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This thesis examines the effects of green innovation and general innovation on the financial
performance of technology companies in Europe. It addresses both accounting-based
financial performance and market-based financial performance separately and utilizes
environmental innovation score and green revenue share as the proxies for green innovation
and R&D intensity as the proxy for general innovation.

Utilizing panel regression and firm-specific data from 2007 to the end of 2024, the results
indicate a generally negative effect between both innovation types and accounting-based
financial performance in the short run. On the other hand, when the results are observed after
a one-year period, the models suggest a generally positive relation between the innovation
metrics and accounting-based financial performance. Weak indicators of non-linear
relationships are also identified, with the possibility of U-shaped and inverse U-shaped
relationships. For market-based performance, the general innovation models identified weak
to moderate effects of U-shaped relationships, while the effects for green innovation were
negative or statistically insignificant.

These results further illustrate the high complexity of the relationships between innovation
metrics and the financial performance of companies. With the model limitations accounted
for, these findings can be utilized by the managers of technology firms in identifying the
impact of their innovation efforts on the accounting- and market-based financial
performance of their firms of interest.
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Téamé pro gradu -tutkielma tutkii vihredn innovaation ja yleisen innovation vaikutuksia
Eurooppalaisten teknologiayritysten taloudelliseen suorituskykyyn. Se kisittelee seka
finanssipohjaista suorituskykyd, ettd markkinapohjaista suorituskykyd ja hyddyntéi
ympéristoinnovaatiopisteytystd sekd vihredn liikevaihdon osuutta vihredn innovaation
mittarina ja R&D-intensiteettid yleisen innovaation mittarina.

Hyodyntden paneeliregressiota ja yrityskohtaista dataa vuodesta 2007 vuoteen 2024,
tutkimustulokset  osoittavat  yleisesti  ottaen negatiivista  yhteyttd molempien
innovaatiotyyppien sekd finanssipohjaisen suorituskyvyn vililld lyhyelld aikavélilla.
Kuitenkin, pidemmalld aikavililla, tutkimustulokset osoittavat yhteyden kddntyvén yleisesti
ottaen positiiviseksi. Tutkimustulokset osoittavat lisdksi heikkoja merkkejd U-mallisesta ja
kiédnteisestd U-mallisesta yhteydestd muuttujien vililld. Tulokset huomioivat lisiksi yleisen
innovaation vaikuttavat U-muotoisesti markkinapohjaiseen suorituskykyyn, kun taas vihred
innovaatio vaikutti negatiivisesti tai tilastollisesti merkityksettomisti markkinapohjaiseen
suorituskykyyn.

Néma tulokset osoittavat merkittdvin monimutkaisia yhteyksid innovaatiomittareiden seka
yritysten taloudellisen suorituskyvyn vililli. Tutkimusmallien rajoitukset huomioon ottaen,
teknologiayritysten  johtohenkilostd voi  hyodyntdd tdmén tutkielman tuloksia
innovaatiohankkeiden seurauksien identifioimisessa.



ABBREVIATIONS

BLUE Best Linear Unbiased Estimator
EIS Environmental Innovation Score
GI Green Innovation

GRS Green Revenue Share

IPO Initial Public Offering

OLS Ordinary Least Squares

R&D Research & Development

RBT Resource-based Theory

ROA Return on Assets

ROE Return on Equity



Table of contents

Abstract

Symbols and abbreviations

Declarations
I INEEOAUCTION. .ttt et ettt ettt et eeabeesaaeenbeeenees 11
2 Previous Literature and Theoretical Framework ............ccccoooiiiiiiiini 14
2.1 Green innovation and firm financial performance ...........c.ccceeeeveeecieeecieeenneenee, 14
2.1.1  Accounting-based financial performance of green innovation........................ 14
2.1.2 Market-based financial performance of green innovation .............ccccceeeueenneee. 17
2.2 General innovation and firm financial performance ...........cccoeecveeveveerciieeenneenne. 18
2.2.1 Accounting-based financial performance of general innovation ..................... 18
2.2.2  Market-based financial performance of general innovation ............ccceeueeneee. 20
23 Theoretical fTamEWOTK ..........coouiiiiriiiiiieiee e 22
23,1 POILEI™S 5 FOTCES .ottt st 22
2.3.2  Resource-Based Theory (RBT)......cccceeiiiimiiiiiiiiieieeieeeeee e 24
2.3.3  Construction of the theoretical model..............cocouiiiiiniiiiiiiiiicee, 25
K D T 1 £ OO PP U PP P OO PR PP IPPPRPPTPP 29
3.1 Data sources and JuStifiCatION .........c.eeeevieeriieeiiieeciie et e e 29
3.2 Descriptive statistics and the nature of the variables .............ccoceviivinininnnns 31
T\ (11 Vo Ta £ ) (0 oy USSR 34
4.1 Method selection and the standard models............ccoceveeriiiiiniinininiieeee 34
4.2 Models for robustness CheCking............ccceevviieiiiieiiiieeie e 35
4.3 Postestimation and validation ...........coceeveerierieniieiiiiiesecee e 36
S RESUIES. .ttt ettt ettt 38
5.1 Heteroskedasticity and autocorrelation............ccueeevierieeriienieenieeieeeie e 38
52 The effect of general innovation on firms’ financial performance ...................... 38
53 The effect of green innovation on firms’ financial performance.......................... 45
6 Conclusions and DISCUSSION .....cc.eevuieiiriiiniiriinienieie ettt 52

R EIEINICES ... oot e e e e e e e e e e e e e e e eaeaeeeeeeeraaanaaaaeseeerane 55



Appendices

Appendix 1. Histograms of the main variables

Appendix 2. The marginal effect of lagged R&D/Sales on ROE
Appendix 3. The marginal effect of R&D/Sales on TQ

Appendix 4. The marginal effects of EIS and GRS on TQ



10

DECLARATIONS

Turnitin

The originality of this thesis has been reviewed with the Turnitin similarity checking

service.
Al usage

The author of this thesis, Janne Aho, did not use any Al tools during the preparation of the

thesis.
Responsibility

The author, Janne Aho, takes full responsibility for the content of this thesis and has

reviewed and edited the content generated by the possible use of Al tools.



11

1 Introduction

In the 218t century, it is of a great discussion topic that the scarcity of resources and ongoing
competition for market share have led firms to innovate and experiment with modern
technologies, processes, and products. With the growth of environmental awareness, firms
are also keen to create these innovations through investments in green innovation rather than
only general research and development (R&D). These investments should allow firms to
increase their competitive advantage in the industry and thus increase their profitability and
market share. This studyaims to explore these relationships by examining the effects of both
general innovation and green innovation on firm financial performance within the

technology sector in Europe.

Firms operating in the area of the European Union are exposed to the increased regulatory
pressure and policy incentives to adopt sustainable practices, which makes the green
innovation a strategic necessity rather than voluntary (European Commission 2026; Di
Francesco, Schluep, Van Hoof, Paleari 2024). With the technology companies being heavily
innovation-driven, it makes the sector especially suitable for examining the financial
performance of both green and general innovation, as the effects are likely to be present.

Furthermore, the focus on the European firms allows for a more consistent analysis of the

relationships, since the variation between regions is likely to be quite high.

In the previous literature, the key findings suggest that green innovation is generally
positively associated with both accounting-based and market-based financial performance
(Weng et al. 2015; Lee et al. 2015; Liu et al. 2024). For the general innovation, the previous
studies have reported more mixed findings, with some evidence pointing to negative effects
on accounting-based performance and positive effects on market-based performance
(Usman et al. 2017; Yoo et al. 2019; Uyar et al. 2022). Despite these findings, the literature
remains inconclusive, with much variation in the results across different measures for

innovation, methodologies and countries of interest.

While the literature on the subject is quite vast, it largely examines green innovation and
general innovation separately, often focusing on a single type of innovation metric or a
specific performance measure. Thus, there is a lack of direct comparison between the two,

which makes it difficult to determine whether firms benefit more from green innovation or
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general innovation. For technology firms, these decisions can have a significant impact on
both short- and long-term profitability and market performance due to the higher allocation

of resources into innovation projects compared to more established industries.

This study contributes to the existing literature by examining both green innovation and
general innovation in a unified empirical framework. Green innovation is measured using
environmental innovation score (EIS) and green revenue share (GRS), which capture two
dimensions of green innovation, namely the innovation capability and the realized output.
The general innovation is measured by using R&D intensity (R&D expenditure / Revenue).
In addition, the accounting-based and market-based financial performances are
simultaneously examined, providing a more comprehensive view of the performance of the
firms. Furthermore, the short-term and long-term effects are incorporated into the models
together with non-linear terms to capture the potential delayed effects, diminishing returns
and / or optimal levels of innovation. The combination of these factors provides a more

complete understanding of the relationship between innovation and firm performance

compared to any existing literature.

In order to establish a comprehensive study on the effects of green and general innovation
on firms’ financial performance, the following research questions must be answered

thoroughly:

1. Does the green innovation affect the financial performance of the technology firms
situated in Europe?
2. Does the general innovation affect the financial performance of the technology firms

situated in Europe?

3. How the innovation metrics affect the financial performance of the firms?

Each study comes with their limitations, from which this thesis is not an exception. First of
all, the dataset covers the period from 2007 to 2024, which is a relatively long timeframe
and includes several major economic disruptions. However, as a sample period, it represents
only a snapshot of reality and thus some relevant dynamics may not be fully captured by the

model.

