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Abstract: One perspective suggests that firms heavily involved in innovation may face increased
risks. It is essential to know the suitable proxies in measuring innovation related to risk taking. Many
studies use research-and-development intensity (RDI) and research-and-development spending
(RDS) as proxies for innovation related to risk taking. However, little evidence shows that positive
association with risk taking. This study addresses this gap by using RDI and RDS as metrics for
measuring innovation and assessing innovation-related risks. This study incorporated performance
as a potential factor affecting the interaction between these variables. It is essential to consider the
risks associated with innovation and allocate the RDI and RDS effectively to maximize revenue.
We used a dataset of 3955 firm-year observations obtained from 548 listed firms in the Indonesian
stock exchange for 2012–2021. We found that RDI and RDS positively affect risk taking. The test
results show that the interaction between innovation and firm performance negatively affects risk
taking. Thus, firm performance may mitigate the risks associated with innovation. Therefore, firms
must balance their innovation projects with improved performance to minimize risks and achieve
long-term success.

Keywords: risk; innovation; firm performance; R&D intensity; R&D spending

1. Introduction

The Indonesian Stock Exchange (IDX) has demonstrated its commitment to innovative
firms by launching the new economy board in late 2022. This board is dedicated to firms
that achieve strong revenue growth and employ technology to develop innovative products
or services, resulting in enhanced productivity and economic growth while also delivering
social benefits. Along with the main board, the new economy board offers significant
opportunities to eligible firms. The new economy board is a listing board equivalent to
the main board. Companies can be listed on the new economy board if the company
fulfils the requirements for being listed on the main board and has special characteristics
determined by the exchange. The main board is a trading board for large-scale issuers
and has a reasonably long track record. At least, the company has run an operational
period (recorded operating income) for three years with a net tangible asset value of IDR
100 billion or more.

Several studies have indicated the importance of innovation for long-term firm success.
Innovation enhances competitiveness and customer value and generates new revenue
streams (Farida and Setiawan 2022; Han et al. 2016). To achieve success, a firm requires a
systematic approach involving planning, development, testing, and process improvement
(Wellalage and Fernandez 2019). It is essential to recognize that pursuing innovation
involves funding and carries potential risks due to uncertainty regarding future profitability.

Considering the firm risks associated with innovation is crucial because they influence
stock price variations. One perspective suggests that firms heavily involved in innovation
may face increased risks. da Silva et al. (2018) found that undervalued firms exhibit
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high R&D intensity (RDI), indicating increased firm risk. In contrast, another perspective
argues that actively innovative firms face lower risk (Kothari et al. 2002; Pandit et al. 2011).
Research supports the idea that innovation can increase stock returns and reduce firm risk.

Previous studies have established R&D cost as a proxy for innovation, and these
costs were linked to firm risk taking (Chrisman and Patel 2012; Gentry and Shen 2012).
Innovation can be assessed using RDI and R&D spending (RDS). However, the extent
to which RDI and RDS effectively proxy innovation in relation to risk has not yet been
extensively explored. Both measures can be used when they positively affect firm risk.
Bromiley et al. (2016) found no positive relationship between RDI and RDS, indicating that
they represent distinct constructs explained by different theories. Klepper (1997) showed
the superiority of RDI over RDS by employing RDI as an innovation proxy (da Silva et al.
2018; Duppati et al. 2022).

This study addresses this gap by using RDI and RDS as metrics for measuring inno-
vation and assessing innovation-related risks. The literature has primarily focused on the
effect of innovation on risk without considering other influencing factors. This research
aims to fill this gap, and this study incorporated performance as a potential factor affecting
the interaction between these variables. It is essential to consider the risks associated with
innovation and allocate the RDI and RDS effectively to maximize revenue growth. Previous
research has supported the idea that RDI improves firm performance, potentially reducing
risk (Yeh et al. 2010; Knecht 2013; Alam et al. 2020). This concept suggests that a strong-
performing firm can target R&D efficiency to mitigate risks. Therefore, this study examines
firm performance as a moderating variable in the relationship between innovation and risk.

