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Abstract
We developed a novel model combining the partial least squares structural equation modeling (PLS-SEM) and Artificial 
Neural Network (ANN) to examine the relationships between demographic variables, spousal support, financial satisfaction, 
and marital satisfaction. The sample comprised 948 Turkish participants who completed the Spousal Support Scale, Financial 
Satisfaction Scale, and Kansas Marital Satisfaction Index. In the dimension of PLS-SEM, spousal support positively influ-
enced financial satisfaction. In the below- and above-starvation-line groups, marital satisfaction was positively influenced by 
financial satisfaction and spousal support. The PLS-SEM and the ANN models were integrated, and the present PLS-SEM 
model was validated. SS and FS were two crucial aspects of a marriage that significantly determine overall marital satisfac-
tion in the below- and above-starvation-line groups. The MLP analysis demonstrated the validity of the relationship model 
between marital satisfaction and demographics. Age in the group above the starvation line and the number of children in the 
group below the starvation line were significant variables for MS.
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Introduction

Marital satisfaction (MS) is a comprehensive evaluation of 
a person’s attitude towards their marriage, used to measure 
marital contentment and stability in all facets of the relation-
ship (Tavakol et al., 2017). MS is a subjective evaluation of 
how partners perceive marriage (Keizer, 2014). According 
to Keizer, relationship satisfaction is a subjective experience 
and opinion rather than a measure of a relationship’s quality. 
Extensive research in this field indicates that MS is associ-
ated with a variety of factors, including the duration of mar-
riage, number of children, gender, age, religion, education, 
socioeconomic status, culture, spousal support (SS), depres-
sion, stress, and uncertainty (Rashidi Fakari et al., 2022; 

Sorokowski et al., 2017). According to research, age, gender, 
duration of marriage, number of children, and dual-income 
status are significantly correlated with MS (Jackson et al., 
2014; Wendorf et al., 2011). Furthermore, it may be stated 
that MS is an important variable associated with notions 
such as SS (Yedirir & Hamarta, 2015), FS (Boyle, 2012), 
marriage length (Bulgan et al., 2018), number of children 
(Sorokowski et al., 2017), gender (Jackson et al., 2017), age 
(Sorokowski et al., 2017), the presence of dual earners (Min-
notte et al., 2013) as well as to fields such as couple rela-
tions, interpersonal relationships, and health. It is crucial to 
research MS using a variety of variables, such as spousal 
support (SS) and financial satisfaction (FS), as few studies 
have focused on the factors impacting marital pleasure in 
different circumstances. The current study aims to identify 
factors that may influence marital satisfaction in various 
contexts, considering the participants’ starvation status.

Poverty is defined by the United Nations (UN) as the 
inability to meet basic requirements such as sanitation, edu-
cation, nutrition, and clean water (UN, 2022). In Turkey, 
however, the starvation line is determined by the ability 
of people to meet their basic food and beverage require-
ments. It is stated that a family with two children must reach 
a certain minimum income level to meet their basic food 
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requirements. Disk-Ar (The Research Centre of Confed-
eration of Progressive Trade Unions of Turkey) and Türk-iş 
(Confederation of Turkish Trade Unions) reported in April 
2022 that the family starvation line was set at 4750 TL and 
5323.64 TL, respectively (Disk-Ar, 2022; Türk-İş, 2022). 
To prevent bias, we use the average of these household pre-
dictions (5036.50 TL). In our sample, there are a variety of 
families. They range from families with no children to those 
with six, meaning that our study’s households range from 
two to eight people. Therefore, we calculated the family’s 
income per person. In comparative cross-national research 
statements, it is widely acknowledged that the concept of 
the poverty line is more prevalent than the starvation line. 
Given Turkey’s unique context, however, the starvation line 
concept would more effectively elucidate the relationship 
between the MS and SS, FS, and demographics. In Tur-
key, the minimum wage is determined by several signifi-
cant parameters, the starvation line being one of the most 
significant. The so-called “minimum wage” appears to be 
intended to reflect the cost of subsistence and is widespread 
among salaried employees across the nation. However, it is 
essential to note that the “poverty line” refers to a distinct 
and separate concept. As an illustration, it is noteworthy 
that a threshold value of 4000 TL may define the starvation 
line. In contrast, the poverty threshold may exceed 10,000 
Turkish Lira.

The report assembled by the Consumer Rights Associa-
tion has revealed that a distressing segment of the Turkish 
population, estimated to exceed 25.5 million individuals, 
comprising approximately 30% of the entire populace, was 
presently situated below the starvation line, as manifested 
by their incapacity to fulfill the fundamental requirements 
of sustenance (THD, 2022). Therefore, it has been evaluated 
that addressing individuals who exhibit this characteristic 
separately in our sample can provide significant contribu-
tions in practice.

This study will constitute the first study to investigate 
the relationship between spousal support, financial satisfac-
tion, various demographic variables, and marital satisfac-
tion by dividing the participants’ data into two groups: those 
above and below the starvation line. According to studies, 
the ability to satisfy basic needs significantly impacts mari-
tal satisfaction. Maslow (Arlow, 1955) suggests everyone 
seeks to satisfy various requirements. Food comes first 
on the list of basic requirements, then other psychologi-
cal requirements. According to Maslow’s theories, people 
should fulfill their basic needs (Levinger, 1966). Therefore, 
to experience marital satisfaction, individuals must satisfy 
their fundamental needs, including their hunger. We hypoth-
esize that spousal support, financial satisfaction, and other 
demographical characteristics will affect marital satisfaction, 
varying depending on whether a couple lives above or below 
the starvation line.

The level of support provided by one’s spouse is a crucial 
factor in marital fulfillment; the larger the level of support 
provided by one’s spouse, the greater the level of harmony 
and happiness there is in the marital relationship. There is 
a favourable correlation between being content with one’s 
financial situation and having a healthy marriage (Broman, 
1993). There is a correlation between contentment with the 
family’s financial status and an enhanced level of marital 
well-being. It is reasonable to draw the conclusion that 
spousal support and financial contentment have an impact 
on the satisfaction level of marriage. Increased spousal sup-
port and contentment with how the family finance contribute 
to increased marital well-being (Broman, 1993).

Objectives

This study examines factors contributing to MS by focus-
ing on the SS, FS, and demographic variables of married 
individuals in Turkey via online surveys. Specifically, the 
study aims to (i) examine the association between SS, FS, 
and MS in the below- and above-starvation line groups (ii) 
investigate how demographic information (age, gender, 
dual-earner, education, marriage length, and the number of 
children) is related to MS, (iii) examine the link between 
demographic information and MS in the groups below and 
above the starvation line. In response to current study limita-
tions, this study examines the relationship between various 
forms of spousal support, FS, and MS. In this study, SS is 
expected to have a statistically significant impact on MS 
with the mediation of FS, and SS has a positive effect on FS 
(Fig. 1). We expect SS to be the most significant predictor 
of MS. The second stage of our analysis indicates the sig-
nificance of independent variables concerning MS (Fig. 2).

