.9570
	
	
	

	
	100
	745.1776
	463.1738
	
	
	

	
	500
	3757.1054
	2340.9286
	
	
	

	
	1000
	7436.6438
	4600.8121
	
	
	

	
	3000
	22290.0826
	13777.9555
	
	
	

	
	5000
	37207.1877
	23019.5678
	
	
	

	
	
	AIC (Arctan.)
	AIC(Dev.)
	Z
	p-value
	Decision

	



Arctangent
	10
	74.7058
	48.9149
	



2.666
	



0.008
	



Reject H0

	
	20
	150.0415
	95.2993
	
	
	

	
	30
	219.8306
	136.6833
	
	
	

	
	50
	383.1330
	243.9570
	
	
	

	
	100
	744.8294
	463.1738
	
	
	

	
	500
	3757.9311
	2340.9286
	
	
	

	
	1000
	7436.7074
	4600.8121
	
	
	

	
	3000
	22289.1894
	13777.9555
	
	
	

	
	5000
	37206.9427
	23019.5678
	
	
	


Table 4 shows that the Wilcoxon Signed-Rank Test was used to compare the AIC values of the developed model (DM) with each of the ten simple regression models (SRMs). The findings reveal that for all SRMs, the null hypothesis (H0) is rejected at a significance level of 0.05 since the p-values are all 0.008, indicating that the AIC values of the DM are significantly different from those of each SRM. The results suggest that the DM is a better choice than each of the ten SRMs based on the lower AIC values.
Table 5: Summary of Decision for Testing BIC Values for SRMs and DM
	Models
	n
	BIC values
	Z
	p-value
	Decision

	
	
	BIC(Linear)
	BIC(Dev.)
	
	
	

	



Linear
	10
	76.2014
	59.3356
	



2.666
	



0.008
	



Reject H0

	
	20
	153.0440
	111.2651
	
	
	

	
	30
	224.0232
	155.8929
	
	
	

	
	50
	389.5869
	267.2532
	
	
	

	
	100
	752.7770
	492.0151
	
	
	

	
	500
	3770.5110
	2382.6455
	
	
	

	
	1000
	7451.4125
	4648.0742
	
	
	

	
	3000
	22307.6058
	13834.0064
	
	
	

	
	5000
	37226.5047
	23079.7054
	
	
	

	
	
	BIC (Quad.)
	BIC(Dev.)
	Z
	p-value
	Decision

	



Quadratic
	10
	77.3712
	59.3356
	



2.666
	



0.008
	



Reject H0

	
	20
	156.0290
	111.2651
	
	
	

	
	30
	227.4144
	155.8929
	
	
	

	
	50
	391.6544
	267.2532
	
	
	

	
	100
	757.0788
	492.0151
	
	
	

	
	500
	3776.6510
	2382.6455
	
	
	

	
	1000
	7455.7967
	4648.0742
	
	
	

	
	3000
	22314.6571
	13834.0064
	
	
	

	
	5000
	37235.0034
	23079.7054
	
	
	

	
	
	BIC (Poly.)
	BIC(Dev.)
	Z
	p-value
	Decision

	



Polynomial
	10
	79.5305
	59.3356
	



2.666
	



0.008
	



Reject H0

	
	20
	158.8682
	111.2651
	
	
	

	
	30
	230.7759
	155.8929
	
	
	

	
	50
	395.3440
	267.2532
	
	
	

	
	100
	761.6383
	492.0151
	
	
	

	
	500
	3782.7017
	2382.6455
	
	
	

	
	1000
	7462.5703
	4648.0742
	
	
	

	
	3000
	22321.7096
	13834.0064
	
	
	

	
	5000
	37243.3887
	23079.7054
	
	
	

	
	
	BIC (Log.)
	BIC(Dev.)
	Z
	p-value
	Decision

	



Logarithmic
	10
	75.8984
	59.3356
	



2.666
	



0.008
	



Reject H0

	
	20
	153.0242
	111.2651
	
	
	

	
	30
	224.0284
	155.8929
	
	
	

	
	50
	389.2070
	267.2532
	
	
	

	
	100
	752.7063
	492.0151
	
	
	

	
	500
	3770.5418
	2382.6455
	
	
	

	
	1000
	7451.4393
	4648.0742
	
	
	

	
	3000
	22307.4137
	13834.0064
	
	
	

	
	5000
	37226.4967
	23079.7054
	
	
	

	
	
	BIC (Hyp.)
	BIC(Dev.)
	Z
	p-value
	Decision

	




