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Abstract

Innovation efforts and R&D play a foundational role for companies seeking to further develop their products and services
and secure a sufficient market share. This is especially relevant for knowledge-intensive fields, particularly for the Innovation
and Technology Sector, where players are constantly challenged with adapting to its multi-faceted nature, processing large
amounts of data, and rapid innovation transfer. Thus, it is important to study the factors that contribute to R&D intensity
and encourage innovations in detail. The study explores the impact of M&A activity on R&D intensity and R&D spending
increase of both the acquiring companies and their targets in European Union. The final sample consists of 85 companies
that had implemented M&A deals in the Innovation and Technology sector of the EU between 2007 and 2021, acting as
acquirers or targets in these deals. The data is collected from Refinitiv Eikon database. Subgroups are determined based
on categorization established by the European Commission. These include Business support service activities, Comput-
er programming, Data processing, Manufacturing, and Telecommunications. In addition, financial data was collected on
non-merging companies for forming a control group for the analysis. Difference-in-difference and probit model estimation
methods are used to analyze the effect of M&A activity on the companies involved. The results show that the R&D intensity
of both acquirers and targets decreases in the post-merger period. As for R&D expenditures, they increase for acquiring
companies, while the effect is the opposite for their targets. The study contributes to the literature as it, unlike other similar
studies that focus mostly on one group of actors, differentiates between the effect on the innovation activity of targets and
the effect on the acquirers. The results could be used to increase the knowledge of the M&A effect on innovation efforts
in the Innovation and Technology sector in European countries and understanding the possible problems it could lead to.
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Introduction

There has been a continuous debate in the scientific com-
munity as to the effect mergers and acquisitions have on
the innovation efforts and R&D activity of the companies
that participate in mergers and acquisitions (M&A). M&A
activity peaked in Europe in 2021 to the highest level since
2009 (1893.3 bn USD) and declined in 2022 and 2023 due
to the uncertainty in the business environment on the con-
tinent that led to tough monetary policies, but it remains
high [1]. The discussion of mergers’ impact on innovation
efforts and market competition has resurfaced in the scien-
tific community due to the recent abundance of mergers in
the high-tech industries [2]. One of the illustrative exam-
ples was the merger between the drug company Pfizer and
its rival, Hospira. The European Union’s competition com-
missioner, Margrethe Vestager, said about this transaction:
“We only approved the deal after Pfizer agreed to sell the
European rights to an arthritis drug it was developing. One
concern was that Hospira already had a competing drug on
the market, and we thought Pfizer might stop work on its
own drug if the deal went ahead as planned. Which would
have meant less of the innovation that we depend on as pa-
tients” [2, p. 284]. Another example is the telecom merger
of Telefénica Deutschland and E-Plus in Germany that also
became the subject of a European Commission investiga-
tion. It was discovered that the parties were each other’s
‘close competitors, so the mergers would lead to the elim-
ination of market competition between the merging par-
ties and, therefore, to a significant price increase in all the
segments including the pre-paid and the post-paid service
segments. Moreover, the merger would lead to high entry
barriers and limited buyer power [3]. The authors have es-
pecially started to voice their concerns since approximately
2015, when the wave of mergers associated with the larg-
est US technological companies, namely Google, Amazon,
Facebook, Apple, and Microsoft (GAFAM), was identified
[4]. Later it was revealed that a significant percentage of
these mergers turned to be killer acquisitions, meaning
that the core product of the acquired startup was discon-
tinued shortly after the acquisition.

The relevance of this research is determined by two main
points. First, the companies in the Innovation and Tech-
nology Sector are constantly pressured to add increasingly
more valuable assets, offer innovative products, and show
astounding growth rates [5]. Secondly, as constant inno-
vation and R&D spending is inherent for this sector, thor-
ough research into how M&A activity affects innovation
efforts is especially relevant [6].

Analysis of the previous research on the topic shows that
the relationship between innovation efforts and M&A ac-
tivity is not conclusively established. There are two polar-
izing opinions in the scientific community, the first one
stating that M&A puts a strain on the innovation efforts of
the merged entity, while the second one presents findings
that in some cases suggest a positive effect on R&D of firms
involved in a merger. Researchers advocating for a negative
effect of M&A on innovation efforts argue that these deals
seem to make managers more risk-averse, thus reduc-

ing their commitment to R&D projects, and their overall
number [7], while resourses spent on the M&A itself also
prevent companies from investing the expected amount
of funds into the on-going R&D processes. However, the
scholars who found a positive relationship between M&A
and innovation speculate that the R&D intensity decreases
only briefly and then picks back up, and the merged firms
are also able to spread their R&D-related fixed costs across
a wider variety of projects.