Secondly, the measure for green innovation is imperfect, since there is no single universally
accepted proxy for it as there is with the general innovation. Therefore, the two variables

used as proxies might not fully capture all the green innovation that the firms are involved
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in. It is also important to note that the measures for green innovation and general innovation
are not directly comparable due to different operationalizations of these variables. While the
general innovation reflects the innovation investment inputs, the green innovation reflects
more of the aspects of sustainability efforts and their outcomes. Therefore, any comparison
between the effects of green and general innovation should be interpreted as indicative rather

than definitive.

The remainder of the thesis is structured into 5 sections. The next section reviews the
relevant literature and develops the theoretical framework. This is followed by a
description of the data and methodology used in the analysis. The empirical results are then
presented, after which the final section concludes the study and discusses the findings and

implications further.
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2 Previous Literature and Theoretical Framework

The main literature on the linkage between innovation spending and companies’ financial
performance is divided into two main divisions: the relationship between green innovation
(GI) spending and financial performance, and the linkage between general innovation and
financial performance. The financial performance is then further divided into accounting-
based financial performance and market-based financial performance, where the prior
represents the performance of firms assets and the latter represents the increase in a firms’

market value.

This chapter discusses the previous studies, as well as the linked theories of all these
dimensions in the pursuit of creating a well-established foundation and theoretical
framework for this thesis. The chapter consists of three main parts: the effects of GI on firm

financial performance, the effects of general innovation on firm financial performance, and

the theoretical framework to tie it all together.

2.1 Green innovation and firm financial performance

The GI, measured commonly by the usage of funds into increasing efforts to decrease the
firms’ environmental impact through its products and/or processes is an important aspect of
the firms’ growth in 215! century. With policymakers emphasizing the increase in green
practices increasingly each year through regulation and taxation, it is evident that companies
that do want to keep their profitability and their edge in the market, must adapt to those
changes (OECD 2025). Due to the nature of investments, especially investments in more
risky projects, the effect of them on the company’s financials might differ from the effect on
the valuation of a company. Therefore, these parts are kept separate from each other and

addressed separately in their own sections.

2.1.1 Accounting-based financial performance of green innovation

The literature regarding the effects of GI on accounting-based financial performance is quite

vast. What is common to the majority of the studies is that the financial performance is
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measured by utilizing Return on Assets (ROA) as the dependent variable. The findings
suggest mixed evidence depending on the timeframe, country, and methodologies of the
study. However, it is evident that the general effects of GI on accounting-based financial
performance have shown to be positive, meaning that increasing the green R&D expenditure
or other type of innovation metric would result in the increase of accounting-based financial
performance. Measured with different techniques GI seems to be consistently associated
with either increased ROA, sales revenue or improved financial resources. (Clarkson, Li,
Richardson, Vasvari 2011; Weng, Chen, Chen 2015; Geng, Lai, Zhu 2021) It is to be noted
that some studies, although positive relationship was found, there were also moderating

effects or certain conditions that would change the ultimate result to be more complex.

A one example of the moderating conditions was found on a study focusing on oil & gas
companies in the US and Europe. Conducted by Aastvedt, Behmiri & Lu (2021), they found
that the positive effects of green R&D, measured by the innovation score found on Refinitiv,
was positively associated with the ROA. However, they highlight that for US companies
there is a diminishing effect (inverted U-shaped relationship), meaning that increasing
efforts into green R&D will lead to slower returns and ultimately even lead to decreasing
returns. Additionally, in Europe, they found that there is a minimum level of GI efforts,
which a company must participate in, in order to realize the benefits of the invested capital.
The inverted U-shaped relationship has also been confirmed previously to be the case in
Japanese manufacturing companies, where the green R&D was measured by the emission -

level of the companies (Fujii, Iwata, Kaneko, Managi 2012).

Another mediating effect discovered by Dangelico (2017) was the role of differentiation
when measuring the effect of new technologies on the market performance of green
products. She noted that although the variables are positively associated with each other,
differentiation plays a crucial role in the results, showing positive influence on the overall

performance.

The linkage has also been studied greatly in different Chinese companies using different
types of corporate patents related to GI as the explanatory variables. These studies found
that although the increase in patents did not have an immediate impact on ROA, a high-
quality GI did positively affect the financial performance of the companies. (Liu, Feng, Liu

2024; Zhang, Ma, Zhang 2025) However, Liu et al. (2024) noted that firms with high growth
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in green patents in previous periods could notice a negative impact on the ROA, which imply

that the inverted U-shaped relationship is also apparent in Chinese listed companies.

Other interesting results show that there is a difference between proactive GI and reactive
GI. Companies with proactive mindset, which voluntarily have adopted new green
technologies, show a positive linkage between the GI and the accounting-based financial
performance of Chinese semiconductor companies. On the contrary, the reactive GI shows
a negative effect on the financial performance. Moreover, according to the study, media
presence plays a significant role in these effects, where it moderates the reactive innovations

negatively and proactive innovations positively. (Qing, Alnafrah, Dagestani 2023)

Although many studies show a positive relationship between the GI and the accounting-
based financial performance, some studies have also found inconclusive evidence or even
negative linkage between the two. For example, a study conducted on “multilatinas”, (MSCI
emerging markets index) found that there is no observable relationship between the GI and
the financial performance, which could be due to firms rarely prioritizing GI in their R&D
efforts in these countries (Duque-Grisales, Aquilera-Caracuel, Guerrero-Villegas, Garcia-
Sanchez 2020). The negative linkage between GI and ROA was, however, found on listed
non-financial companies in the European Union area by Casciello, Santonastaso, Prisco &
Martino (2024), which shows that the contradictory findings are not only associated with
emerging markets. Although many have reported positive effects, it is not as far of a fetch
as one would think for a western country to have a negative linkage between GI and ROA.
Since green innovation is costly and might not necessarily increase the profitability of the
company but only the environmental friendliness and appearance ofit, the effects might only

show positively on the market valuation of the companies, which is further addressed in the

next section.

Overall, the existing literature suggests that GI is generally positively associated with
accounting-based financial performance, which is commonly measured by ROA. However,
several studies have found that the effects of Gl are conditional, with non-linear and delayed
effects due to the long-term nature of innovation investments. Additionally, these effects are
influenced by factors such as quality of innovation, strategic orientation, differentiation and
region. Conversely, some findings are inconsistent with the majority of the studies,
suggesting insignificant or negative effects between the two. These could be explained by

different types of measures and possible high costs of GI. While these studies together cover
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most of the probable relationships between the accounting-based financial performance and
GI, they also introduce inconsistencies, which provides a good opportunity for a study like

this to create a unified framework that considers most, if not all of the effects simultaneously.

2.1.2 Market-based financial performance of green innovation

On the contrary to the accounting-based financial performance, the recent literature on
market-based financial performance of GI is quite scarce. Despite the lack of papers on this
subject, the very few papers that do measure the market-based performance have used two
key dependent variables, namely Tobin’s Q and Market capitalization. However, when it
comes to the explanatory variables, there is a wide range of different proxy variables that are

used in the pursuit of trying to measure green innovation.

The simplest study on the linkage was conducted on Japanese manufacturing companies by
Lee & Min (2015), who explored the effects of R&D expenditure used to decrease
environmental impact on Tobin’s Q. By estimating the effects from 2001 to 2010 using
Ordinary Least Squares (OLS) method, they found that the green R&D had a positive effect
on Tobin’s Q.

Similarly to the effects on Tobin’s Q, when market performance was measured by market
capitalization, the results remained unchanged. In addition to the effect on company
profitability, Casciello et al. (2024) also studied the effects of green innovation on market
performance. They found that the green innovation score (from Refinitiv) was positively
associated with the market capitalization of the firm. Likewise, Weng et al. (2015) have

previously found similar results, indicating that the effects of GI on market performance

have been uniform throughout the years.

Compared to accounting-based performance, the literature on the market-based effects of GI
is quite limited. However, the existing studies mainly use Tobin’s Q and market
capitalization as the dependent variables. The findings suggest that the relationship between
the two are generally positive, suggesting that the market-based performance could be more

consistently associated positively with the GI. With the small number of studies on this part,

the need for further research with more consistent measures is necessary.
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2.2 General innovation and firm financial performance

Similarly to the green innovation, the general innovation is measured as the usage of funds
into R&D investments that are not necessarily related to the improvement of the
environmental impact of the company, but to the improvement of the companies’ processes
and products in general. This section discusses the linkage between these investments and

the financial performance of firms. As before, the accounting-based performance and

market-based performance are kept separate from each other.

2.2.1 Accounting-based financial performance of general innovation

As with the effects of green innovation and accounting-based financial performance, the
results of general innovation and accounting-based financial performance are rather close to
the already discussed relationships. With the majority of the studies consisting of the same,
positive relationships between the variables, the general innovation offers a wider variety of
results, offering deeper insights into the ongoing debate of the linkage between the

innovation and financial performance.

On the contrary to the green innovation, the variable for the measurement of general
innovation is more straightforward since one does not have to take into account the objective
of the R&D expenditure. This can be seen in the literature as a simpler explanatory variable,
which is quite often recognized as the scaled version of the total R&D expenditure based on
the total sales or firm size of the companies. The dependent variable to measure the
accounting-based financial performance is, however, quite varying in the literature, with
many studies using the ROA, Return on Equity (ROE) or some other form of scaled-to-size

profitability metric.

