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ABSTRACT 


Objective: 
this article aims to identify the relationship between investments in digital technologies and the performance of Brazilian credit unions, measured by return on assets (ROA), return on equity (ROE), and return on investment (ROI). 



Methods: 
the sample comprises active single credit unions registered with the Central Bank of Brazil during the quarters between 2012 and 2021. The study’s relevance lies in understanding how credit unions can optimize investments in digital technologies to improve profitability and sustainability in a competitive financial market. The methodology adopted in this study is a dynamic panel approach using the generalized method of moments. 



Results: 
the results indicate that investments have positive and significant effects on performance indicators, occurring three quarters after the initial investment. 



Conclusions: 
this finding aligns with existing literature, suggesting that improved financial performance follows a period of investment maturation due to the need for team adaptation and training. It contributes to guiding cooperatives’ investment strategies, providing a solid foundation for decision-making in an environment of constant change.
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			INTRODUCTION

			Digital transformation refers to the process by which organizations use technology to enhance their business performance. Since the 1990s, there has been rapid growth in the transformation and computerization of processes, a trend that continues to this day (Schneider & Kokshagina, 2021). However, this scenario is constantly evolving due to the increasing use of mobile devices, which provide a new way for people to interact with technology driven by artificial intelligence. Among the sectors experiencing growth in innovations within their commercial environments, financial institutions stand out, having undergone changes in the way they interact with money, which has transitioned from being exclusively physical to virtual, relying on continuous technological advancements to maintain operations (Federação Brasileira de Bancos [Brazilian Federation of Banks, FEBRABAN], 2019). These changes have led to socioeconomic shifts and transformed the relationship between customers and financial institutions. Consequently, there has been a significant increase in the use of digital means for financial solutions such as payments, transfers, and even fund deposits (Barroso, 2019).

			In this context, credit unions have shown growth in the financial market, with an increase in the volume of total assets compared to previous years (Coeli & Pires, 2022). The constant pursuit of technological improvement in banking institutions, combined with accelerated global evolution, has led these institutions to allocate part of their financial resources to keep pace with the rapid technological innovations in the sector. As a result, there is a growing use of mobile devices to perform financial services (FEBRABAN, 2023).

			According to the Banking Economy Report (REB) prepared by the Central Bank of Brazil (Banco Central do Brasil [BACEN], 2022b), the National Credit Union System (SNCC) has invested financial resources in digital integration, with the main investment channels focused on technological infrastructure. 

			Despite being different in essence, Trindade et al. (2010) state that the economic variations between the cooperative model and traditional banks are minimal when analyzing the main variables that make up the balance sheet of these institutions. As with multiple banks, research that aims to analyze the performance of cooperatives measures their results through indicators of economic profitability, business volume, market share, and growth.

			The modernization of the financial intermediation system, combined with the adoption of new information technologies, has led to cost reduction, the evolution of banking operational processes, and, consequently, greater customer satisfaction. In this way, technology has contributed to the improvement of management practices, making the financial system more robust, competitive, efficient, profitable, and less bureaucratic, which allows new companies to operate competitively with cooperatives in the financial market (Baabdullah et al., 2019; Brandt et al., 2021; Ceretta & Niederauer, 2001; Laukkanen, 2016).

			Banco Central do Brasil (BACEN, 2022a) presents the operational efficiency of individual credit cooperatives for the period 2018-2022 through the analysis of the relationship between administrative expenses and revenues from the provision of services, plus financial guarantees, in comparison to the National Financial System (SFN). It can be seen that the SFN’s share in the results of service provision was 67.3% in 2018, falling to 64.6% in 2022. This means that, on average, 66.0% of administrative expenses are covered by service provision revenues. In the case of credit unions, this average was 40.1% in the same period. Therefore, the SFN is ahead of credit unions in terms of the efficiency of service provision revenues. In view of this, investment in IT in credit unions becomes urgent to increase the coverage of administrative expenses in comparison to service provision revenues and financial guarantees, improving the performance obtained by the unions.

			Data from Brcooperativo (2023) reinforce that investments in technology have proven to be highly necessary and effective in making unions more competitive in the market. Investments such as CashWay and Banking Service allow cooperatives to focus on customer service, improving relationships with members, reducing costs, and increasing operating results.

