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Abstract. Existence of tax shields as a result of taxable expenditures is a significant 

factor determining profitability and rentability of enterprises. In the long-term 

horizon, it represents a relevant and a significant generator of corporate 

value. The aim of the present paper is to propose, quantify and validate a 

comprehensive model to identify the determinants of the value of the interest 

tax shield in the conditions of Slovak Republic. The model was developed based 

on a multiple linear regression analysis, the conditions of multicollinearity of 

explaining variables, homoscedasticity, autocorrelation and normality of 

residuals were tested. Input data were obtained from the financial statements of 

the year 2017 of more than 6,000 Slovak companies. Using the proposed model, 

we found that the value of tax shield is lower than the product of the debt value 

and the tax rate, which is symptomatic for imperfect markets. Stemming from 

these results we can state that reclassification of Slovak economy considering 

the positive development of traditional macroeconomic indicators, using a 

simple comparative analysis in the context of dynamic development of the 

emerging markets, is not correct. Slovak economy has the status of the so-called 

emerging economy sui generis, which forms a platform to verify a wide range of 

economic mechanisms and functionalities with respect to the identified 
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1. INTRODUCTION 

Maximizing enterprise profit is generally considered to be the main business objective (Strouhal et al., 

2018; Batchimeg, 2017; Ključnikov et al., 2017). Businesses can meet that objective in two ways, which in 

most cases are interdependent: they can streamline their operating activities, or use various ways to reduce 

their tax liability in order to maximize the profit after tax. Reduction of tax liability may be illegal or legal. 

Legal way to reduce tax liability is called tax optimisation and it is part of the taxation policy of every 

company.  

The existence of tax savings (tax shield) as a result of tax deductible expenses is an important factor 

in profitability of enterprises, in the long term it is also one of the determinants of the company’s value. 

Tax shields are the objects of interest to business managers, but also for scientific community (for 

example, Šimková, 2015; Paseková et al., 2018). On the world scale in recent years, the volume of debt 

trades like the LBO (Leveraged Buyout) and MBO (Management Buyout) increases. (Gorb, 2017) 

Leverage and tax benefits increase the value of enterprises, while tax shield represents the difference 

between the value of a levered and unlevered company. Kemsley and Nissim (2002) estimated the value of 

interest tax shield at approximately 10 percent of a company’s value. 

More than fifty years lasting research has brought a number of theories that aim to quantify the value 

of tax shield as part of company’s value. Variations in these approaches are considerable, but most of 

them focus on the relationship between leverage, capital structure and business value (Nica et. al., 2017; 

Popp et. al., 2018; Oláh et al., 2017). In addition to tax savings resulting from the leverage, an enterprise 

should consider other sources of tax shields in financial decision-making, which are called non-debt tax 

shields (most often it is a depreciation tax shield). The impact of tax savings on decision-making is 

proportional to its value in the enterprise, thus, each enterprise individually determines the most important 

types of tax shields for itself (Stonkute, 2018). 

The existing theory of the value of tax shield is primarily focused on estimation of the present value 

of the tax shield and finding the appropriate discount rate, which would take into account both systematic 

and non-systematic risks in doing  business. In addition, most models of the present value of the tax 

shield have been developed for the Anglo-Saxon economies and developed capital markets (Popescu, 

2017; Sadaf et. al., 2018). Several alternative models have already addressed these these shortcomings. 

Fernandez (2007a) is one of the most famous authors to study  this issue. It assumed that the company 

sets its debt policy on the basis of the target book leverage. Therefore, it is also applicable to emerging 

markets. The value of debt does not depend on movements at the stock market, thus, it is also suitable for 

non-listed firms. Credit rating agencies will also focus on book leverage ratio in the process of assigning a 

certain credit rating. Marciniak (2003) suggested decomposition method for business valuation. In 

comparison with other models, this method uses the book value of debt and all cash flows discounted at 

the same discount rate (cost of the unlevered equity rather than the weighted average cost of capital), this 

prevents the circularity problem. In addition to the already mentioned models, Velez-Pareja (2013) also 

examined the value of interest tax shield along with the book value of debt. This author found that tax 

shield is the function of pre-tax profit and interest (Cygler & Sroka, 2017; Kasych and Vochozka, 2017). 
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Overall, the literature provides a wide range of models of the present value of the tax shield in terms 

of developed markets and, to a lesser extent, also focuses on the application of models in terms of 

emerging markets. On the other hand, it partially disregards the issue of determinants of the value of tax 

benefits. It focuses more on the investigation into the determinants of corporate capital structure, because 

the interest and non-interest tax shields are the factors affecting the capital structure. (Lazaroiu & 

Rommer, 2017; Moravcikova et. al., 2017) The value of the tax shield and its determinants is typically 

analysed and quantified by valuation methods such as discounted cash flow. Unfortunately, this method 

does not allow us to detect some unknown relationships between variables, such as statistical modelling. 