One of the most recent studies written by Saharti (2025) studied this relationship in the G7
countries and recognized that while the expenditure on R&D had a strong positive
relationship with the labor productivity, the relationship with the asset turnover, measured
by the revenue divided by total sales, was negative. These results are in line with the
assumption that while the R&D improves the productivity of the processes, it might not

increase the ability for the company to turn its assets into sales. Additionally, equivalent
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results have been recognized prior, with Shin, Kraemer & Dedrick (2016) reporting R&D

expenditure to have a positive effect on gross margin, but negative effect on net margin.

Despite this, some studies have also found that R&D expenditure will ultimately lead to
increased, unconditional profitability. Ren, Ting, Kweh & Zhang (2023) supports this with
their study on the Chinese market by concluding that high level of innovation creates
competitive advantages and improves productivity, thus leading to greater operating
performance. This is also backed by multiple different studies in South Asia and Europe.
Particularly, Filatotchev & Piesse (2009) showed that R&D expenditure was strongly
associated with the sales growth of newly listed, Initial Public Offered (IPO) companies in
Europe, with UK showing the most promising benefits. Also, in South Asia, Rahman &
Howlader (2022) showed promising benefits for pharmaceutical companies that invested in
R&D. They highlighted that the R&D expenditure was positively associated with ROA and
ROE.

Conversely, some studies have also found that there is an unconditional negative impact on
R&D investments and accounting-based financial performance. Vithessonthi & Racela
(2016) showed that R&D expenditure scaled by sales had a negative relationship with the
operating performance on non-financial firms in the United States. Also, Usman, Shaique,
Khan Shaikh & Baig (2017) found that the negative effects hold in Europe also. Similar
results were also found on the Korean market by Yoo, Lee & Park (2019), who noticed that
although the R&D expenditure had a negative effect on ROA, it had a positive impact on the
future earnings volatility, implying that the R&D expenditure might increase or decrease the

profitability significantly.

Some conditions for the nature of the firms have also been reported in the literature. For
example, Falk (2010) proposes that while the initial impact of R&D expenditure on sales
growth is positive, the companies see a decreasing impact over time, highlighting the inverse
U-shaped curve as in the findings of green innovation studies. He further claims that
shrinking firms do not benefit from R&D, while mid and upper growth companies benefit
the most. This is also suggested by Eberhart, Maxwell & Siddique (2004), who studied the

effect of abnormal R&D increases on operating performance worldwide.

Besides the growth of the companies having a moderating role on the linkage between

innovation and firm performance, Peters, Roberts, Vuong & Fryges (2017) argues that the
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industry plays a crucial role in moderating as the results vary based on whether the model
was run on high-tech industry or low-tech industry firms. They further emphasize that highly

established and productive companies might realize better overall benefits from R&D

investments than young and small firms.

Although the results of the general innovation and accounting-based financial performance
are more mixed, the general trend has been positive. The general innovation is most
commonly measured using R&D expenditure, which is then scaled to sales or firm size. The
accounting-based performance is then again measured using ROA. However, some studies
have also utilized ROE as the proxy for accounting-based financial performance. Overall,
the findings indicate that general innovation is positively associated with improved
productivity, sales growth and profitability of the firms. Conversely, some evidence suggests
that the short-term profitability might be negatively affected by general innovation, and some
have found indication of non-linear U-shaped relationships. However, the findings are
inconsistent across countries and sectors, which highlights the context-dependency of the
effects. Therefore, more integrated models that consider the dynamic effects and variety of

potential relationships are needed.

2.2.2 Market-based financial performance of general innovation

There are two main dependent variables used to measure the impact of innovation spending
on the market performance of target firms. Tobin’s Q, which is measured by the ratio of the
market value of the firm to the replacement cost of its assets, is one of these metrics. Tobin’s
Q is a great measure for this purpose since it shows how much premium is in the market
value of the company compared to its assets, which could be due to increased productivity,
efficiency, or intellectual capital through R&D investments. The other metric to measure the
market performance is the market value of the firm or the stock price returns. While these
measure the market performance, they donot consider the nature of the firms’ balance sheet.
Both metrics can, however, be used for the estimation of the impact of general innovation

on the firms’ market performance.

To begin with, the main trend of the effects of general innovation and market performance
is positive for the majority of the studies. The type of measure for the dependent variable

seems to not impact these results either with several studies from different countries and
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timelines backing this. (Uyar, Kuzey, Gerged & Karaman 2022; Eberhart et al. 2004; Usman
et al. 2017; Ren et al. 2023; Rahman et al. 2022; Vithessonthi et al. 2016)

Even though the relationship between the two variables seems to be positive, some studies
have shown there to be several conditions which might affect the result. For example, a more
mature study conducted by Connolly & Hirschey (2005) on publicly traded companies
worldwide noticed that while the overall effect is positive, Tobin’s Q was affected more on
larger firms than those of a small size. Additionally, they found that manufacturing firms
proved to obtain higher value than non-manufacturing firms. This effect was also later
reported on a study in the US by Ehie & Olibe (2010), who found that manufacturing firms
saw higher market capitalization increase compared to service industry. Peters et al. (2017)
also noted differences in industries, where high-technology companies realized a larger

increase in firm value than those of low-technology companies.

What is interesting is that Chan, Chen, Hong & Wang (2015) found in their study on US
listed companies that corporate governance plays arole in the effects between the innovation
and market performance. They discovered that while R&D intensity had a positive impact
on the company’s stock returns, with poor governance, R&D intensity had no effect. The
finding of this study therefore might explain some of the variability in the findings of other

studies, which have not taken into account the governing effects.

Up to this point, only the positive or inconclusive results have been discussed. However,
some studies have reported negative relationship between R&D and the market performance.
Shin et al. (2016) conducted a worldwide study on the semiconductor industry for fabless
and integrated firms by measuring the impact of R&D expenditure / sales on Tobin’s Q.
Interestingly, they found that while integrated firms saw better market performance, the
overall effect of R&D on Tobin’s Q was negative, indicating a negative relationship with
the market performance. Yoo et al. (2019) also studied manufacturing industries in South
Korea with similar results, showing that the stock return decreased when R&D expenses

mcreased.

As with the studies regarding GI, the market-based performance was generally measured
using either Tobin’s Q or market capitalization. Overall, the results generally indicate a
positive relationship between general innovation and market-based financial performance.

However, some studies have found evidence of negative or significant effects, showing that
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the markets do penalize ineffective or costly innovation spending. Furthermore, the findings
highlight the moderating factors in the results, such as firm size, industry type and even
corporate governance quality. Overall, the literature suggests that the relationship between
general innovation and market performance is complex and depends on several factors, and

a lack of unified framework that accounts for these moderating effects is needed.

2.3 Theoretical framework

In this chapter, the theoretical framework is being developed based on the findings of the
papers discussed above and the key theories linked to the R&D and firm performance. The
two main theories that can provide some explanation to the aspects of these effects are the
Resource-Based Theory (RBT) and the Porter’s theory on the 5 forces of industry’s
competitiveness and profitability. Therefore, the aim of this chapter is to link these two
theories to the main literature on the subject and to create a complete theoretical model for

this thesis. This chapter is divided into three parts: the theory of Porter’s 5 forces, RBT and

the construction of the theoretical model.

2.3.1 Porter’s 5 forces

Although Porter’s model of the five forces to analyze the competitive force of an industry is
not developed for analyzing firms’ performance through innovation, it can be used as a
framework to address the market competitiveness of a firm that will ultimately lead to both
accounting-based financial performance and market-based financial performance. Each of
the five forces Porter proposes can also be easily linked to the R&D expenditure of the firms.
For example, the “threat of a new entrant” can be, at least partially, neutralized by increased
R&D activities to create new barriers to entry and establish their presence in the market. In
this section, however, only the theoretical concepts of Porter’s five force model will be

discussed and the application of it will be discussed in section 2.3.3.

The Porter’s five forces of industry competition include the threat of new entrants, the
bargaining power of buyers, the threat of substitute products, the bargaining power of

suppliers and the competitive rivalry within the industry as shown in the figure 1 below.
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Figure 1. Porter’s five forces model. (Adapted from Porter 1980)

The threat of new entrants refers, as the name suggests, to how hard it is for new firms to
enter the market or industry. These entry barriers are influenced by vast number of factors,
including technological expertise, brand loyalty, and economies of scale. The second force
is the bargaining power of buyers, which refers to the elasticity of the demand based on
mainly quality and pricing. The customers can ultimately choose their supplier of products
and services and if there exists a lot of competition, the bargaining power of buyers can be
quite high. The third force, which is the threat of substitute products, refers to the similar
products in the market which are indifferent to the one of the target company. The fourth
force is the bargaining power of suppliers. As with the bargaining power of buyers, the
bargaining power of suppliers refers to the amount, cost and quality of supplied components
or products to the target firm. If few suppliers exist, the reliance on them could become
costly for the firm. Finally, the fifth and the last force is the competitive rivalry within the
industry, which refers to the intensity of competitors amongst the existing firms in the

industry.
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2.3.2 Resource-Based Theory (RBT)

The theoretical concepts of RBT can be shaped into a theoretical foundation that will provide
useful information for the formation of the theoretical framework of this thesis. The
resource-based theory was developed by Barney (1991), who proposed there to be four key
indicators (value, rareness, imitability and substitutability) of firms’ resources that could
improve the competitiveness of the firms and create sustained competitive advantage!.
Furthermore, he discussed the role of industry characteristics as the foundation for a firm to
be able to possess this advantage. The drivers for the sustained competitive advantage are

illustrated further below in figure 2.

