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Abstract. Economists stress issues for financing Research & Development (R&D) in
business sectors. Credit constraints are considered the main barriers for the implementation
of R&D projects within firms. Usually, incentives are aimed at boosting R&D expenditures,
but are constrained by financial resources and lack of warranties for the risk. In this paper,
we examine how cash holdings can affect the R&D expenses of a firm. An important factor
that may influence the R&D expenditures, together with cash flow, is the ownership
structure. The use of multiple moderate regressions are proposed for analysing the
relationship between financial ratios and R&D intensity. The analysis is performed using
a data base concerning the financial reports of Italian firms with reference to the years 2006
and 2007.
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1. INTRODUCTION

The importance of finance structure in an enterprise and in particular the role of
Research & Development (R&D) expenditures for reaching a level of competiveness
in the market, is a well confirmed matter in literature (Fazzari et al., 2000; Hall,
2002; Ughetto, 2008; Bogliacino et al., 2010).

The internal and external funds and the liquidity of a company affect R&D
expenditures, and any decision concerning the correct level of investments is
influenced by ownership and by market structure. This means that these aspects
exert a moderating effect on R&D expenditures. For instance, Filatotchev et al.
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(2003) analysed a sample of 2002 manufacturing firms in Italy and provided
evidence that R&D intensity is linked to the position of a firm within the hierarchy
of an industrial group. This analysis also focused on the moderating effects of
ownership structure on R&D and cash availability.

Following the analysis performed by Kim and Park (2012) for Korean firms,
we attempt to find out if, at firm level, the relationship between cash holding and
R&D investment with the presence of moderating effects of other factors might be
true for Italian ones. The analysis follows the approach of the above mentioned
research, even if the framework is different: the Italian economic context is mature,
so the presence of foreign ownership business may have a different significance
compared to the South Korean situation, although the influence of firm groups is
probably the same in both countries.

The aim of this study is not only to investigate the relationship between cash
holding and R&D expenditures and to detect the moderating effects of ownership
structure on this relationship, but also to use the results obtained for supplying
public decision-makers with suggestions for policies.

2. THEORETICAL BACKGROUND

The  study focuses on an analysis of the relationship between cash holding (and
other financial ratios) and R&D expenditures; another of its purposes is to detect
possible moderate effects of ownership typology on the relationship between R&D
expenditures and the availability of internal funds. More exactly, an ownership
structure may influence the R&D expenditures both directly and indirectly via cash
flow. The use of Moderate Multiple Regression (MMR) models is a useful tool for
detecting this kind of relationship.

We have considered two moderators in the estimation of a hierarchical
structure of the model: foreign ownership and the effect of belonging to a business
group. Cash holding allows firms to undertake more experimentation and to engage
in various R&D activities (Kim and Park, 2012; Bourgeois, 1981), but this
relationship may be different depending on the ownership corporate structure. On
one hand, the strategies of foreign owners may be affected, for instance, by greater
disadvantages related to information and control activities than internal owners
(Williamson, 1975), and on the other hand, firms belonging to a group can gain
access to a greater volume of information and financial sources.

Foreign owner business plays an important role in Italian economy. In fact,
during the period 2002-2007, the people employed in Italian firms belonging to
foreign groups were around 7% of the total employment figures in Italy, and this
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share rises to around 12% and to 16% regards investment and turnover, respectively
(Figure 1).

The number of firms belonging to foreign owners increased in the first part of
the decade, reaching a peak in 2004, while the number of persons employed
constantly increased until 2007 and consequently the average size of firms became
larger. In Italy, nearly 75,000 business groups were active on the market by the year
2007; these incorporated 176,789 firms, and recruited more than 5.7 million people,
representing around 4 per cent of the total business population and one third of the
total population of persons employed. If we consider only the limited companies,
these shares increase dramatically to 22 per cent in terms of firm population and to
nearly 60 per cent in terms of persons employed.

