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Abstract

The evaluation of this perspective is the objective of this work, that is, to evaluate the impacts of outsourcing
processes on fixed and variable costs. For this, an econometric model was formulated to capture fixedcosts,
variables and their changes, from outsourcing, and applied in a higher education institution, located in the
southern region of Brazil. The data collected included the total cost,the amount of credits contracted, the
semesters in which outsourcing began and the outsourced sectors, considering the period from 1995 to
2017. The results obtained revealed that outsourcing actually led to a reduction in fixed costs and an
increase in variable costs. In addition, it was also found that fixed costs were reduced more intensely than
the expansion of variable costs, over time, indicating that outsourcing generated cost reduction and that
there are learning and management gains in the outsourcing processes.

Keywords: Outsourcing; Fixed costs; Variable costs; Cost function

Resumo

O objetivo deste trabalho é avaliar os impactos dos processos de terceirizacdo nos custos fixos e variaveis.
Para isso formulou-se um modelo econométrico que captasse os custos fixos, as varidveis e suas
alteragbes, a partir de terceirizagbes ocorridas, e aplicou-se em uma instituicdo de ensino superior,
localizada na regido Sul do Brasil. Os dados coletados incluiram o custo total, a quantidade de créditos
contratados, os semestres de inicio da terceirizacado e os setores terceirizados. O periodo analisado foi de
1995 a 2017. Os resultados obtidos revelaram que as terceiriza¢des de fato conduziram a uma redugao dos
custos fixos e a uma ampliacao dos custos variaveis. Verificou-se também que os custos fixos se reduziram
de forma mais intensa do que a ampliagcdo dos custos variaveis, ao longo do tempo, indicando que as
terceirizagbes geraram redugdo de custos e que ha ganhos de aprendizado e gestao nos processos de
terceirizagéo.

Palavras-chave: Terceirizacdo; Outsourcing; Custo fixo; Custo variavel; Fungdo de custos

Resumen

La evaluacién de esta perspectiva es el objetivo de este trabajo, es decir: evaluar los impactos de los
procesos de outsourcing sobre los costos fijos y variables. Para dar respuesta al objetivo, se elabor6 un
modelo econométrico que reuniera costos fijos y variables y sus cambios a partir de subcontrataciones y
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se lo aplicé a una institucion de educacion superior ubicado en el sur de Brasil. Los datos colectados
incluyen costo total, cantidad de contratos de crédito, semestres de inicio de la subcontrataciéon y sectores
subcontratados, considerando el periodo de 1995 a 2017. Los resultados revelaron que las
subcontrataciones efectivamente lograron una reduccion de costos fijos y una ampliacion de costos
variables, siendo que nuevas subcontrataciones generaron un impacto mas considerable en los costos
variables en relacion a los costos fijos en términos de elasticidad, indicando que hay beneficios de
aprendizaje y gestion en los procesos de subcontratacion.

Palabras clave: Subcontratacion; Tercerizacién; Costo fijo; Costo variable; Funcion de costos

1 Introduction

The term outsourcing is used to refer to the idea of transferring activities from within the company to
an external supplier company. The benefits of these transfers, according to Fonseca (2014), are diverse and
can be grouped into business, technological, political and economic-financial advantages. In this last group,
the advantages are concentrated in aspects related to costs, such as improved cost controls, cost reduction
and transfer of fixed to variable costs.

The improvement in cost control was observed by Costa (2003) and the agility in companies'
responses in terms of costs by Yang and Zhao (2016). With regard to cost variation, Cohen and Roussel
(2013), Kumar and Kopitzke (2008) and Marquez-Ramos and Martines-Zarzoso (2014) found a significant
reduction in costs with outsourcing processes. However, this reduction is not indisputable, as there is
evidence of overestimated cost savings and even increased costs after outsourcing, as shown by Bryce and
Useem (1998), Domberger and Fernandez (1999), Pepper (1996) and Vining and Globerman (1999) and
Oliveira et al. (2013). Thus, it is noted that, although the research results are not yet conclusive, there is a
predominance of finding in more recent studies that outsourcing brings a series of benefits, including cost
reduction. The change in the researchers' perception was verified by Costa (2003) when detecting that their
assessment changed throughout the 1990s, going from predominantly negative and neutral to neutral and
positive. Added to this is the complexity of the relationships involved in the outsourcing process which, in
specific cases, can result in different effects. (Kremic et al., 2006).

With regard to the ability to convert fixed costs into variable costs, Liu and Tyagi (2017) stands out,
published in the International Journal of Research in Marketing (IJRM) — a magazine that is among the fifty
journals with the highest impact factor in the world. In this study, the authors carry out a theoretical analysis
of outsourcing, showing that one of the benefits of this process would be its ability to convert fixed costs into
variable costs, which would constitute market equilibrium, because this is the trend in processes of
outsourcing. Likewise, it is observed by Fonseca (2014) and empirically by Rezende (2008).

Thus, one of the benefits of outsourcing would be its ability to convert fixed costs into variable costs,
allowing organizations greater flexibility and ability to adjust to demand in times of crisis. Therefore, the
outsourcing of services and/or processes constitutes a form of structuring production and determining the
resulting costs, acting as a resource rationalization mechanism. (Imhoff & Mortari, 2005).