As for the models built using the data on M&A activi-
ty and innovation efforts indicators, J. Haucap et al. [2]
built a complex model for not only measuring the effect
innovation has on acquired firms and the acquirer, but
also on the non-merging players that are considered to
be in competition at the moment. A theoretical oligopoly
model is built with heterogeneous firms as well as a patent
race model based on the European Commission data on a
sufficient sample of more than a hundred merger targets
from 38 different product markets. The data spans almost
twenty years, from 1990 to 2009. The results help estab-
lish that there is a powerful connection between mergers
in the market and rivals’ performance in R&D. In addi-
tion, since this connection is determined to be negative,
it poses a concern to the responsible authorities, since re-
search-intensive industries might experience holdbacks
due to this fact. It is important to note that the theoretical
model has shown that if the pre-merger innovation level
was low, there is a chance that a merger will have a posi-
tive effect on the innovation in the industry. On the other
hand, E. Cefis and O. Marsili [8] speculate that mergers
promote innovation within the firm, and act as a starter in
the process of becoming an active innovator. The dataset
is then transferred to transition probability matrices, and
a random effects discrete choice model is estimated with
the purpose of determining whether innovation activity
is dependent on involvement in M&A. Finally, the article
by E Sziics [9] is the first to look both at the acquirer and
the target before and after the merger with an assumption
that the effects on both are highly asymmetric. The author
combines propensity-score matching techniques to find
a similarity measure with the nearest-neighbor matching
algorithm to build control groups. The effects on R&D
performance of groups are later evaluated with the help
of difference-in-difference estimation and with a probit
model. E. Sziics [9] shows that firms acquired through a
merger had lowered their R&D efforts substantially after
the event took place. Interestingly, the picture is similar for
acquiring firms, considering that the intensity of innova-
tion efforts also decreases, albeit due to the sales increase
and only slightly if compared to the acquired firms. This
is likely because acquirers pick highly innovative firms
where the main subject of their technological portfolio
has not been fully exploited, which leads to an increase in
marketing & sales, along with a temporary halt in R&D.
Our study, thus, builds on the knowledge base collected
during these studies and proposes altered and improved
versions of models examining the relationship between
M&A and innovation.
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As most of the research performed on this topic considers
only one side of the M&A deal or makes no distinction be-
tween the two, our study explores the difference between
the effect on innovation activity of targets and the effect
on the acquirers. In addition, the research is also centered
around the Innovation and Technology Sector and its sub-
categories, including Business support service activities,
Computer programming, Data processing, Manufacturing,
and Telecommunications. Thus, the results could be used
to improve the understanding of the M&A effect on R&D
and innovation activities in the sector and understanding
the possible costs and benefits that could arise.

The remainder of the paper is organized as follows. The
first part is theoretical and is centered around the defini-
tion of key terminology and concepts used throughout the
paper. Moreover, the study of the already-existing research
on Innovation efforts and M&A activity in the Technology
and Innovation field, its relationship, and other factors that
influence R&D intensity and merger activity in the sector is
performed in this section. The second part is methodolog-
ical and consists of a detailed data description of data used
and the empirical strategy chosen for its analysis. In the
next part, the results are presented and discussed regard-
ing hypotheses stated in the beginning. Finally, in the last
part the conclusions are drawn, together with an outline
of practical implications and future research opportunities.

Literature review

Mergers between companies in the Innovation and Tech-
nology market commonly cause concerns about the de-
cline of competition on the market and the number of
innovations being introduced in the market. The problem
of competition and availability of technologies on the mar-
ket is described in [4; 10] using the example of five largest
technological companies in the market (Google, Amazon,
Facebook, Apple, and Microsoft). The analysis of the past
five years of these companies’ general growth strategies
revealed that they exhibited tremendous merger activity
in the field, mostly purchasing promising technological
startups. However, it is not yet completely clear whether all
these mergers are carried out in line with the existing laws
of antitrust authorities and, more importantly, if these reg-
ulations could even be fully applied to controversial merg-
er cases in this new digital economy.

W. Park and R. Sonenshine [11] found that horizontal
mergers lead to a decline in post-merger innovation in
comparison with the level of innovation that would have
prevailed had a merger not occurred, but only for the sam-
ple of mergers that were challenged by antitrust authori-
ties. The authors claim that mergers may happen because
challenged companies may cut back on duplicative R&D.
At the same time, it was mentioned that the growth in
both the R&D and patenting at challenged firms from the
pre-merger to the post-merger period was lower than that
of non-merged firms over the same period.

Hence, two dimensions of studying relationships between
M&A and innovation incentives arise. First, it is the issue

of how to measure innovation incentives considering the
large number of studies that provide a very broad vision of
innovation and its origins and results [12-14]. Second, it is
important to study what motives for mergers are driven by
the intention of companies to increase their competitive-
ness through innovation.

Measurement of innovation incentives

The existing literature can be classified into several groups
based on the way of measurement of innovation efforts.
The first group is comprised of patent-based studies that
examine the number of patents (R&D outputs) obtained
by a firm. The advantage of such methods is that patents
are a direct reflection of innovation and are related only
to non-standard improvements or solutions. They correlate
well with other measures of innovative output, have eco-
nomic significance and are comparable across industries.
In [2], the number of patents per year serves as the main
innovation indicator. The authors used data taken from the
PATSTAT database that contains information about patent
applications for the years 1978-2015 for all companies in
the sample. Patent citations and technology class assigned
to each patent have been extracted from the database appli-
cation data. It was found that in the post-merger period the
growth of patent applications decreased by approximately
46%. V. Rao et al. [15] uses a dataset that contains infor-
mation about 4,444 firms from 1992 to 2008 across four
high-technology industries in 45 countries. To proxy inno-
vation activity the authors used a number of patents cre-
ated by the merged firm for the first three years following
the merger. According to the observed results, the number
of new patents typically declines in the first year after the
merger compared to the year before but increases during
the next two years. The authors suppose that the reason lies
in the process of adaptation to the new company structure,
while expected synergy appears only in the next few years.