We followed the theoretical and methodological approach proposed and used
by Kim and Park (2012) to investigate the moderating effects of different types of
owners on the relationship between cash holdings and R&D expenditure in Korean
firms. We expect that the tendency to undertake an investment increases with the
availability of internal funds, as is shown in the literature. According to Cyert and
March (1963), cash holding spurs R&D expenditure, and empirical studies (Singh,
1986) verify that slack resources have positive effects on economically risky
projects.

Figure 1: Persons employed, Value Added, Investment of foreign owner firms as percentage
of total firms in Italy – Years 2002 –2007 (Source: ISTAT data)
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The analysis of the effects of ownership structure on firm performance and
capital structure was carried out by Chang and Hong (2000) for firms associated
with Korean business groups. The results showed that group-affiliated firms benefit
from group membership through sharing intangible and financial resources with
other member firms. Moreover, this study shows that various strategies of internal
business transactions, such as debt guarantee, equity investment and internal trade,
are extensively used for the purpose of cross-subsidization. Other studies (Belderbos
and Sleuwaegen, 1996) suggest that membership of horizontal Japanese groups
relaxes liquidity constraints.

3. THE METHOD

Moderation refers to a situation that includes three (or more) variables, where one
(or more) of these variables changes the relationship between two other (or among
the other ones). Hence, moderation effect takes place when the association between
two (or among more) variables is not the same at all levels of a third (or further)
variable.

This typical relationship, using the variables considered in this study, can be
represented in the following scheme.

cash * foreign owner

foreign owner

cash

R&D

Indeed, we want to fit an MMR model in order to measure the impact of cash
holding on R&D expenditures and the impact of the foreign ownership over cash
holding, having a moderate role between the R&D expenditures and cash holdings.
To fit a moderate regression, we use the model proposed by Zedeck (1971) and
Sharma et al. (1981) (for MMR model proprieties see also Bedeian and Mossholder,
1994; Aguinis, 1995).
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We estimate some models put on a hierarchical structure according the
following general formulation:

Model 1:  Y X= + +α β ε
Model 2:  Y X Z= + + +α β γ ε
Model 3:  Y X Z XZ= + + + +α β γ δ ε

where X represents one or more covariates, Y is the dependent variable and Z is the
moderator variable.

If a moderator variable operates through an interaction with the predictor
variable, the form of the relationship between the criterion and the predictor
variables is a function of the moderator variable. Therefore, the emphasis should be
placed on examining the form of the relationship with different values of the
moderator (Sharma et al., 1981). In the presence of moderate effects, the use of a
moderate regression analysis is more appropriate than a subgroup analysis, because
this analytic approach maintains the integrity of a dataset while controlling the
effects of a moderator variable.

The analysis is performed in a few steps. First, we test the hypothesis of a
positive relationship between cash holdings and R&D expenditure by fitting the
following model with some control variables:

R&D = + + + + + +−β β β β β β
0 1 1 2 3 4 5

cash mb sales size lev
t

ββ
β ε

6

7

roa

tangi

+
+ (1)

where:
R&D = R&D intensity

cash = cash holdings calculated at the previous year

mb = future investment opportunities

sales = growth rate of sales

size = firm size

lev = leverage ratio

roa = return rate of assets

tangi = tangible assets investment

The R&D intensity is measured by means of the R&D expenditures to sales
ratio. The cash holding is represented by the ratio of quick assets (cash and
marketable securities) to the total assets of the previous year. The control variables
are future opportunities of investment, growth rate of the sales, firm size, leverage
ratio, return on assets and tangible asset investment. The mb is calculated as total
liabilities plus market capitalization to total assets; size is measured using the log
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of total assets; lev is calculated as total debt divided by total assets; roa is
represented by the ratio between reported earnings and total assets. The tangi is an
approximation of a progressive decrease of funds available for investment in a more
mature, lower investment stage of the life cycle of the firms (Perry and Grinaker,
1994).