Therefore, the question that drives this research arises, which is: How do outsourcing processes
impact on fixed and variable costs? Seeking the answer to this question is the objective of this research,
focusing on the conversion of fixed costs into variables and their elasticities. In other words, explicitly, the
objective of this investigation is to evaluate the impacts of outsourcing processes on fixed and variable costs.

This research is justified by the fact that the national scientific production related to the topic
(considering only the articles published in scientific journals in the area of Administration and Accounting
classified from A1 to B2, from 2000 to 2020) is concentrated, fundamentally on two topics. The first concerns
the labor aspect, highlighted by the publication of Bill No. 4.330/04, which authorized the hiring of third
parties for core activities in companies, and its amendments to Bill No. 13.429/17, which also modified the
temporary employment law (Law no. 6.019/74), according to Alves et al. (2015); Barbosa (2010); and Pereira
(2004).

The second topic concerns the outsourcing of the information technology area (Prado, 2009; Prado
& Takaoka, 2006; Stal & Morganti, 2011). In this set of national studies, researches that seek to assess the
impact of outsourcing on the efficiency of companies, the effects of outsourcing on organizations and the
reasons that lead companies to outsource (Girardi, 1999; Prado & Takaoka, 2002; Santos et al., 2013;
Valois & Almeida, 2009).

When conducting this survey, there was a lack of studies that sought to identify the transfers of fixed
costs to variables that could be established as resulting from the outsourcing process. There were also no
articles that analyzed the elasticity of fixed and variable costs due to outsourcing, indicating the opportunity
in scientific terms for the development of this research.

The article is divided into five sections. Section 2 presents the theoretical aspects of outsourcing and
section 3 describes the methodological procedures used in the work. Next, section 4 demonstrates and
analyzes the results found and section 5 brings the final considerations.
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2 Theoretical Review

This section is subdivided into three parts. The first addresses issues related to outsourcing, the
second briefly discusses the theoretical issue of cost functions and the third contains the formulation of
research hypotheses.

2.1 Outsourcing: concept, advantages and disadvantages

Among many decisions related to the production process that managers need to take are those
linked to activities that will be produced internally or for which third parties will be hired. (Besanko et al.,
2006). It is known that the choices regarding the decision of vertical integration, vertical disintegration,
internal or outsourced supply are not simple (Slack et al., 2018) and involve deciding on the degree of
dependence on other companies. (Wolf, 2001).

When deciding to produce internally, the company manages all processes, internalizing
responsibilities and vertically integrating the production process. (Porter, 2004). This integration must take
into account both the estimates of cost savings provided by integration and must explore the broader
strategic problems of integration, as well as some occasional administrative problems that arise in managing
a vertically integrated entity (Porter, 2004).

However, increased competition and greater market instability have led to a growing trend towards
specialization, through vertical disintegration (Almeida & Moura, 2005). As a result, companies began to
transfer a large part of their production operations to specialized service providers (Fleury, 2003). This
movement was called outsourcing in Brazil in the 1980s, when there was a significant increase in the
process of transferring activities carried out by companies to third parties. (Ramalho, 2007).

However, other expressions have been used to define the transfer of activities from within the
company to an external supplier company. Among them, we can mention “outsourcing”. For practical
reasons and for language standardization, in this research, the term "outsourcing" is used, being understood
as the entire process of hiring workers by an interposed company, it is the relationship in which the work is
performed for a company, but hired immediately by another. (Marcelino, 2007).

The outsourcing movements go back to the Japanese subcontracting system, when, in 1859, Japan
opened its ports to imported products and machinery. However, it was from the 20th century onwards that
the idea of outsourcing processes and capabilities became established as a way to achieve business
benefits more quickly. (Davenport, 2005). In Brazil, this process started with the multinational automobile
factories, which saw their organizational structures become very onerous, which motivated them to seek cost
reduction through the outsourcing of services. (Mozzini, 2011).

In studies on outsourcing, the main arguments presented for contracting external services, as
opposed to vertical integration, are: (i) cost reduction (Giosa, 1999; Bacic & Souza, 1997; Kakabadse &
Kakabadse, 2000; Wolf , 2001; Porter, 2004); (i) quality gain with the specialization of suppliers
(Giosa,1999; Kakabadse & Kakabadse, 2000; Porter, 2004); (iii) the focus on the company's main activity
(Bacic & Souza, 1997, Kakabadse & Kakabadse, 2000; Wolf, 2001); and (iv) the reduction of hierarchical
levels with greater agility in decisions. (Bacic & Souza, 1997; Wolf, 2001; Porter, 2004).

For Giosa (1999), the best outsourcing is the one that, at the same time as it reduces operating
costs, improves the product sold. To achieve these advantages together, it is necessary to have a precise
evaluation of the costs and the product in both modalities. (Giosa, 1999). Bacic and Souza (1997)
emphasize that, in addition to reducing costs and rationalizing the organizational structure, outsourcing
makes it possible to concentrate efforts on the business itself.