Regression modelling was used only in a few studies, as Kemsley and Nissim (2002) and Fama and French 

(1998), these papers only partially respond to what factors affect the value of the interest tax advantage. In 

the case of the Slovak Republic, enterprises typically use well known models from the Modigliani and 

Miller (1963) or Miles and Ezzell (1985), which are adapted to the conditions of emerging markets as 

referred to, for example, Harumova (2008). Futhermore, the regression modelling is typically used to 

investigate the determinants of capital structure in the environment of the Slovak Republic (Kalusova, 

2015), transitional economies (Delcoure, 2007) or the results of the similar economies are adapted 

(Strýčková, 2017). From these studies it is possible to estimate the relationship between the level of debt 

and tax (interest and non-interest) shield, however, prior studies have failed to identify other relationships 

between the tax benefits and other economic factors in the international context as well as in Slovak 

enterprises. 

For this reason, we consider the use of multiple linear regression to identify statistically significant 

factors of the interest tax shield primarily in the environment of Slovak enterprises as the novelty of this 

article. 

This research will help to understand better which factors influence the value of interest tax shield 

and the model could improve decision making in the field of taxation policy. 

The aim of the submitted contribution was to propose, quantify and verify a complex model to reveal 

the determinants of the value of interest tax shield in conditions of the Slovak Republic. The model was 

developed based on a multiple linear regression analysis, the conditions of multicollinearity of explaining 

variables, homoscedasticity, autocorrelation and normality of residuals were tested. 

Input data were obtained from the financial statements of the year 2017 of more than 6,000 Slovak 

companies. The study is divided into five parts. The first part Literature review focuses on the previous 

research of the issue of tax shields, the definition of the tax shield and the views of researchers on the 

factors influencing the tax shield. Methods and variables used in the models are characterized by 

Methodology, the chapter also contains formulas to their quantification and interpretation of them. Section 

three describes the process of research and summarises the results obtained using multiple linear 

regression, along with testing the assumptions of linear regression model. The obtained findings are also 

summarized, a model is compared with the existing studies and some other research options of this issue 

are outlined. Conclusion sum up the results. 

2. LITERATURE REVIEW 

The first impulse for different approaches to quantification of tax shields was the theory of 

Modigliani and Miller (1958), the authors created the first universally accepted theory of capital structure. 

The model assumptions show that business value is irrelevant to the capital structure, so it does not 

matter whether a company is funded by equity or debt. In addition, the model does not assume the 

existence of taxes. This unrealistic assumption was deleted in the modified model of Modigliani and Miller 

(1963), abbreviated to MM model; company value increases due to the growth of corporate leverage. This 
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newly created value arises from the tax deductibility of interest expense and represents the value of tax 

shield. Each company could increase its debt due to the growth of company value; however, with leverage 

growth, the risk of defaults also increases. Leland (1994) created the structural credit risk model, which 

takes into account the tax deductibility of interest, as well as the costs of financial distress. For this reason, 

the model is more realistic and permits to optimize and corporate leverage respect to the tax advantage 

and the credit risk. (Fanelli & Ryden, 2018; Kyzenko, 2017) 

Taking into account the tax system, according to Modigliani and Miller (1963), interest as a tax 

deductible expense affects the pre-tax profit and hence the amount of tax liability of the company. It 

follows that even the value of company will change due to the existence of an interest tax shield. The 

value of tax shield is simply given as a product: 

 

𝑇𝑆 = 𝑇. 𝑅𝐷 . 𝐷  (1) 

𝑇𝑆 - value of tax shield, 

𝑇 - corporate tax rate, 

𝑅𝐷 - cost of debt, 

𝐷 - market value of debt. 

A necessary condition for the creation and application of the tax advantage of debt is positive profit 

before tax that covers the incurred interest expense. 

According to Brealey, Myers and Allen (2010), an interest tax shield is defined as: tax savings resulting 

from deductibility of interest payments. In Damodaran (2010) the interest tax shield is expressed in a similar vein: 

Interest is tax-deductible, and the resulting tax savings reduce the cost of borrowing to firms. 

In addition to the method of quantification of interest tax advantage in Eq. (1) there are also two 

different formulations of the value of tax shield. If the debt is constant and perpetual, the company's tax 

shield depends only on the corporate tax rate and the value of debt. Then the present value of tax shield 

equals the discounted value of Eq. (1). As the discount factor, the cost of debt RD is used, since the risk of 

the tax shield (hereinafter TS) should be the same as the risk of interest expenses. 

 

𝑃𝑉(𝑇𝑆) =
𝑇.𝑅𝐷.𝐷

𝑅𝐷
= 𝑇. 𝐷, (2) 

 

where 𝑃𝑉(𝑇𝑆) is the present value of interest tax shield. 

The previous Eq. (1) and (2) show that the tax shield is affected by three variables: corporate tax rate; 

cost of debt and the value of debt (the market value of debt). Liu (2009), in contrast to the previous 

formulae, considers tax shield as a variable influenced by four variables: Tax shield is a function of four 

variables ‘‘net income, interest rate, debt, and tax rate.” However, the value of the MM tax shields only includes two 

variables ‘‘debt and tax rate,” is independent of interest rate, and cannot be true. 