The second group of studies uses the company’s R&D ex-
penses (R&D inputs) to measure innovation incentives. In
comparison with R&D outputs, R&D inputs are associated
with the company’s willingness to invest in innovation in-
stead of their success in achieving it. G. Phillips and A. Zh-
danov [16] used annual R&D expenditures scaled by sales
as a measure of innovation activity of companies. They
mentioned that the highest R&D activity as a percentage of
sales is concentrated among firms with below-median size.
E Sziics [9] analyzes the effect of mergers on two measures
of R&D inputs: the growth of R&D expenditures and R&D
intensity, defined as the ratio of R&D expenditures over
sales. The author states that M&A transactions entail neg-
ative R&D growth effects. It was found that R&D spending
of the target firms decreased after the merger. Another key
point, R&D intensity, demonstrates a similar effect. The
author mentions that the ratio of research expenditures to
sales steadily decreased over the period for both acquirers
and target firms.

E. Cefis and O. Marsili [8] make notable contributions to
the existing literature by combining two ways of measure-
ment of innovation incentives: if the firm introduced a
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technologically new or improved product, service or pro-
cess, or invested in R&D, or incurred innovation expens-
es at any time in the three years prior to the survey. The
choice to use such a broad proxy for innovation is motivat-
ed by the primary aim of the study to capture whether (in
any possible way) M&A helps firms to become innovators.

Motives for mergers

Motives for innovative mergers are vast and are driven by
various factors. However, it should be mentioned that they
coincide with the motives of non-innovative transactions.
For example, a company may be interested in improving
its organizational structure, diversifying cash flows, etc.
One of the driving factors is the expectation of demand
growth that requires increased production capacity; hence,
mergers can act as the means of such an increase [17]. The
authors point out that one intention for a merger of inno-
vative firms may be the willingness to internalize their in-
novation spillovers and to gain a competitive edge.

Mergers of innovative companies may allow companies
to reduce costs because of the effect of scale, quickly enter
new markets, redistribute resources, including those em-
ployed in R&D, increase the customer and supplier base,
or increase market power. However, often the main reason
for a merger in the Innovation and Technology sector is
the attempt to absorb external technological capabilities to
compete successfully in modern economic conditions and
expand the existing knowledge base of the company.

Recent studies describe various theoretical and practical
approaches that allow drawing empirical predictions about
the relationship between acquisitions and R&D incentives.
E Sziics [9] provides an estimation of the probit model
and difference-in-difference analysis. The results of this re-
search support the idea that mergers have a negative effect
on R&D spending during the post-merger period. Acquir-
ers show R&D expenditure reduction as well. However, the
reason for such changes could be the diversion of financial
and managerial resources to restructuring after the acqui-
sition of the company.

E. Cefis and O. Marsili [8] estimated the dynamic random
effect probit model and transition probabilities for the two
groups of firms: M&A active and M&A non-active to un-
derstand whether there is a difference in innovation pat-
terns between the two main groups of firms. The results
of the study suggest that if the firm has previously partic-
ipated in M&A, then the probability of transition from a
non-innovator to an innovator, and the probability of con-
tinuing to be an innovator significantly increases. As for
the impact on firms of different sizes, in some cases small
firms become innovators.

S. Chou and Y. Chu [18] measure M&A activity as one in-
dustry-level factor that is responsible for the knowledge
spillovers, the variable that, in turn, encompasses the vari-
ations in the innovation activity of standalone firms in the
industry. Authors show that an active M&A market posi-
tively affects idea exchange between the firms and, conse-
quently, ensures their knowledge base growth.

The model by K. Zhou et al. [19] considers both a down-
stream firm and an up-stream firm in terms of the produc-
tion chain. The model shows that a vertical merger reduces
the risk premium of an innovation project. Interestingly, it
is also found that the financial constraint-stock relation-
ship is stronger in firms who pursued vertical merger in-
tegration.

G. Phillips and A. Zhdanov [16] investigate the impact of
mergers and acquisitions on a firm’s willingness to invest in
research and development and innovations. In accordance
with the theory set forth, large firms can outsource R&D
investment to small ones. Later, those small firms that suc-
cessfully innovate become attractive targets for acquisition,
and an exit through strategic sales can be considered as the
motivation to continue to spend on R&D. The paper also
suggests that mergers can be a way to use innovation as a
substitute strategy for the development of R&D.

Analysis of the current state and
trends of the European Innovation
and Technology sector

Looking at the latest overall statistics in the Innovation &
Technology sector, it is apparent that M&A activity was
bustling in the years leading up to the pandemic, and even
certain limitations and a gap in economic activity during
2020 did not cause a major disruption to it. It can be seen
from the graph at Figure 1 that the numbers have gone up
in the last quarter of 2020, and the market overall seems to
have rebounded. However, since the second half of 2022
M&A activities have shrunk, both in number of deals and
deal value. Considering the trends in the sector, it is im-
portant to list the key points discussed in the recent pub-
lications on the topic. Firstly, as per the PwC report for
2023, abundance of new opportunities on the market led
to firms exploring efficient ways to scale their operations
and grow the business to compete for a significant part of
the market share. Next, another characteristic of the mar-
ket that is contributing to intensive M&A activity in the
field is the regular disruption of other technologies, for in-
stance, banking or healthcare, with suggestions of entirely
new ways of operation and creating industries within in-
dustries, which has also led to intensive activity involving
mergers and acquisitions. Finally, another key trend pres-
ent in the sector is the fact that attracting funds for a new
generation of companies offering lower costs and more
scalable ideas is becoming increasingly easier, and models
of using scaling prior to the initial public offering is thus
becoming increasingly more popular [20].
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Figure 1. Number of deals and M&A deal value in the Innovation & Technology sector, 2018-2022
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Looking at M&A activity in the European IT sector (Figure 2), one may conclude that it mirrored global trends. Activity
soared to record levels in 2021 and maintained momentum into the first half of 2022, followed by a slowdown in the latter
half of 2022 that extended into early 2023 [21].