In order to create a sustained competitive advantage, there must be two key characteristics
in the industry in order for sustained competitive advantage to exist. These are resource
heterogeneity and resource immobility. If there was to be a completely homogenous
industry, all the firms would possess the same resources and thus a competitive advantage
developed by one firm would ultimately lead to a similar creation from another firm making
sustained competition advantage impossible. When it comes to the resource immobility, if
all resources were mobile, then a company that would have protected their strategy by entry

or mobility barriers would not be able to keep the advantage due to other firms entering into
the market. (Barney 1991)

Having considered the industry characteristics, it is now necessary to consider the firms’
resources. As discussed above, Barney (1991) mentions four attributes a firm must have in
order to obtain sustained competitive advantage. He mentions that a resource must be
valuable in a way that it can utilize opportunities or cover potential threats. Additionally, it
must be rare, so that the current or potential competitors cannot possess it. Also, it must be
imperfectly imitable, meaning that a competitor cannot possess it because of complexity or
historical conditions. Lastly, the resource must not be substitutable in the sense that there is
another resource which can be used equivalently to the one that the firm of sustained

competitive advantage possesses but is not rare or can be imitable.

1 In this case sustained competitive advantage refers to a competitive advantage, which the competitors or
potential competitors are unable to replicate.
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Figure 2. Resource-based view of the link between firm resources and competitive

advantage. (Barney 1991)

2.3.3 Construction of the theoretical model

In this section, the complete theoretical model, which will be used as the basis for the
analysis process is constructed. The theoretical model is drawn from the two key theoretical
concepts discussed above, as well as from the findings of the previous literature discussed

in the literature review above.

Having considered the 5 forces proposed by Porter (1980), the question is how are these
relevant for the link between innovation and firm performance? To start with the “threat of
new entrants”, one can reason that with innovation targeted at the right destination, it can be
utilized to increase the barriers of entry through for example patents or technological
expertise. This effect is likely to strengthen long-term competitive advantage, although the
associated costs of innovation may negatively affect short-term accounting-based
performance. The “bargaining power of buyers” can then again be reduced by product
differentiation, which Dangelico (2017) also found to be a mediating factor. Such
differentiationis expected to improve market-based performance in particular, as it increases
perceived firm value and future growth expectations, even if short-term profitability effects
are weaker. The “bargaining power of suppliers” can then correspondingly be reduced by
process innovation rather than product innovation, which reduces the reliance on highly
influential suppliers. This may initially reduce margins due to implementation costs, but
improve long-run efficiency and cost structure, leading to delayed gratification in accounting
-based performance. Similarly to the buyer’s power, the “threat of substitutes” can be
reduced by innovation in uniqueness of the products. This is expected to affect both market-

based performance in the short- and long-run and accounting-based performance in the long-
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run, as increased product uniqueness enhances expected future cash flows and reduces
substitution risk. Finally, the differentiation of products could help the rivalry within the
industry so that instead of competition for the lowest price, the competition is through
differentiation. Overall, Porter’s framework suggests that innovation primarily strengthens
long-term competitive advantage, while short-term effects on financial performance may be

mixed depending on the costs to innovate and realized benefits.

The RBT discussed above can also be linked tothe R&D investments and firm performance.
By investing in R&D a company usually invests in gaining strategic resources such as
technological knowledge, expertise or patents, which can be used to generate income for the
firm. Thus, the RBT also explains the positive linkage between R&D and firm performance.
However, these resource-building effects are unlikely to be immediate due to R&D
investments typically involving upfront costs and delayed monetary benefits. As a results,

RBT could be more consistent with long-run effects than short-run profitability.

The studies discussed in the literature review above have shown that the linkage is not as
simple as the theory suggests and some negative findings have been shown to exist. For
example, majority of the studies on the impact of general innovation on accounting-based
financial performance have reported negative relationship between the two. Also, we can
recall that some studies found a negative impact on general innovation on market-based
financial performance. Some studies also noted that there is an inverted U-shaped
relationship with R&D expenditure and firm performance, and some noted a U-shaped
relationship between the two. All of these reported relationships have been summarized in

the figure 3 below.

- . . . . . Inverted U-shaped
Positive Relationship Negative Relationship U-shaped Relationship Relationship
s Financial 4 Financial Financial 4 Financial
Performance Performance Performance Performance
R&D Expenditure R&D Expenditure R&D Expenditure R&D Expenditure

Figure 3. A summary of the relationships between firms” R&D expenditure and financial

performance.
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The full theoretical framework that works as the framework for the analysis process of this
thesis is presented in the figure 4 below. Based on the previous literature, the relationship
between general innovation and accounting-based financial performance seems to be more
likely than not negative, while the green innovation seems to be the opposite. The reasoning
for this could be due to several factors, which include the high expenses of R&D, failed
attempts of innovation and delayed profitability of the investments. This, however, does not
explain the mainly positive relationship between green innovation and accounting-based
financial performance in the literature, so the relation of these variables is still yet to be
explained. On the contrary, almost all literature points to the positive relationship between

both types of innovation and market-based financial performance, which have been drawn

in the figure.

A possible relationship, which has not yet been discussed but could be possible, is the effect
of accounting-based financial performance on market-based financial performance.
Although some links have been made between the two, the effect of one on the other has

been noted to be relatively low in the majority of industries (Gentry & Shen 2010).

Represented by small and dashed boxes, the U-shaped and inverse U-shaped relationships
are included in the model as possible, however, not certain effects due to inconsistent
findings and theoretical concepts. Even though no possible links are drawn yet, these effects

are considered in the analysis process.

- v
Accounting-based Financial
performance

General Innovation

+

Y

Market-based Financial
performance

a j

Green Innovation

Figure 4. The proposed theoretical framework of the relationship between R&D expenditure

and financial performance of a firm.
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Based on the complete theoretical framework, the following hypotheses have been

constructed:

1. The general innovation affects the accounting-based financial performance

negatively in the short term

2. The general innovation affects the accounting-based financial performance

positively in the long term

3. The general innovation affects the market-based financial performance positively in

the long and short term.

4. The green innovation affects the accounting- and market-based financial

performance positively in the short and long term.
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3 Data

In this section, the variables used in the analysis are introduced. With justification of their
inclusion discussed and reasoned, this section provides a complete view of all the dependent
and independent variables that are included in this study. In addition, the natures of these

variables are presented, including descriptive statistics and correlation analysis.

3.1 Data sources and justification

The main dataset consists of all the companies included in the STOXX® Europe 600
Technology -index, which is part of the STOXX® Europe 600 index and consists of 29
technology companies included in the index. However, only 11 companies from the index
are included in the final analysis due to missing data on R&D investments or environmental
innovation metrics.? It has been acknowledged that the cross-sectional data points are quite
scarce and thus could affect the generalizability of the results on other companies in the
sector. However, the relatively long timeframe provides a more consistent view of the effects

through time, thus making the results more reliable in that sense.

The data was gathered as accrued at year-end -data, or in the case of variables with daily
volatility, as the annual average. The timeframe used in the analysis is from 2007 to 2024,
with some of the variables having shorter time-series dueto lack of information. Overall, the
main dataset consists of 11 companies with 18 years of data points, which add to a total of

198 observations.

Since both accounting-based performance and market-based performance are measured,
there are two main dependent variables included in the analysis. For the accounting-based
financial performance, ROA is used as the main variable, and ROE will be used for
robustness checking. These variables are included due to their ability to scale the company
performance to the firm size, which will give more consistent results throughout the firms.
For the market-based performance, Tobin’s Q is used as the main dependent variable, which

represents the market value of the company divided by the market value of'its assets. Tobin’s

2 Companies included (Ticker symbols): HEXA-B, BESI, AIXGn, LOGN, ASM, MYCR, SAP, STMMI,
IFXGn, DASTY, ASML.
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Q is chosen for the same reason as the variables for the accounting-based performance, the
ability to scale the value to the size of the firm, considering not only the performance but the
size of the firm also. In addition to Tobin’s Q, the natural logarithm of market capitalization
is used as the second dependent variable for robustness checking, which does not consider

the scale of the company but should provide to be a good alternative measure for market-

based financial performance.

When it comes to the independent variables used in this study, the proxy for the measurement
of general innovation is the R&D expenditure scaled with the companies’ revenues, which
has been also used in the majority of the previous studies discussed in the literature review
earlier. The measurement of green innovation is much harder since there is no obligation for
a company to present their expenses in green R&D or equivalent, thus two different variables
are used as the proxies for green innovation. The first one being the environmental
innovation score, which for the majority of the companies had data only from 2008 to 2024
and some did have less or not at all. The second variable used is the green revenue share,
which represents the percentage of revenue from green products or services compared to the
total revenue. Both of these variables are collected from LSEG Workspace as is. The data
for the share of green revenue is much scarcer, with data available only from 2016 to 2024

and for some companies in the dataset, the value is zero due to no green revenue sources.

It also must be noted that the variables for green innovation and general innovation are of
different types and thus are not directly comparable with each other. Since the variable for
general innovation reflects the innovation investment inputs, the variables for green
innovation reflect more of the aspects of sustainability efforts and their outcomes. Therefore,

any comparison between the two should be cautiously interpreted and taken as indicative

rather than definitive.