Velez-Pareja (2013) defined tax shield similarly to other authors: “Tax shields or tax savings TS, are a 

subsidy that the Government gives to those who incur in deductible expenses. All deductible expenses are a source of tax 

savings. This is, labour payments, depreciation, inflation adjustments to equity, rent and any expense if they are deductible.” 

If it is assumed that the main source of tax savings is interest, the company achieves the tax 

advantage if earnings before interest and taxes (EBIT) plus other income are sufficient to offset the interest paid 

by the company. In this case, the value of tax shield is equal to the tax rate multiplied by financial expenses 

(FE). If the value of EBIT and other income (OI) is less than the amount of financial expenses, the company 

does not pay corporate income tax. Nevertheless it generates the tax shield; its value is equal to corporate 

tax rate times EBIT plus other income according to Eq. (3). 
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𝑇𝑆 = 𝑇. (𝐸𝐵𝐼𝑇 + 𝑂𝐼) 𝑖𝑓  0 < 𝐸𝐵𝐼𝑇 + 𝑂𝐼 < 𝐹𝐸 (3) 

Another possible scenario occurs if the sum of EBIT and OI is negative. Tax savings do not arise 

because the company does not pay any tax. In sum, all possible cases are given in Eq. (4). 

This is significance for further research; most of the literature dealing with the issue of tax shields is 

based on Eq. (2). It also means that both new businesses and start-ups can achieve partial tax savings, 

despite the fact that EBIT and OI cannot cover the value of financial expenses. Eq. (4) indicates that the 

value of tax shield should be a function of EBIT plus OI and not a function of the net income as Liu 

(2009) argued in his theory. 

Calculation of the value of tax shield is not only based on the interest, but in practice it is much more 

complicated. The deductible expenses for tax calculation also include loss carried forward, deferred tax 

liability, tax prepayments, etc. If the loss carried forward is allowed, according to Velez-Pareja (2016) the 

tax shield does not reduce the tax liability in just one period, but its part is transferred to another future 

period when the loss is carried forward. In simplified terms, the value of tax shield is equal to the formula 

 

𝑇𝑆 = 𝑀𝑎𝑥𝑖𝑚𝑢𝑚(𝑇. 𝑀𝑖𝑛𝑖𝑚𝑢𝑚(𝐸𝐵𝐼𝑇𝑎𝑑𝑗, 𝐹𝐸 + 𝐿𝐶𝐹𝑡−1 − 𝐿𝐶𝐹𝑡), 0) (5) 

 

where 𝐿𝐶𝐹𝑡−1 𝑜𝑟 𝐿𝐶𝐹𝑡 is loss carried forward v time t (t-1). 

Other authors are primarily focused on the estimation of an appropriate discount rate for the 

quantification of the present value of the tax shield. Kaplan and Ruback (1995) assume a firm market 

value of the debt. They propose to use the cost of unlevered equity as an appropriate discount rate as it 

indicates the risk of this cash flow. On the other hand, Myers (1974), Ruback (2002) and Luehrman (1997) 

assume that a debt tax shield is less risky when it meets the assumption mentioned above and is 

discounted at cost of debt. Miles and Ezzell (1980, 1985) and Harris and Pringle (1985) take into account 

the less strict debt policy, the constant debt-to-equity ratio. According to the authors, the tax shield has a 

random nature over time and it should be discounted at unlevered cost of equity. Lewellyn and Emery 

(1986) suggested three different methods for calculating tax shields. In their view, the Miles and Ezzell 

method is the most consistent and correct. Taggart (1991) summarized the valuation models according to 

impact on personal taxes and suggested using Miles and Ezzell model if company rebalances debt 

annually.  If the company rebalances debt continuously, then Harris and Pringle model is suitable. 

Inselbag and Kaufold (1997) recommend using the Myers model if the value of debt is constant; in the 

case of fixed leverage, the Miles and Ezzell model is suitable. Damodaran (2006) did not mention the 

formula for the value of tax shield, but Fernandez (2007b) derived, according to the Damodaran 

equation (30). 

Fernandez (2004a) argues that the company debt policy is irrelevant and the value of tax shields is 

only the difference between the present value of taxes for the unlevered company and the present value 

for the levered company. Tham and Velez Pareja (2002) agree with the definition, but the claim that it is 

the same as the definition in the present value of the tax shield (present value of tax shield is simply the 

tax shield discounting at an appropriate discount rate). Cooper and Nyborg (2006) also argued that 

Fernandez (2004a) model is based on the combination of two different approaches and the value of tax 

shield is identical to the Harris and Pringle model in the case of perpetuity. Thus, Fernandez in his studies 

(2004b) and (2005) modified the original model. He found that the value of tax shield should depend only 

on the nature of the stochastic process of the net increase of debt and should not depend on the nature of 
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the stochastic process of the free cash flow. The issue is to estimate the present value of net increase of 

debt that requires estimating the appropriate discount rate.  

In recent years, the development of the theoretical framework of quantification of tax shields and 

changes in the economic environment has led to the development of models that include considerably 

more realistic assumptions than Modigliani and Miller (1963). This is primarily about the assumption of a 

perfect capital market. Arzac and Glosten (2005), based on the approach of Miles and Ezzell, developed a 

unique method that eliminates the discount rate. They used „pricing kernel", a stochastic discount factor. 