The paper is structured as follows. Section 2 presents a literature review and the
hypotheses development. Section 3 identifies the research methodology with details of
the sample, data, variables, and model analysis. Section 4 presents the research results
and a descriptive statistic, hypotheses analysis, and robustness test. Section 5 presents a
discussion based on the research results and prior studies. Finally, Section 6 summarizes
the main findings.

2. Literature Review and Hypotheses Development
2.1. Literature Review
2.1.1. Firm Risk

Firm risk is an important factor in investment decisions because it affects potential
returns and stock risk. The capital-asset pricing model (CAPM) is widely used for assessing
firm risk. The firm risk can be determined by calculating the standard deviation from the
CAPM equation.

2.1.2. Innovation

Innovation involves systematic planning, development, testing, and process improve-
ment (Wellalage and Fernandez 2019). Prior research indicates that innovation can be
assessed using proxies such as R&D expenses. This proxy is associated with a firm’s risk-
taking behaviour (Chrisman and Patel 2012; Gentry and Shen 2012). Additionally, R&D
expenses can be assessed using two common measures: RDI and RDS (Bromiley et al. 2016).
RDI is the ratio of R&D expenses to sales (Mazzucato and Tancioni 2008; Duppati et al.
2022). It measures the efficiency of firm innovation by linking R&D expenses with sales.
RDS represents the cost of conducting R&D activities (Bromiley et al. 2016). RDS provides
valuable information on the financial investments required for innovation.

2.1.3. Firm Performance

Firm performance reflects the achievement of a firm’s objectives and is often assessed
based on factors such as profitability, measured through metrics such as return on equity
(ROE) or return on assets (ROA). In this study, the ROE is used as a proxy for firm per-
formance, indicating operational performance (Wei and Zhang 2006; Domingues 2016).
Hanlon (2005) found a negative relationship between operational performance and idiosyn-
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cratic risk. This suggests that declining operational performance increases the likelihood
of higher risk (Rajgopal and Venkatachalam 2011; Mitra 2016). This study anticipates that
strong firm performance will help achieve a balance between research cost allocation and
potential risks.

2.1.4. Innovation and Risk Taking

Many studies show an association between innovation and risk taking, but show
mixed results. Innovative firms face higher risks (Mazzucato and Tancioni 2008; Duppati
et al. 2022). A higher risk is associated with companies that invest more in R&D (Chan
et al. 2001). Besides that, innovation is related to lower risk. A firm with more significant
investments in R&D and patents, indicating that less business risks (Pandit et al. 2011).
Firms with high R&D intensity are less risky than those with low R&D intensity (da Silva
et al. 2018).

These findings show an association between innovation and risk taking mixed results
caused by different innovation measurements. R&D activity is an essential part of a
strategy adopted in innovation (Ciftci et al. 2011; da Silva et al. 2018). Previous studies
have established R&D cost as a proxy for innovation (Chrisman and Patel 2012; Gentry and
Shen 2012). Innovation can be assessed using RDI and (RDS). Association RDI or RDS and
risk taking show a mixed result, meaning two proxies show different constructs (Bromiley
et al. 2016). This proxy is associated with firms’ risk-taking behaviour (Chrisman and Patel
2012; Gentry and Shen 2012). Whether RDI and RDS are appropriate for risk-taking proxies
becomes an important question.

2.1.5. Performance as Moderating Innovation and Risk Taking

Some studies suggest that innovation has a positive effect on performance, whereas
others indicate a negative association (Yeh et al. 2010; Knecht 2013; Kothari et al. 2002;
Pandit et al. 2011). Firms with strong performance allocate resources efficiently, leading
to increased revenue. By contrast, unstable performance exposes firms to higher levels of
risk (Ketchen et al. 2013). This study provides empirical evidence supporting the positive
association between instability in ROA and elevated risk, consistent with Bromiley et al.
(2016) findings. R&D is more strongly associated with the volatility of future profitability,
indicating higher risk (Kothari et al. 2002).

