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Abstract  The purpose of this study is to fit some models to age specific employment rates (ASERs) and age specific 
unemployment rates (ASURs) for male, female and both sexes population of Curacao in 2011. The data is taken from Census 
2011 of Curacao to fulfill the objectives of this research. Quasi Newton Method is employed to fit these models using the 
software STATISTICA. Moreover, t-test, F-test and cross validity prediction power (CVPP) are used to check the accuracy as 
well as validation of the model. In this study, it is found that the pattern of ASERs for male, female and both sexes population 
of Curacao are exhibiting reciprocal of U-shape pattern and all the curves of ASURs for male, female, both sexes population 
are showing decreasing with increase of ages. It is also investigated that ASERs for male, female and both sexes population of 
Curacao follow quadratic polynomial models and ASURs for male, female, both sexes population follow cubic polynomial 
models. These models are well fitted in accordance with t-test, F-test and CVPP. The coefficients of determination of these 
models are more than 98%. 
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1. Introduction 
Curacao is an island located in the southwestern 

Caribbean Sea of total area 444 square kilometer with 
150,563 populations in which 68,848 male and 81,715 
female populations [2]. The density of population per square 
kilometer is 339 and about 30% of the island has been 
occupied by housing and industry. The Dutch Caribbean 
island of Curacao is now an autonomous country within the 
Kingdom of Netherlands as of October 10, 2010. Curacao is 
a UNESCO World Heritage Site has an eclectic mix of 
history and culture that welcomes visitors to this unique 
island. Tourism is one of the most important economic 
sectors in Curacao. It has contributed significantly to 
economic growth and employment. Now, greater resources 
are available on-island for develop new port facilities and 
hotels, positioning Curacao for significant growth in its 
tourism industry. With its pristine dive sites, secluded 
beaches, championship golf and local food, Curacao is ready 
to serve the adventure travelers who simply want to enjoy its 
perfect climate. Curacao enjoys an ideal locale, situated in 
between Aruba and Bonaire, just 35 miles north of 
Venezuela. It has other important sectors including an oil   
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refinery, a free zone, and international financial services. 
Youth unemployment rate especially up to age 29 is very 
high in Curacao. It has a well-earned reputation for religious 
and ethnic harmony. While 80% of the population is Catholic, 
many religions have their own houses of worship including 
Protestants, Jews, Muslims, Baptists, Adventists, Jehovah’s 
Witnesses, Mormon’s and Methodist. It has one of the 
highest standards of living with a GDP per capita of US 
$ 20,500 [5]. The education system in Curacao is highly 
developed. The education system starts from Kindergarten 
through primary, secondary and tertiary level. The 
unemployed rate in Curacao for no education population is 
0.86%, for elementary education is 7.29%, for secondary 
level 1st stage is 45.20%, for secondary level 2nd stage is 
28.94%, for higher education is 6.34% [3]. According to the 
Labor Force Survey, Curaçao’s unemployment rate was 
higher among females (17.7%) than males (11.4%) in the 
year 2006. Approximately 70% of the unemployed had a low 
education level [4]. The skills of job seekers do not match the 
characteristics of the job vacancies [1]. Employers complain 
about the lack of qualified people. However, according to the 
recent job vacancy survey by the Central Bureau of Statistics, 
52% of the job openings require individuals with a low level 
of education [32]. After observing the unemployment rates, 
it is seen that employment opportunity in Curacao is 
available for no education and higher education population. 
In this study, it is investigated employment and 
unemployment rate for male, female and both sexes’ 
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populations of Curacao in 2011 through mathematical 
modeling. For doing so, polynomial model is selected. It is 
mentioned that a number of studies has been done using 
polynomial model [7-8, 10, 15-16, 31].   
Therefore, the specific objectives of this study are addressed 
below: 

i) To study the level and pattern of ASERs as well as 
ASURs for male, female and both sexes population of 
Curacao in 2011, 

ii) To fit some models to ASERs and ASURs for male, 
female and both sexes populations, 

iii) To check the validity of these fitted models using cross 
validity prediction power (CVPP). 

2. Data and Data Source  
The secondary data on ASERs and ASURs for male, 

female and both sexes population in Curacao have been 
taken from Census of 2011 [2] which is shown in Table 1. 