They derived the formula for the company market value, for the market value of equity and for market 

value of tax shield using an iterative process. Grinblatt a Liu (2008) developed one of the most general 

approaches to determining the value of tax shield. Their approach is different from all other models, since 

the Black-Scholes and Merton option models are applied. Couch et al. (2012) linked the value of tax shield 

and the barrier option, which allowed them to rate the tax shield with a presumption of non-zero risk of 

default. Molnar and Nyborg (2011) likewise to the previous model used option approach. They extended 

the framework developed by Cooper and Nyborg (2008) to allow for positive recovery rates.  

To sum up, these theories are ambiguous and indicate that the value of tax shield is affected by many 

quantitative but also qualitative factors. 

3. METHODOLOGY 

In this chapter, we characterize in detail the sample and the methods used in developing the model. 

Based on the theoretical background, we can consider debt, tax rates and debt (interest rate) as the 

determinants of the tax shield. On the other hand, this value also affects the company's debt policy, 

default risk, business profitability and other unknown quantitative and qualitative factors.  

The data for this study was obtained from the Amadeus database operated by Bureau Van Dijk (BvD) 

and provides financial information for more than 10 million European companies, including the Slovak 

Republic. The sampling criteria were in line with the purpose of this paper: the registered office of the 

company in the Slovak Republic, non-zero pre-tax profit and non-zero interest paid. Those criteria meet 

the 6,569 businesses. The sample covers the year 2017. 

Given the objective of this study interest tax shield was chosen as a dependent variable as the most 

important source of corporate tax benefits. Its value is quantified by Eq. (1), we use natural log 

transformation for better data comparability. At the same time, we assume that businesses meet the 

conditions of existence of a tax shield (non-zero pre-tax profit and positive value of interest paid as a 

product of a value of debt and cost of debt). The formula for quantification of the explained variable is, as 

follows 

 

𝑦 = 𝐼𝑇𝑆 =ln ln(𝑇. 𝑅𝐷 . 𝐷), (6) 

 

where ITS is interest tax shield. 

The choice of explanatory variables was conditioned by the theoretical framework of this issue as 

well as by the subsequent study of the determinants of the capital structure, since these two areas of 

financial management are closely related. We have selected sixteen quantitative variables such as tangibility, 

liquidity, debt and leverage as well as profitability ratios. In addition, we have selected other indicators that 

include the impact of growth options, business risks, tax policies, and business size. We also used the cost 

of debt as an independent variable, quantified by Damodaran (2002) methodology. The algorithms for 

calculating these variables are shown in Table 1. 
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Table 1 

Independent variables and their algorithms 
 

Variable Label Algorithm 

Tangibility ratios 

Fixed assets to total assets ratio FATA Fixed assets/total assets 

Liquidity ratios 

Current ratio CURR Current assets/current liabilities 

Net working capital ratio NWCA Net working capital/total assets 

Debt and leverage ratios 

Equity multiplier  EQM Total assets/Total equity 

Debt ratio DEBT Total liabilities/Total assets 

Gearing  GEAR (Non-current liabilities + loans)/equity 

Interest coverage INCOV EBIT/interest paid 

Debt to EBITDA ratio DEBTA Debt/EBITDA 

Profitability ratios 

Return on assets (gross) ROA  EBITDA/total assets 

Return on equity (net) ROE  EAT/equity 

Other ratios and variables 

Growth GROW (Total assetst-1+ Total assets)/Total assetst-1 

Operational risk RISK Total sales/EBIT 

Non debt tax shield NDTS Depreciation and amortization/Total assets 

Cost of debt (tax adjusted) RD (Riskless rate + default spread of company + rating 

based default spread of country)(1-tax rate) 

Effective tax rate  ETR Taxation/EBT 

Company size SIZE ln(turnover) 
 

Source: Author’s elaboration. 

 

In addition to the quantitative variables, we also decided to use qualitative variables in the model. 

This is the Industry variable, we used the NACE (SK NACE) categorization to classify enterprises. There 

are nineteen categories of industry out of twenty-one possible (SK NACE categories A to S) in the 

sample. We used dummy (binary) variables to indicate the presence or absence of a categorical effect 

(affiliation to the industry). The number of these variables is n-1, where n is the number of industry 

categories. In total, the model contains 34 explanatory variables; 16 quantitative and 18 dummy variables. 

In the first step of analysis we calculated the value of interest tax shield and selected financial ratios 

and other parameters according to Table 1 and created dummy variables by categories of SK NACE. 

Because the extreme values of independent variables can falsify the results of the study, we use the 

Mahalanobis distance to find outliers according to the procedure proposed by Tabachnick and Fidell 

(2007). 

We consider multiple linear regression as the appropriate tool for examining relationships between 

these variables. There are two types of variables in the model: the explained (dependent) variable and the 

set of explanatory (independent) variables x. In the resulting model, the dependent variable is a linear 

combination of independent variables and the intercept, as shown in Eq. (6) (Cipra, 2013). 