Outsourcing also presents advantages to the outsourced company, according to Leiblein and Miller
(2003), as it allows the external manufacturer to produce goods and services more efficiently and at lower
costs. These advantages arise from the specialization and magnitude of the market, enabling outsourced
workers to appropriate benefits such as economies of scale and scope.

Focusing on the issue of costs, object of analysis of this article, it appears that several studies, such
as Arima, Tonini and Capezzutti (2002), Valenga and Barbosa (2002), Kremic, Tukel and Rom (2006), Prado
(2009), Ferruzzi et al. (2011), showed that outsourcing generates reduction and greater ability to predict
costs. It is worth remembering that cost reductions may be associated with economies of scale, according to
Arima; Tonini and Capezzutti (2002), to the learning curve, according to Pindyck and Rubinfeld (2010), and
to greater precision in investment estimates, according to Hehn (1999).

In addition to these advantages, there is the fact that outsourcing processes allow the conversion of
fixed costs into variable costs. This statement was developed both in mathematical modeling, as observed in
the work of Liu and Tyagi (2017), which indicates that this result is a market equilibrium, as well as from a
theoretical (Fonseca, 2014) and an empirical point of view by Rezende (2008).

Disadvantages of the outsourcing process include: (i) difficulty in finding the ideal partnership (Giosa,
1999; Wolf, 2001; Porter, 2004); (ii) exposure of the company's confidential business to external sources
(Bacic & Souza, 1997; Wolf, 2001); (iii) suppliers do not have characteristics compatible with those of the
company (Bacic & Souza, 1997; Kakabadse & Kakabadse, 2000; Wolf, 2001) and (iv) increased
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dependence on third parties (Giosa, 1999; Wolf, 2001; Kakabadse & Kakabadse, 2001; Kakabadse &
Kakabadse , 2000).

Finally, from a theoretical and empirical point of view, there is a diversity of benefits arising from
outsourcing processes, and these processes have solidified in organizations today, whether public or private.
As an example, we can cite information from the Departamento Intersindical de Estatistica e Estudos
Socioecondmicos [DIEESE] (2017) which show that outsourcing has taken large proportions in Brazil and its
scope is constantly expanding into new sectors and services. It should be noted that the milestone of twelve
million outsourced workers has already been reached in 2017.

2.2 Cost Functions

From a theoretical point of view, the operation of any business generates costs, which are the
monetary amounts spent on the consumption of resources. (Souza & Diehl, 2009; Vendruscolo & Alves,
2007). This means that production costs are “all those incurred in producing the volume and mix of products
during the period”. (Atkinson et al., 2000, p.126).

Therefore, production costs are affected by cost drivers or drivers, so that a change in the cost driver
will result in a change in total cost, and are also classified into fixed and variable costs. (Horngren et al.,
2000). Therefore, one of the best known classifications is the one that takes into account the relationship
between the total cost and the volume of activity in unit of time, segmenting the total costs into fixed costs,
which are invariant with production, and variable costs that depend on production volume. (Martins, 2003).
Thus, the total cost (CT) is the sum of the fixed costs (CF) plus the variable costs (CV), that is:

CT = CF +CV 1)

Other relevant costs for production decisions are average costs (CMe) and marginal costs (CMg).
The average total cost or average cost (CMe) is the cost per unit of product and is the result of dividing the
total cost by the level of production. As well as the average fixed cost (CFMe) is the fixed cost divided by the
production level (Q) and the average variable cost (CVMe) is the variable cost divided by the production level.
That is:

cme=L L Y cpme + cvm )
e=—=—+—= e e
Q Q @

Marginal cost (CMg) is the change in variable costs (CV) when there is a change in the level of
production (Q), since the fixed cost does not change (Pindyck & Rubinfeld, 2010). Thus, the marginal cost
informs how much it will cost to increase production by one unit and is mathematically defined by the
derivative of the total (CT) or variable (CV) cost in relation to the production volume (Q) and can be

expressed by:

cM ACT ACV 3
9=710 20 3)
Having knowledge of the types of costs, it is possible to estimate a cost curve, defined as cost
functions, identifying the different moments of reorganization the company's production structure and
evaluating the changes that occurred in fixed and variable costs. For Klein (1978, p. 132), the cost function is
“a bivariate relationship, generally, that associates the product with the total cost” and shows the lowest
possible cost that would be incurred by the company to generate a certain level of production. (Vendruscolo
& Alves, 2009). For this reason, they are called cost functions, costs are perceived as a function of
production volume plus a constant called fixed costs.

In Figure 1, the Total, Variable and Fixed cost functions are represented as a function of the
quantities produced. Since the cost function is an implicit function of the production function (FP), then, if the
FP presents constant returns to scale, the cost function will be represented by a straight line, part (a) of
Figure 1, having marginal costs (CMg) constants for any level of production, represented by «;; and if the
returns are variable, part (b), the cost function will be represented by a third-degree polynomial, with
decreasing marginal costs until it equals the average cost and then increasing and above the average.