The impact of several demographic factors, such as age, 
gender, the presence of two income earners in a household, 
level of education, the length of a marriage, and the number 
of children, might shift depending on other variables. On the 
other hand, it is generally accepted that these factors do have 
some influence on MS (Fig. 3). The third phase of our analy-
sis demonstrates the significance of each demographic vari-
able concerning MS. Based on the literature and our research 
objectives, the following hypotheses can be formulated:

 (1) SS will affect MS positively in the above-starvation-
line group.

 (2) SS will affect MS positively in the below-starvation-
line group.

 (3) SS will affect FS positively in the above-starvation-
line group.

 (4) SS will affect FS positively in the below-starvation-
line group.
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 (5) FS will affect MS positively in the above-starvation-
line group.

 (6) FS will affect MS positively in the below-starvation-
line group.

 (7) FS will determine SS and MS in the above-starvation-
line group.

 (8) FS will determine SS and MS in the below-starvation-
line group.

PLS-SEM Model and Hypotheses

4H3H2H

 H1            

Financial Satisfaction

Spousal 
Support Marital Satisfaction

Fig. 1  PLS-SEM model and hypotheses

Example of the Second-Staged ANN Model

                   Latent Variables

Spousal Support Marital 
Satisfaction

Financial Satisfaction

H (1:1)

H (1:2)

H (1:3)

Fig. 2  Example of the second-staged ANN model

Example of the Third-Staged ANN Model for Demographic Variables and Dependent Variable 

             Latent Variables

Demographical Variables

H (1:1)

Marital 
Satisfaction

H (1:2)

H (1:3)

Fig. 3  Example of the third-staged ANN Model for demographic variables and dependent variable
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 (9) Demographics (age, gender, dual earner, education, 
marriage length, and the number of children) will pre-
dict MS.

 (10) Demographics (age, gender, dual earner, education, 
marriage length, and the number of children) will pre-
dict MS in the above-starvation-line group.

 (11) Demographics (age, gender, dual earner, education, 
marriage length, and the number of children) will pre-
dict MS in the below-starvation-line group.

Spousal Support (SS) and Marital Satisfaction (MS)

It is commonly held that SS affects the marital relationship. 
So far, studies have found a significant and positive rela-
tionship between SS and MS. Spousal support is one of the 
most significant aspects of intimate relationships, and it is 
thought to play a major role in marital relationships (Cun-
ningham & Barbee, 2000). According to recent findings, 
spouse emotional support is the most significant predictor 
of MS. It was found that SS affected MS in a significantly 
positive way (Işık & Kaya, 2022). Other research found that 
SS was a significant predictor of marital satisfaction and 
closeness (Çağ & Yıldırım, 2018). Receiving spousal sup-
port has been shown to enhance the marriage and potentially 
improve the partners’ psychological, emotional, and physical 
health (Sarason et al., 1997). Despite the academic focus on 
SS, only a few studies have explicitly studied the relationship 
between SS and marital happiness. As a result, this research 
aims to investigate whether SS is significantly connected 
with marital happiness. It would, thus, be interesting to see if 
this finding can be replicated in Turkish culture concerning 
FS. We believe SS will predict FS and MS positively in the 
groups above and below the starvation line.

Financial Satisfaction (FS)

Financial activities and how effectively family income 
is managed are shown to be strongly linked with marital 
happiness in general (Archuleta et al., 2011). While FS is 
positively associated with marriage satisfaction, financial 
stresses are adversely related to MS (Archuleta et al., 2011). 
Furthermore, Britt et al. (2008) discovered a positive asso-
ciation between financial contentment and relationship sat-
isfaction, whereas Grable et al. (2007) discovered a correla-
tion between FS and marital dissatisfaction. In other words, 
when couples had higher levels of financial happiness and 
less financial pressure, they were more content with their 
marriage (Boyle, 2012). The research presents evidence con-
centrating on family finance, implying that satisfaction with 
one’s financial status boosts marital satisfaction (Copur & 
Eker, 2014). Therefore, financial habits, such as budgeting, 
saving, and investing, are strongly associated with financial 
satisfaction, and these good financial behaviors contribute to 

a couple’s relationship satisfaction (Skogrand et al., 2011). 
However, very little empirical research has been conducted 
on the effect of FS in determining MS. New studies are 
needed to elucidate the association between these variables. 
Consequently, we assumed that FS would be a significant 
positive predictor of MS. We believe FS will affect SS and 
MS in above and below the starvation line groups.

Demographics

Age was identified as a common factor in MS literature and 
the most significant predictor of MS. The findings indicate 
a strong relationship between age and marriage satisfaction 
(Amirnovin & Ghaffarian, 2018). Other findings revealed 
no statistically significant link between MS and age (Alder, 
2010; Moghadam et al., 2015). Numerous factors, such as 
education, length of the marriage, and economic status, 
significantly associated with MS are also correlated with 
age (Dabone, 2014). Nevertheless, there is an inconsistent 
relationship between age and MS. The research provides 
no unambiguous predictions regarding age-related patterns. 
Consequently, it is impossible to draw definitive conclusions 
about age-related tendencies of outcomes from the current 
corpus of research. More research has to be done on age as 
a possible indicator of MS. Thus, we hypothesize that age 
will significantly predict MS in both groups above and below 
the starvation line.

The findings demonstrated statistically significant gender 
differences between wives and husbands regarding marital 
satisfaction. They indicated that wives were slightly less 
satisfied than husbands (Jackson et al., 2017), which seems 
to provide evidence consistent with the gender theory, that 
males have a larger effect than females on the marriage rela-
tionship (Wilkie et al., 1998). Others, however, observed 
no differences in MS levels between male and female part-
ners (Broman, 2005). These results indicate that research 
on gender differences in marital satisfaction is inconsistent. 
We suggest that gender will be a crucial predictor of MS in 
groups above and below the starvation line.