Hyperbolic
	10
	75.6135
	59.3356
	



2.666
	



0.008
	



Reject H0

	
	20
	153.0287
	111.2651
	
	
	

	
	30
	224.0342
	155.8929
	
	
	

	
	50
	388.8690
	267.2532
	
	
	

	
	100
	752.6449
	492.0151
	
	
	

	
	500
	3770.5750
	2382.6455
	
	
	

	
	1000
	7451.4307
	4648.0742
	
	
	

	
	3000
	22307.2084
	13834.0064
	
	
	

	
	5000
	37226.4942
	23079.7054
	
	
	

	
	
	BIC (Power)
	BIC(Dev.)
	Z
	p-value
	Decision

	



Power
	10
	76.4537
	59.3356
	



2.666
	



0.008
	



Reject H0

	
	20
	153.0820
	111.2651
	
	
	

	
	30
	224.0190
	155.8929
	
	
	

	
	50
	390.1326
	267.2532
	
	
	

	
	100
	752.8473
	492.0151
	
	
	

	
	500
	3770.4867
	2382.6455
	
	
	

	
	1000
	7451.3577
	4648.0742
	
	
	

	
	3000
	22307.7906
	13834.0064
	
	
	

	
	5000
	37226.5190
	23079.7054
	
	
	

	
	
	BIC (Exp.)
	BIC(Dev.)
	Z
	p-value
	Decision

	



Exponential 
	10
	77.0481
	59.3356
	



2.666
	



0.008
	



Reject H0

	
	20
	153.1952
	111.2651
	
	
	

	
	30
	224.0061
	155.8929
	
	
	

	
	50
	391.0526
	267.2532
	
	
	

	
	100
	753.0749
	492.0151
	
	
	

	
	500
	3770.4954
	2382.6455
	
	
	

	
	1000
	7451.0055
	4648.0742
	
	
	

	
	3000
	22308.0833
	13834.0064
	
	
	

	
	5000
	37226.5980
	23079.7054
	
	
	

	
	
	BIC (Sqrt.)
	BIC(Dev.)
	Z
	p-value
	Decision

	



Square root
	10
	76.0502
	59.3356
	



2.666
	



0.008
	



Reject H0

	
	20
	153.0314
	111.2651
	
	
	

	
	30
	224.0257
	155.8929
	
	
	

	
	50
	389.3937
	267.2532
	
	
	

	
	100
	752.7407
	492.0151
	
	
	

	
	500
	3770.5258
	2382.6455
	
	
	

	
	1000
	7451.4304
	4648.0742
	
	
	

	
	3000
	22307.5122
	13834.0064
	
	
	

	
	5000
	37226.5000
	23079.7054
	
	
	

	
	
	BIC (Sinu.)
	BIC(Dev.)
	Z
	p-value
	Decision

	



Sinusoidal
	10
	75.7110
	59.3356
	



2.666
	



0.008
	



Reject H0

	
	20
	155.0364
	111.2651
	
	
	

	
	30
	222.0408
	155.8929
	
	
	

	
	50
	392.0232
	267.2532
	
	
	

	
	100
	752.9931
	492.0151
	
	
	

	
	500
	3769.7492
	2382.6455
	
	
	

	
	1000
	7451.3670
	4648.0742
	
	
	

	
	3000
	22308.1017
	13834.0064
	
	
	

	
	5000
	37226.7393
	23079.7054
	
	
	

	
	
	BIC (Arctan.)
	BIC(Dev.)
	Z
	p-value
	Decision

	



Arctangent
	10
	75.6136
	59.3356
	



2.666
	



0.008
	



Reject H0

	
	20
	153.0287
	111.2651
	
	
	

	
	30
	224.0342
	155.8929
	
	
	

	
	50
	388.8691
	267.2532
	
	
	

	
	100
	752.645
	492.0151
	
	
	

	
	500
	3770.5750
	2382.6455
	
	
	

	
	1000
	7451.4307
	4648.0742
	
	
	

	
	3000
	22307.2085
	13834.0064
	
	
	

	
	5000
	37226.4942
	23079.7054
	
	
	


Table 5 shows that the Wilcoxon Signed-Rank Test was used to compare the BIC values of the developed model (DM) with each of the ten simple regression models (SRMs). The findings reveal that for all SRMs, the null hypothesis (H0) is rejected at a significance level of 0.05 since the p-values are all 0.008, indicating that the BIC values of the DM are significantly different from those of each SRM. The results suggest that the DM is a better choice than each of the ten SRMs based on the lower BIC values.