The angles formed by the lines that tangent the total cost curve («;) represent the marginal costs and
the angle formed by a line that starts from the origin to a specific point of the total costs function (B)
represents the average costs. Technologies that result in constant returns have lower and lower average
costs for higher levels of production. Technologies with variable returns, on the other hand, generate a “U” -
shaped average cost function. In part (b) of Figure 1, angle g represents the smallest possible angle by this
definition and therefore the minimum average cost point. Thus, the cost functions can be represented by a
line or a third degree polynomial.
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Figure 1 — Total Cost Functions
Source: Adapted from Mas-Colell and Whinston (1995).

It is noteworthy that, in empirical studies, it should be taken into account the fact that the plants in
operation may not be producing in the segment in which there may be diseconomies of scale, therefore, the
results generate only a second degree exponential function. Therefore, to estimate a total cost function, one
must start with a third-degree polynomial (Pindyck & Rubinfeld, 2010; Gujarati & Porter, 2012), as
represented in equation (4), and test the significance of the parameters as suggested by Stock and Watson
(2004):

CT, = Co + B1Q¢ + B2QF + B3QF +u, 4)

where CT; represents the total cost, C, the fixed cost, B, , and p; are the parameters that measure the
sensitivity of the variable cost to a variation of one unit in production, Q, the quantity produced, u; is the
residue (includes the influence of other explanatory elements of costs that are not computed in the model)
and time. Given the cost curve formats for variable returns. The expected signs of the coefficients of
parameters B, and B; are greater than zero and parameter §, must be less than zero. (Gujarati & Porter,
2012).

It is noteworthy that the coefficient C, represents a theoretical fixed cost and not exactly the effective
average fixed cost of the company in the period. This fact is fundamentally due to the distance between the
observations (sample values) and the intercept, that is, information is analyzed in units of thousands or
millions, with no information on the shape of the curve for low values, such as units or hundreds. So, it is a
positional point and what matters is the sign of its displacement and not its magnitude itself.

One way to avoid this lack of information is to work with the average cost curve, estimating a
quadratic function and evaluating its parameters according to equation (2):

CMe, = 'y + B'1Q: + B'2Q¢ )

where CMe, is the unit cost in period ¢t, Q the quantities produced and the beta’s are parameters of function.
The expected signs for these parameters are: B0 >0, B'1<0 e B'2>0 If the production function has
constant returns to scale, equation (5) is now represented by the same elements, with the exception of the
quadratic term for the quantity produced, keeping the expected signs for B'o and B'1.

2.3 Formulation of the Research Hypothesis

When transferring part of a company's activities to third parties, it is possible that a portion of fixed
costs, which were previously immutable, are being transferred, transforming such expenses into various
variable expenses, at least in the short term, according to Arima; Tonini; Capezzutti (2002). What happens is
that the company that outsources its activities can avoid a significant part of the fixed costs of facilities,
equipment, information technology, rents, salaries, insurance and logistical expenses in general. (Brazil,
1993).

Some works analyze the impact of outsourcing on costs, they present objectives that are close to
this research. For example, the authors Bacic and Souza (1997, 2002) discuss a model that seeks to justify
externalization from a quantitative perspective, considering the possibilities of increasing production volume
and reducing fixed costs. In this model, if the expected decrease in internalized production costs is greater
than the cost of external supply, it is recommended, from a quantitative point of view, to outsource. (Bacic &
Souza, 1997, 2002).
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When analyzing a company's sales force, Ross et al. (2004) studied whether the company should
create its own sales force or outsource it. The analysis is cost-based and assumes that the direct sales force
is a fixed cost and that the cost of the outsourced sales force varies with sales. In this sense, when there is a
sales volume in which the costs of direct sellers are equal to the costs of outsourced sellers, there is an
indication that, for a sales volume above this amount, companies must use a direct sales force. (Ross et al.,
2004).

However, these studies do not assess the transformation of fixed costs into variable costs with the
outsourcing process. The investigation by Liu and Tyagi (2017) performs this approach, and it is this analysis
that motivated this research. These authors theoretically examined the effects of outsourcing on the
conversion of fixed costs into variable costs, analyzing both companies, the one that outsourced services
and the one that started to perform these activities. Then, they built a mathematical model to assess the
balance based on the formulated hypotheses. The model generates a balance in which the outsourcing
process invariably results in a transformation of fixed costs into variable costs. (Liu & Tyagi, 2017).

Thus, it is based on the findings of these authors that the hypothesis that underlies this research was built,
explained below:

Hypothesis 1: Outsourcing processes generate a transfer from fixed costs to variable costs.

However, considering that several works presented in this section claim that costs are reduced as a
result of outsourcing processes, then a second hypothesis was formulated:

Hypothesis 2: the process of converting fixed costs into variable costs is not integral, that is, costs
should reduce over time.

3 Methodological Procedures

In this work, a research methodology based on a single case study is used. (Martins, 2008; Yin,
2015). Given the objective of measuring the effect of outsourcing processes on costs, a quantitative
approach is used.

Next, the systematization of this study in the empirical and theoretical dimensions is presented. From
a practical perspective, the sample, variables (definition and operationalization) and aspects associated with
data processing are identified. In the conceptual approach, a phenomenological model is developed and the
statistical artifact is displayed to qualify the model's fit to the data.