Dual earners are more likely to be stressed at work and 
dissatisfied in their relationships. According to empirical 
research (Majhi & Panda, 2015), families with dual incomes 
are more likely to experience role excess and increased work 
and family-related stresses, negatively impacting the way 
families function. When there are two earners, males fre-
quently show more job stress and worse MS symptoms than 
wives. Therefore, it is important to take into account the 
challenges faced by couples with two incomes due to factors 
such as job stress and marital discontent (Putri & Kinanthi, 
2017). It is widely acknowledged that husbands and wives 
who contribute financially to the household report lower 
levels of marital satisfaction, possibly because dual-income 
couples are more likely to experience marital conflicts (Putri 



727Journal of Family and Economic Issues (2024) 45:723–740 

1 3

& Kinanthi, 2017). Jacobs and Gerson (2001) also found 
that two-income couples were concerned with maintaining 
a healthy work-family balance. Other studies (Mohsin, 2014) 
show that two incomes assist the couple in satisfying their 
fundamental needs, affording a higher level of living, and 
enjoying a variety of satisfaction and necessity. Therefore, 
it can be argued that having two incomes will likely make 
any married couple happier (Majhi & Panda, 2015). This 
study also aims to determine how MS is viewed in dual-
earner marriages. Therefore, the fact that a couple has two 
incomes might affect how satisfied they are in their mar-
riage. We suggest that being a dual-earner couple will be an 
important indicator of MS in both groups above and below 
the starvation line.

An individual’s level of education has the potential to 
influence their lives positively and helpfully. Due to their 
education and academic understanding, those with a higher 
level of education may have more significant comprehension 
and awareness than others, preventing them from engaging 
in inappropriate behavior. Additionally, a person’s educa-
tional background may affect their position and role in the 
community. Consequently, Hosseini et al. (2017) suggest 
that degree of education may significantly influence marital 
satisfaction. The results of the studies indicate that those 
with higher levels of education reported increased marital 
satisfaction. For example, Madanian and Mansor (2013) 
indicated that education significantly predicted MS. Other 
research (Ahangar et al., 2016) revealed that individuals with 
a lower level of education reported decreased marital satis-
faction. There appears to be a correlation between education 
level and marital satisfaction, which suggests that education 
is a significant factor in MS. In contrast, other researchers 
(Alder, 2010; Hosseini et al., 2017) examined the relation-
ship between educational level and marital satisfaction and 
found no significant correlation between the two variables. 
As a result, it is hard to conclude the current research on 
the relationship between marital satisfaction and educational 
level because it is frequently founded solely on data from 
countries other than Turkey. This raises the topic of whether 
or not a comparable relationship exists in Turkish culture. 
It was determined that a new study was required to clarify 
the relationship between these two variables. Our findings 
suggest that education will play a significant role in predict-
ing MS in both groups above and below the starvation line.

The length of a marriage is crucial to determining rela-
tionship satisfaction. It is anticipated that couples who have 
been married for extended periods will experience greater 
satisfaction and support in their relationships than those 
who have been married for a shorter period (Umeaku et al., 
2022). According to Orathinkal and Vansteenwegen (2006), 
elderly couples and those who have been married for more 
than ten years typically endure an adaptation period that 
results in fewer psychological problems. However, Shakir 

et al. (2021) found no statistically significant relationship 
between marriage length and relationship satisfaction, while 
Naderi and Nory (2017) found a negative relationship. Con-
sequently, new research is required to elucidate the asso-
ciations between these variables in light of these contradic-
tory findings. The relationship between the duration of a 
marriage and marital satisfaction has yet to be adequately 
studied in Turkish samples, similar to the other variables in 
this study. Consequently, the current research will also inves-
tigate how the length of marriage influences marital satisfac-
tion. Consequently, the duration of the marriage will be an 
important factor for predicting MS in both groups above and 
below the starvation line.

MS research supports the idea that the relationship 
between spouses will be hardened as the number of children 
rises (Kowal et al., 2021). According to the social exchange 
theory, which is based on the interdependence theory of 
Thibaut and Kelly, individuals join a relationship when the 
cost-to-benefit ratio is favorable (Nakonezny & Denton, 
2008). With age, parents devote more time and resources to 
their children. As children age, their parents often dedicate 
more time and resources to them. Although this effect was 
not noticeable among Turkish women, having children pre-
dicted lower marital happiness across cultures (Wendorf, 
2011). A new study is needed to determine the association 
between the number of children and MS in Turkish culture. 
Given this information, we assume the number of children 
will be important in predicting MS across income levels. 
Within this framework, the following research questions will 
be investigated as part of this study:

1. What are the associations between SS, FS, and MS?
2. How is demographic information related to MS?
3. How do the associations between demographic informa-

tion, SS, FS, and MS differ between those above and 
below the starvation line?

Method

Research Framework

This study aims to construct a three-staged model that com-
bines the PLS-SEM and ANN models to investigate the 
relationships between FS, SS, and MS and to compare the 
significance of independent and demographic variables with 
the dependent variable. Figure 4 shows the research frame-
work of these three stages.

Sampling and Data

Survey Monkey was used as the instrument for carrying 
out the process of data collection. The online survey was 
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administered in a randomized manner over the course of 
two months, from March until May of 2022. At the outset 
of the survey, respondents were asked about their marital 
status, and those who were unmarried were excluded. The 
study received responses from 951 married people, 948 
of which were deemed to be valid, which represented a 
response rate of 99.68%. It was revealed that 844 respond-
ents (89.03%) lived above the starvation line, whereas 108 
respondents (10.97%) lived below it.

Table 1 shows the descriptives of the demographic vari-
ables. According to Table 1, the proportion of females 
(66.6% of the above-starvation-line group, 86.5% of the 
below-starvation-line group) is larger than that of males 
for the two income groups.

The age group of 30 to 39 is the biggest across both 
income groups (37.2% for those above the starvation line, 
48.1% for those below the starvation line). This age group 
was followed by the 40- to 49-year-olds in both income 
groups. However, the most prominent third age group 
changed according to the income groups. The 50 to 59 
ranked third with a share of 19.3% above the starvation 
line, while groups 20 to 29 ranked third with almost the 
same share (19.2%) below the starvation line. University 
graduation proportion (the sum of an associate degree, 
undergraduate school, and graduate school) was 83.2% 
in the higher-income group, in line with our expecta-
tions. However, the lower income group’s share of high 
school and lower education levels reached 86.5%. For both 
income groups, a marriage length between 1 and 29 years 
constituted more than 85% of respondents. Dual-earner 
couples had 62.7% above the starvation line. This dimin-
ished to 7.7% below the starvation line group. The families 

with two children ranked first for both income groups. The 
second was one child for those above the starvation line 
and three children for those below the starvation line. 
Table 2 shows the descriptives of dependent and inde-
pendent variables.