Following Saharti (2025, Tke et al. (2010), Uyar et al. (2022) and Casciello et al. (2024) the
following control variables are introduced: firm size, firm age and leverage. The firm size is
measured as natural logarithm of the firms’ assets, the age is measured as the natural
logarithm of the years since the foundation of the company, and finally the leverage is
measured as the debt-to-assets ratio. All the variables used in this study are presented in the

table 1 below.



Table 1. Variables and definitions. (LSEG 2026)

Variables
Dependent

Accounting-based financial
performance

Market-based financial
performance

Independent

General innovation

Green innovation

Control

Firm Size

Firm Age

Firm Leverage

Name

Return on Assets

Return on Equity

Tobin's Q

LN(MarketCapitalization)

R&D Expenditure to Sales

Environmental innovation
score

Green revenue share

LN(Assets)

LN(Age)

Debt-to-Assets

Symbol

ROA

ROE

TQ

LN_Mcap

RD_Sales

EIS

GRS

FSIZE

AGE

LVRG
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Definition
Netincome / Assets at year
end

Netincome / Shareholder's
Equity at year end

Market value / Replacement
cost of assets

Natural logarithm of market
capitalization

Research and Development
expenditure / Revenue

Environmental Innovation
score from LSEG database

green revenue / total
revenue

Natural logarithm of firms
assets

Natural logarithm of time
since the firm was founded

Total Liabilities / Total
Assets

3.2 Descriptive statistics and the nature of the variables

Reported below in table 2 are the main statistics of all the variables used in this thesis. As

the table demonstrates, the observations vary depending on the variable in question due to

the lack of available dataas discussed above. This might introduce some bias to the statistics

and possibly to the final results, which is kept in mind throughout the process.
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When it comes to the accounting-based dependent variables, the ROE has a higher average
with higher variability than the ROA. It also has quite a similar median compared to the
average, which suggests that the variability is quite even and the higher values do not distort
the average. The nature of the distribution of the data can also be seen from the skewness
and kurtosis values, as well as from the minimum and maximum values. The values suggest
that the ROA has a moderate negative skewness to it, while the ROE has a highly positive
skewness. The kurtosis for both variables is positive, indicating a leptokurtic nature, with
ROE having a more extreme value. The distributions are also visualized in the appendix 1,

which shows the histograms for all the variables.

The market-based dependent variables show similar nature to the accounting-based
variables, where the market capitalization is approximately symmetric or a bit left-skewed
with a little excess kurtosis and the Tobin’s Q is highly right-skewed with high kurtosis,
indicating asymmetry in the data and thus higher possibility for error in the results. Also, the

observations for Tobin’s Q are not complete and are missing some values. However, the

number of missing values is quite low and thus is ignored in this case.

Table 2. Descriptive Statistics

Variable Obs Mean Median Std.Dev. Variance Skewness  Kurtosis Min Max
Dependent

ROA 198 0.08 0.09 0.08 0.0063 -0.53 440 -2175% 33.91%
ROE 198 0.17 0.18 0.18 0.032 1.92 17.1 -28.65%  148.77%
LN_Mcap 198 8.74 8.74 1.90 3.6 -0.32 2.89 2.895 12.58
TQ 186 2.34 2.04 1.67 2.8 2.08 10.7 0.14 12.35
Independent

RD_Sales 197 0.12 0.116 0.074 0.0054 0.99 8.43 -12.3% 53.4%
EIS 159 57.0 52.30 25.15 0.0358 1.23 3.14 2.78 98.48
GRS 99 0.15 0.060 0.189 0.0358 1.23 3.14 0.00 % 60.09 %
Control

FSIZE 198 8.14 8.34 1.61 2.598 -0.11 2.02 4.837 11.22
AGE 198 3.35 3.43 0.43 0.187 -0.75 3.22 2.079 4.094
LVRG 198 0.39 0.40 0.12 0.015 -0.42 3.38 0.061 0.71

For the independent variables, the observations are more uneven. With Green Revenue Share
(GRS) only having under one hundred observations and Environmental Innovation Score
(EIS) 159, the statistics show moderate to high positive skewness, which can also be seen in
the appendix 1. Especially, the observations for EIS and GRS show high skewness and thus

the mean and median deviate from each other quite a lot. In addition, the standard deviation
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of environmental innovation score is quite high, which suggests that the datapoints are
distributed quite extensively with datapoints all over between the minimum and maximum

values.

The control variables show quite an even distribution throughout the firms with skewness
and kurtosis being in the acceptable range. The mean and median are also close to each other,

suggesting that major outliers are not present or do not skew the data.

Table 3. Correlation matrix.

ROA ROE LN_Mcap TQ RD_Sales ElS GRS  FSIZE AGE  LVRG
ROA 1
ROE 0.68 1
LN_Mcap 0.54 0.37 1
TQ 0.51 0.48 0.44 1
RD_Sales -0.43 -0.36 -0.07 -0.21 1
ElS -0.08 -0.20 0.12 -0.38 0.30 1
GRS -0.15 -0.39 -0.15 -0.33 0.39 0.59 1
FSIZE 0.39 0.21 0.93 0.13 0.0065 0.30 -0.04 1
AGE 0.29 0.16 0.29 0.25 -0.26 -0.24 -0.07 0.22 1
LVRG 0.21 0.33 0.42 0.24 -0.17 -0.06 -0.31 043  -0.18 1

The correlation matrix, table 3 above shows the Pearson correlation of each variable with
each other. The main drawings from this matrix are to do with the multicollinearity between
the independent variables, which might introduce difficulties in differentiating the effects of
each variable on the dependent variables. A high multicollinearity could lead to reduced
statistical power through high standard errors and unstable parameter estimates. In the case
of the RD_Sales, EIS and GRS variables, there seems to be weak to moderate correlation
between the variables, with EIS and GRS showing the highest correlation (0.59) between
all.

For the control variables, the correlation between firm size and market capitalization is very
high, which shows that the amount of assets is highly correlated with the market value of the
firms. Other control variables do correlate weakly or moderately with the other variables,

which shows that they could explain at least some of the variation in the regression.

The correlation between ROA and ROE is quite strong, which implies that the values are
greatly tied together making the robustness analysis convenient for this case. The Tobin’s Q
and the market capitalization also show moderate correlation, which is acceptable for the

robustness checking.
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4 Methodology

This section addresses the methodology used in the analysis process to derive the results for
this thesis. The chapter consists of three parts: The method used and the selection of
appropriate models, the models for robustness checking, and the methodologies for

postestimation and validation.

4.1 Method selection and the standard models

Since the aim of this study is to analyze different companies through time, the nature of the
datais in the form of panel data. The selection process of the model for panel datais quite
straightforward with a set of steps that must be taken in order to have an appropriate
estimation method. To find the appropriate method, the models are run with fixed effects
regression and random effects regression. Then, F-test is run in order to identify if fixed
effects exists and for the random effects, Breusch-Pagan Langrangian multiplier test is run
in order to identify if random effects exist within the data. Finally, Hausman-test is

performed in order to determine whether to use fixed effects or random effects regression.

(Hill, Griffiths & Lim 2018)

Summarized in the table 4 below are the test results of the aforementioned tests, which show
the significance probability of each test. The results suggest that there are company-specific
fixed-effects in all the models with a probability of at least 0.05 or less for the companies to
have the same constant. This means that using fixed-effects model is preferred over pooled
OLS. Moreover, the random-effects models as well as the Breusch-Pagan tests show that
with a high probability, there is random effects among the majority of the models and with
around 10% significance level, random effects are among the 4™ model also. This means
that random-effects model is also preferred over pooled OLS. The Hausman test for each
model, except for the model 3, suggests that there is no difference between fixed -effects and
random-effects models. For the model 3, however, the Hausman test suggests that random-
effects are not consistent and thus fixed-effects model should be used instead. Since the
random-effects model cannot be used forthe third model and fixed -effects modelis preferred

over the pooled OLS amongst them all, fixed-effects panel regression model is used in the



35

estimation of all the models, which include firm fixed effects and time fixed effects in order

to control for time-invariant firm traits and time-specific shocks.

Table 4. Model selection test results.

ID Model Fixed-Effects Random-Effects Breusch-Pagan Hausman Decision

1 ROA =RD_Sales 0.0000*** 0.0000*** 0.0000*** 0.2543 Fixed-Effects
2 TQ=RD_Sales 0.0001*** 0.0026*** 0.0000*** 0.3975 Fixed-Effects
3 ROA =EIS + GRS 0.0000*** 0.7648 0.0000*** 0.0166** Fixed-Effects
4 TQ=EIS + GRS 0.0314** 0.0000%** 0.1024 0.1540 Fixed-Effects

*xk ** & *represent the p-value of being<0.01, 0.05 and 0.1 respectively.