3.1 Sample

The organization (called the X University for data confidentiality purposes) chosen for the study is an
important higher education institution in southern Brazil. It is a private confessional university that has more
than 3,000 employees and offers a wide range of activities (undergraduate, graduate, etc.) that reach around
30,000 students.

X University went through several outsourcing processes as of the year 2002. Sequentially, the
outsourced sectors were: food, maintenance and gardening, vehicle fleet, cleaning and pouch. It is
noteworthy that the last four sectors mentioned are managed in an integrated manner between the
educational institution and the service provider.

This sample was chosen given the theoretical character that is sought to be evaluated in empirical
terms and the fact that X University went through a variety of outsourcing processes in different periods,
which allows evaluating their effects on costs.

3.2 Data: Collection, Structure and Treatment

Data were obtained from the financial controllership of X University, covering the years 1995 to 2017
(half-yearly intervals where t=0 corresponds to the 1995/1 semester. These data refer to: operating cost and
expenses excluding whether the financial costs; number of credits contracted by the undergraduate student
population; qualitative information stating whether the processes were being carried out internally or if they
had been outsourced. These processes and the dates of occurrence were: food (2002/1); maintenance and
gardening (2003/1); vehicle (2004/1); cleaning (2005/2); and pouch (2007/2).

The compilation of these data resulted in a tabulated base where each element indicates the
observation of a characteristic. Each column stores data referring to a quantity of the same species (7 in
total) and the rows the measurements of these quantities in different semesters (44 in total).

The cost values were inflated for 2017, by Indices Geral de Precos - Disponibilidade Interna (IGP-DI)
from Fundagéo Getulio Vargas, so that they could be compared over time. Costs were adjusted due to
structural changes that occurred in the institution over the period of analysis so that they could reflect the
same production structure as in the base year, except for the effects of outsourcing. For this, the costs
arising from the activities of the stricto sensu graduate programs created in the period of analysis were
deducted from the total costs. Since, in 1995/1, X Universidade had only two graduate programs and, in
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2017/1, it offered 20 stricto sensu graduate courses, it is understood that this had a strong impact on the
institution's costs. With this procedure, the production structure of 1995/1 was maintained.

3.3 Variables

From what was presented in the previous section and discussed in the reference, the measured
quantities are grouped into response (dependent) and explanatory (independent) variables. Given the nature
of the observations, costs are assumed as the response variable and credits and outsourced sectors as
explanatory variables. It is noteworthy that the outsourcing that took place at X University was included as
dummy variables. Such variables capture the effect of a quality or attribute (Gujarati & Porter, 2012), which,
in this case, would be the impact on the costs of outsourcing processes. In this research, the outsourcing
attribute assumes the value “1” from the semester in which the service was contracted. In the semesters
prior to this event (outsourcing), the dummy variable assumes the value “0”.

In summary, the variables were named as follows:

CT, = total operating cost in semester t (quantitative variable dependent on the real type with
monetary unit (reais));

Q; = number of credits contracted in t semester (quantitative variable independent of the integer
type where 1 unit corresponds to contracting 15 hours of activity).

Cafeteria, = cafeteria outsourcing dummy in semester t (1 if outsourced and zero otherwise);
Maintenance, = maintenance and gardening outsourcing dummy in t semester (1 if outsourced and
zero otherwise);

Vehicles_t = vehicle outsourcing dummy in t semester (1 if outsourced and zero otherwise);
Cleaning, = cleaning outsourcing dummy in t semester (1 if outsourced and zero otherwise);
Pouches, = outsourcing dummy of the processes involving the pouches in t semester (1 if
outsourced and zero otherwise).

3.4 Model

In section 2.1 (outsourcing: concept, advantages and disadvantages), stand-out works (theoretical
and empirical) that investigate the role of outsourcing in the conversion of CF fixed costs to CV variables.
Additionally, in section 2.2 (cost functions), it is revealed that the total cost CT is a third-degree polynomial
function of the quantity produced Q. In view of this, a phenomenological model is developed to:

- Evaluate the transformation of costs due to the production volume through outsourcing;

- Estimate the behavior of the total operating cost in terms of contracted credits.

In the cost conversion dimension, they are broken down into the total cost of X University, fixed and
variable costs in additive portions that precede and follow the outsourcing processes. Therefore, the total
operating cost in t semester is given by:

Fixed Variable

CTt = (CFt + Ei:'t) + (CVt + C’Tvt) + U (6)

where u; is the residuals. Variables with or without the diacritical mark (~) are associated with costs before
and after the adoption of outsourcing, respectively.