Figure 2. M&A deal value in European Innovation & Technology sector
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Source: [20].

When comparing R&D expenditures in the European  still much to be done in terms of policies and instruments
Union to those in other countries with developed econ-  that ensure that sufficient attention is needed to this mat-
omies, it is apparent that there is some room for growth  ter, so that a gap of about 2% is bridged and member
available in the coming years. Although it is apparent that ~ states are in line with the leading developed countries
the percentage spent on R&D has been growing, thereis  (Figure 3).
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Figure 3. R&D expenditures as % of country’s GDP
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According to the Organization for Economic Co-operation
and Development, as of 2021, the EU set the following as
its two highest economic priorities needed for structural
reform:

1) Boosting R&D and digitalization by increasing
investment in R&D and promoting quicker diffusion
of new tech developments.

2) Improving competition and its regulation in the
sector by accounting for consumer lock-in, strong
network effects, and enforcing proper big data
maintenance.

Finally, looking at the percentage of people employed in
the technology and knowledge-intensive sector, the per-
centage has remained on a rather high level for the past ten
years. Throughout that time, it has also experienced a slight
rise, but the overall number for the EU stayed at around
45% consistently. Therefore, it can be concluded from this
graph that the sector offers many workplaces and plays a
significant role in engagement of active workforce on the
labor market [22].

Considering the statistics presented above, there is a sig-
nificant number of M&A deals happening in the Europe-
an Innovation & Technology sector, both in the amount
and the deal value. It is interesting to note, however, that
the percentage of R&D expenses relative to GDP has been
stagnant for a few years now. Considering that the Europe-
an Union has a negative trade balance in such highly inno-
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vative categories as Telecommunications, Electronics, and
other high-tech goods, and the amount of M&A activity
in these subcategories, it is especially vital to see whether
the R&D expenses and their allocation are justified, and
the value is delivered with potential sector and innovation
growth considered. All in all, there is a need to determine
whether intense M&A activity in the sector has any influ-
ence on R&D intensity and its growth patterns, to be able
to implement the necessary regulations and initiatives
to support innovation and competition in the sector in a
timely manner.

Research framework and
hypotheses

After analyzing the literature on the topic, a research gap
for the study was identified. First, previous studies typi-
cally focused on only one side of an M&A deal (acquirers
or targets), or did not differentiate between them in their
analysis. In addition, several articles used short-term data
available on the topic. Because it can take a longer period to
restructure innovation efforts within a merged entity, this
approach provides limited explanatory power. Finally, stud-
ies on the topic are focused on a vast array of industries, and
the ones attracting the interest of the scientific community,
and the most referenced ones, are mostly performed with
data about non-R&D intensive sectors. A closer look into
the innovation-driven industry is, therefore, required.
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Based on the gap identified, we formulated the following
hypotheses.

The first hypothesis is connected to the assumption pro-
posed by E Sziics [9], namely that a firmy’s sales would likely
experience an increase after a successful acquisition, but
R&D spending would not rise sufficiently, since some of
expenses would be optimized through the merger of the
two entities. Consequently, these assumptions would mean
that as sales rise, R&D intensity decreases and R&D costs
do not change. Still, after two companies merge, an in-
crease in R&D expenses could naturally arise as their ef-
forts and financial data for that would now be combined
within the merged company. Therefore, this hypothesis
should be thoroughly tested.

Hypothesis 1. The R&D intensity of the acquirer experienc-
es a substantial decrease after the merger, but the growth of
R&D spending is not negatively affected.

The second hypothesis considers the fact reported in [2],
namely that the target is in a less beneficial position than
the acquirer, and is thus its R&D spending and R&D inten-
sity are likely top be negatively affected after the merger.
For some time after the M&A deal, the emphasis is expect-
ed to be immediately put on integrating the target’s pro-
cesses into the acquirer’s company both in the short and
long-term, rather than on fostering new innovative out-
puts within the target company. The acquirer may choose
to allocate dedicated R&D funds somewhere else or even
dissolve intense innovation efforts of the acquired firm.
However, in [23], it was found that some mergers, espe-
cially the ones that are close both sector-wise and in terms
of technological processes, are likely to gain advantage in
terms of R&D after merger. Since these features are also
relevant for this study, the second hypothesis was formu-
lated as follows.

Hypothesis 2. Growth of R&D spending and Re&+D intensity
are negatively affected by the merger for target.

The third hypothesis was built based on [6]. Authors im-
ply that innovation-centered sectors consistently show
higher R&D intensity in the post-merger period. In addi-
tion, [24] reveals that knowledge-sharing and transfer of
talent capabilities in terms of cybersecurity, Artificial In-
telligence programming, and robotic process automation
is crucial to push the sector forward. Transferring this to
our data set with subcategories from the European Com-
mission’s Nomenclature of Economic Activities (NACE),
it is hypothesized that out of all the categories considered
during research, the Computer Programming subgroup
would be the least affected due to having one the highest
research intensity and innovation level compared to other
subcategories. Thus, it could be considered most in need
of high innovation intensity and efforts, and would be
aiming to continue and preserve R&D activity even after
a merger.