According to Table 2, SS, FS, and MS have a higher aver-
age in the group above the starvation line than the lower-
income group. Also a lower standard deviation for all varia-
bles in the group above the starvation line was observed. The 
skewness results indicate that all variables (except FS in the 
below-starvation line) are right-skewed. It further indicates 
that variables’ distributions do not have excessive kurtosis.

Variables

SS was the independent variable for PLS-SEM and the sec-
ond-staged ANN analysis. FS was the PLS-SEM analysis’s 
mediator variable and the second-staged ANN’s independent 
variable. In contrast, demographic variables (age, gender, 
dual earners, education, marriage length, and the number 
of children) were independent variables for the third-staged 
ANN. MS was the dependent variable in all stages of our 
analysis.

Measures

Survey for Variables

Spousal Support Yıldırım (2004) created the Spousal 
Support Scale (SSS) to measure the amount of perceived 
SS. The SSS is made up of 27 items that are rated on a 
3-point Likert scale (“1 = Does not describe me at all” to 

Fig. 4  Summary of the research framework of three stages
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“3 = Describes me well”). The SSS is divided into four sub-
scales: emotional support, instrumental and informational 
support, appraisal support, and social support. The score 
spans 27 to 81, with higher values indicating greater per-
ceived SS. The SSS had a Cronbach’s Alpha of 0.95 in the 
original study.

Financial Satisfaction Financial satisfaction was measured 
using a 10-point scale that Prawitz et al. (2006) employed. 
The question asks respondents to circle the number that 
best indicates how pleased they are with their current finan-
cial condition on a scale of 1–10, with scores of 1 being 
extremely unsatisfied and ten being extremely satisfied.

The Kansas Marital Satisfaction Index (KMSS; Nichols 
et  al., 1983). The KMSS is a three-item scale. It assesses 
the conceptual distinctions suggested by Spainer and Cole 
between SS, MS, and marital relationship satisfaction 

(1976). In the KMSS, each item is assigned a value rang-
ing from 1 (extremely unsatisfied) to 7 (extremely satisfied). 
The overall score ranges between 3 and 21, with higher val-
ues indicating greater perceived MS. Işık and Akün con-
ducted reliability and validity studies on the Turkish version 
of the scale (2021). The internal consistency coefficient of 
the Turkish version of the KMSS was discovered to be = 99 
because of the investigations conducted.

First‑Stage Analysis: PLS‑SEM This study uses a quantitative 
methodology based on confirmatory factor analysis in the 
first stage and uses a cross-sectional research design. This 
methodology is called Partial Least Squares Structural Equa-
tion Modelling (PLS-SEM). Partial Least Squares (PLS) is a 
component-based structural equation modeling approach to 
examine the relationships among dependent, independent, 
and mediator variables. This technique is commonly used 
in social sciences research (Hair et  al., 2014; Iqbal et  al., 

Table 1  Descriptive analysis for 
demographic variables

Above Starvation 
Line

Below Starvation 
Line

n % n %

Gender Female 562 66.6 90 86.5
Male 282 33.4 14 16.5

Age 20 to 29 88 10.4 20 19.2
30 to 39 314 37.2 50 48.1
40 to 49 236 28.0 23 22.1
50 to 59 163 19.3 8 7.7
60 + 43 5.1 3 2.9

Education Literate - - 1 1.0
Primary School 26 3.1 31 29.8
Middle School 20 2.4 35 33.7
High School
Ass

96 11.4 23 22.1

Associate Degree 98 11.6 7 6.7
Undergraduate School 405 48.0 6 5.8
Graduate School 199 23.6 1 1.0

Dual-Earner Couples Dual-Earner 529 62.7 8 7.7
Only Man 293 34.7 88 84.6
Only Woman 22 2.6 8 7.7

Marriage Length  < 1 year 11 1.3 - -
1 to 9 263 31.2 22 21.2
10 to 19 280 33.2 57 54.8
20 to 29 187 22.2 13 12.5
30 to 39 88 10.4 8 7.7
40 + 15 1.8 4 3.8

Number of Children 0 99 11.7 - -
1 221 26.2 5 4.8
2 370 43.8 41 39.4
3 123 14.6 40 38.5
4 + 31 3.7 18 17.3
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2018). PLS-SEM has two dimensions. These are measure-
ment model (reliability and validity analyses) and structural 
model (path) analysis, respectively (Ringle et al., 2018). In 
the context of the measurement model, we check composite 
reliability and convergent and discriminant validities using 
different indices in the literature.

Two indices are commonly used for reliability analysis. 
These are Cronbach’s Alpha coefficient and Composite Reli-
ability (CR). They should be greater than 0.7 (Hair et al., 
2019). We used Average Variance Extracted (AVE) and 
Heteroit-Monoroit Ratio (HTMT) to constitute convergent 
and discriminant validities. AVE has to exceed 0.5, whereas 
HTMT should be less than 0.85 (Hair et al., 2019). After 
checking the reliability and validity, the structural model 
analysis can be applied. The structural model is imple-
mented to obtain path coefficients and test the significance 
of these coefficients through the use of the bootstrapping 
technique. We apply the PLS-SEM model to determine the 
relationships between SS, FS, and MS for the above- and 
below-starvation-line groups and the indirect relationship 
(proxy FS) between SS and MS for the same groups by using 
the SmartPLS 3.0 software package. We use the mediation 
analysis (Preacher & Hayes, 2008) to check the indirect rela-
tionship between SS and MS.

Second and Third Stages Analysis: ANN Model

We use the Artificial Neural Network (ANN) model in the 
second and third stages. The ANN model is a vigorous 
method utilizing artificial intelligence (AI) and imitating 
the brain’s functions. This model has several advantages 
compared to traditional statistical models like multivariate 
regression, which only evaluates linear relationships between 
variables. However, the ANN model examines linear and 
non-linear interactions using deep learning facilities without 
restrictions and econometric assumptions (Liébana–Cabanil-
las et al., 2017a, 2017b). ANN can be counted as a machine 
learning methodology to diminish prediction errors using 
a feed-forward-back-propagation (FFBP) algorithm. The 
ANN model has three layers: input, hidden, and output. It 
usually uses activation functions to connect different layers. 
The activation function generally uses a sigmoid or hyper-
bolic tangent function (Leong et al., 2020). The ANN model 
uses the unknown inner workings—a black box. It investi-
gates the latent relationships in the data through training 
and shows the learning outcome through testing (Liébana-
Cabanillas et al., 2017a, 2017b; Sharma et al., 2021).