The training law that lists the costs prior to the implementation of outsourcing is a univariate
relationship explained exclusively by the number of credits, that is:

CF, = Bo
CVy = B1Q¢ + BoQF + B3Q2 7

where B, is the estimated parameter to represent the fixed cost without outsourcing and g; (i €{1,2,3}) is
the adjustment parameter associated with cost sensitivity to the variation in the number of credits. On the
other hand, the behavior of costs after the use of outsourcing processes is a multivariate relation dependent
on explanatory variables and weighted by a F function that depends on the vector of outsourced sector
S; = (Cafeteria,, Maintenance;, Vehicles,, Cleaning,, Pouches,), that

F(S,) = Cafeteria, + Maintenance, + Vehicles, + Cleaning,+ Pouches,
gft = aoF(St) €))
CVe = (1Q¢ + Q7 + a3Q2)F (S)

where «a; (i € {0,1,2,3}) is the adjustment parameter due to outsourcing.
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The choice of F(S,) so that dummies are additive and weighted results in subsequent outsourcing
being given greater weight than previous ones. This makes sense because when starting the first
outsourcing process in an organization, there is a learning cost in that process, whether in terms of
negotiating or controlling operations, for example. There is also a need to create a sector or an area to
manage the outsourced, as well as an increase in auditing activities on these employees and activities of the
legal department to establish and monitor contracts. With the expansion of outsourcing processes, these
costs do not grow at the same rate, and start to have a more intense impact on the differentiation between
total fixed and variable costs.

Associating equations (6), (7) and (8) the following model emerges

CTy = Yo + v1Q: + v2Q0F + v3Q7 +u, €C))

given that y; = B; + a; F(S;), i €{0,1,2,3} is the parameter that measures the sensitivity of the operating cost
against outsourcing processes for a variation of one unit in credit contracting. The assessment of
outsourcing impacts was also verified via the average cost function in equation (5), keeping the same
identification of the parameters in equation (9).

3.5 Adjustment and Robustness of the Model

In order to adjust the model parameters (8; e a; com i € {0,1,2,3}) to the data, the statistical method
of nonlinear multivariate regression was used (Konishi, 2014). To assess the significance of the estimated
parameter values, the t test was used and, in particular, the p-value calculation (Mitelhammer et al., 2000).
Here, the variable is assumed to have statistical significance if the p-value is less than a significance level a.
In general, a is set below 5% or a < 0.05. As a computational resource, Mathematica 12.2 software was
used to adjust by the Ordinary Least Squares method.

The parameters, to adequately represent a cost function, must meet the following restrictions:

parameters of CF associated to Q associated to Q2 associated to Q3
—_——— —_—— —_—— —_———
ag, Bo >0 aq, P >0 oy, By <0 as, B3 >0 (10)

If these assumptions are met and the combinations are adequate, there would be an average
(theoretical) fixed cost for the period, decreasing costs up to a certain level of contracting credits and
increasing costs after reaching a minimum average cost, where it would be over using the optimal scale of
production. Furthermore, the values of a; and a; must be positive, indicating an increase in variable costs
with the outsourcing process.

Residual analysis was performed by testing homoscedasticity and normality. The homoscedasticity
hypothesis refers to the existence of homogeneity in the variances of the regression errors (Gujarati &
Porter, 2012). The test used for this analysis was Levene's (1960). This test uses the deviations in relation to
the mean of the groups (treatments), being able to take the absolute value of the deviations (Levene
absolute) or the squares of the deviations (Levene squared).

Regarding normality, Jarque-Bera (JB) and Anderson-Darling tests were used. JB test indicates
whether the residuals are normally distributed, with two degrees of freedom, verifying whether the skewness
and kurtosis values deviate from measures 0 and 3, respectively (Hill et al., 2003). Anderson-Darling test
works with the quadratic differences between the empirical and the hypothetical distribution to assess the
normality of the distribution of a given variable (Tenreiro, 2013). Both tests have the null hypothesis that the
distribution is normally distributed. The results found with the application of the proposed model are
described below.

4 Presentation and Analysis of Results

This section contains the analysis of the results of the estimation process. First, the analysis of the
descriptive statistics of the data is presented and, subsequently, the result of the estimation of the cost
function is evaluated.

4.1 Descriptive Data Analysis

Due to the preservation of the confidentiality of the researched data, this section addresses the
effects of distributions without reporting values. From this, it is possible to assess the existence or not of
leverage effects in the estimation process and the normality of the data without exposing the values.

Considering the data distribution, the total cost and credits present a slightly asymmetric distribution.
The total cost variable has a positive asymmetry of 0.497, so, it has a longer tail to the right, starting from its
highest point. The variable credit, on the other hand, has a negative asymmetry of -0.36, because it contains
values concentrated to the left of its highest point. The distribution by quartiles can be seen in Figure 2.
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Figure 2: Distribution of costs and credits
Source: Prepared by the authors.
Note: Dummy scale data for information preservation.

However, in both distributions, with a significance level of 0.05, the hypothesis that they are normal
cannot be rejected, since, for costs, Jarque-Bera (JB) statistic, which combines information from both
kurtosis and asymmetry coefficient was 1.75, with a p-value of 0.41 and, for the credits variable, it was 1.94,
with a p-value of 0.37. Furthermore, no problems were found arising from aberrant observations that could
cause leverage effects in the estimation and, therefore, distort the estimated parameters. These results
indicate that the sample has the desirable elements for analysis of regression models.