Hypothesis 3 Re&D intensity and R&D growth of companies
in the Computer Programming subgroup are influenced the
least after the merger.
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Methodology
Data collection and description

The data on deals evaluated in the study was collected from
the European Commission (EC) database. To be selected
for the research, mergers had to have value significant
enough to be reported to the EC and issued a notification.
The second criterion used was the sector they operated at
the moment of the deal. EC database groups companies
based on the European Commission's Nomenclature of
Economic Activities (NACE) code [25]. Data sample is
composed of companies that operate in the field of Scien-
tific and Technical activities, Information and Telecommu-
nication and are based in Europe. In addition, companies
with more than one merger during the observed period
were excluded from the sample to avoid possible bias when
interpreting the results. We collected balance sheet data
for these companies over the period from 2010 to 2021. In
addition, the company’s age was calculated, and two addi-
tional indicators were added.

1) R&D Intensity was measured as R&D expenses
divided by company’s revenue from business activities.

2)  R&D growth is measured as a change in R&D
expenses compared to the previous year. It is
designed to see whether a company’s spending on
R&D decreased between two consecutive periods.

The data was collected using Refinitiv Eikon base and K-10
company reports. Companies without R&D data were
dropped from the dataset.

The final sample consists of 85 companies. These companies
were divided into subgroups determined based on catego-
rization from the European Commission. These include
Business support service activities, Computer program-
ming, Data processing, Manufacturing, and Telecommuni-
cations (the detailed description of subgroups is provided
in Appendix A). Finally, financial data was collected on
non-merging companies that would later form a control
group for the analysis using the same database and K-10 re-
ports. As for the composition of the control group, it was
required for the companies included to be based in the Eu-
ropean Union, operate in the Innovation and Technology
sector as per the specification used in the database, as well as
report their R&D expenses and other financial information
throughout the specified time. In addition, it was required
for these companies not to be reported to the EU regulatory
authorities (the European Commission) on the ground of
participation in an M&A deal significant enough to be re-
ported in 2007-2021. Finally, the companies that we were
left with were examined to see if the parallel trend assump-
tion would be held in each case. This assumption implies
that in the absence of treatment, the difference between the
test group and control group would hold constant over time.

Figure 4 and Figure 5 demonstrate the change in average
R&D intensity and R&D growth for acquirers, targets, and
control group approximately four years before and four
years after the merger. Prior to the merger, both acquirers
and targets demonstrated the same trend towards a slight
decrease in the R&D intensity with small fluctuations.
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Figure 4. Dynamics of R&D Intensity over a 4-year
period before and after the deal

Figure 5. R&D growth over a 4-year period before and
after the deal
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After the merger (year 0), the dynamics of the two groups
of companies remains the same: acquirers have been show-
ing a steady decrease over the next 4 years, approximate-
ly 16% for the whole period, while the R&D intensity of
targets has almost the same values. Compared to the test
group, R&D intensity of the control group is much higher;
the difference is approximately 50%. However, the graph
does not demonstrate any significant fluctuations except
for two years, when the value increased from 0.14 to 0.16.

As for the R&D growth trend, a sharp decrease in growth
by 44% for targets in the first years after the mergers can

be clearly seen, while later on growth became more sta-
ble. Acquirers demonstrate fluctuations over the whole
period; however, a positive trend can be observed with
a 26% average growth. The R&D growth of acquirers is
caused by the transfer of R&D assets from the targets’ to
the acquirers’ books after the merger. As for the control
group, the graphic has a U-shaped form: after a sustained
decline with the lowest point of 3.3%, the number began
to grow.

Summary statistics for both pre-merger and post-merger
periods are listed in Table 1.

Table 1. Average values of firm-level variables for control and treatment groups before and after the M&A deal

Acquirers Targets Control group
Variable

Before Before Before After
R&D intensity 0.07 0.04 0.04 0.03 0.13 0.13
R&D growth 0.13 0.15 0.25 0.12 0.07 0.06
Total assets 68.31 93.13 26.23 29.28 51.69 72.92
Total debt 18.82 31.48 48.07 68.23 22.19 37.31
Revenues 40.04 49.12 25.45 26.64 26.66 3391
Net income 6.25 7.31 1.61 1.59 1.68 291

Based on Table 1, it can be concluded that acquirers are
characterized as firms with higher net income, which pos-
sess a greater number of assets, while targets show a nega-
tive debt-to-assets ratio and are less profitable. In addition,
we can see that the control group’s indicators of R&D in-
tensity and R&D growth are much higher than those of the
treatment group. It can be speculated, therefore, that the
treatment group might use its merger activity as a means
of acquiring that R&D and bridging the innovation gap.

To receive an additional insight into the data collected and
its characteristics, probit models were constructed. We es-
timate the binary choice model where the dependent var-
iable equals 1 if the firm was an acquirer, and 0 if the firm
was a target. R&D intensity, R&D growth, total debt, net
income, total assets, and age have been added as explana-
tory variables. For these variables we took pre-merger data,
as it could potentially affect both the decision to merge and
companies’ future R&D efforts. We expected that the mod-
el may include a U-shaped or inverse U-shaped relation-
ship with the role of the firm in a merger. To account for
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possible non-linearities in assets and age, we also include
squared total assets and age. The model was estimated with
random effects since the outcome does not vary over time
for companies. The probit model was chosen based on the
Akaike and Bayesian information criteria.