3. Methods and Methodological Issues  

3.1. Smoothing of ASERs and ASURs 

It is observed that there is some kind of unexpected 
distortions in the data aggregate when the data on ASERs 
and ASURs for male, female and both sexes population in 
Curacao by age group is put on graph paper. Therefore, an 
adjustment is needed to abate these unpredicted distortions 
before going to fit the models to these data. As a 
consequence, a modification is made here using the Package 
Minitab Release 12.1 by the smoothing technique “4253H, 
twice” [34]. It is noted that this method requires at least 
seven observations. Thereafter, the smoothed data are used 
to fit model for male, female and both sexes population in 
Curacao and these smoothed data are launched in Table 2. 
This method was also used as smoothing technique [9]. 

3.2. Model Fitting to ASERs and ASURs 

A) Using the scattered plot (Fig.1-Fig.3) of ASERs by age 
group in years for male, female and both sexes population in 
Curacao, it seems that ASERs for male, female and both 
sexes population in Curacao can be fitted by polynomial 
model with respect to different ages in year. Therefore, an 
nth degree polynomial model is considered in case of 
Curacao and the formation of the model is 

Table 1.  Employment and Unemployment Rates of Curacao by Age and Sex, 2011 

Age 
Employment rate Unemployment Rate 

Male Female Both Sexes Male Female Both Sexes 
15-19 19.4 15.9 17.6 21.8 29.1 25.2 
20-24 52.2 45.3 48.6 19.0 24.5 21.8 
25-29 75.5 69.3 72.1 11.6 15.4 13.7 
30-34 83.6 76.2 79.3 7.3 10.2 8.9 
35-39 84.0 76.8 79.9 6.7 9.8 8.4 
40-44 86.8 76.6 81.0 5.6 9.5 7.7 
45-49 84.3 73.1 78.0 5.3 10.4 8.1 
50-54 81.5 66.3 72.9 5.2 9.2 7.3 
55-59 75.1 56.9 64.8 4.8 8.4 6.6 
60-64 40.4 25.6 32.3 5.0 9.6 7.0 
65+ 12.8 5.7 8.6 4.1 7.7 5.5 

Table 2.  Smoothed Employment and Unemployment Rates of Curacao by Age and Sex, 2011 

Age 
Employment rate Unemployment Rate 

Smoothed 
Male 

Smoothed 
Female 

Smoothed 
Both Sexes 

Smoothed 
Male 

Smoothed 
Female 

Smoothed 
Both Sexes 

15-19 22.65 17.83 19.77 21.80 29.10 25.20 
20-24 50.93 44.68 47.60 17.36 22.88 20.10 

25-29 71.97 64.93 68.32 12.37 16.36 14.48 
30-34 82.83 75.05 78.55 8.40 11.60 10.16 
35-39 86.09 77.34 80.84 6.42 9.71 8.24 

40-44 86.41 76.56 80.49 5.66 9.41 7.75 
45-49 85.53 73.61 78.83 5.29 9.39 7.54 
50-54 80.60 65.99 72.57 5.08 9.34 7.28 

55-59 66.47 50.71 57.71 4.89 9.15 6.95 
60-64 42.10 28.94 34.69 4.58 8.70 6.41 
65+ 12.80 5.70 8.60 4.10 8.05 5.62 
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where, x is the mean value of the age group; y is ASERs; 0a
is the constant; ia  is the coefficient of ix  (i =1, 2, 3, ..., n) 
and u is the disturbance term of the model. Here, a suitable n 
is found for which the error sum of square is minimum. 

Model: y=a+b*x+c*x^2
y=(-106.09)+(9.46727)*x+(-.11365)*x^2
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Figure 1.  Smoothed and Fitted ASERs for Male in 2011.  X: Age in Years and Y: Smoothed ASERs for Male 

Model: y=a+b*x+c*x^2
y=(-98.858)+(8.73794)*x+(-.10682)*x^2
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Figure 2.  Smoothed and Fitted ASERs for Female in 2011.  X: Age in Years and Y: Smoothed ASERs for Female 
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Model: y=a+b*x+c*x^2
y=(-101.96)+(9.055)*x+(-.10981)*x^2
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Figure 3.  Smoothed and Fitted ASERs for Both Sexes in 2011.  X: Age in Years and Y: Smoothed ASERs for Both Sexes 

Model: y=a+b*x+c*x^2+d*x^3
y=(58.4735)+(-2.8663)*x+(.051269)*x^2+(-.31e-3)*x^3
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Figure 4.  Smoothed and Fitted ASURs for Male in 2011.  X: Age in Years and Y: Smoothed ASURs for Male 

B) Using the dotted plot (Fig.4-Fig.6) of ASURs for male, 
female and both sexes population in Curacao by age groups, 
it is observed that these follow nth degree polynomial model 
with respect to ages. Therefore, the structure of the model is 
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where, x is the average value of the age group; y is forward 
cumulative ASURs; 0a  is the constant; ia  is the 

coefficient of ix  (i =1, 2, 3, ..., n) and u is the disturbance 

term of the model. A suitable n is selected such that the error 
sum of square is lowest. 