4.2 Analysis of Results

The total cost function was estimated according to equation (9) with dummies to characterize the
outsourcing moments that assumed values equal to 1 for periods in which the outsourcing process would
have occurred and would be in operation, being inserted in an additive way, generating a process of
weighting as described in the methodology section and which is identified in Table 1 as Model 1. To assess
the stability of the model and compare it with other functional forms, two more models were formulated,
which are included in Table 1.

The regression parameters of Model 1 present the expected signs as indicated in the restrictions
evidenced in the relations (10). Thus, the estimated model meets the theoretical expectation of variable
returns represented by a third-degree polynomial with decreasing marginal costs for initial production values
and, subsequently, increasing for high production values, according to Mas-Colell and Whinston (1995). This
same format was also found by Vendruscolo and Alves (2009) in a study on costs in the mobile telephony
sector in Brazil.

Finally, in addition to the theoretical adequacy of the model, the statistical results resulting from the
estimation of Model 1 indicate high robustness. In other words, all estimated coefficients have a statistical
significance of 1%, with a high coefficient of determination (0.9892) and homoscedastic errors by Levene's
test (0.944). However, the sample residues have a normal distribution only for the Anderson-Darling test
(0.342).

Once Model 1 has been validated from a theoretical and statistical point of view, the parameters and
their implications are analyzed. Thus, it is verified that CF; before the outsourcing processes is positive and
its variation resulting from the outsourcing process was negative CF,. These results indicate that in the
outsourcing process there was a reduction in fixed costs. About variable costs, it appears that the
parameters of the variables F(S,)Q,, F(5,)Q? e F(S,)Q? indicate an increase in variable costs after
outsourcing, validating the formulated hypothesis that outsourcing processes generate a transfer of fixed
costs to variable ones, results that are in line with those obtained by Liu and Tyagi (2017), Fonseca (2014)
and Rezende (2008).

Model 2 results from a standard estimation towards the inclusion of dummies, so, they are added
as independent variables and allow us to verify that the results obtained in Model 1, in terms of transfers
from fixed costs to variables, are also perceived in this model. However, the level of significance of the
quadratic variables for Q are not significant, which would indicate a simple linear model. Furthermore, the
coefficient of determination is significantly reduced and the errors do not have a normal distribution.
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Table 1
Total cost regression model statistics
Model 1 Model 2 Model 3
Variables Estimates Estimates Estimates
CF; 30 004 *** 921 758.80*** 638 350.70 ***
CF, —274 408 ***
Q; 9.343 *** —2.842* —1.276 ***
0,2 —4.0 X 107 *** 2.16 x 1076
0,3 5.6 x 10711
F(S)OQ, 1.119 *** 0.301 ***
F(S,)Q? —1.2 X 1076 ***
F(S)Q3 1.1 x 10712
Redundant variable
Cleaning —117 774.3***
Pouches —350996.53 *** —105 693 ***
Maintenance 493067.73 *** —134970.7 ***
Cafeteria —393073.73 *** —72562.1***
Vehicles —373833.33 *** —135744.7 ***
CleaningQ, —0.086868 ***
PouchesQ; 1.052818 ***
MaintenanceQ; —1.343549 ***
Cafeteria Q, 1.127750 ***
Vehicles Q; 0.922410 ***
Regression Statistics
R’ ajusted 0.9892 0.5426 0.5538
JB 12.11 (0.02) 93.17 (0,000) 99.96 (0,000)
Andreson-Darling 0.581 (0.342) 1.480 (0,000) 1.07 (0,007)
Levene 45.00 (0.944) 1.47 (0,240) 1.31 (0,278)

Source: Prepared by the authors.

Notes: *** significant at 1%; ** significant at 5%; * significant at 10%. Values in parentheses are the p-values of the tests.

addition to a linear model.

*kk

Considering the fact that Model 2 indicates a linear regression, Model 3 was estimated, which is a
mixture of Models 1 and 2. Therefore, for variable costs, the dummies enter in an additive way and, for fixed
costs, they are independently incorporated, considering a linear relationship between the variables. For this
model, the statistics improve a little compared to Model 2, but they still do not reach the significance levels of
Model 1 and also show the conversion of fixed costs into variable ones.
Considering the distance of the variables distribution in relation to the origin of the coordinate axes,
the model presented in equation (5) was estimated, which when estimating the CMe eliminates this
weakness, with the impacts on fixed costs being measured by the displacement of the cubic function. Table
2 shows these estimated models using the same additive, independent and mixed dummies technique, in

Table 2
Statistics of regression models by average cost
Model 4 Model 5 Model 6
Variables Estimates Estimates Estimates
CF; 9.935598 ** 2.249526 *** 1011.17*
CF, —49 145.1***
Q: —471x1075* —4.85 x 1076 *** —4.,124619 *
0.’ 5.79 x 10711 * 5.05 x 107¢*
F(5)0Q; 842 x 1076 * 8.34 x 1077*** 3.745139 *
F(S.)Q? —1.03 x 10711* 3.45x 1077
Cleaning —1.735032 * —0.326322 ***
Pouches —1.679897 * —0.295244 ***
Maintenance —1.751398 * —0.371777 ***
Cleaning —1.620244 * —0.205529 ***
Vehicle —1.775949 ** —0.375075 ***
Regression Statistics
R ajusted 0.5883 0.578 0.5102
JB 43.48 (0.000) 62.69 (0.000) 3.42 (0.180)
Andreson-Darling 1.15 (0.004) 0.846 (0.029) 0.55 (0.152)
Levene 1.109 (0.339) 1.311 (0.280) 1.79 (0.149)