Table 2 presents the results after the calculation of margins
for the estimated model. Acquirers on average are more
R&D-intensive compared to non-acquiring companies. As
was shown previously, targets were characterized by a stag-
gering average R&D growth of more than 20% pre-merger.
This could indicate that targets are usually striving to be-
come innovation-intensive, and acquirers, seeing that they
have a lower level of R&D intensity, might consider M&A
as a new way of attaining new technology or know-how,
as well as receiving a potential competitive advantage. A
negative coeflicient for the square of age shows that very
young or very old companies are less likely to be acquirers
than middle-aged companies. The positive coeflicients of
squares of total assets show that acquirers are usually com-
panies with a very high or very small value of total assets.
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Table 2. The results of probit model estimation

Variable Coeflicient

%
R&D intensity 566
(.809)
_ *
R&D growth 130
(.003)
_ *
Total Debt 022
(.019)
Net income 002
(.046)
6%
Total assets 1292
(.342)
k%
Total assets2 044
(.023)
6%
Age .008
(.010)
_ %
Age2 .00004
(.000)
Wald chi2 64.75

x4 % denote the level of significance of 1%, 5% and
10%, respectively.

Research approach

Based on [9], the difference-in-difference approach was
chosen to examine the effect of mergers on incentives of
firms to innovate. The key idea is to compare changes in
outcomes of the two groups over time: the first group is
treated in a specific way; while the control group is not
treated. The basic equation for the estimation of treatment
effect presented is as follows:

Vi =y + ¥, TREAT, + y,POST, + BTREAT, x POST, +u,, , (1)

where TREATi is a dummy variable of being treated or not;
POSTi is a dummy variable for the post-treatment effect,
and TREATi x POSTi is the treatment effect.

Therefore, the Difference-in-difference estimator can be
defined in the following way:

B=0 -~ =Y, (@)

where (ZT —YZC) is the difference in average outcomes
between treated and untreated groups after the treatment,
while ¥7 —%€ is the difference in average outcomes be-
tween treated and untreated groups before the treatment.

The assumption of the basic model is that there are only
two periods present. The first one takes place before the
treatment, and the second one happens after. As the fo-
cus of the research is to find whether there is a change in
R&D expenditures between these two periods, the depend-
ent variable is constructed as the difference between the
post-treatment and pre-treatment period [26]:
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X

post

X e =a+p[D +5D,+BX+e. (3)

To attain the X, indicator, the mean of either R&D
growth or R&D intensity in the four years leading up to the
year when the M&A deal was registered, was calculated.
Similarly, the X, is the mean of the four years after the
year M&A took place. D, here is a categorical variable that
equals 1 if the company did not participate in M&A at all
during the observed period; 2 if the company was an ac-
quirer in an M&A deal, and 3 if the company was a target.
D, is a categorical variable indicating a company’s subcat-
egory from the EC categorization. X is the set of control
variables including financial indicators such as Total As-
sets, Debt, and Net Income.

However, some bias needed to be eliminated, in particular,
regression to the mean. Thus, an additional variable X
was added to the model to account for the difference be-
tween the companies that was already present in the be-
ginning of the observed period. The reason behind this
addition is the assumption that the initial value of R&D
intensity in the companies not involved in the M&A as op-
posed to the companies involved, was already substantially
different from the beginning. A correlation between X,
and the | variable indicates if the company has partici-
pated in M&A, then the first regression built would pro-
duce a biased result. The regression with an added variable
is presented below:

Xpost _Xpre =a +IBID1 +ﬂ2D2 +ﬂ3Xpre +ﬂ4X+ €. (4)
The D; variable indicates if participating on either side of
the M&A deal really affects the performance of the com-
pany comparing to its initial performance in the pre-deal
period. Hence, the true effect of the M&A deal on R&D
intensity and growth is apparent.

While the basic difference-in-difference model assumes
that there are only two time periods, in practice situations
may arise when treated and untreated groups have different
trends in the average of the outcome variable. Additional
challenges arise in the case of extended time periods when
treatments occur at different times. The basic equation (1)
cannot be estimated in this case because the post-period
dummy is not defined for control observations. To solve
the problem of time-varying treatment effects, researchers
usually apply the two-way fixed-effect model [27] as fol-
lows:

Yi=0+ta,+ D, +&,, (5)

where @; is a dummy-variable for cross-sectional units,
@, stands for time periods, and D;; is a treatment dummy.

The estimated model is presented below:
Va =0+ + DA+ f Ind; + f X, +&,.  (6)

Models were constructed based on the dependent variables
(7: ) discussed above: R&D intensity and growth of R&D
spending. Control variables ( X;; ) included various finan-
cial indicators, such as Total debt, Total assets, Net income,
EBIT, as well as company’s age and its subcategory in the EC
categorization (# ;). Dummy variable Dj indicates the
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treatment effect, but as treatments occur at different times,
the variable was equal to 1 for the post-merger period and 0
for pre-merger period. 4; represents the dummy-variable
that is equal 1 if company is an acquirer, and 0 if the com-
pany is a target. The interaction of these two variables helps
to test our hypothesis about the impact both on acquirers
and targets in the pre-merger and post-merger periods.
In contrast to the basic model, the control group has not
been included in the model because groups (before and af-
ter merger periods) serve as controls for each other during
periods when their treatment status does not change.

Table 3. Cross-section data model estimation results

The timeline within the data set was designed to track the
evolution of innovation efforts through the years, before
and after the merger. For this purpose, a set of dummy var-
iables was created to indicate how far removed from the
merger deal the currently examined year is.