In our research, we used the non-linear ANN model (Mul-
tilayer Perception, MLP) for the second and third stages 
using IBM SPSS-25 software. In the second stage, we tried 
to determine the significance of SS and FS in MS for the 
groups above and below the starvation line. We combine 
the PLS-SEM and the ANN model to determine the rela-
tionships between independent variables (SS and FS) and 
dependent variables (MS). We examined the robustness of 
PLS-SEM model results for each income group. In the third 
stage, we deployed the ANN model to reveal the significance 
of demographic variables in MS for different income groups. 
This hybrid model is usually used in business models and the 
engineering field. However, this is an innovative application 
for the multidiscipline study of psychology and finance.

Results

First‑Stage Results

The measurement models check the reliability and validity in 
the first dimension of PLS-SEM. Cronbach’s Alpha values of 
each construct were above 0.7 (0.96 for the above-starvation-
line model, 0.95 for the below-starvation-line model), and 
construct reliability (CR) was above 0.7 (0.96 for the above-
starvation-line model, 0.95 for the below-starvation-line 
model), indicating high internal consistency. AVE was above 
0.5 (0.88 for the above-starvation-line model, 0.87 for the 
below-starvation-line model), displaying that all factors per-
form the convergence value. The reliability analysis results 
show that all factors provide reliability when measuring the 

Table 2  Descriptive statistics for dependent/independent variables

SS: Spousal Support; FS: Financial Satisfaction; MS: Marital Satis-
faction

Variables Descriptives Above Starvation 
Line

Below 
Starvation 
Line

MS Mean 16.9 16.3
Maximum 21 21
Minimum 3 3
Std. Dev 4.5 4.9
Skewness − 1.42 − 1.26
Kurtosis 1.34 0.91

SS Mean 67.0 62.4
Maximum 81 81
Minimum 29 32
Std. Dev 13.2 13.9
Skewness − 1.05 − 0.46
Kurtosis 0.12 − 0.81

FS Mean 6.9 4.7
Maximum 10 10
Minimum 1 1
Std. Dev 2.6 3.1
Skewness − 0.59 0.48
Kurtosis − 0.40 − 0.96
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observed variables, which can be retained. The study esti-
mates that the HTMT values proposed by Henseler et al. 
(2015) to procure the discriminant validity are accurate. The 
results show that the HTMT was calculated as lower than 
0.85 (from 0.17 to 0.85 for the above-starvation-line model 
and from 0.33 to 0.84 for the below-starvation-line model), 
which shows that they measure different things. Conse-
quently, the current investigation ensured that all measure-
ment model requirements were satisfied and validated the 

measures’ reliability, convergent validity, and discriminant 
validity.

In the second dimension of PLS-SEM, the structural 
models were applied above and below the starvation line 
when the conditions of the measurement models were 
met. PLS bootstrapping with 5000 samples was applied 
to evaluate the statistical significance of the models. 
Table 3 shows the results of the PLS-SEM analysis. These 
results also support the proposed research objectives and 
hypotheses.

H1 examines whether SS positively affects MS for 
each income (above and below the starvation line) group. 
H1a and H1b were significant at 1% with 0.84 and 0.81 
beta coefficients, respectively. H2 investigates that SS 
has a positive impact on FS. Our results showed that two 
hypotheses (H2a and H2b) were significant at 1%, as well. 
Regarding H3, FS positively affects MS for each income 
group. Two hypotheses were also significant at 5%, with 
β = 0.06 above the starvation line and β = 0.11 below the 
starvation line. It was found that SS was a more critical 
variable than FS in explaining MS, as per our expectations. 
Finally, H4 stated that FS separately mediated SS and MS 
for two income groups. H4a was statistically significant 
at 5% with a 0.01 beta coefficient, and H4b at 10% with a 
0.04 beta coefficient.

SRMR is a criterion to evaluate the model fit. The 
model fits well if SRMR does not exceed 0.08 (Leong 
et al., 2019). Both models had a lower value than 0.08 
(0.01 for above the starvation line, 0.02 for below the star-
vation line).

Therefore, our analysis concludes that all coefficients 
are positive and significant for all income groups and 
relevant, as presented in Fig. 5, for intuitively testing 
research hypotheses 1–4. This shows that spousal sup-
port has a significant positive impact on FS and MS in 
both groups, directly and indirectly, through FS on MS. 

Table 3  PLS-SEM results (Structural Model Path Coefficient)

VIF scores change between 1 and 6. VIF score < 10 means no multi-
collinearity problem for variables (O’Brien, 2007)
S.E. Standard error; SRMR Standardized Root Mean Square Residual
a: Bootstrapping (n = 5000)
*,**,*** significance at 10%, 5%, and 1% respectively (two-tailed 
t-test)

Above starvation line β S.E

H1a SS →  MS .84*** .02
H2a SS → FS .17*** .04
H3a FS → MS .06** .02
H4aa (Mediation 

Effect)
SS → FS 
→ MS

.01** .01

Saturated model Estimated model
SRMR .01 .01

Below Starvation Line
 H1b SS → MS .81*** .04
 H2b SS →  FS .33*** .08
 H3b FS →  MS .12** .05

H4ba (Mediation 
Effect)

SS → FS 
→ MS

.04* .02

Saturated model Estimated model
SRMR .02 .02

Fig. 5  PLS-SEM results (Structural Model)
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However, regarding the above-starvation group, SS had 
a more significant and positive impact on MS than the 
below-starvation group. FS had a significant and positive 
impact on MS in both groups, but in the below-starvation 
group, the impact of FS on MS was bigger.

Second‑Stage Results

The two-step PLS-SEM and Multilayer Perception (MLP) 
ANN (a non-linear ANN method) procured more in-depth 
results regarding the relative significance of the input factors 
(Sohaib et al., 2019). In the second stage, the (MLP) ANN 
model was applied to check the significance of SS and FS 
in MS for the two income groups. Thus, PLS-SEM and the 
ANN model were combined, and we examined the robust-
ness of the PLS-SEM model.

This research used a commonly applied FFBP algorithm 
to train the ANN model with a sigmoid or hyperbolic hid-
den layer activation function. Figure 6 shows an example of 
this application.

A ten-fold cross-validation technique was implemented 
to avoid overfitting neural network models (Liébana–Caba-
nillas et al., 2017a, 2017b). Cross-validation was used in 
training and testing data in the 70% to 30% ratio. The root 
means square of error (RMSE) was also used to improve 
ANN model accuracy (Sharma & Sharma, 2019). According 
to the data set interval, RMSE values can change between 

0 and ∞ . However, lower RMSE shows a better fit for any 
model.

The MLP models reported 2.64 and 2.77 average RMSE 
for training and 2.28 and 1.92 mean RMSE for testing in 
both income groups, from higher to lower, respectively. 
MS scores ranged from 3 to 21. Thus, the standard devia-
tion of 0.02 and 0.08 for training and 0.04 and 0.14 for 
testing data under RMSE values showed that the models 
had high precision with non-linear ANN models. (See 
Appendix A. It shows the results for each income group.)