If a positive relationship exists between cash holding and R&D expenditures,
the coefficient on cash holding will be greater than zero. Then, we check if the
selected ownership structure (i.e. foreign ownership and belonging to a group of
companies) moderates the cash holdings and R&D expenditures relationship. To
test this hypothesis, the following equation is estimated:

R D& = + + + ∗ + +− −β β β β β β
0 1 1 2 3 1 4

cash for cash for mb
t t 55

6 7 8 9

sales

size lev roa tangi

+
+ + + +β β β β ε (2)

where for indicates the foreign ownership and is a flag that discriminates between
two firms for which the equities mainly belong to a foreign institution and to a
national institution, respectively. If a moderator interacts with the covariate, the
regression coefficient b3 of the interactive variable will be significant. The following
equation is estimated to test whether the condition of belonging to a group of
companies can moderate the cash holding and R&D expenditure relationship:

R D& = + + + ∗ + +− −β β β β β β
0 1 1 2 3 1 4

cash gro cash gro mb
t t 55

6 7 8 9

sales

size lev roa tangi

+
+ + + +β β β β ε

(3)

where the variable gro indicates belonging to a group and is a flag that discriminates
among firms belonging or not to a group. If the regression coefficient of the
interactive variable cash*gro is significant, the condition of belonging to a group
moderates between cash holding and R&D expenditures.

4. DATABASES

The data come from the annual reports collected by the Italian Chamber of
Commerce (C.C.). Indeed, Italian law prescribes that all limited liability firms have
to submit a copy of their annual report to the local C.C. Enterprises are obliged to
complete their financial reports according to the standard fixed by the EEC fourth
Directive (and now by IAS/IFRS accounting principles, too) and to return it to the
C.C. by June of the subsequent year. Over 800,000 limited enterprises now belong
to industry and services sectors; they account for about one half of total employment.
The Italian Institute of Statistics (Istat) extracts a data set of 650,000 enterprises
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from the C.C. financial reports data base. This data set contains about 180 variables
from profit-and-loss accounts, balance sheet and part of the explanatory notes.

We exploit the richness of this source computing the above mentioned
indicators for the year 2007. Then the financial reports data are merged with the
R&D survey data so that a new database containing 3,839 firms is obtained;
thereafter this database is merged with two other datasets, the Foreign Affiliates
Statistics (Fats) survey data and Business Group Register data, in order to include
information on the foreign owner firms and on firms belonging to groups.

In our sample, economic variables cover 16 per cent of the total turnover of
the available financial reports, although the sample represents only 0.6 per cent of
the firms considered in the analysis.

Some descriptive statistics of the ownership structure of our sample are shown
in Table 1.

Moreover, 96% of R&D survey respondents are included in our database, so
we can exploit practically all the information coming from this survey.

Table 1: Ownership structure in the sample

Type of firms % of the total firms
domestic 90.94

fob 9.06
total 100.00

stand-alone 36.57
belonging to a group 63.43

total 100.00

In Table 2, some descriptive statistics of the variables obtained in this dataset
are shown. It can be noted that the mean and median values for cash holdings differ
from zero (0.070 and 0.029, respectively).

Table 2: Descriptive statistics

Variable N Mean Std Dev Median Minimum Maximum

R&D 3839 0.010 0.033 0.003 0.032*10-5 0.953

cash 3839 0.070 0.101 0.029 0.000 0.862

mb 3839 0.705 0.202 0.739 0.014 3.871

sales 3839 17.047 86.331 8.220 -97.294 3446

size 3839 16.254 1.875 16.109 10.286 25.137

lev 3839 5.629 9.198 3.116 -67.574 98.068

roa 3839 0.028 0.079 0.017 -0.932 0.786

tangi 3839 10.381 17.802 0.085 0.000 100
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The correlation matrix of these variables is shown in Table 3. R&D intensity
is positively and significantly correlated with cash holdings and with size. This
means that firms larger in size and with larger cash holdings also invest more in
R&D activities.