Results and discussion

The first models estimated used the econometric specifi-
cations (3) and (4) discussed above. Table 3 presents the
results of cross-section data models.

Model 1 Model 2
R&D intensity ~ R&D growth R&D intensity =~ R&D growth
. 0.568***
Treated (Acquirer) -0.375%* (0.011) 1.485%* (0.069) -0.437*** (0.009)
(0.061)
_ ok _ %
Treated (Target) -0.340*%** (0.011) 1.223 -0.437%** (0.011) 1.382
(0.069) (0.059)
- —2.274*%* -0.808***
Initial value
(0.065) (0.129)
. -0.145** -0.465 0.012%** -0.358
Business support
(0.013) (0.087) (.013) (0.074)
. -.012% -0.493* 0.021** 0.118**
Computer programming
(.012) (0.080) (0.011) (0.069)
. -0.040 0.461* -0.024 0.844**
Data processing
(.013) (0.091) (0.013) (0.078)
. 0.109 -0.997** 0.012** 0.149
Manufacturing
(0.013) (0.084) (0.012) (0.074)
Revenue 0.081 ~0.094 0.049* (0.025) ~0.049
(0.027) (0.018) (0.015)
% % *
Total Debt 0533 002> 0.265* (.058) 0.049
(0.062) (0.004) (0.003)
— i * _ %
Total assets 0.015 0.022 0.394 0.015
(0.027) (0.017) (0.025) (0.015)
Adjusted R-squared 0.271 0.212 0.543 0.496

e %, * denote the level of significance of 1%, 5% and 10% respectively.

Examining the coefficients for the first and second model
in terms of R&D intensity, we can observe that the indi-
cator for the acquirer and the target went up from -0.375
to -0.437 and from -0.340 to -0.437 respectively, which
shows that controlling for the initial value helped in deter-
mining that the effect for M&A participants becomes more
noticeable. As for the R&D growth of the acquirer, there
is a noticeable decline from 1.485 to 0.568, however, the
effect for target becomes even more pronounced with co-
efficient changing from -1.223 to —1.382. This could mean
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that M&A did not have a major effect on the R&D growth
of the acquirer, but it is attributed to the decrease in the
R&D activity of the target.

Based on the given outputs and considering the hypotheses
formulated at the beginning, only some predictions were
confirmed during the analysis. The first one stated that the
R&D intensity of the acquirer experienced a substantial
decrease after the merger, but growth of R&D spending is
not negatively affected. It was confirmed, as R&D intensi-
ty is indeed negatively affected by a merger. On the other
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hand, growth of R&D spending demonstrates positive dy-
namics over time. The second hypothesis about the growth
of R&D spending and R&D intensity being negatively af-
fected by the merger for the target, was partially confirmed.
R&D spending has indeed declined after M&A, however,
R&D intensity showed growth. The final hypothesis that
stated that R&D intensity and R&D growth of companies
in the Computer Programming group are least impacted
after the merger was rejected. This was confirmed for the
R&D growth model, however, the least affected group in
terms of R&D intensity was Manufacturing.

Next, the two-way fixed effects model was estimated (Table
4). The dependent variable is the interaction between two
dummies. It shows that a target’s R&D intensity and R&D
growth are negatively affected by mergers. The coeflicients
are negative and statistically significant, and the findings
correspond to the models estimated with cross-section-
al data. The effect on R&D spending is much more pro-
nounced for targets, with a 0.336 average decrease com-
pared to a 0.168 average increase for acquirers. At the same
time, the positive coefficient for R&D growth for acquirers
demonstrates that the incentive to sustain research activi-
ties continues to grow, while targets’ innovative programs
seem to diminish in the post-merger period. It was dis-
covered that R&D intensity was the most affected in the
Business support activities category, while the category
least affected by M&A is Data processing. In terms of R&D
growth, the least affected category is Computer program-
ming, which corresponds to the previous model. Manufac-
turing demonstrates the greatest exposure to the impact of
R&D growth changes.

Table 4. Panel data model estimation results

Variable R&D intensity R&D growth

— *% ok
Treated (Acquirer) 0.016 0.168
(0.016) (0.073)
— % _ *
Treated (Target) 0.005 0.336
(0.003) (0.054)
; 0.118** ~0.077
Business support
(0.049) (0.188)
Computer 0.068* 0.045
programming (0.021) (0.085)
; 0.048** 0.074
Data processing
(0.023) (0.089)
* X%
Manufacturing 0.051 0.101
(0.019) (0.080)
i -0.003* 0.005
Net income
(0.001) (0.024)
X%
Total Debt 0.001 0.005
(0.001) (0.014)
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Variable R&D intensity R&D growth
** _
Total assets 0.005 0.016
(0.003) (0.035)
X% X%t
ERIT 0.002 0.076
(0.001) (0.033)
_ *
Age 0.004 0.001
(0.001) (0.000)
F-statistics 40.35 33.01

e 0% * denote the level of significance of 1%, 5% and
10%, respectively.