Hanlon (2005) found a negative relationship between operational performance and
idiosyncratic risk. This result suggests that declining operational performance increases
the likelihood of higher risk (Rajgopal and Venkatachalam 2011; Mitra 2016). Additionally,
Alam et al. (2020) found no significant relationship between innovation and performance.
These findings show that a research gap is an association between innovation and risk
depending on firm performance. Managers tend to behave as risk averse, thus balancing
potential risks by improving firm performance.

2.2. Hypothesis Development

Firm risk is associated with various policies, including innovation. Several studies
have indicated the importance of innovation for long-term firm success. It is essential to
recognize that pursuing innovation involves funding and carries potential risks (Wellalage
and Fernandez 2019). The same findings were documented in research by Nguyen and
Dang (2022) and Nguyen and Dang (2023), a firm that develops technology has the potential
to reduce financial instability, which has the potential to increase risk. It is indicated that
companies with high innovation show risk taking.

These findings indicated they employed strategies, methods, and projects to grow
rapidly. However, this pursuit risks failure, leading to significant financial losses (Shaikh
and O’Connor 2020). This underscores the uncertainty of successful innovation implemen-
tation, which exposes firms to heightened risks. (Mazzucato and Tancioni 2008; Duppati
et al. 2022). Based on this discussion, the following conclusions were drawn.

H1. Innovation positively affects firm risk.
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The active pursuit of innovation is associated with lower risk for firms. A firm with
more significant investments in R&D and patents, indicating that less business risks (Pandit
et al. 2011). This research also documented a negative relationship between innovative
capacity and operating performance volatility. Firms with high R&D intensity are less
risky than those with low R&D intensity (da Silva et al. 2018). The study by Lev et al.
(2006) documented that leader companies whose R&D investment is less associated with
future volatility indicate less risk than follower companies. Research conducted on banks
that develop FinTech shows that there is cost efficiency so that it can increase the required
funding sources and have the potential to reduce business risk (Murinde et al. 2022). These
findings further support this notion by showing that firms’ innovation development can
reduce overall risk. Based on this discussion, the following conclusions were drawn.

H2. Innovation negatively affects firm risk.

Previous research has yielded diverse findings on the relationship between innovation
and firm performance. Some studies suggest that innovation positively affects performance,
whereas others indicate a negative association (Yeh et al. 2010; Knecht 2013; Kothari et al.
2002; Pandit et al. 2011). Additionally, Alam et al. (2020) found no significant relationship
between innovation and performance.

Firms with strong performance allocate resources efficiently, leading to increased
revenue. By contrast, unstable performance exposes firms to higher levels of risk (Ketchen
et al. 2013). This study provides empirical evidence supporting the positive association
between instability in ROA and elevated risk, consistent with Bromiley et al. (2016) findings.
The existing literature has indicated that firm performance plays an influential role in
shaping the relationship between innovation and risk levels. The level of risk depends on
RDI and RDS effectively to maximize firm performance. Managers tend to behave as risk
averse, thus trying to balance potential risks by improving financial performance. Based on
this discussion, the following hypotheses are proposed:

H3. Firm performance negatively moderates the effect of innovation on firm risk.

2.3. Conceptual Framework

Figure 1 illustrates the conceptual framework employed in this study and highlights
the interplay between innovation development and potential risks. As a management
strategy to achieve long-term success, innovation development is closely intertwined with
inherent risks. To explore this relationship, this study adopts the RDI and RDS as proxies for
quantifying the risk level. By doing so, this study also aims to address the inconsistencies
in the existing literature and provide a more cohesive understanding of the association
between innovation development and the resulting risks.
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Figure 1. Conceptual framework.

This study uses Prospect Theory to explain the relationship between innovation and
risk taking. Prospect theory is a theory of human behaviour that explains decision-making
by individuals in uncertain conditions (Kahneman and Tversky 1979). Decision-making be-
haviour is in the form of risk aversion behaviour (behaviour to avoid risk) and risk-seeking
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behaviour (behaviour facing risk). We expected the test results to demonstrate a positive
relationship between innovation and risk. Furthermore, increasing risk encourages firms to
allocate innovation resources efficiently, prompting the need to improve performance to
mitigate potential risks.