Table 3: Matrix of correlations of the variables (p-values)

R&D cash mb sales size lev roa tangi

R&D 1 0.068 0.039 0.014 -0.214 -0.005 -0.137 0.025

(<0.0001) (0.015) (0.395) (<0.0001) (0.735) (<0.0001) (0.118)

cash 1 -0.311 -0.006 -0.162 -0.122 0.176 0.067

(<0.0001) (0.701) (<0.0001) (<0.0001) (<0.0001) (<0.0001)

mb 1 0.044 0.001 0.357 -0.392 0.032

(0.006) (0.965) (<0.0001) (<0.0001) (0.047)

sales 1 -0.015 0.029 0.021 0.117

(0.359) (0.070) (0.192) (<0.0001)

size 1 -0.107 -0.013 -0.081

(<0.0001) (0.428) (<0.0001)

lev 1 -0.162 0.048

(<0.0001) (0.003)

roa 1 0.081
(<.0001)

tangi 1

5. RESULTS

Table 4 reports the estimates of the fitted regression models described above, and
in Step 3 the foreign ownership enters as moderate variable. There is evidence that
cash holding is positively associated with R&D expenditures; the estimated
coefficient on cash holdings is positive and significant while parameters of the
interaction between cash holdings and foreign ownership are not significant.These
results do not support the hypothesis that foreign ownership moderates the
relationship between cash holdings and R&D expenditures. However, foreign
ownership is a significant independent variable and it contributes to explain the
R&D expenditures.
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Table 4: Regression analysis of the effect of foreign ownership on cash holding and
R&D expenditures

Variables Pred. Sign Step1 Step2 Step3

Intercept + 0.0706 *** 0.0733 *** 0.0732 ***

cash + 0.0193 *** 0.0195 *** 0.0198 ***

for - 0.0051 *** 0.0053 **
cash*for + -0.0033

mb + 0.0024 0.0026 0.0027
sales + 0.0000 0.0000 0.0000
size + -0.0038 *** -0.0040 *** -0.0040 ***

lev - -0.0002 *** -0.0002 *** -0.0002 ***

roa + -0.0654 *** -0.0650 *** -0.0650 ***
tangi + 0.0000 0.0000 0.0000

Adj R2 7.00 7.15 7.34
N. 3,839 3,839 3,839

F value 42.27 *** 37.97 *** 33.74 ***

* p<0.05; ** p<0.01; *** p<0.001

Table 5 presents the results of the fitted regression model where the variable
belonging to a group enters as moderator. Also in this case, we do not have
moderating effects of the belonging to a group status in the relationship between
cash holding and R&D expenditures. Moreover, in this case, there is not even a
significant direct effect.

Table 5: Regression analysis of the effect of belonging to a group on cash holding and
R&D expenditures

Variables Pred. Sign Step1 Step2 Step3

Intercept + 0.0706 *** 0.0696 *** 0.0695 ***

cash + 0.0193 *** 0.0192 *** 0.0278 ***

group -/+ -0.0007 0.0006
cash*group - -0.0169

mb + 0.0024 0.0024 0.0022
sales + 0.0000 0.0000 0.0000
size + -0.0038 *** -0.0037 *** -0.0037 ***

lev - -0.0002 *** -0.0002 *** -0.0002 ***

roa + -0.0654 *** -0.0654 *** -0.0651 ***
tangi + 0.0000 0.0000 0.0000

Adj R2 7.00 7.00 7.24
N. 3,839 3,839 3,839

F value 42.27 *** 37.2 *** 33.21 ***

* p<0.05; ** p<0.01; *** p<0.001
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In all models, size has a low negative coefficient even if significant. This is
evidence of an inverse (-0.0038) relationship between size and R&D and seems to
be counter-intuitive: it probably depends on the large share of firms belonging to
a group in the sample. In fact, the group may outsource the R&D activity to smaller
firms within the group itself.

To validate what has been mentioned above, we also estimated the same
model by introducing the interaction variable gro*size as moderator, whose
estimate is 0.0049 (p-value <.0001).

Because of the low number of significant parameters from model estimation,
we repeated the moderate analysis for foreign ownerships using the model with a
lower number of variables. The results of the fit shown in Table 6 confirm that
foreign ownership has an important positive influence on investment in R&D.