 

𝑦𝑖 = 𝛽0 + 𝛽1𝑥𝑖1 + 𝛽2𝑥𝑖2 + ⋯ + 𝛽𝑘𝑥𝑖𝑘 + 𝜀𝑖  (7) 

where: 
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𝑦𝑖 - dependent variable, 

𝛽0, 𝛽1, 𝛽2, … , 𝛽𝑘- unknown parameters of the model,  

𝑥𝑖1, 𝑥𝑖2, … , 𝑥𝑖𝑘- independent variables,  

𝜀𝑖 - random error (residual) variable. 

To provide the multiple linear regression analysis we use the linear regression procedure in SAS 

Enterprise Guide. We examine the statistical significance of the model as a whole as well as the significance 

of the regression coefficients. The significance level is 0.05 and those independent variables are significant, 

whose p-value is less than the significance level. To find relevant and significant variables, we use methods 

of optimal selection of variables: forward selection, stepwise selection, backward elimination and all possible regressions 

(Montgomery et al., 2012). After selecting the optimal linear model, the model assumptions are verified; 

we test assumptions of multicollinearity, homoscedasticity, autocorrelation and normality residues. To 

eliminate multicollinearity, three statistics are used: Variance inflation factor, Condition index, and 

Variance proportions. Homoscedasticity is tested by non-specific assays (Goldfeld - Quandt, Bartlett, Levene 

and Brown-Forsythe test) to determine whether the residues have the same deviation. The other two 

assumptions are tested by the well-known Durbin-Watson, Kolmogorov-Smirnov, Cramer-von Mises and Anderson-

Darling tests (Šoltés, 2008). The aim of these tests is to find and verify the model and relevant variables 

that affect the value of tax shield and improve the financial decision-making of enterprises in the Slovak 

Republic. 

4. EMPIRICAL RESULTS AND DISCUSSION 

The first step in the modelling process was the calculation of all financial ratios and other indicators 

in the sample. Subsequently, we analysed the sample; companies with incomplete financial statements 

were eliminated. Based on the Mahalanobis distance, we identified 205 multivariate outliers. Observations 

(companies) that contain missing values or are identified as outliers were removed from the sample. 

Finally, after this procedure, financial indicators of 4,192 Slovak companies were used.  

We formed a multiple linear regression model by the least squares method. The natural logarithm of 

the interest tax shield was explained variable. Independent variables were 16 quantitative and 18 binary 

variables (SK NACE categories). Table 2 shows regression coefficients, p-values and other statistics. 

In the Pr > | t | column there are p - values of t - tests of significance of regression coefficients. 

Compared to the chosen level of significance, we reject the null hypothesis (the regression coefficient is 

statistically significant, p = alpha). The alternative hypotheses (the non-significance of regression 

coefficients) are accepted for all dummy variables except binary variables A and K (non-significant 

variables are bold). Non-significant variables should be removed from the model. We do four procedures 

to remove insignificant variables: forward selection, stepwise selection, backward elimination, and all 

possible regressions. These methods allow to obtain optimal set of independent variables. 
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Table 2 

Linear regression model with all explanatory variables 
 

Parameter Estimates 

Variable DF Parameter Estimate Standard Error t Value Pr > |t| 

Intercept 1 -7.42862 0.17819 -41.69 <.0001 

FATA 1 1.04159 0.05693 18.30 <.0001 

CURR 1 0.08931 0.01273 7.02 <.0001 

NWCA 1 0.12385 0.04863 2.55 0.0109 

EQM 1 -0.00596 0.00201 -2.96 0.0031 

DEBT 1 0.46563 0.08642 5.39 <.0001 

GEAR 1 0.05024 0.00985 5.10 <.0001 

INCOV 1 -0.01172 0.00019607 -59.77 <.0001 

DEBTA 1 0.05365 0.00607 8.84 <.0001 

ROA 1 2.47054 0.17517 14.10 <.0001 

ROE 1 -0.25753 0.07134 -3.61 0.0003 

GROW 1 -0.15595 0.03258 -4.79 <.0001 

RISK 1 -0.01272 0.00028024 -45.38 <.0001 

NDTS 1 -2.62714 0.30417 -8.64 <.0001 

RD 1 28.66754 0.59953 47.82 <.0001 

ETR 1 -0.28559 0.05946 -4.80 <.0001 

SIZE 1 0.90927 0.00702 129.61 <.0001 

A 1 0.32597 0.15180 2.15 0.0318 

B 1 -0.15522 0.20832 -0.75 0.4563 

C 1 -0.08948 0.14830 -0.60 0.5463 

D 1 0.03653 0.16512 0.22 0.8249 

E 1 -0.16234 0.16477 -0.99 0.3246 

F 1 -0.02324 0.14998 -0.15 0.8769 

G 1 -0.14614 0.14869 -0.98 0.3257 

H 1 -0.01774 0.15113 -0.12 0.9065 

I 1 -0.12331 0.15374 -0.80 0.4226 

J 1 -0.00232 0.15964 -0.01 0.9884 

K 1 0.92724 0.28746 3.23 0.0013 

L 1 0.30080 0.16482 1.82 0.0681 

M 1 0.03061 0.15180 0.20 0.8402 

N 1 -0.13786 0.15279 -0.90 0.3669 

O 1 0.14806 0.41573 0.36 0.7217 

P 1 -0.11023 0.22813 -0.48 0.6290 

Q 1 0.12666 0.16156 0.78 0.4331 

R 1 -0.08905 0.19245 -0.46 0.6436 
 

Source: Author’s results. 