3. Method
3.1. Data

This study uses a dataset of 3955 firm-year observations of 548 non–finance firms listed
on the Indonesian Stock Exchange between 2012 and 2021. 2012 was chosen because that
period was the beginning of the adoption of International Financial Reporting Standards
(IFRS) in Indonesia. It is hoped that the data used is in accordance with IFRS so that it
can improve the accuracy of the test results. The sample represents approximately 72%
of 766 registered firms as of December 2021. This dataset is comprised of an unbalanced
panel covering a 10-year period and is analysed using an Eviews 12 software. The sam-
ple comprises firms that disclose their R&D costs as a measure of innovation activities.
Furthermore, the analysis includes both the entire sample and firms with high R&D costs
to comprehensively and rigorously investigate the relationship between innovation and
firm performance.

3.2. Variables

The dependent variable uses firm risk based on the standard error value of the CAPM
equation model:

Rit = αit + βi (Rmt − rft) + eit (1)

where Rit is the stock return of securities, calculated based on a change in stock price.
Rmt is the market return, calculated based on changes in the Indonesian Composite Stock
Price Index. rft is the risk-free rate based on the Bank of Indonesia certificate rate. eit is the
idiosyncratic risk, calculated based on the standard deviation of residuals from Equation (1).
The empirical analysis uses the standard deviation of residuals and the absolute standard
deviation of residuals as robustness tests.

The independent variables use RDI and RDS. RDI is the ratio of R&D expenses to sales,
and RDS represents the actual cost of doing R&D. This study uses company performance
as measured by the return on equity. The control variables that use firm fundamental
information are LEV, GROWTH, and BM. LEV (leverage) is the ratio of debt to assets,
GROWTH is the total assets of period t, reduction in total assets in period t-1 divided by
assets t-1, and BM is the book value ratio to a market equity value. The firm fundamentals
information was chosen because it can potentially affect idiosyncratic risk. Previous
research shows that idiosyncratic risk is closely related to firm fundamental information
(Mitra 2016; Zhou et al. 2017).

3.3. The Model

The equation to test the effect of innovation on firm risk:

FRit = α0 + α1RDIit + α2RDSit + α3LEVit + α4GROWTHit + α5BMit + eit (2)

The equation examines the impact of performance on innovation and firm risk:

FRit = α0 + α1RDIit + α2RDSit + α3ROEit + α4RDIit × ROEit + α5RDSit × ROEit + α6LEVit + α7GROWTHit+ α8BMit + eit (3)

FR is a firm risk, and it calculates the standard error value of the CAPM by Equation (1).
RDI is the R&D Intensity, which calculates by the ratio of R&D expenses to sales. RDS is
R&D spending, representing the actual cost of doing R&D. ROE is a ratio return on equity.
LEV is leverage, and it is the ratio of debt to assets. GROWTH is the total assets of period t,
the reduction in total assets in period t-1 divided by assets t-1, and BM is the ratio book
value ratio to a market equity value.
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4. Results
4.1. Descriptive Statistics

This study employs a dataset of 3955 firm-year observations obtained from 548 firms
during 2012–2021. Table 1 presents a comprehensive summary of the data. Firm risk
was assessed using two metrics derived from the CAPM: the standard deviation (FR) and
absolute value (FR_abs). The analysis examined daily security and market returns, which
were then transformed into monthly and annual data for further investigation.

Table 1. Summary statistics of the variables.

N Mean Median Maximum Minimum Std. Dev.

Firm risk
FR 3955 3.720 3.080 86.500 0.130 3.870

FR_abs 3955 1.060 1.120 4.460 (−2.070) 0.720
Innovation

RDI 3955 0.049 0.000 10.790 (−0.670) 0.404
RDS (in INR million) 3955 6703 0.000 86,620 (−2950) 115,000

Firm characteristic
ROE 3955 (−0.2700) 0.060 9.380 (−54.450) 9.880
LEV 3955 0.240 0.140 39.530 (−0.100) 1.050

GROWTH 3955 1.110 0.060 1.040 (−1.000) 24.830
BM 3955 0.930 0.770 201.200 (−102.200) 5.440

Note: The measurement of firm risk (FR) is based on the absolute value and standard error of the CAPM model.
Innovation is measured using the RDI and RDS proxies. RDI is the ratio of R&D costs to operating revenue, while
RDS is the R&D expenses scaled by assets. ROE is a measure of profitability. The characteristics of the firms are
measured using leverage (LEV), growth rate (GROWTH), and book-to-market ratio (BM).