The standard models used in the analysis process are based on the theoretical framework
discussed in the second chapter, with each model considering the possible exponential nature
and delayed gratification. A total of four (4) models is introduced, which together capture
all the effects of firms’ innovation on financial performance. The general innovation models

are in the form of the following equations:

ROAit =a;+ty + ﬁlRDSalesit + :BZRDSalesit_l + :B3RDSaleszit + ﬂ4RD5aleszit—1 +
B<FSIZE,, + B AGE;, + B,LVRG,, + €, (1)

TQit =a; Y +.81RDSalesit +:BZRDSalesit_1 + :83RDSaleszit + '84RD5‘11352it—1 +
B<FSIZE,, + B AGE;, + B,LVRG,, + €, (2)

And the equations for the green innovation models are estimated with the following models:

ROA; = a; + v, + BLEIS; + BLEIS;_y + B3EIS?; + B,EIS? , | + BsGRS; +
BsGRS;_1 + B,GRS?; + BgGRS? _ + BoFSIZE; + B1oAGE; + 1,LVRG; + &, (3)

TQir = &; +V; + BLEISy, + B,EIS;_y + B;EIS?, + B,EIS?. _ + BsGRS;, +
PeGRS;;_1 + ﬁ7GRSZit + ,BBGR.S'Zl.t_1 + BoFSIZE;, + [,,AGE;; + B;LVRG,. + &;; (4)

Where a; represent the firm-specific fixed effects and vy represents the year fixed effects.
4.2 Models for robustness checking

Since there are multiple different measurement types that can be used to model the financial
performance of firms, two additional measures for accounting-based financial performance

and market-based financial performance are introduced in order to ensure the financial
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performance of a firm is not dependent on a singular variable but also has the same result as

an alternative one.

Thus, the models with alternative dependent variables can be expressed as follows:

ROEit =q; + Ve + .BlRDSalesit + ﬁZRDSaleSit_l + ﬁ3RDSaleszit + ﬁ4RD5aleszit—1 +
B<FSIZE,, + B,AGE;, + B,LVRG,, + €, (5)

LNMcapit =q; + Vi + BlRDSalesit + BZRDSalesit_l + :B3RDSaleszit +
ByRDgyos® .. + BsFSIZE;, + B,AGE;, + B,LVRG;, + ¢ (6)

Sales jt—1

ROE, = a; +V, + ByEIS;, + BoEIS;,_; + B3EIS?, + B,EIS?,,_ + PsGRS;, +
BeGRSi_y + B,GRS?, + BsGRS?,,_ + PoFSIZE; + P1gAGE;, + 1, LVRG, + &, (7)

LNycap,, = @i+ Ve + B1EISy + BoE1S; o + BsEIS?; + B,EIS?_ + BsGRS; +

Bs<GRS;,_, + B,GRS?,, + ﬁsGRSZit_ |t BoFSIZE; + B10AGE;, + By, LVRG; + &, (8)

Where the first two are the models to estimate the effect of general innovation on firm

performance and the latter two are the models to estimate the effect of green innovation.

If the results for ROE and LN _Mcap are similar to the ones presented earlier, one can be
quite certain that the innovation metrics do affect the financial performance of these firms

with a high reliability.
4.3 Postestimation and validation

For further validation checking, a series of postestimations and validation measures are used
to assess the reliability of the estimated coefficients. In a fixed effects panel regression, it is
crucial to ensure that the standard assumptions of Ordinary Least Squares estimator hold. In
other words, the error term has a zero conditional mean, constant variance and no serial
correlation. When these conditions are held, OLS is the Best Linear Unbiased Estimator

(BLUE) and therefore has the lowest variance of the unbiased linear estimators.

The zero conditional mean assumption is maintained as part of the model specification
through the inclusion of firm and year fixed effects. The heteroskedasticity is examined
utilizing modified Wald test for heteroskedasticity in fixed effects panel regression and if

heteroskedasticity is present in the models, clustered standard errors are used in order to
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account for the biased standard errors and values for significance. The serial correlation is
then again examined using Wooldridge test for autocorrelation in order to identify within-
firm correlation in the models. The autocorrelation can also be addressed by using the same
clustered standard errors in order for the model to have more robust standard errors and

significance values.
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5 Results

In this section, the results of the above mentioned tests are discussed. The effects of general
innovation and green innovation on firms’ accounting-based and market-based financial
performance are tested and verified with the alternative dependent variables and statistical

tests for heteroskedasticity and autocorrelation.

5.1 Heteroskedasticity and autocorrelation

When estimating the effects of the innovation metrics on the firms’ financial performance,
heteroskedasticity was present in every model as shown in the table 5 below, meaning that
the standard errors vary across panels and thus clustered standard errors should be used at
firm level to take into account the possible unreliability in the standard errors, t-statistics and

p-values.

The possibility of serial correlation in this type of model is quite high since the values of the
variables could have a constant trend or follow a certain pattern. The clustered standard
errors also take this into account, which ensure that there is no distortion or bias in the
standard errors. Furthermore, a fixed effect panel regression by nature ensures that E(eit) =

0, so it requires no further testing.

Table 5. Modified Wald test for Heteroskedasticity in fixed effects panel regression.

Model 1(S) Model1({A) Model 2(5) Model2{A) Model 3 (S) Model 3(A) Model4(S) Model 4 (A)

Chi2(11) 791.52 22267.68 2628.76 31.54 1064.28 20800.34 1651.30 381.22
Prob = Chi2 0.0000 0.0000 0.0000 0.0009 0.0000 0.0000 0.0000 0.0000

5.2 The effect of general innovation on firms’ financial performance

The first model presented in table 6 below measures the effects of general innovation, or
R&D intensity on ROA. The results show that the individual effects of the dependent
variables are uncertain with p-values being slightly above 0.1. However, the p-values for

RD_Sales? and L1.RD_Sales? are close to being significant at a 90% confidence intervals
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and are significant at 85% confidence intervals. Therefore, the results should be interpreted
as indicative. Besides the significance levels, the coefficients for the quadratic term of the
RD Sales are negative at level but positive when lagged by one period, suggesting that the
R&D investments are negatively associated with ROA initially but do provide improvements

in financial profitability aftera year when holding other factors constant (FSIZE, AGE and
LVRQ).

The explanation power of the model is quite moderate, where the within R-squared values
is at around 0.54. This shows that the model explains about 54% of the variance within

entities.

Table 6. The effect of R&D/Sales on Return on Assets.

Variable Coefficient Standard Error t-Statistic P> |t| R-Squared
ROA Model 1 - Standard
RD_Sales 0.11 0.502 0.23 0.824 Within 0.541
L1.RD_Sales -0.43 0.307 -1.41 0.190 | Between 0.081
RD_SaIes2 -2.37 1.453 -1.63 0.134 Overall 0.059
L1.RD_Sa|es2 1.09 0.611 1.79 0.104
FSIZE -0.04 0.020 -2.13 0.059
AGE 0.05 0.096 0.56 0.591
LVRG -0.02 0.073 -0.27 0.796
Constant 0.28 0.289 0.97 0.356
Firm FE YES
Year FE YES

To further illustrate the relationship between the R&D intensity and ROA, in figure 5 below
are presented the marginal effects of RD_Sales on ROA with 95% confidence intervals. As
the figure shows, the negative effects are especially significant when values of RD_Sales are
over 0.1. The figure illustrates clearly that the increase in R&D intensity is associated
negatively with ROA and indicates that the increase in R&D to sales ratio would yield worse
performance. However, this is highly uncertain since the confidence intervals do widen the

higher the R&D to sales ratio gets and thusthe increased effect on ROA is still undetermined.
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Marginal Effect of RD_Sales on ROA

Effects on linear prediction

-2 0 2 4 .6
RD_Sales

Figure 5. Marginal effect of RD_Sales on ROA with 95% confidence intervals.

On the contrary to the immediate effect, the RD_Sales lagged by one period has a positive
relationship with ROA as the figure 6 further illustrates. This relationship is also quite weak
with the confidence intervals on both sides of the zero line. With this in mind, a higher level
of R&D seems to affect ROA positively, while lower or even negative levels of R&D seem

to affect ROA negatively.

Marginal Effect of L1.RD_Sales on ROA

Effects on linear prediction
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Figure 6. Marginal effect of L1.RD_Sales on ROA with 95% confidence intervals.



41

To verify these results, an alternative measure for the firms’ financial performance was
introduced. As shown in the table 7 below, the independent variables are clearly not
statistically significant, which means that there is a lot of uncertainty regarding the reliability
of the coefficients. However, the control variables FSIZE and LVRG are statistically

significant at around 90% confidence level, and the model does seem to explain some of the

variation within firms (within R? = 0.43).

Table 7. The effect of R&D/Sales on Return on Equity.

Variable Coefficient Standard Error t-Statistic P> |t| R-Squared
ROE Model 1 - Alternate Dependent
RD_Sales -0.32 0.873 -0.36 0.725 Within 0.430
L1.RD_Sales -0.28 0.345 -0.81 0.438 | Between 0.002
RD_Sales’ -1.66 2.147 -0.77 0.457 | Overall 0.063
L1.RD_Sales® -0.25 0.936 -0.27 0.795
FSIZE -0.12 0.065 -1.88 0.090
AGE 0.27 0.198 1.35 0.208
LVRG 0.31 0.174 1.77 0.108
Constant 0.33 0.724 0.45 0.661
Firm FE YES
Year FE YES

When therelationships are explored through marginal effect graphs, the static effect of R&D
intensity on ROE seems to have a slight negative and significant effect between R&D -to-
sales ratio of 0.15 and 0.35 suggested by the figure 7 below. Overall, the effects of

R&D/Sales on ROE are statistically quite insignificant and the lagged values of RD_Sales
are completely insignificant (Appendix 2).
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Figure 7. Marginal effect of RD_Sales on ROE with 95% confidence intervals.