The main findings of the MLP models can be obtained 
from a sensitivity analysis (Liebana-Cabanillas et  al., 
2017). This model determines the variations in the depend-
ent variable by changes in the associated independent vari-
ables. Table 4 shows the sensitivity analysis results for 
those above and below the starvation line.

According to Table 4, SS is the most influential inde-
pendent variable with an average normalized importance 
ratio of 93.53% and 91.72% on MS for above and below 
the starvation line, respectively. However, FS follows SS 
for both income groups with an average normalized impor-
tance ratio of 6.47% and 8.28% on MS. FS is a more effec-
tive variable for the lower-income group than the higher 
one. Table 5 summarizes a robustness check and compari-
son between PLS-SEM and MLP model results for both 
income groups.

Fig. 6  Example of the non-linear ANN Model (Second Stage)
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Table 5 compares the results of MLP models (for all 
income groups) and the PLS-SEM based on the strength of 
path coefficients (PLS-SEM) and normalized importance 
ranking. SS ranks first, and FS follows it for both models 
and income groups. These findings show that PLS-SEM 
and MLP can be applied together, and the second stage 
enhances the robustness of our models.

Third‑Stage Results

In the third stage, we applied the MLP models to reveal the 
relative importance of demographics on MS for both income 
groups. The third stage also used the FFBP algorithm with 
a sigmoid or hyperbolic hidden layer activation function to 
train the ANN model. Figure 7 shows an example of this 
application.

It also used a ten-fold cross-validation technique with 
RMSE to abstain from overfitting all neural network models, 
such as the second stage (Liebana-Cabanillas et al., 2017). 

According to MLP models for MS models with demograph-
ics, RMSE ranges from 4.62 and 4.82 for training and 3.36 
and 3.83 for testing the two income groups (see Appendix 
B). Hence, the models were reliable for analyzing the rela-
tionships between demographics (predictors), and the ANN 
models demonstrate a good model fit.

Table 6 shows the results of the sensitivity analysis find-
ings for MS in each income group. According to Table 6, the 
age category is the most influential independent variable, 
with an average normalized importance ratio of 17.64% for 
predicting MS above the starvation line. Dual-earner cou-
ples, the number of children, marriage length, education, 
gender, and income group follow this. These variables’ 
importance ratios range from 12.64% to 16.54% (less than 
a 4% interval).

However, the normalized importance ratios from the 
highest to the lowest are ranked as the number of children 
(27.17%), marriage length (18.94%), dual-earner couples 
(13.52%), education (12.52%), age category (12.33%), and 
gender (4.18%) for those below the starvation line.

Discussion

The current study aimed to discover variables influencing 
marital satisfaction in various contexts, considering whether 
their income is above or below starvation. This study inves-
tigated the associations between MS and the SS, FS, and 
demographic characteristics of married people in Turkey. 
The overall goal of this work was to create a unique three-
staged model that combines the PLS-SEM and ANN models 
to evaluate the correlations between FS, SS, and MS and 
compare the weights of independent and demographic fac-
tors at the dependent variable.

In the dimension of PLS-SEM, structural models were 
applied above and below the starvation line after satisfying 
the requirements of measurement models, which assessed 
whether SS and FS positively affected MS for participants 
above and below the starvation line. SS, FS, and MS had a 
greater average for the group above the starvation line than 
the group below the starvation line. For each group, SS had 

Table 4  A second-stage sensitivity analysis: importance of independ-
ent variables in MS at MLP models

Dependent Variable (output) = MS; Independent Variables 
(inputs) = SS and FS

Above Starvation Line Below Starvation 
Line

ANN SS FS SS FS

ANN (1) .93 .07 .95 .05
ANN (2) .95 .05 .92 .08
ANN (3) .96 .04 .90 .10
ANN (4) .94 .06 .93 .07
ANN (5) .94 .06 .92 .08
ANN (6) .92 .09 .90 .10
ANN (7) .95 .05 .89 .11
ANN (8) .94 .06 .93 .07
ANN (9) .94 .06 .89 .11
ANN (10) .90 .10 .94 .06
Average Importance .94 .07 .92 .08
Normalized Importance 93.53% 6.47% 91.72% 8.28%

Table 5  Comparison between 
PLS-SEM and MLP (ANN) 
Analysis

Note. Dependent Variable = MS

Predictor PLS-SEM Path PLS-SEM 
Ranking

ANN Importance ANN Ranking

Above Starvation Line
 SS .84 1 93.53% 1
 FS .06 2 6.47% 2

Below Starvation Line
 SS .81 1 91.72% 1
 FS .11 2 8.28% 2
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a positive influence on FS and SS (Işık & Kaya, 2022; Yedi-
rir & Hamarta, 2015), and FS (Archuleta et al., 2011; Britt 
et al., 2008; Kerkman, 1998; Kerkman et al., 2000) had a 
positive influence on MS. According to the findings of these 
studies, in line with the present outcomes, SS and FS were 
two crucial aspects of a marriage that played a significant 
role in determining overall marital satisfaction. Numerous 
studies indicate that those who receive support from their 
spouses report higher marital satisfaction than people who 
don’t. The findings further indicate that financially content 
participants will likely have more stable marriages. Those 
who report high levels of SS and FS also report high levels 
of MS because of the positive relationship between SS, FS, 
and MS. They also show that SS and FS elements are rec-
ognized as sources of marital satisfaction and factors that 
affect the quality of relationships. SS had a more significant 
and positive effect on FS in the above-starvation-line group 
than in the below-starvation-line group. However, the effect 
of FS on MS was greater in the below-starvation-line group 
than in the above-starvation-line group. The group above 
the starvation line may support their spouses in other areas 

as they have more economic income and thus can meet their 
basic financial needs. On the other hand, the group below the 
starvation line may support their spouses more financially 
because they have a lower economic income and, therefore, 
cannot meet their basic financial needs. Maslow’s hierarchy 
of needs can help us understand the associations between 
SS, FS, and MS in groups below and above the starvation 
lines. According to Maslow (Arlow, 1955), humans attempt 
to satisfy various needs. Biological requirements, such as the 
need to eat, are the initial and most basic, followed by other 
psychological needs. Maslow’s ideas state that most people 
focus on the first level (Levinger, 1966). Hence, individu-
als must satisfy their fundamental and financial needs to be 
satisfied in their marriage.