			The digital transformation movement that has been taking place in the financial market and, consequently, in credit unions seeks to leverage better economic results for cooperatives and provide greater efficiency in offering new services to users (Schuch et al., 2023).

			Based on studies carried out by FEBRABAN in partnership with Deloitte, in 2020, IT investments in Brazil reached US$38.1 billion, while worldwide they reached US$2.8 trillion. In this context, the volume of banking transactions grew in Brazil, reaching US$89.9 billion, with emphasis on operations in mobile banking, internet banking, and ATMs (FEBRABAN, 2020). Thus, it can be stated that the allocation of IT resources by credit unions provides favorable financial returns, based on the movements observed in the banking sector.

			Given the importance of digital technologies, the national financial system, and the performance of credit unions, this paper seeks to answer the following research question: What is the relationship between investments in digital technologies and the profitability of Brazilian credit unions?

			Considering that investment in technology is an intangible asset with a maturity period, the hypothesis is that the relationship between the growth rate of the investment in the invested period (contemporary) is negative or null, becoming positive as the new technologies affect the performance variables. To test this hypothesis, this paper uses the dynamic panel approach by the generalized method of moments (GMM), assuming simultaneity between the variables of interest. Thus, it is expected to contribute to the literature by providing evidence that investments in new technologies, measured by intangible assets, had a significant impact on the growth of performance variables (return on assets - ROA, return on equity - ROE, and return on investment - ROI) in the period from 2012 to 2021.

			The database used is quarterly, and the panel is unbalanced, as not all credit unions observed in 2012 were active in 2021. The results corroborate the hypothesis that a positive variation in the growth rate of investments in digital technologies by credit unions initially leads to a reduction in performance measures, which become positive as the investment matures.

			Furthermore, the relevance of this study lies in understanding how investments in digital technologies impact the profitability of Brazilian credit unions, a crucial sector of the financial market characterized by its idiosyncrasies compared to traditional banks. Given the increasing digitalization of the financial system and the importance of cooperatives in financial inclusion and socioeconomic development, this study is justified by the need to provide insights that help these institutions compete in an environment dominated by large banks. Additionally, it contributes to the academic literature and the formulation of public policies aimed at the sustainability and efficiency of the cooperative sector.

			Besides this introduction, the article is divided into four more sections. The next section addresses the theoretical framework. The third section presents the methodology. The fourth section is dedicated to the results. Finally, the concluding remarks are presented.

		

		
			LITERATURE REVIEW

			
				Empirical studies on performance in financial institutions

				Despite the constant use of the internet as a transaction channel, there is a relative lack of empirical studies that quantitatively analyze the impact of the internet on the financial performance of banks. Hernando and Nieto (2007) studied the influence of the internet on 72 commercial banks in Spain using the generalized method of moments. The results suggest that the effect was significant after a year and a half, providing a gradual reduction in general expenses and, consequently, an improvement in profitability in terms of ROA after one and a half years and ROE from the third year onward. Finally, the authors highlighted that the internet is used as a complementary mechanism, not as a substitute for existing services.

				To investigate the impact of specific determinants of the financial sector and macroeconomic factors on the return of the largest institutions in Tunisia, Rachdi (2013) analyzed two distinct periods: the first, from 2000 to 2006, without a financial crisis, and the second, from 2007 to 2010, covering the crisis period. The profitability metrics used were return on assets (ROA), return on equity (ROE), and net interest margin (NIM). Using a panel data approach with the generalized method of moments (GMM), the author concluded that Tunisian banks were little exposed to the effects of the international subprime crisis due to their low interactivity with the international financial system.

				To verify the moderating effect of capital structure on the performance of Kenyan banks, Ongore and Kusa (2013) used a data sample from 2001 to 2010 with a total of 37 commercial banks. Using multiple linear regression models for panel data, the results indicated that ownership determinants affect bank performance. However, the analysis of macroeconomic factors was not conclusive, suggesting that the performance of Kenyan banks is mainly influenced by internal management factors, with little relevance from external factors.

				
					Rodrigues et al. (2013) conducted a study to analyze the determinants of bank performance and profitability based on a sample of fifty banks between 2000 and 2009. Using the panel data model with the generalized method of moments approach, they verified how the determinants of profitability (ROA and ROE) behaved in relation to economic, accounting, and operational factors. The results showed that macroeconomic factors, such as interest rates and inflation, modify the performance of institutions.