 

The decision criterion for selecting a suitable model is Mallows Cp, a small Cp value (less than the 

number of independent variables of the model) indicates a quality model (Mallows, 1973). Comparison of 

models by Cp is shown in Table 3. 

Table 3 

Comparison of Variable Selection Methods by Mallows Cp. 
 

Variable selection method Cp Number of var-s in 
model 

Forward selection 23,8013 24 

Stepwise selection 23,8013 24 

Backward elimination 20,8319 25 

Cp selection 20,8319 25 
 

Source: Author’s results. 

The value of the Mallows’ statistics for the Forward and Stepwise selection methods was the same as 

the Cp for the second two methods used. A model with a lower Cp value was selected. It contains all 16 
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qualitative variables and dummy variables A, C, E, G, I, K, L, N, Q. The model was statistically significant 

according to the results of F-test (<.0001 is less than 0.05), and also the variables are significant at the 

significance level 0.05. 

The next step of the analysis was to verify the assumptions of a linear regression model. First, we 

verified the presence of multicollinearity in the model. In the case of this model, variables that have a 

similar interpretation and may be mutually dependent, have been used. Therefore, the variables selected 

should be removed at the relevant regression model. To find these variables we used the statistics 

mentioned in the Methodology chapter. There were formed two criteria: if the Variance inflation factor is 

greater than 10 and / or the Condition index is greater than 30, then the variable is causing multicollinearity 

and should be removed from the model. In order to meet these criteria, we gradually removed 

multicollinear variables. As can be seen from Table 4, all qualitative variables cause multicollinearity were 

removed from the model. This means that the industry as a qualitative mark is not relevant to quantifying 

the value of interest tax shield; its role is fully held by financial ratios, as their level are typical for a 

particular sector. Based on the regression parameters, we can deduce that the variables Equity multiplier, 

Interest coverage, Growth, Operational risk, Non-debt tax shield and Effective tax rate have a negative impact on the 

value of interest tax shield; on the contrary, the other variables have a positive effect on the dependent 

variable, as evidenced by the Parameter estimate column in Table 4. 

 

Table 4 

Regression coefficients of the final model 
 

Parameter Estimates 

Variable DF Parameter 
Estimate 

Standard Error t Value Pr > |t| 

Intercept 1 -7.06317 0.07065 -99.97 <.0001 

FATA 1 0.93574 0.04403 21.25 <.0001 

CURR 1 0.05906 0.00991 5.96 <.0001 

EQM 1 -0.00591 0.00192 -3.07 0.0022 

GEAR 1 0.07073 0.00857 8.26 <.0001 

INCOV 1 -0.01170 0.00019809 -59.09 <.0001 

DEBTA 1 0.05609 0.00606 9.26 <.0001 

ROA 1 1.86812 0.12925 14.45 <.0001 

GROW 1 -0.13213 0.03260 -4.05 <.0001 

RISK 1 -0.01316 0.00028089 -46.84 <.0001 

NDTS 1 -1.69166 0.25822 -6.55 <.0001 

RD 1 29.70723 0.59502 49.93 <.0001 

ETR 1 -0.26052 0.05921 -4.40 <.0001 

SIZE 1 0.89938 0.00682 131.95 <.0001 
 

Source: Author’s results. 

 

In the last step of the analysis, we tested assumptions about the random error component (residuals) 

model. The tests mentioned in the previous chapter were used; the results are in Table 5. 
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Table 5 

Random error component test results 
 

Homoscedasticity 

 

Equality of Variances 

Method Num DF Den DF F Value Pr > F 

Folded F 2095 2095 1.52 <.0001 

 

Levene's Test for Homogeneity of student_ITS Variance  
ANOVA of Squared Deviations from Group Means 

Source DF Sum of 
Squares 

Mean Square F Value Pr > F 

Factor 1 177.0 177.0 42.40 <.0001 

Error 4190 17497.5 4.1760     

 

Brown and Forsythe's Test for Homogeneity of student_ITS Variance 
ANOVA of Absolute Deviations from Group Medians 

Source DF Sum of Squares Mean Square F Value Pr > F 

Factor 1 20.4927 20.4927 47.89 <.0001 

Error 4190 1793.0 0.4279     

 

Bartlett's Test for Homogeneity 
of student_ITS Variance 

Source DF Chi-Square Pr > ChiSq 

Factor 1 90.4407 <.0001 
 

Autocorrelation 

 

Durbin-Watson D 1.912 

Number of Observations 4192 

1st Order Autocorrelation 0.037 
 

Normality of residuals 

 

Tests for Normality 

Test Statistic p Value 

Kolmogorov-Smirnov D 0.043759 Pr > D <0.0100 

Cramer-von Mises W-Sq 1.999736 Pr > W-Sq <0.0050 

Anderson-Darling A-Sq 12.55695 Pr > A-Sq <0.0050 
 

 

Source: Author’s results. 