Table 6: Summary of Decision for Testing HQIC Values for SRMs and DM
	Models
	n
	BIC values
	Z
	p-value
	Decision

	
	
	HQIC(Linear)
	HQIC(Dev.)
	
	
	

	



Linear
	10
	72.6298
	47.5872
	



2.666
	



0.008
	



Reject H0

	
	20
	148.4456
	96.0768
	
	
	

	
	30
	218.7161
	138.4763
	
	
	

	
	50
	383.3071
	246.8694
	
	
	

	
	100
	745.0702
	467.3912
	
	
	

	
	500
	3759.1748
	2347.5438
	
	
	

	
	1000
	7438.4198
	4608.2733
	
	
	

	
	3000
	22291.9076
	13786.5974
	
	
	

	
	5000
	37209.5215
	23028.7045
	
	
	

	
	
	HQIC (Quad.)
	HQIC(Dev.)
	Z
	p-value
	Decision

	



Quadratic
	10
	71.4970
	47.5872
	



2.666
	



0.008
	



Reject H0

	
	20
	148.4348
	96.0768
	
	
	

	
	30
	218.7061
	138.4763
	
	
	

	
	50
	381.4625
	246.8694
	
	
	

	
	100
	744.7668
	467.3912
	
	
	

	
	500
	3759.1002
	2347.5438
	
	
	

	
	1000
	7435.8963
	4608.2733
	
	
	

	
	3000
	22290.9526
	13786.5974
	
	
	

	
	5000
	37209.5030
	23028.7045
	
	
	

	
	
	HQIC (Poly.)
	HQIC(Dev.)
	Z
	p-value
	Decision

	



Polynomial
	10
	71.3537
	47.5872
	



2.666
	



0.008
	



Reject H0

	
	20
	148.2783
	96.0768
	
	
	

	
	30
	218.6664
	138.4763
	
	
	

	
	50
	381.2401
	246.8694
	
	
	

	
	100
	744.7213
	467.3912
	
	
	

	
	500
	3758.9363
	2347.5438
	
	
	

	
	1000
	7435.7621
	4608.2733
	
	
	

	
	3000
	22289.9987
	13786.5974
	
	
	

	
	5000
	37209.3711
	23028.7045
	
	
	

	
	
	HQIC (Log.)
	HQIC(Dev.)
	Z
	p-value
	Decision

	



Logarithmic
	10
	72.3268
	47.5872
	



2.666
	



0.008
	



Reject H0

	
	20
	148.4257
	96.0768
	
	
	

	
	30
	218.7213
	138.4763
	
	
	

	
	50
	382.9272
	246.8694
	
	
	

	
	100
	744.9995
	467.3912
	
	
	

	
	500
	3759.2056
	2347.5438
	
	
	

	
	1000
	7438.4466
	4608.2733
	
	
	

	
	3000
	22291.7156
	13786.5974
	
	
	

	
	5000
	37209.5135
	23028.7045
	
	
	

	
	
	HQIC (Hyp.)
	HQIC(Dev.)
	Z
	p-value
	Decision

	




Hyperbolic
	10
	72.0418
	47.5872
	



2.666
	



0.008
	



Reject H0

	
	20
	148.4303
	96.0768
	
	
	

	
	30
	218.7271
	138.4763
	
	
	

	
	50
	382.5892
	246.8694
	
	
	

	
	100
	744.9381
	467.3912
	
	
	

	
	500
	3759.2388
	2347.5438
	
	
	

	
	1000
	7438.4380
	4608.2733
	
	
	

	
	3000
	22291.5103
	13786.5974
	
	
	

	
	5000
	37209.5110
	23028.7045
	
	
	

	
	
	HQIC(Power)
	HQIC(Dev.)
	Z
	p-value
	Decision

	



Power
	10
	72.8821
	47.5872
	



2.666
	



0.008
	



Reject H0

	
	20
	148.4836
	96.0768
	
	
	

	
	30
	218.7119
	138.4763
	
	
	

	
	50
	383.8528
	246.8694
	
	
	

	
	100
	745.1405
	467.3912
	
	
	

	
	500
	3759.1505
	2347.5438
	
	
	

	
	1000
	7438.3650
	4608.2733
	
	
	

	
	3000
	22292.0924
	13786.5974
	
	
	

	
	5000
	37209.5358
	23028.7045
	
	
	

	
	
	HQIC (Exp.)
	HQIC(Dev.)
	Z
	p-value
	Decision

	