The software STATISTICA was used to fit these models 
to ASERs and ASURs.  

Model: y=a+b*x+c*x^2+d*x^3
y=(81.3246)+(-4.2096)*x+(.081015)*x^2+(-.51e-3)*x^3
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Figure 5.  Smoothed and Fitted ASURs for Female in 2011.  X: Age in Years and Y: FCD of Smoothed ASURs for Female 

Model: y=a+b*x+c*x^2+d*x^3
y=(68.6286)+(-3.4603)*x+(.065077)*x^2+(-.41e-3)*x^3
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Figure 6.  Smoothed and Fitted ASURs for Both Sexes in 2011.  X: Age in Years and Y: Smoothed ASURs for Both Sexes 

  

 



 American Journal of Mathematics and Statistics 2016, 6(3): 94-102 99 
 

3.3. Model Validation Technique 
To check how much these models are stable over the 

population in case of Curacao, the cross validity prediction 
power (CVPP), 2

cvρ , is applied in this paper. Here   

)R1(
)2kn)(1kn(n

)1n)(2n)(1n(1 22
cv −

−−−−
+−−

−=ρ ;  

where, n is the number of cases, k is the number of predictors 
in the model and the cross validated R is the correlation 
between observed and predicted values of the dependent 
variable [33]. The shrinkage coefficient of the model is the 
positive value of ( 2

cvρ - R2); where 2
cvρ  is CVPP and R2 is 

the coefficient of determination of the model. 1-shrinkage is 
the stability of R2 of the model. The information on model 
fitting and estimated CVPP have been demonstrated in Table 
3. It is noted that CVPP was also employed as model 

validation technique [11-13, 20-21, 23, 26-30]. 

3.4. F-test 

To verify the measure of the overall significance of the 
model as well as the significance of R2, the F-test is 
employed in this paper. The formula for F-test is given 
below: 

)kn(
)R1(

2

2
)1k(

R
F

−
−

−=
 with (k-1, n-k) degrees of freedom, 

where k = the number of parameters is to be estimated, n = 
the number of cases and R2 is the coefficient of 
determination of the fitted model [6]. These estimates are 
shown in Table 4. It is to be mentioned that F-test was also 
used as overall significance of a model [14, 17-19, 22, 
24-25]. 

Table 3.  Information on Model Fittings and Estimated CVPP of the Predicted Equations of Smoothed ASERs and ASURs of Curacao in 2011 

Models n k 
2R  2

cvρ  Shrinkage 
Variance 

explained (%) 

Equation 1 11 2 0.98813 0.979189 0.00894104 98.81% 
Equation 2 11 2 0.99140 0.984922 0.00647792 99.14% 
Equation 3 11 2 0.99005 0.982555 0.00749481 99.01% 

Equation 4 11 3 0.99464 0.987470 0.00716987 99.46% 
Equation 5 11 3 0.99377 0.985436 0.00833364 99.38% 
Equation 6 11 3 0.99379 0.985483 0.00830688 99.38% 

 

 
Figure 7.  Smoothed ASERs for male, female and both sexes population of Curacao in 2011 
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Table 4.  The Information of Calculated and Tabulated F of the Predicted Equations of Smoothed ASERs and ASURs of Curacao in 2011 

Models n k Cal. F Tab.F (at 1% level) 

Equation 1 11 3 1582.877 8.65 with (2,8) d.f. 
Equation 2 11 3 1773.484 8.65 with (2,8) d.f. 
Equation 3 11 3 1689.288 8.65 with (2,8) d.f. 

Equation 4 11 4 1101.406 8.45 with (3,7) d.f. 
Equation 5 11 4 1381.492 8.45 with (3,7) d.f. 
Equation 6 11 4 1182.161 8.45 with (3,7) d.f. 