This study measured innovation using two variables: RDI and RDS. The testing
phase involved the use of ROE as a performance proxy, controlling for leverage (LEV),
GROWTH, and book-to-market ratio (BM). Interaction tests are conducted to assess the
effective management of substantial innovation effects on firms with varying ROE levels.
The results were expected to show that firms with high ROE could effectively manage
substantial R&D costs, potentially reducing firm risk. The test examined the interaction
between the innovation variables (RDI and RDS) and ROE.

Table 2 presents the mean and quartile values of firm risk based on the RDI (Panel A)
and RDS (Panel B) levels. The data show a clear and consistent relationship between
innovation level (RDI and RDS) and firm risk. Firms with high RDI exhibit greater risk (FR
and FR_abs) than those with low or zero RDI. Similarly, firms with high RDS show higher
risk (FR and FR_abs) than those with low or zero RDS. This finding strongly indicates that
innovative firms can increase their overall risks.

Table 2. Firm Risk and R&D.

A. Firm Risk Level Based on RDI

FR FR_abs

RDI Observations Mean Q1 Q3 Mean Q1 Q3

High 3849 1.076 0.768 1.503 3.757 2.156 4.497
Low 64 0.890 0.607 1.180 2.805 1.836 3.255
No 42 0.662 −0.443 0.696 2.172 0.642 3.171

3955

B. Firm Risk Level Based on RDS

RDS Observations Mean Q1 Q3 Mean Q1 Q3

High 3766 1.076 0.768 1.549 3.755 2.155 4.708
Low 147 0.888 0.605 1.503 3.172 1.832 4.494
No 42 0.662 −0.443 1.184 2.811 0.642 3.268

3955
Panel A shows the mean and quartile values of firm risk based on high, low, and zero RDI levels. Panel B shows
the mean and quartile values of firm risk based on high, low, and zero RDS levels.
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We tested the regression model to encounter multicollinearity problems. Table 3 shows
that variance inflation factor (VIF) < 10 indicates a regression model multicollinearity absence.

Table 3. Multicollinearity Test.

Variable VIF

RDI 6.501
RDS 6.551
ROE 1.000
LEV 1.001

GROWTH 1.000
BM 1.043

Multicollinearity problems can also be known from the correlation values between
variables. Table 4 indicates a weak relationship between the variables, suggesting the
absence of multicollinearity. Both RDI and RDS indicate a positive relationship, establishing
a direct link between innovation and firm risk. The ROE exhibits a negative relationship,
suggesting that a highly profitable firm can mitigate risk. GROWTH shows a positive
relationship, indicating that significant growth can also elevate firm risk. However, LEV
and BM do not have a significant relationship with firm risk.

Table 4. Correlation.

FR RDI RDS ROE LEV GROWTH BM

FR 1.000

RDI 0.031 1.000
1.942 b

RDS 0.032 0.092 1.000
2.054 b 148.387 a

ROE −0.027 0.002 0.001 1.000
−1.686 c 0.110 0.072

LEV −0.015 0.004 0.003 −0.001 1.000
−0.966 0.277 0.184 −0.035

GROWTH 0.048 0.003 0.002 0.000 −0.001 1.000
3.044 a 0.199 0.132 −0.026 −0.066

BM 0.006 0.010 0.011 −0.003 0.016 0.005 1.000
0.408 0.658 0.708 −0.199 1.019 0.316

a, b, c = level of significance of 0.01, 0.05, and 0.10.

4.2. Innovation and Firm Risk

Table 5 presents the results of a test examining the effect of innovation on risk for all
firms and for a specific group of innovative firms (high RDI and RDS). The overall test
results indicate a positive effect of RDI and RDS on risk. These findings are reinforced
by an analysis of a subgroup of firms with high RDI and RDS, consistently showing their
potential to increase firm risk.