				The study of the importance of the banking sector in Central and Eastern Europe during the financial crisis experienced in that region from 2009 to 2018 led Horobet et al. (2021) to use macroeconomic factors, such as the inflation rate, to assess the determinants of ROA and ROE. Based on the generalized method of moments, the study concluded that the inflation rate, the loan default rate, non-governmental credit, and unemployment negatively affected bank profitability in Europe.

				The study by Lu and Swisher (2020) compared the growth rates of traditional banks and credit unions during the financial crisis, observing differences in the average rates of asset growth, growth in deposit capture, and the number of loans made. The study showed that, while traditional financial institutions grew faster in normal times, credit unions outperformed banks during financial crises.

				A study developed by Kumar et al. (2020) sought to understand how macroeconomic factors and monetary policies influence the profitability of New Zealand banks between 2006 and 2018. Using a sample of 19 banks and GMM, the authors verified the determinants of ROE and ROA. As a result, they inferred that, in addition to macroeconomic factors, other indicators, such as loan defaults, were decisive for the profitability of institutions.

				To understand the factors that influenced the profitability of banks in India and China, Kumar et al. (2022) used a sample of 230 banks composed of 58 Indian banks and 172 Chinese banks, totaling 2,834 observations. The variable used to analyze financial performance was return on total assets (ROA), and the macroeconomic variables included the inflation rate, interest rate, and gross domestic product. The results indicate that the size of the bank, operating costs, and the volume of credit offered are the main factors driving profitability.

				The study by Kwan et al. (2020) points out that financial institutions that invested in information technology (IT) achieved higher volumes of credit operations, such as loans and card usage, even during periods of recession. This demonstrates that technology can streamline credit processes and provide a differentiated experience for customers, which is crucial for credit unions to increase their competitiveness and improve their financial performance.

				Additionally, the literature reinforces that, although the return on investment in IT is not immediate, it is potentially significant in the long term, as it requires a period of learning and organizational and structural adjustments (Bharadwaj et al., 1999; Halili, 2014; Rai et al., 1997; Ugwuanyi & Ugwuanyi, 2013; Winarno et al., 2021). These processes are essential for credit unions to maximize the benefits of using digital technologies, thus improving their overall performance.

				Therefore, this study hypothesizes that “investments in digital technologies can positively influence the performance of credit unions,” as they can allow for greater efficiency in credit operations, strengthen relationships with customers, and, in the long term, provide significant structural and financial gains.

			

			
				Digital financial technologies

				The so-called financial technologies (fintechs) are considered technological and digital innovations in the financial market. The use of mobile devices, such as cell phones, and fixed devices, such as microcomputers, has enabled customers to access the financial system remotely, without the need to visit physical branches to use the services (Brandl & Hornuf, 2017; Mokyr, 2018).

				Among the banking services offered, mobile banking stands out, which can be understood as the set of financial solutions made available through mobile devices, involving the use of technologies connected to the telecommunications network (Cernev et al., 2010). This phenomenon of digital banks can be analyzed from two perspectives. The first, highlighted in the studies by Simpson (2007) and Laukkanen and Kiviniemi (2010), sees mobile banking as a complement to the channels already existing in the market. On the other hand, Shen et al. (2010) understand that these services can be developed and implemented as a strong instrument of financial inclusion for audiences with little access to banking services.

				The advancement of computing and telecommunications technologies and the spread of the internet have created a universe of opportunities for all companies, especially banks, enabling the remote marketing of products and services with lower operating costs. The Federal Reserve defines mobile banking as the use of mobile devices to access banking services and personal accounts (Merry, 2018). According to Miklos and Soares (2016), carrying out financial transactions through mobile channels reduces costs by 50% to 70%, making them more accessible to a larger portion of the population.

				The emergence of financial technologies in the market marks a new reality for banks and cooperatives, representing a major challenge not only for academia but also for managers in the financial sector (McKillop et al., 2020; Milian et al., 2019). In short, these new technologies and the reduction of traditional bureaucracy allow the relationship between financial institutions and their customers to be more dynamic, providing a better experience for both parties, with cost reduction and, consequently, a greater competitive advantage in the market, focusing on the efficiency of the services provided and long-term financial sustainability (Ceretta & Niederauer, 2001; Vilela et al., 2007; Wheelock & Wilson, 2013).