 

The assumption of equality of variance was tested by four tests; in all cases the null hypothesis of 

homoscedasticity is rejected and we accept an alternative hypothesis at the significance level of 0.05. This 

means that the model parameter estimation is unbiased and consistent, but it is not the best. Estimation of 

the regression parameter that causes heteroscedasticity is underestimated; however, the estimate of 

intercept is overestimated. Durbin-Watson test does not show autocorrelation in the model (Durbin - Watson 

D is higher than dwU = 1.918); this indicates that all relevant variables were included in the model and also 

linear regression is a suitable regression modelling method. The null hypothesis of normality of residuals 

was rejected at the significance level of 0.05. However, the residual normality was significant at the 



  
Journal of International Studies 

 
Vol.11, No.4, 2018 

 

 

 
306 

significance level of 0.001 in all tests; at the significance level of 0.01 it was significant according to the 

Kolmogorov-Smirnov test. 

Table 6 

Results of the final model significance 
 

Analysis of Variance 

Source DF Sum of Squares Mean Square F Value Pr > F 

Model 13 8697.90612 669.06970 2118.39 <.0001 

Error 4178 1319.57172 0.31584   

Corrected Total 4191 10017    
 

Source: Author’s results. 

 

At the end of the analysis we tested the significance of the final model (see Table 6). The statistical 

significance of the model was confirmed at the significance level of 0.05 (<.0001 <0.05). Subsequently, we 

calculated the determination factor to assess the model's quality. R2 has a value of 0.8683 (adjusted R2 is 

0.8679), indicating that more than 86% variance in the interest tax shield is predictable from its 

determinants. 

Overall, we have created a model that contains 13 of the quantitative variables; six variables are 

negatively dependent on the value of the interest tax shield. By contrast, seven variables (Fixed assets to total 

assets ratio, Current ratio, Debt to EBITDA ratio, Gearing, Return on assets, Tax adjusted cost of debt and Size) have 

a positive effect on interest tax advantage. Unlike the traditional models of the interest tax savings 

mentioned in the Literature review, the model takes into account a more complete set of factors that are 

necessary to optimize the tax advantage, to increase profitability and to make appropriate financial 

decisions. Businesses pursue these financial indicators in the framework of its financial policy, but not 

analysed in the context of the issue of tax shield. The model gives attention to the interrelationships 

between indicators and extends the debate about the value of the tax shield on the new dimension. Some 

of our findings are compared with existing results below. 

Unlike traditional formulae we have found that the tax shield is influenced not only net (gross) 

income, interest rate, amount of debt and the tax rate, but also other factors such as collateral (tangibility), 

companies' ability to meet financial obligations with liquid assets (liquidity ), operational risk, etc. This 

model may be an appropriate tool for financial decision making and enable businesses to better utilize the 

tax benefit associated with debt. 

Our findings are similar to the Velez-Pareja (2013) theory, which found that the tax savings (tax 

shield) is a function of pre-tax profit and interest. Against the author, we tested the dependency between 

turnover (SIZE variable) and the interest tax shield. The model indicates that turnover has a significant 

impact on the tax shield, but there are other variables that determine this value, which has allowed a wider 

view of the issue. Velez -Pareja (2010a) also identified three sources of risk associated with the risk: the 

risk of debt in default, the market cost of the debt risk and the operational risk. These factors have been 

found to significantly affect the interest tax shield in the Slovak Republic as well. Specifically, the default 

risk is present in current ratio variable as well as in other leverages ratios. The cost of debt risk includes 

both systematic and non-systematic risk, as the cost of capital consists of the risk-free interest rate 

(affected by systematic risk) and the default spread (affected by non-systematic risk) (Valaskova and 

Gregova, 2017). Velez - Pareja (2010a) claims that the tax shield is created by a contractual interest rate 

and, in the absence of a link between the market and the contractual interest rate, the cost of the debt risk 

does not affect the contractual cost of the debt. In addition to inflation, which combines these two types 

of cost of debt, systematic risk is also reflected in fixed interest rates. In contrast to floating interest rates 
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they are less risky, but they also include the systemic risk resulting from the sharp rise in fixed rates. This 

risk is conditioned by current economic conditions. 

In terms of capital market expansion, the model is designed for the emerging market. The use of the 

Modigliani and Miller model (1963) is only appropriate under specific conditions; the Slovak economy 

does not meet one of the basic conditions of perfect capital markets: the development of capital markets. 

On the contrary, our model takes into account leverage, like the model Miles and Ezzell (1985), as it is 

evidenced by the variable Gearing. This financial ratio is an approximation of the Debt to Equity ratio, 

which is a key factor in the theories Miles and Ezzell (1985), Harris and Pringle (1985), Grinblatt and Liu 

(2008) or Cooper and Nyborg (2006). 