4.3. Effect of Performance on Innovation and Firm Risk

Table 6 presents the test results for the impact of performance on innovation and firm
risk. This study used ROE as a performance indicator. The inclusion of ROE consistently
showed a positive effect of RDI and RDS on risk, while the variable had a negative effect on
risk. Interaction tests between ROE and RDI as well as between ROE and RDS confirmed
these negative effects. These findings indicate that strong firm performance can mitigate
the effects of innovation on risk.



Risks 2023, 11, 144 8 of 13

Table 5. Innovation and firm risk (FR).

RDI RDS

Full Samples High RDI Full Samples High RDS

Coeff Coeff Coeff Coeff Coeff Coeff Coeff Coeff

t-Stat t-Stat t-Stat t-Stat t-Stat t-Stat t-Stat t-Stat

RDI 0.051 0.050
1.962 b 1.947 b

RDS 2752 2703
1.984 b 1.982 b

RDI_high 0.179 0.192
4.068 a 4.289 a

RDS_high 0.204 0.212
4.214 a 4.351 a

LEV −0.001 −0.001 −0.001 −0.001
−0.852 −0.889 −0.849 −0.884

GROWTH 0.001 0.001 0.001 0.001
2.767 a 2.750 a 2.769 a 2.752 a

BM 0.001 0.001 0.001 0.001
0.601 0.567 0.599 0.549

Adj-R2 0.023 0.026 0.025 0.030 0.025 0.026 0.026 0.030

F-statistic 11.286 a 9.362 a 12.587 a 10.518 a 12.124 a 9.373 a 12.711 a 10.561 a

a, b = level of significance of 0.01 and 0.05. The effect of RDI and RDS was tested on all firms and groups of firms
with high RDI and RDS.

Table 6. Effect of Performance on Innovation and Firm Risk.

Coeff Coeff Coeff Coeff

t-Stat t-Stat t-Stat t-Stat

RDI 0.076 0.075
1.762 b 1.619 c

RDS 15,452 14,432
2.967 a 2.778 a

ROE −0.001 −0.001 −0.001 −0.001
−1.854 b −1.889 b −1.858 c −1.893 b

RDIxROE −0.030 −0.029
−1.696 c −1.644 c

RDSxROE −10,701 −9870
−2.529 a −2.341 a

LEV −0.001 −0.001
−0.851 −0.854

GROWTH 0.001 0.001
2.765 a 2.765 a

BM 0.001 0.001
0.586 0.573

Adj-R2 0.026 0.026 0.027 0.028

F-statistic 10.379 a 8.267 a 10.873 a 8.626 a

a, b, c = level of significance of 0.01, 0.05, and 0.10.



Risks 2023, 11, 144 9 of 13

4.4. Robustness Test

The robustness test assesses firm risk using the absolute value of the standard deviation
obtained from the CAPM equation. Both the least squares and the generalized method of
moments (GMM) were employed for the analysis. The model selection specification test
determined that the fixed-effects model was appropriate. The GMM specification test using
Arellano–Bond showed the consistency of the model, with a probability of AR(2) > 0.05.
Furthermore, the Sargan test confirmed the validity of the chosen model as the J-statistic
value was not significant.

Table 7 shows the effect of RDI on firm risk using both the least squares and GMM
methodologies. These results consistently indicated a positive effect. Additional testing of
subgroups of high-RDI firms supports the finding that RDI has the potential to increase
firm risk.

Table 7. Effect of RDI on Firm Risk (FR_abs).