				The introduction of artificial intelligence changes the operational paradigms of financial institutions, requiring the reorganization of bank strategies to ensure sustainable operational dynamics. The main contribution of using artificial intelligence software is that it allows institutions to use available data to generate disruptive solutions, boosting operational efficiency with more accurate information in shorter time frames, in addition to facilitating greater virtual interaction with their customers (FEBRABAN, 2019).

			

		

		
			METHODOLOGY

			
				Description of the sample used

				According to data from the Central Bank of Brazil for the year 2021, the National Credit Union System (SNCC) comprised 880 credit unions, ending the year with 853. Of this total, 849 individual cooperatives were active throughout 2021; however, by December of the same year, only 818 were still in operation (BACEN, 2022a). 

				Despite these fluctuations, the sample covers all credit unions with active CNPJs registered with the Central Bank during the 10-year period from 2012 to 2021. This time period was chosen because the accounting records of digital information began in 2012 (FEBRABAN, 2019). Additionally, according to Technical Pronouncement CPC 04 (R1) - Intangible Assets, financial resources related to digital technology must be recorded in the intangible category. Law no. 11,941 (2009), mandated the transition of records from the deferred category to intangible in the financial statements. 

				Of the credit unions listed in the BACEN database, those classified as ‘Central’ and ‘Confederation’ were excluded from the sample. Details on the composition of the sample can be found in Table 1.

				
					

Table 1




Descriptive statistics of the variables used in the research.
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 Note. Developed by the authors based on research data. ITI = investment in information technology.






				

				Each year, as new credit unions emerge or mergers occur, resulting in the exclusion of certain CNPJs from the Central Bank, the number of credit unions varies, leading to an unbalanced panel. Additionally, the inclusion or exclusion of cooperatives that began to register in the Intangible Assets category (25000009) also influences this dynamic.

				In the sample for the GMM analysis, all individual credit unions that presented at least one registered quarter over the years under analysis were included. These cooperatives were excluded only when there were no accounting records for the four quarters of the reference year, regardless of the reason.

			

			
				Econometric modeling - Generalized method of moments

				In this study, the need to use a dynamic panel econometric approach arises due to the simultaneity evidenced by the performance proxies (Dietrich & Wanzenried, 2011). The use of the GMM model employs instruments obtained from the lags of the sampled regressors themselves (Baltagi, 2005). In this sense, the GMM corresponds to an econometric model capable of addressing the endogeneity problem (Baltagi, 2005). 

				The econometric literature highlights two possible approaches in relation to the GMM: the GMM in differences and the systemic GMM (Roodman, 2009). The GMM in differences corresponds to a method of estimating the parameters of the proposed model that uses lags of the original regressors as instrumental variables (Roodman, 2009). However, the GMM in differences methodology highlights the problem that, when used to estimate the parameters for finite samples and regressors that exhibit behaviors close to random walks, the instruments generated are weak, resulting in bias and inefficiency of the estimated parameters. Another unfavorable aspect of using GMM in differences is the marked imbalance of the panel under analysis evidenced by the use of transformations in difference (Roodman, 2009).

				In view of the problems related to GMM in differences, there is a need to improve this approach. Thus, the systemic GMM emerges, which is based on the increase in the number of instruments used in comparison to GMM in differences, resulting in greater efficiency in the estimation of the parameters of interest (Roodman, 2009).

				The validation of the GMM model is done based on specific tests that assess the adjustment required by the aforementioned approach. In this sense, the adjustment of the GMM to the data under analysis is verified based on the following statistical tests: Phillips-Perron (PP) unit root test; Arellano and Bond autocorrelation test; Sargan/Hansen test for overidentification restrictions; and Hansen difference test (DIF-Hansen) (Roodman, 2009). The Phillips-Perron (PP) unit root test is used to verify the stationarity of the model’s regressors, as required by GMM. The null hypothesis of the Phillips-Perron test assumes that the series contains a unit root, while the alternative hypothesis assumes the stationarity of the series (Baum, 2006).