Source: Prepared by the authors
Notes: *** significant at 1%; ** significant at 5%; * significant at 10%. Values in parentheses are the p-values of the tests.
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All models presented in Table 2 are robust and indicate the transfer of fixed to variable costs,
reinforcing the relevance of the results. However, Model 6, which incorporates the dummies additively, is the
most robust of them. These regressions are relevant to confirm the ‘U” shape of the average cost function
and, therefore, confirm the model proposed in equation (9).

To test the second hypothesis formulated, that the process of converting fixed costs into variable
costs is not integral, costs should reduce over time, elasticities over time were estimated marking the
outsourcing processes, as represented in Figure 3.

Figure 3 contains the fixed and variable costs relative to the maximum absolute value of the rates in
the period (measured on the ordinate axis) in relation to the different outsourcing processes that took place
at X University, in the period of analysis, which runs from 1995/1 to 2017/2 (identified on the abscissa axis as
number of semesters). Thus, as there was no outsourcing until the 14th semester of the analysis period,
there is a slight change in variable costs in this period. The first outsourcing takes place in the 15th
semester, when the outsourcing of the food sector takes place and there is an increase in variable costs and
a reduction in fixed costs. It is noteworthy that the effects are of equal magnitude, but in opposite directions.
This indicates that the first outsourcing resulted, in terms of elasticity, only in a trade-off between fixed and
variable costs.

In the outsourcing that follows, there is a small reduction in the impact on variable costs initially and
that this increases as the outsourcing processes expand, maintaining the effect on fixed costs. So, it is not
only evident that outsourcing converts fixed costs into variable ones, but also reduces the impact of variable
costs in relation to fixed costs. The findings regarding elasticities clearly indicate cost gains in outsourcing
processes and are in line with those obtained by Giosa (1999), Bacic and Souza (1997), Kakabadse and
Kakabadse (2000), Wolf (2001) and Porter (2004).

One can speculate, as reasons for these movements, the fact that when the outsourcing process
starts in the organization, some transaction and learning costs are incurred with the
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Figure 3: Elasticity of fixed and variable costs in relation to outsourcing processes measured over time
Source: Prepared by the authors.

hiring and management of outsourced workers. As a result, for the new outsourcing processes, there are
learning gains and the institution's structure, focused on the management of outsourced workers, can remain
relatively stable in the inclusion of new outsourced workers. Another element to mention is that outsourced
workers can simply expand the services they provide, resulting in more effective services given the
relationship between the agents involved and the lesser need for controls compared to new partners.

Finally, as the parameter of the cubic variable in Model 1 is significant and mathematically
irrelevant, very close to zero, it is identified that the occupation of the scale did not exceed its technical
capacity. The segment that the data validates is the part with decreasing returns of the cost function,
indicating as secondary information that there were cost gains due to the scale of X University, and these
results are in accordance with the findings of Arima, Tonini and Capezzutti (2002).

5 Final Considerations

The objective of this research was to evaluate the impacts of outsourcing processes on fixed and
variable costs, assuming that the outsourcing process would result in (i) transfer of fixed costs to variable
costs and (ii) that this process would reduce costs long-term. For that, an econometric model with the
inclusion of dummies that capture the effects of outsourcing on fixed and variable costs was proposed to test
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the hypotheses and meet the objective. A differential of this model is the inclusion of additive dummies, to
assess the possibility of cumulative gains.

The objective was achieved and the hypotheses confirmed, as the proposed methodological process
allowed us to identify that the outsourcing processes that took place at X University resulted in the transfer of
fixed costs into variable one. In addition, it was possible to verify that, new outsourcing processes resulted in
a greater effect in the drop in fixed costs than in the increase in variable costs, so, there was not just a
transfer, but a reduction in total costs because fixed costs have been reduced more than variable costs have
increased.

These findings are in line with the results of researchers who worked with the hypotheses that
outsourcing converts fixed costs into variable ones, both theoretically and empirically, and that they also
generate cost savings. What is added in this research in relation to what has been shown in the literature is
the modeling to assess these effects and quantify the impacts in terms of magnitudes and elasticities.

Another relevant finding is that the impacts on fixed and variable costs are different for new
outsourcing processes. Therefore, with each new outsourcing, the fall in fixed costs is more intense than the
increase in variable costs, indicating several possibilities for explaining these elements, including learning
gains, reduced transaction costs and lesser impacts on the processes of the management structure of these
new contracts in the organization. These elements indicate the possibility of future studies to identify which
ones are in fact exerting influence to obtain this result.

Finally, the fact that additive dummies were included to capture learning gains in the model
generated the best result among the different estimation possibilities, which reveals an important
methodology to be incorporated in future studies. Thus, it appears that this study makes a relevant
contribution to future research.
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