A further finding from the examination of the data was 
that FS served as a significant and positive mediator between 
SS and MS. In sum, the mediation effect of the variable of FS 
explained the significant association between SS and MS. In 
light of these findings, spousal support was revealed to favor 
the quality of marriage via the indirect influence of finan-
cial satisfaction, as it can decrease financial stress between 

Fig. 7  Example figure of the non-linear ANN model (Third Stage)
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partners. Spousal support, according to this, explains marital 
satisfaction via the mediator effect of financial satisfaction. 
The direct influence of the variable of spousal support on 
marital satisfaction might be explained by reference to the 
variable of financial satisfaction, according to the results of 
a synthesis of the present study and the findings of the lit-
erature (Kerkman et al., 2000), because it was supposed that 
FS would enhance supportive partner behaviors to improve 
overall marital quality. It is thought that lower FS would 
lower spousal support behaviors and decrease MS (Kerkman 
et al., 2000). It’s possible that new research may shed light 
on the relationship between FS and MS.

In the second phase, the (MLP) ANN model was used 
to evaluate the significance of SS and FS in MS for the two 
income groups. The PLS-SEM model and the ANN model 
were integrated, and the robustness of the PLS-SEM model 
was investigated. FS was more significant for the lower-
income group than for the higher-income group. For all 
models and income groups, SS ranked first, and FS ranked 
second. These results indicate that PLS-SEM and MLP can 

be used in conjunction with one another, and the addition 
of the second stage improves the robustness of our models. 
The PLS-SEM analysis was validated with the help of the 
deep ANN during the second phase because the ANN model 
had a greater prediction ability than PLS-SEM models and 
was used to elucidate the relationships between variables 
further (Almarzouqi et al., 2022). Due to its deep architec-
ture, which enables it to identify non-linear correlations 
between variables, ANN has a high prediction potential 
(Almarzouqi et al., 2022). Because this is the first study to 
apply ML algorithms to predict the relationship between 
SS, FS, and MS, the hybrid method used in this study will 
contribute to the field of MS research. According to Huang 
and Stokes (2016), the analysis often uses a basic type ANN 
with just one hidden layer. To enhance the precision of non-
linear models, deeper ANN or multi-layer ANN has been 
suggested in the literature (Wang, 2017). This study uses 
deep ANN, a hybrid SEM-ANN approach to analyze the 
data based on the recommendations. To analyze the data 

Table 6  A Third-stage 
sensitivity analysis: importance 
of demographic variables in MS 
at MLP models

Dependent variable (output) = MS

ANN Age Category Gender Dual-
Earner 
Couples

Education Marriage
Length

Number 
of Chil-
dren

Above Starvation Line
 ANN (1) .28 .15 .14 .12 .08 .09
 ANN (2) .12 .06 .27 .12 .12 .11
 ANN (3) .18 .16 .12 .15 .13 .20
 ANN (4) .19 .18 .12 .18 .12 .09
 ANN (5) .19 .09 .23 .12 .09 .16
 ANN (6) .19 .16 .10 .10 .21 .13
 ANN (7) .19 .14 .18 .13 .10 .17
 ANN (8) .22 .07 .20 .13 .11 .17
 ANN (9) .13 .12 .16 .14 .14 .16
 ANN (10) .08 .14 .13 .16 .25 .13
 Average importance .18 .13 .17 .13 .14 .14
 Normalized importance 17.64% 12.64% 16.54% 13.35% 13.48% 14.03%

Below starvation line
 ANN (1) .08 .01 .18 .05 .26 .29
 ANN (2) .11 .10 .14 .16 .21 .21
 ANN (3) .12 .01 .21 .12 .18 .30
 ANN (4) .11 .06 .09 .23 .20 .09
 ANN (5) .17 .07 .05 .20 .20 .19
 ANN (6) .13 .03 .15 .13 .22 .26
 ANN (7) .19 .10 .05 .14 .06 .31
 ANN (8) .15 .01 .23 .07 .07 .38
 ANN (9) .08 .01 .13 .08 .28 .36
 ANN (10) .10 .04 .13 .07 .22 .34
 Average Importance 0.12 .04 .14 .13 .19 .27
 Normalized Importance 12.33% 4.18% 13.52% 12.52% 18.94% 27.17%
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based on the suggestions made in this research, we used deep 
ANN, a method that combines SEM and ANN.

In the third phase, we utilized MLP models to determine 
the relative impact of demographics on MS for two income 
groups. For MS, the ANN models had a strong model fit 
and were reliable for analyzing the associations between 
demographics (predictors) and dependent variables. Age 
(Amirnovin & Ghaffarian, 2018; Lee, 1977) was the most 
influential independent predictor for predicting MS above 
the starvation line, followed by dual-earner couples (Putri 
& Kinanthi, 2017) and the number of children (Kowal et al., 
2021; Orithinkal & Vansteenwegen, 2007) according to the 
findings of a sensitivity analysis. This may be related to the 
fact that as individuals become older, they become more 
financially stable and have more marital satisfaction. How-
ever, below the starvation line, the most influential inde-
pendent predictor was the number of children, followed by 
the length of marriage (Bulgan et al., 2018; Umeaku et al., 
2022) and dual-earner couples. Similarly, research in Turkey 
(Kavak, 2018) found that having more children increased 
the couple’s obligations and financial challenges, made it 
harder for the spouses to spend quality time together, and 
lowered marital happiness for various other reasons. Other 
studies failed to reveal a significant association or revealed 
a significant negative association between age (Alder, 2010; 
Moghadam et  al., 2015), dual-earner couples (Mohsin, 
2014), number of children (Wendorf et al., 2011), length 
of marriage (Shakir et al., 2021) and MS. Age was a sig-
nificant predictor of MS because judgment-based criteria 
had the potential to change with time and education level 
usually increases with age. This indicates that marital satis-
faction grew in line with the average age at which a couple 
tied the knot (Dabone, 2014; Lee, 1977). The research on 
dual-earner couples reveals that involvement in the spouse’s 
gendered position at work fosters more substantial knowl-
edge of the partner’s obligations than performing in separate 
roles (Schwartz, 1994). The dual-income couple can aug-
ment their lifestyle and mental health with dual incomes 
(Gallimore et al., 2006). According to other researchers, the 
number of children in a household diminishes marital satis-
faction. As the number of children increases, parents devote 
more time and energy to caring for them. By doing so, the 
existing resources for their partner’s care may become lim-
ited. Therefore, raising more children may be perceived as 
a bonding element and an obstacle to leaving the marriage, 
but not necessarily a satisfying marriage (Kowal et al., 2021; 
Orithinkal & Vansteenwegen, 2007). These findings imply 
that marital satisfaction declines as the number of children 
increases, although it may vary according to different stud-
ies (Kowal et al., 2021); for example, the research has not 

revealed a similar outcome in the Turkish context (Wendorf 
et al., 2011). This indicates that culture-specific variables 
may impact the relationship between marital happiness and 
the number of children (Sorokowski et al., 2017). Partici-
pants who had been married for longer indicated higher 
satisfaction levels with their marriage (Bulgan et al., 2018).