				The Arellano and Bond autocorrelation test is suitable for verifying the existence of first- and second-order autocorrelation of the differenced residuals. The assumption is that there is significant negative first-order autocorrelation, accompanied by non-significant second-order autocorrelation. The null hypothesis of this test assumes the absence of autocorrelation between the differenced residuals (Baum, 2006). The Hansen/Sargan test is used to verify the adequacy of the instruments used in the modeling. The null hypothesis of this test is based on the premise that the instruments proposed by the model are valid (Baltagi, 2005). Finally, the Hansen difference test (DIF-Hansen) verifies the validity of the number of instruments used by the systemic GMM compared to the GMM in differences. The null hypothesis of the test considers that the instruments from the systemic GMM are adequate to treat the analyzed data (Roodman, 2009). 

				In this context, the present study aims to estimate the following GMM model to address the proposed objectives:
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(1)

				

				Where performance represents the financial performance proxies; ROA is return on assets; ROE is return on equity; and ROI is return on investment. 

				The coefficients α1, δi, and β1 to β6 represent, respectively, the lag effect of the dependent variable; the effects of the growth rate of investment in information technology (ITI_TX_CRES) in the current period (t-0) and its three lags (t-1, t-2, and t-3); the effect of RPLA (net equity and total assets); the effect of REA (ratio between bank loans and total assets); the effect of the size of credit unions (TA); the effect of PLD (provision for doubtful accounts); and the effect of the recession period (DR) on performance. Finally, 𝑐𝑖 is the unobserved heterogeneity; 𝜀𝑖t is the usual error of the model; 𝑖 represents credit unions; and t represents the period corresponding to the quarters between January 2012 and December 2021.

			

			
				Description of the variables used in the research

				The four variables used as performance proxies, as well as the COSIF accounts that comprise them, are described below:

				Return on assets (ROA): ROA measures the institution’s ability to add value to its own capital with its available resources. This metric is used in the specialized literature on the subject to measure the performance of financial institutions (Freitas & Kirch, 2019; Hernando & Nieto, 2007; Laureto & Oreiro, 2011; Mendes, 2015; Pessanha et al., 2012; Ponce, 2013; Rahman et al., 2015; Wijayanti et al., 2021). The formula for obtaining ROA is expressed below:
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				Return on equity (ROE): ROE is a profitability measure that aims to identify the remuneration of banks’ equity (Freitas & Kirch, 2019; Furst et al., 2002; Hernando & Nieto, 2007; Laureto & Oreiro, 2011; Pessanha et al., 2012; Rahman et al., 2015). The equation for obtaining ROE is expressed as follows:
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				Return on investment (ROI): ROI is an indicator used by companies and investors to show that the profitability of the business depends on the capital invested in the activity (Hernando & Nieto, 2007). The formula for calculating ROI is given by:
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				According to Beccalli (2007), information on investments in information technology in the hardware and software parts of financial institutions is obtained through intangibles recorded in the assets of the balance sheet. Thus, to achieve the objective of this research, the analysis will consider the growth rate of the intangible entry. This growth rate is given by the following formula:
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				As control variables, and the respective COSIF accounts, we have:

				Ratio between net equity and total assets (RPLA): Dividing net equity by the institution’s total assets allows us to assess the amount of equity that financial institutions are using in relation to their total assets (Dietrich & Wanzenried, 2011). According to Krakah and Ameyaw (2010), the best performance of financial institutions is directly related to a high level of net equity. Thus, the authors argue that there is a positive relationship between RPLA and the performance of financial institutions. The equation for obtaining RPLA is given below:
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				Ratio between bank loans and total assets (REA): The main way for financial institutions to obtain profits is through the interest charged on loan operations. The interest rate charged in these cases makes up the main source of revenue for banks and is therefore the main component of assets. Thus, a positive relationship is expected between REA and the performance of financial institutions (Dantas et al., 2011). Higher levels of REA may indicate that a given financial institution adopts strategies focused on centralizing services. In this sense, given the relevance of credit operations for financial institutions, specialization in these operations contributes to higher performance (Barry & Tacneng, 2014). The formula for obtaining REA is given below:
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				Logarithm of size (TA): The size of financial institutions can be measured in several ways. In this study, the natural logarithm of the asset is used to measure it. According to Naceur (2003), Sathye (2005), Hernando and Nieto (2007), Perera et al. (2013), Guillén et al. (2014), Petria et al. (2015), Mendes (2015), and Freitas and Kirch (2019), the size of the financial institution has a positive relationship with profitability, since larger organizations tend to have a greater degree of service diversification compared to smaller institutions.