If we evaluate these results as compared to the previous
studies on the topic, there are some noticeable differences.
P. Desyllas and A. Hughes [23] find that R&D intensity of
high technology companies only decreases in the first year
after the merger, but then stabilizes and starts to steadi-
ly climb up over a three-year window after the merger,
R&D productivity is also found to increase simultaneous-
ly. While our findings contradict these of the above-men-
tioned authors, our results are in line with other authors’
research on the topic, namely [2], where a negative effect
on R&D intensity in the post-merger periods was revealed,
not only for firms participating in M&A activity but also
for their competitors in possession of overlapping technol-
ogies. E Sziics [9] also confirms that R&D intensity of both
the acquirer and the target faces a decline post-merger.
Finally, [4] discovered that M&A activity of large players
in the Innovation and Technology Sector is destructive for
innovation activity and R&D growth of target firms, and in
some cases even contributes to the discontinuation of its
core product. In conclusion, results seem to mainly agree
with the latest research on the topic, however, there are sev-
eral contradictions, perhaps due to a difference in meas-
urement techniques and R&D metrics under evaluation
that are chosen for each study.

Possible limitations of the study include its limited geo-
graphical scope as the study was performed only on the
data from companies based in the European Union, and
the R&D intensity and growth patterns could significantly
differ from region to region. Cross-border deals, i.e., those
that had been completed between companies in EU and
companies from other regions also were not considered.

Another limitation is the relatively small number of firms
that report R&D expenditures in their financial data. As
with all the observations for which R&D expenditures are
not recorded or must be dropped, the sample size had de-
creased by a significant percentage. This is especially rele-
vant for target firms, as some of them were still considered
small or medium-sized enterprises that do not publish
their financial data as frequently as larger enterprises. We
also dropped data companies that performed several ac-
quisitions during the observed period; however, it could be
interesting to investigate how serial acquisitions affect the
acquirers’ R&D efforts.
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Finally, only the R&D costs were measured during the
study, serving as a representation of the R&D input. It is
not yet clear how it correlates with the R&D output of com-
panies, and if there is, perhaps, a different trend will be re-
vealed when comparing it with the input.

Conclusion

In this paper, the effects of M&A activity on R&D intensi-
ty and R&D growth of both companies acting as acquirers
and targets were studied. It was found that R&D intensity
is negatively impacted in the post-merger period for both
the target and the acquirer. R&D growth experiences a
decrease after the M&A for the target, but not the acquir-
er. Based on the analysis of other studies on the topic, the
pattern here is somewhat compatible to innovation-relat-
ed acquisitions, where the acquiring firm is looking for an
acquisition of an already developed technology, instead of
building one in-house. Since target firms are characterized
by a much higher percentage of R&D growth pre-merger,
which decreases by half after the deal, this could be inter-
preted as a threat to its potential of being a continuously
innovative enterprise.

Considering the possible implications here, since most
merger targets are firms with high R&D intensity, it is im-
portant to establish controls to ensure that these innova-
tion efforts are not disrupted while these firms engage in
M&A activity. Looking at the financial data, it is important
to note that target firms had a considerable amount of debt
in the pre-merger period, and after the merger, the debt
has increased by about one third, while the assets increased
only slightly, by approximately 15%. In the meantime, the
acquirers showed a considerable growth in assets, net in-
come, and revenue, with the latter increasing by more than
20%. The assumption here is that since R&D intensity is
the ratio of R&D expenses to revenue from Business Ac-
tivities, and that this ratio seems to be decreasing for both
sides of the M&A activity, while R&D growth patterns
differ between acquirers and targets, it is explained by a
noticeable rise in revenue for the acquirers, and a decline
in R&D spending for the target group. A negative R&D
growth effect is a worrying sign that was present in cases
related to targets, and, considering that these targets oper-
ate in a highly innovative field, this fact should be exam-
ined by competition authorities when designing methods
of supporting the competitive significance of target firms.
A growing amount of debt and stagnating or severely de-
creasing R&D activity can cause the targets core product
or service to be dissolved into the acquirer’s assets or be
discontinued. This could in turn lead to the elimination
of highly innovative market players, which is destructive
to the competition within the sector, and as competition
is one of the driving forces in sustaining stable growth in
the sector and contributing to the customers’ welfare, it is
better to encourage careful supervision by competition au-
thorities.

Considering future research opportunities, only the R&D
input was measured during the study. Consequently, as a
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continuation of the study, it would be possible to now focus
on the R&D output of firms (patents, innovative products,
know-how technics, etc.) to determine if there is a corre-
lation between input and output, as well as R&D intensity
and growth. Another possible direction of research here is
the observation of how related target and acquirer really
are. The relatedness could be measured either by technol-
ogy produced by both of them and the market in which
they operate. This would provide a potential opportunity
for discovering whether the relatedness of companies is a
potential threat to innovation, or, on the contrary, condu-
cive to knowledge transfer.
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Appendix A

Definition of subgroups in the Innovation and Technology Sector

Subcategory Definition

Managing local systems and operation of computer networks and/or customer data
processing enterprises; providing expertise in the field of information technology:
writing, modifying, testing and providing computer software support; planning and

Computer programmin . . . .
P prog & design of computer systems, various services related to computer equipment support,

software and communication technologies; and other professional and technical
computer activities

Maintaining hardware and software on demand; provision of computer consultations
Business support service and software for IT and business personnel, configurating specific business-tailored
activities solutions; performing disaster recovery services and check-ups; installation of personal
computers; software installation services

Providing necessary infrastructure for hosting, data processing services, databases
Data processing and related activities, as well as providing search engines and other outlets for the data
maintenance on the Internet

Production of equipment necessary for stable delivery of services in the information and
Manufacturing communication technology (ICT) field, i.e., computers, telecommunication equipment,
consumer electronics, non-individualized software

Providing services related to telecommunications and related services (transmission of

Telecommunications . . .
data, voice, recordings, text, sound, and video)

Source: [25].
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