Table 6: Regression analysis of the effect of foreign ownership on cash holding and
R&D expenditures (reduced model)

Variables Pred. Sign Step1 Step2 Step3

Intercept + 0.0731 *** 0.0759 *** 0.0759 ***
cash + 0.0184 *** 0.0186 *** 0.0189 ***

for - 0.0050 *** 0.0051 **
cash*for + -0.0035

size + -0.0038 *** -0.0040 *** -0.0040 ***

lev - -0.0002 *** -0.0002 *** -0.0002 ***
roa +  -0.0665 *** -0.0663 *** -0.0663 ***

Adj R2 7.00 7.27 7.26
N. 3,839 3,839 3,839

F value 73.25 *** 60.07 *** 50.05 ***

* p<0.05; ** p<0.01; *** p<0.001

The moderate analysis is also repeated for the condition of belonging to a
business group. Estimates of the model in Step 3 are affected by the presence of the
heteroskedastic2 variance in the residuals. To satisfy the homoskedasticity
assumption, a new estimation of the model is performed using the weighted least
squares method (Stock and Watson, 2011), where variables are weighted by means
of size variable. Table 7 shows the results of this fit.

The results obtained from the model that fits the relationship between R&D
expenditures and the belonging to a business group, show that there is no significant

2 Details on Breusch-Pagan and Cook-Weisberg tests of heteroskedasticity are not included in
this paper but are available from the authors upon request.
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direct link but that indeed there is a negative moderating effect. This situation is
similar to the results obtained in other studies (Singh, 1986). Firms not belonging
to a group finance their R&D expenditure by means of cash holdings more than
firms belonging to a group (Chang and Hong, 2000); in fact, business group
ownership encourages firms with a high level of financial slacks to save part of them
for other members of the group.

Table 7: Regression analysis of the effect of belonging to a group on cash holding and
R&D expenditures (reduced model)

Variables Pred. Sign Step1 Step2 Step3

intercept + 0.0731 *** 0.0722 *** 0.0133 ***

cash + 0.0184 *** 0.0184 *** 0.0259 ***

group -/+ -0.0007 0.0003
cash*group + -0.0195 **

size + -0.0038 *** -0.0037 *** -0.0004 *

lev - -0.0002 *** -0.0002 *** -0.0001 ***
roa + -0.0665 *** -0.0665 *** -0.0460 ***

Adj R2 7.00 7.00 4.57
N. 3,839 3,839 3,839

F value 73.25 *** 58.65 *** 19.03 ***

* p<0.05; ** p<0.01; *** p<0.001

Thus, cash holdings widely assessed as the primary financing for R&D are
relevant for start-up and for single firms, but the strategy on cash holdings in a
business group could be a redistribution of cash flows within the group.

As argued by Himmelberg and Petersen (1994), internal finances (cash flow)
are the main driver for investments in R&D that are positively related with internal
finance availability. This condition arises from the difficulty of firms with strong
budget constraints. to attract resources in the financial market.

Actually, the inclusion of a firm within a business group affects the relevance
of cash flows, as primary source for R&D investments. The group strategy can
achieve overall investment targets and firms re-allocate their cash flows accordingly.
As a consequence, a negative relationship between R&D and cash flows at firm
level may be possible. As stressed by Honjo et al. (2011), parent companies are a
relevant source of R&D financing.

Results obtained in these analyses confirmed that for firms belonging to a
group, the ratio of cash availability on turnover is lower than that for stand-alone
firms. This lower level of cash availability is counterbalanced by a flow of liquidity
coming from controlling firms (registered under item payables to parent companies).
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This model is also fitted using the data set splitted by firms size (small and
large size) and economic sector (industry and services), with the aim of verifying
if, in this case, it would be possible to obtain moderating effects. As shown in Table
8, the fit yields similar results to the previous situation. The moderating effect is
significant only for large size industries.