RDI (Least Square) RDI (GMM)

Full Samples High RDI Full Samples High RDI

Coeff Coeff Coeff Coeff Coeff Coeff Coeff Coeff

t-Stat t-Stat t-Stat t-Stat t-Stat t-Stat t-Stat t-Stat

RDI 0.144 0.142 1.102 2.516
2.032 c 1.996 c 1.791 c 2.330 b

RDI_high 0.952 0.974 2.086 2.001
4.032 a 3.934 a 2.647 a 2.003 b

LEV −0.002 −0.002 0.001 −0.002
−0.305 −0.341 0.616 −0.880

GROWTH 0.002 0.002 0.000 0.001
6.338 a 6.327 a −0.314 1.135

BM −0.004 −0.001 −0.156 −0.237
−0.031 −0.071 −1.207 −2.564

Adj-R2 0.023 0.033 0.027 0.037

F-statistic 11.648 a 11.767 a 13.207 a 12.923 a

Diagnostic test

AR(1) 0.000 0.000 0.000 0.000

AR(2) 0.138 0.194 0.827 0.330

Sargan test

J-statistic 0.069 0.175 0.060 0.134
a, b, c = level of significance of 0.01, 0.05, and 0.10.

Table 8 presents the analysis results of the RDS effect on firm risk using both the least
squares and GMM methodologies. These findings consistently demonstrate a positive
effect. Further testing of subgroups of firms with a high RDS also supports the notion that
a high RDS has the potential to increase firm risk.

Table 9 presents the robustness test that examines the effect of innovation and per-
formance on firm risk, measured by the absolute standard error derived from the CAPM
equation. These consistent results indicate that the RDI and RDS can potentially increase
firm risk. Moreover, good firm performance is found to mitigate the increases caused by
the RDI and RDS.
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Table 8. Effect of RDS on Firm Risk (FR_abs).

RDS (Least Square) RDS (GMM)

Full Samples High RDS Full Samples High RDS

Coeff Coeff Coeff Coeff Coeff Coeff Coeff Coeff

t-Stat t-Stat t-Stat t-Stat t-Stat t-Stat t-Stat T-Stat

RDS 4806 4573 178,432 196,191
1.633 c 1.605 c 1.859 c 1.827 c

RDS_high 0.994 1.017 3.219 0.114
3.836 a 3.760 a 3.332 a 3.137 a

LEV −0.002 −0.002 0.002 −0.001
−0.302 −0.335 1.057 −0.716

GROWTH 0.002 0.002 0.003 0.001
6.340 a 6.329 a 0.009 1.855 c

BM 0.000 −0.001 0.022 −0.211
−0.027 −0.084 0.260 −2.114

Adj-R2 0.025 0.033 0.026 0.037

F-statistic 12.158 a 11.717 a 13.048 a 12.817 a

Diagnostic test

AR(1) 0.000 0.000 0.000 0.000

AR(2) 0.143 0.425 0.361 0.356

Sargan test

J-statistic 0.070 0.148 0.058 0.249
a, c = level of significance of 0.01 and 0.10.

Table 9. Effect of Performance on Innovation and Firm Risk (FR_abs).

Coeff Coeff Coeff Coeff

t-Stat t-Stat t-Stat t-Stat

RDI 0.461 0.512
1.934 c 2.008 b

RDS 78,361 76,980
2.741 a 2.674 a

ROE −0.036 −0.003 −0.004 −0.003
−1.889 c −1.665 c −1.917 c −1.680 c

RDIxOE −0.384 −0.431
−1.642 c −1.754 c

RDSxROE −61,979 −60,914
−2.669 a −2.607 a

LEV −0.002 −0.002
−0.309 −0.310

GROWTH 0.002 0.002
6.329 a 6.332 a

BM −0.004 −0.001
−0.030 −0.042

Adj-R2 0.026 0.034 0.027 0.035

F-statistic 10.442 a 10.417 a 10.765 a 10.632 a

a, b, c = level of significance of 0.01, 0.05, and 0.10.
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5. Discussion

A positive relationship was observed between RDI and RDS, indicating their align-
ment as innovation measures. Additionally, RDI and RDS positively affect firm risk, further
supporting their effectiveness in capturing innovation and reflecting firm risk. These find-
ings support previous research that showed innovative firms face higher risks (Mazzucato
and Tancioni 2008; Duppati et al. 2022). The underscores the uncertainty of successful
innovation implementation, which exposes firms to heightened risks. These findings did
not align with Bromiley et al. (2016), which suggested a lack of relationship between RDI
and RDS. The active pursuit of innovation is associated with lower risk for firms (Kothari
et al. 2002; Pandit et al. 2011). Research further supports this notion by showing that firms
with intensive innovation can improve stock returns and reduce overall risk.