 
Figure 8.  Smoothed ASURs for male, female and both sexes population of Curacao in 2011 

4. Results and Discussion 
Table 1 represents the ASERs and ASURs for male, 

female and both sexes population of Curacao in 2011. To see 
the level and pattern of ASERs and ASURs for male, female 
and both sexes population of Curacao, the data have been 
presented in graph paper shown in Fig. 7 and Fig. 8 
respectively. It is found that the pattern of ASERs for male, 
female and both sexes population of Curacao are showing 
reciprocal of U-shape pattern. It is seen that highest ASERs  
for male, female and both sexes in the age group 35-49. It is 
also observed that highest ASURs for male, female and both 
sexes in the age group 15-24. From the above observation 
and Fig. 7and Fig. 8, it is found that employment rate for 
female is low in all age group compared to male and 
unemployment rate for male is low in all age group 
compared to female in Curacao.  

The polynomial model is constructed for smoothed 
ASERs for male population of Curacao in 2011 and the fitted 
equation is as follows: 

y = -106.088 +9.467270x - 0.113649x2     (1) 
t-stat    (-14.2344)    (24.7765)   (-25.6202) 
P-value   (0.0000)    (0.0000)     (0.0000) 

Polynomial model is constructed for ASERs for female 
population of Curacao in 2011 and the fitted equation is  

y = -98.8581 + 8.737945x - 0.106823x2     (2) 
  t-stat       (-16.3028)   (28.1062)     (-29.5979) 

P-value     (0.0000)     (0.0000)     (0.0000) 
Polynomial model is fitted for ASERs for both sexes 

population of Curacao in 2011 and the fitted equation is 
given below: 
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y = -101.956 +9.055004x – 0.109808x2     (3) 
 t-stat      (-15.3397)   (26.5729)    (-27.7580) 

P-value   (0.0000)      (0.0000)     (0.0000) 
Polynomial model is constructed for ASURs for male 

population of Curacao in 2011 and the fitted equation is  
y = 58.47352 – 2.86626x + 0.051269x2 – 0.000307x3 (4) 
 t-stat  (17.8251)  (-10.6244)  (7.5691)   (-5.8115) 
P-value  (0.0000)   (0.0000)  (0.0001)   (0.0006) 

Polynomial model is fitted for ASURs for female 
population of Curacao in 2011 and the fitted equation is  

y = 81.32458 – 4.20964x + 0.081015x2 – 0.000515x3 (5) 
t-stat   (19.7247)   (-12.4151)  (9.5164)   (-7.7541) 
P-value  (0.0000)    (0.0000)   (0.0000)    (0.0001) 
Polynomial model is constructed for ASURs for both 

sexes population of Curacao in 2011 and the fitted equation 
is given by 

y = 68.62862 – 3.46029x + 0.065077x2 – 0.000410x3 (6) 
t-stat    (18.0678)   (-11.0772)    (8.2974)   (-6.6950) 
P-value  (0.0000)     (0.0000)     (0.0000)   (0.0002) 

The estimated CVPP, 2
cvρ  corresponding to their 2R  

are shown in Table 3. The smoothed and fitted values are 
depicted in Figure 1 to Figure 6. In this table, all fitted 
models from equation (1) to equation (6) are cross validated 
and their shrinkage’s are small. Moreover, it is observed that 
all the parameters of the fitted models are statistically 
significant with large proportion of variation explained. 
Indeed, the proportions of variation of these models are more 
than 98%. The stability of the models 1 to 6 is more than 
97%. 

From the Table 4, it is found that the calculated values of 
F-statistic of the models (1) to (6) are 1582.877 with (2, 8) 
degrees of freedom (d.f.), 1773.484 with (2, 8) d.f., 1689.288 
with (2, 8) d.f., 1101.406 with (3, 7) d.f., 1381.492 with (3, 7) 
d.f., 1182.161 with (3, 7) d.f. respectively where as the 
corresponding tabulated values are 8.65, 8.65, 8.65, 8.45, 
8.45 and 8.45 respectively at 1% level of significance. 
Therefore, from these statistics it is also concluded that all 
these constructed models are highly statistically significant. 
Hence, the fits of these models are well. 

5. Conclusions 
In this study, ASERs for female population of Curacao is 

lower in every age group than male population as well as 
ASURs for female population is higher in every age group 
than male. The shapes of ASERs for three cases are showing 
reciprocal of U-shape pattern and ASURs are showing 
decreasing curves. The ASERs for male, female and both 
sexes population follow quadratic polynomial models, 
ASURs for male, female and both sexes populations follow 
3rd degree polynomial models. The proportions of variation 
of these models are more than 98%. It is found that the 

overall significance of these models is highly significant due 
to F-statistics. Hence, these models are better fit. 
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