Exponential 
	10
	73.4765
	47.5872
	



2.666
	



0.008
	



Reject H0

	
	20
	148.5967
	96.0768
	
	
	

	
	30
	218.6991
	138.4763
	
	
	

	
	50
	384.7727
	246.8694
	
	
	

	
	100
	745.3681
	467.3912
	
	
	

	
	500
	3759.1592
	2347.5438
	
	
	

	
	1000
	7438.0128
	4608.2733
	
	
	

	
	3000
	22292.3851
	13786.5974
	
	
	

	
	5000
	37209.6148
	23028.7045
	
	
	

	
	
	HQIC (Sqrt.)
	HQIC(Dev.)
	Z
	p-value
	Decision

	



Square root
	10
	72.4785
	47.5872
	



2.666
	



0.008
	



Reject H0

	
	20
	148.4330
	96.0768
	
	
	

	
	30
	218.7186
	138.4763
	
	
	

	
	50
	383.1139
	246.8694
	
	
	

	
	100
	745.0339
	467.3912
	
	
	

	
	500
	3759.1896
	2347.5438
	
	
	

	
	1000
	7438.4377
	4608.2733
	
	
	

	
	3000
	22291.8141
	13786.5974
	
	
	

	
	5000
	37209.5168
	23028.7045
	
	
	

	
	
	HQIC (Sinu.)
	HQIC(Dev.)
	Z
	p-value
	Decision

	



Sinusoidal
	10
	72.1394
	47.5872
	



2.666
	



0.008
	



Reject H0

	
	20
	150.4380
	96.0768
	
	
	

	
	30
	216.7337
	138.4763
	
	
	

	
	50
	385.7434
	246.8694
	
	
	

	
	100
	745.2863
	467.3912
	
	
	

	
	500
	3758.4130
	2347.5438
	
	
	

	
	1000
	7438.3744
	4608.2733
	
	
	

	
	3000
	22292.4035
	13786.5974
	
	
	

	
	5000
	37209.7560
	23028.7045
	
	
	

	
	
	HQIC(Arctan.)
	HQIC(Dev.)
	Z
	p-value
	Decision

	



Arctangent
	10
	72.0420
	47.5872
	



2.666
	



0.008
	



Reject H0

	
	20
	148.4303
	96.0768
	
	
	

	
	30
	218.7271
	138.4763
	
	
	

	
	50
	382.5893
	246.8694
	
	
	

	
	100
	744.938
	467.3912
	
	
	

	
	500
	3759.2388
	2347.5438
	
	
	

	
	1000
	7438.4380
	4608.2733
	
	
	

	
	3000
	22291.5104
	13786.5974
	
	
	

	
	5000
	37209.5110
	23028.7045
	
	
	



Table 6 shows that the Wilcoxon Signed-Rank Test was used to compare the HQIC values of the developed model (DM) with each of the ten simple regression models (SRMs). The findings reveal that for all SRMs, the null hypothesis (H0) is rejected at a significance level of 0.05 since the p-values are all 0.008, indicating that the HQIC values of the DM are significantly different from those of each SRM. The results suggest that the DM is a better choice than each of the ten SRMs based on the lower HQIC values.

Conclusion
This study evaluated the performance of ten simple regression models against a newly developed model using various criteria measures, including Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC), and Hannan-Quinn Information Criterion (HQIC). The results showed that the developed model outperformed all other models, with significantly lower AIC, BIC, and HQIC values. The Wilcoxon Signed-Rank Test confirmed that the differences in AIC, BIC, and HQIC values between the developed model and each of the ten simple regression models were statistically significant.
Recommendation
Based on the results of this study, the following recommendations are proposed:
i. Adopt the developed model: The developed model demonstrated superior performance and robustness across different sample sizes, making it a reliable choice for future applications.
ii. Use multiple criteria measures: Evaluating models using multiple criteria measures (AIC, BIC, and HQIC) provides a comprehensive understanding of their performance.
iii. Consider non-linear relationships: The developed model's performance suggests that non-linear relationships may be important in modeling certain datasets.
Suggestions for Further Studies
Based on the results of this study, the following areas are suggested for future research:
i. Explore other datasets: Apply the developed model to other datasets to further evaluate its performance and generalizability.
ii. Compare with other machine learning models: Compare the developed model's performance with other machine learning models, such as decision trees or neural networks.
iii. Investigate the impact of sample size: Further investigate the impact of sample size on the performance of the developed model and other regression models.
iv. Develop more complex models: Explore the development of more complex models that incorporate additional variables or interactions.
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