A performance variable was included to strengthen the analysis. Furthermore, strong
firm performance mitigates firm risk. Importantly, the incorporation of a performance
variable did not disrupt the consistent positive effects of the RDI and RDS on firm risk. This
finding indicates that, while innovation development may amplify risk, strong firm perfor-
mance effectively counterbalances it. These findings support previous research in which
unstable performance exposes firms to higher levels of risk (Ketchen et al. 2013). This study
provides empirical evidence supporting the positive association between instability in ROA
and elevated risk, consistent with Bromiley et al. (2016) findings. The existing literature
has indicated that firm performance plays an influential role in shaping the relationship
between innovation and risk levels. Firms with strong performance allocate resources
efficiently, leading to increased revenue. Our test has limitations. The measurement of firm
performance does not consider the potential for earnings management to determine the
level of ROE we use to measure performance. Earnings management can potentially occur
in high-innovation firms (Shust 2015).

The results of this study can have theoretical implications for innovation and firm
risk, in which RDI and RDS can be used as proxies to estimate innovation and risk taking.
For managerial implication, firms must balance their innovation projects with improved
performance to minimize risks and achieve long-term success.

6. Conclusions

This study examined the effect of innovation, measured by the RDI and RDS, on firm
risk. The consistent findings indicate that increasing RDI and RDS correlate with higher
firm risk, aligning with existing research emphasizing the positive effect of innovation on
risk (Mazzucato and Tancioni 2008; Duppati et al. 2022). These findings fill the research
gap, documenting a negative relationship between innovation and risk (Chan et al. 2001;
Kothari et al. 2002; Pandit et al. 2011; da Silva et al. 2018). The negative association show
that balanced firm performance can mitigate firm risk. By incorporating performance as a
variable, this study shows that a strongly performing firm has the potential to reduce the
risks associated with innovation development.

6.1. Implications
6.1.1. Theoretical Implications

These findings contribute to the existing literature on innovation and risk, which
mixed results. This research shows that companies that innovate have the potential to
increase risk. Innovation measured by RDI and RDS shows a positive effect on risk. These
findings support the research showing that innovation positively affects risk (Chan et al.
2001; Mazzucato and Tancioni 2008; Duppati et al. 2022). This research uses company
performance as a moderating variable to explain that innovation can potentially reduce risk
(Kothari et al. 2002; Yeh et al. 2010; Pandit et al. 2011; Knecht 2013). The companies can bal-
ance allocating innovation costs with company performance to reduce risk. These findings
indicate that the influence of innovation and risk can be influenced by the performance of
the company itself. It is complementing prior research by Kothari et al. (2002), Yeh et al.
(2010), Pandit et al. (2011), Knecht (2013), Mazzucato and Tancioni (2008), and Duppati et al.
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(2022). These findings also support that RDI and RDS are appropriate proxies to measure
innovation (Bromiley et al. 2016). Both show the same relationship to risk taking.

6.1.2. Managerial Implications

The results offer valuable recommendations for strategic management to facilitate a
firm’s success in innovation for generating new revenue streams. Managers must balance
innovation projects with improved performance to ensure the efficiency and productivity
of R&D investment (Alam et al. 2020). Managers can require innovation with a systematic
approach involving planning, development, testing, and process improvement (Wellalage
and Fernandez 2019). It is essential to recognize that pursuing innovation minimizes risks
and achieves long-term success.

6.2. Limitations and Future Research
6.2.1. Limitations

This study has several limitations. First, the measurement of risk taking is only based
on specific stock price variability in the short term. Second, this research uses performance
focuses only on return on equity as a profitability measurement.

6.2.2. Future Research

The first direction for future research can extend the period to know the effect of
innovation on the variations in risk in the short and long term. Second, future research
could consider additional indicators, such as the importance of female CEO (Prabowo
and Setiawan 2021), human capital (Latifah et al. 2022), leverage levels and other firm
characteristics, as potential innovation effects.
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