Table 8: Regression analysis of the effect of belonging to a group on cash holding and
R&D expenditures, splitted by size and type of sector

Small - Industry Small -Services Large - Industry Large - Services
Intercept 0.1613 *** 0.1556 *** 0.0103 0.0145 **

<.0001 <.0001 0.1718 0.0142
cas06 0.0178 0.0261 * 0.0659 *** -0.0036

0.2703 0.0770 <.0001 0.7278

grup 0.0005 0.0003 0.0022 0.0000
0.8937 0.9266 0.2447 0.9850

g 0.0136 -0.0106 -0.0635 *** 0.0119
0.6251 0.6625 <.0001 0.2984

size -0.0098 *** -0.0093 *** -0.0003 -0.0006
<.0001 <.0001 0.4725 0.1038

roa -0.0776 *** -0.0923 *** -0.0619 *** -0.0213 ***
<.0001 <.0001 <.0001 0.0005

lev -0.0001 -0.0002 * -0.0002 ** -0.0001
0.4645 0.0814 0.0142 0.2284

F value 11.29 14.24 14.88 3
Pr > F <.0001 <.0001 <.0001 0.0066
Adj_R2 5.8 9.1 7 1.3

N. 1017 799 1115 908

* p<0.05; ** p<0.01; *** p<0.001

6. CONCLUDING REMARKS

This study is focused on the relationship between firm cash holding and R&D
expenditures. Here, a moderate multiple regression model is applied to detect the
presence of a moderator variable that influences the relationship between cash
holding and R&D expenditures.

The results of the analysis show, as expected, a significant and positive direct
influence of foreign ownership on R&D expenditures, while the role of the
moderator in this relationship is only identified by the condition of belonging to a
group. The influence to belonging to a group implies a lower cash flow; this kind
of relationship depends on the sensitivity of the business group firms to the cash
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flows of other group members rather than to their own cash flow (Shin and Park,
1999). Thus, inside a business group, firms having excess cash flow play the role
of providers while firms with liquidity constraints are likely to be recipients
(Scharfstein and Stein, 2000).

We highlighted different results when comparing them to the above- mentioned
Kim and Park (2012) study. We differently found a strong relationship between
R&D and foreign ownership business, and a negative moderate effect for group
business.

The relationship here detected between cash and R&D expenditures can
provide some suggestions also for policies aimed at increasing R&D investments.

Czarnitzki and Hottenrott (2011) analysed 5,000 observations from a panel of
German firms. They assert as follows: Thus, firms may prefer to exploit internally
available funds to finance their R&D investment as much as possible. However,
internal funds may be limited as well. ... Financially constrained firms may have to
conduct their R&D activities at a sub-optimal level, abandon certain projects or not
be able to perform R&D at all.

As the results of our study showed, Italian firms prefer exploit internal funds
(cash flow) rather than to get into debt (borrow funds) when they have to invest in
R&D. Moreover, the results suggest that the problem of the reduced availability of
internal funds is often solved by sharing resources which are available in a group
of firms.

The attitude to use cash and therefore the self-financing observed in firms,
shows that it is more convenient to implement tax policies favourable to firm
capitalization rather than to reduce the interest burden by means of unlimited
deduction of interest paid.

From the point of view of public policy decisions on incentives in favour of
R&D investments in firms, we should take into account the relationship between
cash holding and R&D expenditure. For instance, if the tax policy is not neutral
between the different financial instruments (debt, cash flow, equity) and if cash
holding represents an important way for firms to finance investment, it is fundamental
to know whether cash holding actually matters in the R&D investment decisions of
firms (Fazzari et al., 2000; Hyytinen and Toivanen, 2005; Caiumi, 2011). The
reduction of a tax wedge, if used, should also be conditioned by the realization of
investments aimed at improving products and productive processes. Finally, a
relationship moderated by the ownership structure (i.e.: belonging to a group) has
implications also regarding the application of the tax policy rules. These rules wield
their effects differently if they are applied to stand-alone or consolidated balance
sheets.
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Another important issue here not dealt with, cause of the cross-sectional
nature of our data, is the relationship between the uncertainty about future
productivity and the demands conditions as well as the R&D investments.

Moreover, some authors (Bloom, 2007; Brown and Petersen, 2011) find that
firms (above all young firms) handle finance conditions volatility by using the cash
holdings when availability of finance is low, and building up reserves when the
financial resources are readily available. The result is a smoothing in R&D
investment adjustment to finance shocks. These aspects are important so that it is
worth to analyse them more in-depth with a more appropriate panel database.
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