Implications and Limitations

This hybrid model is typically utilized in the field of engi-
neering in addition to its business models. Nonetheless, 
this is an original application for the interdisciplinary study 
of psychology and finance. These results demonstrate that 
PLS-SEM and MLP are compatible, improving our models’ 
robustness. The mediation study also suggests that the par-
ticipants’ financial happiness significantly mediates the rela-
tionship between spousal support and marital satisfaction. In 
addition, FS is indeed a significant precursor to MS, together 
with SS. The ANN model reveals the significance of demo-
graphic factors on MS for various income groups. According 
to the results of this study, factors such as spousal support, 
financial satisfaction, age, dual-earning, the number of chil-
dren in the marriage, and the length of the marriage are 
all related to marital satisfaction. Those in the low-income 
group can improve their financial situation by receiving a 
better education. This information will aid in identifying the 
variables that may affect marital happiness.

However, there are a few shortcomings in this research. 
The current study is limited to present dataset and certain 
regions in Turkey. Another limitation is that this study is 
cross-sectional. The demographics and research characteris-
tics of age, gender, education, income, dual-earning, number 
of children, length of the marriage, SS, and FS were one of 
the study’s major limitations. In Turkey, the percentage of 
households living on minimum wage and the proportion of 
families living below the starvation line is higher than in our 
study (THD, 2022).

Implications for Future Research

Considering the limitations of the present study, analyses 
can be made with more generalizable data. It is suggested 
that further research be carried out with a bigger sam-
ple size and participants from more varied backgrounds. 
Studies can be conducted in which demographics are 
used as moderator variables. This research adopted a 
quantitative approach, which limited its ability to gener-
alize and demonstrate the concepts under investigation. 
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Therefore, it is proposed that future studies use qualita-
tive and mixed methods to comprehend marital satisfac-
tion. Using a qualitative method, potential participants 
from both groups below and above the starvation line 
can be interviewed about SS, FS, and MS to get broader 
responses and support the quantitative data, focusing on 
gender roles. This research focuses on how general SS 
affects marital satisfaction. Future research, however, may 
use other forms of spousal support, such as emotional and 
physical assistance, since the other forms of support may 
be more significant than support in terms of relationship 
happiness. Meanwhile, longitudinal studies should be 
conducted to conclude the nature of the causal relation-
ship between the above factors and marital satisfaction. It 
may be advantageous to do research that follows couples 
over time and examine their relationships during various 
life stages.

Implications for Practice/Policy

The current findings may be applied to enhance family-based 
treatments in family therapy, psychology, policymaking, and 
education settings. In particular, the findings of this research 
will be helpful to professionals working in mental health, as 
well as marital psychotherapists, counselors, family trainers, 
and mental health supervisors in Turkey who work with mar-
ried couples. When working with this population, therapists 
and counselors should be aware of the differences between 
groups below and above the starvation line in terms of the 
associations between demographics, SS, FS, and MS. These 
differences can be seen in terms of the relationship between 
the starvation line and SS, FS, and MS. Policymakers may 
use this information to create psycho-educational programs 
to assist couples in improving their marriages based on their 

finances. To better understand how sociocultural elements 
affect marital happiness, studies and policy should also focus 
on the financial state of marriage in varied demographic 
groups.

Conclusions

This study aimed to develop a novel three-staged model 
combining the PLS-SEM and ANN models to examine FS, 
SS, and MS relationships and compare the significance of 
independent and demographic variables with the depend-
ent variable. This study is one of the first to examine the 
association between spousal support, financial satisfaction, 
various demographic variables, and marital satisfaction by 
dividing participants’ data into two above- and below-star-
vation-line groups. SS, FS, and MS were more prevalent 
above the starvation line than in the lower-income group. 
Spousal support significantly impacts financial and mari-
tal satisfaction in both groups, where FS is directly and 
indirectly related to MS. These findings show that PLS-
SEM and MLP can be applied together. The second stage 
enhances the robustness of our models. For MS models 
with demographics, the models are reliable in analyzing 
the relationships between demographics (predictors), and 
the ANN models possess a good model fit. Age was the 
most influential independent variable for predicting MS 
above the starvation line.

Appendix

See Tables 7 and 8
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Table 7  The second stage: MLP (Non-linear ANN) model validation analysis

 RMSE Root mean square errors; N  sample size; S.D. Standard Deviation

Above Starvation Line Below Starvation Line

Training Testing Training Testing

N RMSE N RMSE N RMSE N RMSE

581 2.638 263 2.244 71 2.732 33 1.923
587 2.618 257 2.241 77 2.865 27 1.528
569 2.596 275 2.320 76 2.671 28 1.852
588 2.634 256 2.339 67 2.815 37 1.900
580 2.631 264 2.276 80 2.732 24 1.719
597 2.634 247 2.252 75 2.703 29 1.829
584 2.650 260 2.225 66 2.905 38 2.007
596 2.630 248 2.283 66 2.852 38 1.863
600 2.638 244 2.274 76 2.695 28 1.936
596 2.678 248 2.346 74 2.756 30 1.897
Mean 2.635 Mean 2.280 Mean 2.773 Mean 1.923
SD 0.021 SD 0.042 SD 0.081 SD 0.135

Table 8  The third stage: MLP (Non-linear ANN) model validation analysis for MS

RMSE  Root mean square errors, N  sample size, SD  Standard Deviation

Above Starvation Line Below Starvation Line

Training Testing Training Testing

N RMSE N RMSE N RMSE N RMSE

581 4.708 263 3.768 71 4.281 33 3.252
587 4.511 257 3.825 77 4.892 24 3.851
569 4.713 275 3.879 76 4.716 28 3.240
588 4.707 256 3.806 67 4.972 36 3.367
580 4.456 264 3.829 80 4.902 23 3.407
597 4.640 247 3.826 75 4.918 29 3.222
584 4.633 260 3.781 66 5.106 35 3.435
596 4.624 248 3.826 66 4.472 36 3.304
600 4.583 244 3.896 76 4.942 28 3.327
596 4.667 248 3.827 74 4.984 30 3.152
Mean 4.624 Mean 3.826 Mean 4.818 Mean 3.356
SD 0.086 SD 0.039 SD 0.256 SD 0.195
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