The second model for the general innovation was used to measure the market-based
performance of the selected technology firms using Tobin’s Q as the dependent variable. As
the table 8 suggests, the coefficients are all statistically insignificant, except for the lagged
RD_Sales variable which is statistically significant at 90% confidence level and the control
variable for leverage. The explanatory power of the model is quite moderate at around 0.54
for the within R?-term indicating that the model does explain around 54% of the variation

within entities.

Table 8. The effect of R&D/Sales on Tobin’s Q.

Variable Coefficient Standard Error t-Statistic P> |t| R-Squared

TQ Model 2 - Standard Within 0.542

RD_Sales 2.73 3.013 0.9 0.387 | Between 0.067

L1.RD_Sales -10.67 5.742 -1.86 0.093 Overall 0.366
RD_Sales’ 4.49 7.661 0.59 0.571
L1.RD_Sa|es2 11.16 8.402 1.33 0.214
FSIZE -0.52 0.989 -0.52 0.614
AGE -0.77 2.934 -0.26 0.797
LVRG 5.37 2.155 2.49 0.032
Constant 5.59 8.789 0.64 0.539

Firm FE YES

Year FE YES
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The model suggests that the R&D intensity has a negative relationship with TQ or possible
U-shaped relationship after one period of R&D investments. As the coefficients as well as
the figure 8 below suggest, there is a slight significance of negative effects when the level
of R&D is between 0.1 and 0.3. The suggestive structure also shows that there is a possibility
of apositive effect on TQ when the level or R&D exceeds 0.4. However, this relation cannot
be fully confirmed by the model due to statistical insignificance. The marginal effects for

the static variables are presented in the appendix 3 due to insignificance.
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Figure 8. Marginal effect of L1.RD_Sales on TQ with 95% confidence intervals.

As performed with the accounting-based performance model, the market-based model was
also run on a different dependent variable, the natural logarithm of market capitalization.
This final model relating to the effects of general innovation in table 9 below indicates an
immediate U-shaped relationship between the R&D intensity and market capitalization at a
significance level of > 90%. Furthermore, the lagged effects show a statistically significant
negative relationship between the two. However, with 95% confidence intervals, these
relationships cannot be observed with certainty. Additionally, the explanatory power of this
model is very high at around 0.9 and shows the importance of the control variables in

explaining some of the variation within the entities.



Table 9. The effect of R&D/Sales on the natural logarithm of market capitalization.

Variable Coefficient Standard Error t-Statistic P> |t R-Squared
LN_Mcap Model 2 - Alternate Dependent Within 0.886
RD_Sales -1.58 0.803 -1.96 0.078 | Between 0.925
L1.RD_Sales -3.69 2.032 -1.81 0.100 Overall 0.894
RD_SaIes2 7.93 3.290 241 0.037
Ll.RD_SaIes2 -1.14 3.471 -0.33 0.749
FSIZE 0.69 0.269 2.58 0.027
AGE -0.13 1.185 -0.11 0.917
LVRG 1.35 0.701 1.93 0.082
Constant 2.29 3.803 0.6 0.560
Firm FE YES
Year FE YES
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The marginal effects are further illustrated below in figure 9, which shows more clearly the

combined effects of the static and lagged independent variables on market capitalization. For

the static effects, the figure shows that for low values of R&D intensity, the effect on market

cap is negative. However, for the higher values of R&D, the figure suggests a positive

relationship. This positive relationship is not, however, within 95% confidence intervals

when the linear and quadratic effects are combined, thus the figure shows that the positive

relationship is rather more suggestive than a statistically significant factual relation. When

it comes to the lagged effects of R&D intensity, the model shows that at least for the values

of R&D intensity that are positive, in the longer term the relationship between the two are

negative.

Marginal Effect of RD_Sales on LN_Mcap
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Overall, the models illustrate that the general innovation affects firms’ financial performance
in different ways depending on whether the accounting-based performance or market-based
performance is measured. Also, the “delayed gratification” effect does seem to be existent
in the relationships, although the evidence is largely indicative. The models show that the
relationship between R&D intensity and accounting-based financial performance is negative
at first instance, while after a year, the relationship turns positive. While some of the
relationships were statistically insignificant, the results across the different dependent

variables are generally aligned and support each other when statistically significant

interpretations can be made

For the market-based financial performance, the results suggest that the relationship between
R&D intensity and both market performance metrics is often negative or nonlinear, although
these findings are mostly not statistically significant. However, a statistically significant
immediate U-shaped relationship was identified for R&D intensity and market

capitalization.

5.3 The effect of green innovation on firms’ financial performance

For the effects of green innovation, four models were built based on the theoretical
framework and the variables discussed previously. The first model in table 10 measures the
effect of both environmental innovation score and green revenue share of total revenue to
the return on assets. As the table suggests, most of the variables are statistically significant
at confidence levels of 85% while some of the variables are statistically significant at even
95% confidence levels. The table below shows a moderate explanatory power of 0.33 within
entities and many of the coefficients, although statistically significant, prove to have quite a

slight impact on the actual variance of ROA indicated by the small coefficients.

However, the coefficients show that the environmental innovation score could have a
possible inverted U-shaped relationship with ROA at level and when lagged by one period,
the relationship turns into U-shaped relationship. The lagged relationship is at most
suggestive since the p-values of the coefficients are not within any acceptable risk level. The
static relationship is also quite questionable since the relationships are not significant at 90%

confidence intervals but are significant at 85%.
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When it comes to the green revenue share, the p-values are more acceptable, with all inside
the 85% CI and most of them inside 90% or even 95% and 99% CI. The relationship between
the GRS and ROA follows the same pattern as the EIS, which suggests that the immediate
effect is inverse U-shaped relationship and the lagged relationship is U-shaped. However,
the coefficients for GRS are much higher than the ones for EIS thus impacting the

accounting-based financial performance more.

Table 10. The effects of EIS and GRS on ROA.

Variable Coefficient Standard Error t-Statistic P> |t| R-Squared
ROA Model 3 - Standard
EIS 0.0086 0.005 1.59 0.144 Within 0.332
L1.EIS -0.0062 0.004 -1.45 0.178 | Between 0.047
EIS® -0.000068 0.000 -1.7 0.119 Overall 0.043
L1.EIS 0.000046 0.000 1.28 0.229
GRS 1.9433 0.786 2.47 0.033
L1.GRS -1.27 0.602 -2.1 0.062
GRS® -4.27 1.327 -3.22 0.009
L1.GRS® 141 0.842 1.67 0.125
FSIZE 0.00 0.041 0.03 0.973
AGE -0.33 0.159 -2.06 0.066
LVRG 0.05 0.069 0.68 0.514
Constant 1.21 0.734 1.65 0.131
Firm FE YES
Year FE YES

The figure 10 below shows the marginal effects of all the variables on ROA with 95%
confidence intervals. As displayed, the effects of EIS and GRS at level show statistically
significant negative relationships, where the lower values of the independent variable results
in higher value of ROA and higher values of the independent results in lower value of ROA.
On the contrary, the lagged effects, although suggestive, show that there could be a positive
relationship between the independent variables and ROA when the value of green innovation

is moderate to high.
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Figure 10. Marginal effects of EIS and GRS on ROA with 95% confidence intervals.

To compare these results, the effects of the innovation metrics on the alternative dependent
variable, ROE, were measured. As the table 11 suggests, the trends are similar for the
alternative dependent variable as they were for the standard model. However, in this case,
some of the coefficients for EIS have changed to more probable and some of the coefficients
for GRS have changed to more improbable. The model shows similar explanatory power to
the standard model with the within R-squared value of 0.36. In comparison to the standard

model, the coefficients have slightly improved into explaining more of the variation.

Table 11. The effects of EIS and GRS on ROE.

Variable Coefficient Standard Error t-Statistic P> |t| R-Squared
ROE Model 3 - Alternate Dependent
EIS 0.0186 0.007 2.64 0.025 Within 0.361
L1.EIS -0.0087 0.005 -1.79 0.103 | Between 0.296
EIS? -0.000166 0.000 -2.82 0.018 Overall 0.195
LLEIS? 0.0001 0.000 1.37 0.202
GRS 2.3770 1.380 1.72 0.116
L1.GRS -1.77 0.978 -1.81 0.100
GRS? -5.75 2.508 -2.29 0.045
L1.GRS? 1.93 1.337 1.44 0.181
FSIZE 0.06 0.100 0.61 0.552
AGE -0.25 0.495 -0.5 0.625
LVRG 0.46 0.339 1.37 0.200
Constant 0.30 2.253 0.13 0.897
Firm FE YES

Year FE YES
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These effects are further illustrated below in figure 11, which shows the small but
meaningful effects of the green innovation metrics on the accounting-based financial

performance. These effects further confirm results of the standard model.
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Figure 11. Marginal effects of EIS and GRS on ROE with 95% confidence intervals.

The fourth and final model measures the effects of green innovation on the firms’ market-
based financial performance. The test was carried out similarly to the previous model
utilizing Tobin’s Q as the dependent variable. The results suggest that there is no statistically
significant relationship between any of the variables and the Tobin’s Q when measured with
individual effects as shown in the table 12 below. However, the static coefficients for GRS
do have slight possibility of being correct due to the p-values being close to the acceptable
range of 0.1. The within R-squared value of the model is quite moderate at 0.57, with the

control variables providing a lot of weight into it.
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Table 12. The effects of EIS and GRS on Tobin’s Q.