In addition to the above mentioned facts, our regression model examines the relationship between 

debt tax savings and non-interest tax shields. On the basis of regression coefficients (see Table 4), there is 

a significant negative relationship between the interest tax shield and the depreciation tax shield. This 

finding is consistent with the theory of DeAngelo and Masulis (1980), which found that these two tax 

benefits were offset in order to obtain an optimal tax advantage. On the other hand, Iwin - Garzyńska 

(2004) argues, a direct relationship between interest rate and depreciation tax was found in the Polish 

economy. It should be noted that the direction of the regression coefficient in the multiple model may 

differ from the direction of the correlation coefficient. DeAngelo and Masulis (1980)hypothesis can be 

accepted only if the other factors examined are taken into account. The individual relationship between 

variables has not been investigated and can be part of further research. 

This model is unique because the value of the tax shield is not typically modelled by regression, 

unlike the issue of capital structure. Only some partial results can be cross compared. For example, Feld, 

Heckemeyer and Overesch (2011) investigated 46 studies in order to provide a quantitative overview of 

the impact of taxation on capital structure. Their findings suggest that the capital structure choices are 

indeed positively affected by the tax, i.e., there exists a positive significant relationship between these 

variables. Mokhova and Zinecker (2013) review capital structure in the European Union countries. They 

concluded their study, claiming that the non-debt tax shield can have a positive or negative impact on 

leverage (capital structure) with regard to the fact that the theory of capital structure is preferred. The 

maturity of the debt also greatly affects the strength and significance of the relationship between the 

determinants (Vinczeova & Kascakova (2017) have focused on the financial decisions of Czech small and 

medium sized enterprises. They evidenced that half of Slovakian SMEs set the target debt ratio and one of 

the most important factors affecting capital structure is cost of capital. Tax shield is a key element of the 

cost of capital, which is also confirmed by our conclusions.  

This study has some limitations given by the choice of statistical methods and variables. We have 

used multiple linear regressions to determine the significant factors of interest tax shield. This method is 

subject to the strict assumptions we tested. Rejected autocorrelation indicates that we have included 

relevant variables in the model and the functional form of the model is correct. On the contrary 

heteroscedasticity of the model says that the estimate of regression coefficients is not a BLUE estimate. 

Nevertheless, the method is significant for determining the relevant tax shield determinants. To remove 

heteroscedasticity and to improve the explanatory power transformation of a variable, e.g. Box - Cox 

transformation, should be used.  

Microeconomic factors (financial ratios) were used as independent variables. In addition, personal 

taxing may be used in future research, for example, Miller (1977), Taggart (1991) or Pareja-Velez (2017). 

The study can be extended to other countries and a longer time period. Panel data model also makes it 

possible to include macroeconomic factors similarly as in models of capital structure (see Booth et al., 

2001; Bas et al., 2010; Overesch & Voeller, 2010 or Jibran et al., 2012). 



  
Journal of International Studies 

 
Vol.11, No.4, 2018 

 

 

 
308 

5. CONCLUSION 

Nowadays, almost every company finances its activities by equity and debt. In general, equity is 

considered to be more expensive and more risky because, unlike creditors' income (interest paid), 

dividends do not give the enterprise any advantage. The tax deductibility of interest is called tax shield and 

its management is part of the financial (tax) policy of the company. It affects as much net income the 

company and the value of the company. The issue of tax shields mainly aims to estimate an appropriate 

discount rate, to a lesser extent, to investigate the factors that influence this value. 

Hence, the main objective of this study was to create an econometric model (multiple regression 

model) to reveal relevant and significant determinants of the value of interest tax shield. The model was 

quantified using financial information of 6,569 Slovak enterprises, of which 34 explanatory variables, 16 

quantitative and 18 binary variables were calculated. In the next step, a linear regression model was created 

using the variable selection methods and the appropriate model was selected. Subsequent assumptions of 

the model were tested and the optimal model was found. The final regression model did not contain 

binary variables; the industry has no significant impact on the value of tax shield. Significant determinants 

include 13 quantitative variables: fixed assets to total assets ratio, current ratio, equity multiplier, gearing, interest 

coverage, debt to EBITDA ratio, gross retirement, asset tax, of debt, effective tax rate and company size. The following 

factors may be considered to be relevant and their management can greatly help to optimize the value of 

interest tax shield. Based on the coefficient of determination it can be considered a regression model 

quality, more than 86% of the variance interest tax shield is predictable from the above financial 

indicators. These results evidenced that companies should take into account not only cost of debt, value 

of debt and corporate tax rate, but also other quantitative determinants (financial indicators). Knowledge 

of these relationships can significantly improve the quality of decision making of enterprises and increase 

their profitability. 

Nevertheless research provides many other areas that have not been explored. There are other 

methods of exploration such as Monte Carlo simulation (Velez - Pareja, 2010b) or the production 

function of the enterprise (Menichini, 2017).  

In conclusion this paper contributes to fill the gap in the field of determination the factors of tax 

shield. 
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