Variable Coefficient Standard Error t-Statistic P> |t| R-Squared
TQ Model 4 - Standard
EIS 0.0743 0.076 0.98 0.350 Within 0.574
L1.EIS -0.1908 0.252 -0.76 0.467 | Between 0.345
EIS? -0.000646 0.001 -1.04 0.325 Overall 0.226
L1.EIS? 0.0010 0.002 0.62 0.549
GRS 42.4023 26.373 1.61 0.139
L1.GRS -7.48 14.999 -0.5 0.629
GRs® -101.07 56.273 -1.8 0.103
L1.GRS? -20.36 22.221 -0.92 0.381
FSIZE -5.72 2.178 -2.63 0.025
AGE -7.04 11.030 -0.64 0.538
LVRG 8.90 2.568 3.47 0.006
Constant 78.04 37.462 2.08 0.064
Firm FE YES
Year FE YES

The marginal effects of EIS and GRS on TQ are displayed in appendix 4 as the joint

significance of the linear and quadratic terms did not provide any additional insights into the

results and therefore these results should be interpreted as suggestive trends at best.

The alternative dependent variable for the final model is the natural logarithm of the market
capitalization of the firms. The table 13 below shows that independent variables provide
much better fit to model the market capitalization of the firms rather than the Tobin’s Q
metric. With the within R-squared value of 0.824, the model has a great explanatory power
when compared to the standard model. Furthermore, the individual coefficients of GRS are
mostly statistically significant, thus providing more in-depth insight into the nature of the

relationship between the green revenue share and market-based performance.

The coefficients of GRS show that for the static relationship, the linear term is positive, while
the quadratic term is negative, thus suggesting a statistically significant inverse U-shaped

relationship. On the contrary, the lagged value for the quadratic term of GRS is negative,

showing signs of exponential negative relationship between the two.
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Table 13. The effects of EIS and GRS on Market capitalization.

Variable Coefficient Standard Error t-Statistic P> |t| R-Squared
LN_Mcap Model 4 - Alternate Dependent
EIS 0.0105 0.015 0.68 0.511 Within 0.824
L1.EIS -0.0044 0.017 -0.26 0.803 | Between 0.003
EIS? -0.000090 0.000 -0.64 0.536 Overall 0.024
L1.EIS? 0.0000 0.000 -0.01 0.992
GRS 10.2346 3.879 2.64 0.025
L1.GRS -3.06 3.241 -0.94 0.367
GRS? -22.70 8.488 -2.68 0.023
L1.GRS? -6.36 3.087 -2.06 0.066
FSIZE -0.41 0.210 -1.96 0.078
AGE -4.12 2.296 -1.79 0.103
LVRG 2.24 0.728 3.07 0.012
Constant 26.51 7.735 3.43 0.006
Firm FE YES
Year FE YES

To further illustrate the relationships, the marginal effects graphs are shown in the figure 13

below, which further illustrates the significant effects of GRS on LN _Mcap. The immediate

effects show that with lower values of GRS, the market capitalization is positively affected.

However, with higher values of GRS, the market capitalization is then again turning to

negative. Similar effect can be observed where the GRS is lagged by one period. However,

there is no statistically significant positive effect when the variable is delayed.
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Figure 13. Marginal effects of EIS and GRS on LN_Mcap with 95% confidence intervals.
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Overall, the green innovation models show that there is generally an inverse U-shaped
relationship between both EIS and GRS and accounting-based financial performance at
level, while the lagged values suggest more of a U-shaped relationship. However, these
relationships are often only indicative, as many of the coefficients are not statistically
significant at acceptable confidence levels. The results for GRS are somewhat more robust
compared to EIS, with higher coefficients and more consistent statistical significance,
suggesting a stronger impact on accounting-based financial performance. While the

alternative dependent variable (ROE) supports similar patterns, the overall effects remain

relatively small and should be interpreted with caution.

For market-based financial performance, most of the coefficients are not statistically
significant, particularly when measured with Tobin’s Q, and the results should therefore be
interpreted as suggestive at best. However, when market capitalization is used as the
dependent variable, the results provide stronger evidence of a statistically significant inverse
U-shaped relationship between GRS and market-based performance. In addition, the lagged
quadratic term of GRS indicates a negative relationship, suggesting a potentially diminishing

or exponentially negative effect over time.
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6 Conclusions and Discussion

The aim of this thesis was to contribute to the ongoing debate on the effects of innovation
on the financial performance of publicly listed companies. Unlike previous studies, this
thesis examined both the effects of general innovation and green innovation on the
accounting-based and market-based financial performance of the publicly listed technology
companies in the European stock market. The general innovation was measured by utilizing
R&D spending of the firms as a proxy, which was further scaled for the sales of the firms.
The green innovation was measured with two variables, namely environmental innovation
score and green revenue share, which both were gathered from LSEG. The accounting-based
financial performance of the firms was measured by utilizing ROA and ROE as the proxies

for profitability, whereas Tobin’s Q and natural logarithm of the firms’ market capitalization

were used to measure the market performance.

The findings indicate that there are some differences between the results of previous research
and the results of this thesis. While prior studies have generally found that the general
innovation affects accounting-based financial performance negatively and market-based
financial performance positively, the findings of this thesis only partially align with these.
The results suggest a “delayed gratification” effect in general innovation, where the
immediate impact of R&D intensity on accounting-based performance is negative, but turns
positive after one period. The initial negative effect is in line with previous studies, while
the later positive effect can be justified by the idea of investing resources today in order to
improve future performance. However, these relationships are mostly indicative rather than
conclusive, and several of the coefficients are not statistically significant at any confidence
levels. Additionally, there are signs of diminishing or nonlinear effects, although these are

not consistently supported across all models.

When it comes to market-based financial performance, the findings do not provide strong
support for the positive relationship suggested in prior literature. Instead, the results indicate
that the relationship between R&D intensity and market-based measures is often negative or
nonlinear, although largely statistically insignificant. However, a moderately significant
result was identified, where the relationship between R&D intensity and market

capitalization had an immediate U-shaped relationship, while other results remain suggestive
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at best. The generally weak or negative market response to R&D investments may reflect
differences in how technology firms are valued or how markets value the investments in

research and development.

For green innovation, the findings for accounting-based financial performance show patterns
that are broadly similar to general innovation, but with important limitations. The results
suggest a generally inverse U-shaped relationship at level and a possible U-shaped
relationship when lagged by one period, indicating that moderate levels of green innovation
may be more beneficial in the short run while higher levels could be better in the long run.
However, these relationships are often weak or only statistically significant at lower
confidence levels and should therefore be interpreted with caution. The results for green
revenue share are somewhat more robust than those for environmental innovation score,

suggesting a stronger and more consistent impact on accounting-based performance.

The effects of green innovation on market-based financial performance are largely
inconclusive. The results using Tobin’s Q do not show any statistically significant
relationships and should be interpreted as suggestive trends at best. More robust evidence is
found when market capitalization is used as the dependent variable, where green revenue
share shows a statistically significant inverse U-shaped relationship. This indicates that
while moderate levels of green revenue may be positively valued by the market, higher levels
may lead to diminishing or negative effects. Additionally, the lagged effects suggest a
negative relationship over time. However, aside from this specific finding, the overall
evidence for the market-based effects of green innovation remains mixed and partially
inconclusive, and many of the observed relationships are not strong enough to provide clear

economic implications.

These findings contribute to the existing theory by extending the effects of innovation on
companies’ financial performance into two factors where the effects of general innovation
and green innovation were measured against the same companies in the same time period,

thus providing valuable information on the differences between the two types of innovation

approaches.

This study was limited to include only the timeframe from 2007 to 2024, thus narrowing the
scope to only account for the past 13 year. Also, the focus on only technology firms in

Europe sets its own limitations. While the narrowed scope provides essential information on
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the technology firms specifically, its largest downside is that these findings might not be
similar with other industries or sectors due to small sample size, thus when interpreting or
using these results in any form of way, one should be aware of this fact. Additionally, the
variables used as proxies for general innovation and especially for green innovation must be
considered with caution. Since there is yet to be a perfect variable to measure these types of
mnovations and the data for some of these variables were limited, the results of them could

be spurious or inconsistent with reality.

For future research, economists and other researchers should experiment with additional
measures for green innovation and general innovation in order to build a solid framework on
this topic. Furthermore, additional industries or companies from different countries and
continents should be studied to find potential differences between countries or sectors. Also,
one could try to model more complex relationships among these variables, since some of the
results of this study implied U-shaped or inverse U-shaped relationships that were not all

statistically significant.

Overall, this thesis contributes to the existing literature by examining the relationship
between several types of innovation metrics and the financial performance of European
technology firms. The findings indicate that the accounting-based and market-based
financial performance of the firms are affected differently based on the innovation metric
used. The findings are limited by a range of factors but provide additional insights into the
existing literature by creating a first framework on the different effects between the types of
innovation on firm financial performance. The findings of this thesis can prove to be useful
for the leadership of technology companies when considering the implication of their

innovation strategies on firm financial performance. Although the results should be

interpreted with caution.
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Appendices

Appendix 1. Histograms of the main variables
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Appendix 2. The marginal effect of lagged R&D/Sales on ROE
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Appendix 3. The marginal effect of R&D/Sales on TQ
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Appendix 4. The marginal effects of EIS and GRS on TQ
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