				Provisioning (PLD): The provisioning indicator is the ratio between the provision for doubtful debts and the volume of credit operations. It allows us to verify the percentage of credit with late payment or default. Studies by Sathye (2005) and Gonçalves and Braga (2008) indicate a negative relationship between provisioning and the profitability of financial institutions since the greater the amount of doubtful debts, the greater the risk, signaling that the bank has carried out operations that present low liquidity and, as a consequence, there is a reduction in profitability. The equation for calculating the proportion of doubtful debts is expressed below:
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				Recession dummy (DR): In the 10-year period of analysis, the dichotomous variable assumes the value zero for periods of absence of financial crisis (2010 to 2014 and 2017 to 2019) and one for the years in which an economic recession is noted (2015 to 2016 and 2020 to 2021). Regarding the influence of the crisis on the performance of financial institutions, recessionary periods can determine the decrease in the revenues of financial institutions through a decrease in resources derived from financial intermediation, which ends up mitigating the performance of these entities (Cordeiro et al., 2018; Khrawish & Al-Sa’di, 2011).
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				Income from services rendered (RPS): Income from the provision of services is relevant for analyzing the financial performance of financial institutions. It is responsible for a large part of the resources that the cooperative receives in the fiscal year. Income from service provision is important in calculating the performance of cooperatives since the greater the relationship between service provision and administrative expenses, the greater the institution’s performance (Bressan et al., 2010). Its equation is given by the following formula:
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				Instrumentalization of variables

				The choice of instruments for the estimated models was made considering that the instruments should be correlated with the endogenous variables but should not be correlated with the error term of the explanatory equation. Thus, the instruments should only have an effect on the outcome variable through the endogenous variable; otherwise, it would result in the same endogeneity problem. That said, in both the GMM-Sis (systemic) and the GMM-Dif (differences), it is possible to define the standard instruments (also known as instrumental variables - IV) and the GMM-type instruments, as described by Holtz-Eakin et al. (1988) and Arellano and Bond (1991). Therefore, in all models (1 to 6, in Table 4), the GMM-type instrumental variables consider the fourth and fifth lags of the first three lags of Tax_Cres_ITI and the contemporary Tax_Cres_ITI. Regarding the instrumental variables - IV instruments, the models were instrumented as follows: the first three differences of Tax_Cres_ITI and the contemporary Tax_Cres_ITI. Finally, some models did not include contemporary instruments in the analysis. These are Models 3 and 4, where the IV-type instruments are the first three differences of Tax_Cres_ITI.

				The option to use the lags (for the GMM type) and differences (for the IV type) of the variables of interest themselves occurs because these variables meet both the statistical criteria and the assumptions. This is because investment in technology is a historical issue; that is, past investment can only explain returns (ROA, ROE, and ROI) through present investment (variable of interest), which is endogenous. 

				Therefore, past investment is the best instrument to explain contemporary investment, since technology promotes dependence on firms, which, if they do not follow market trends, will become outdated and have higher costs. Thus, this is the assumption for considering the differences and lags of the variables of interest as type IV and GMM instruments, respectively.

			

		

		
			RESULTS AND DISCUSSIONS

			This section presents the descriptive statistics of the variables used in the research, the econometric models estimated via GMM, considering the performance proxies used (ROA, ROE, and ROI) as dependent variables, while the main focus is on the ITI growth rate.

			
				Table 2 provides the descriptive statistics of the variables to be analyzed. It is noted that the standard deviations of the performance variables (ROA, ROE, and ROI) exceed their means and medians, highlighting the high variability of the data. This relationship is also evident in the ITI growth rate, being absent in the other control variables (RPLA, REA, TA, PLD, and RPS).

			The averages of the performance proxies show positive values, indicating that, on average, the cooperatives presented positive financial results in the period from 2012 to 2021. However, it is observable, through the minimum values (as per Table 2), that some cooperatives operated with a deficit.

			
				

Table 2




Descriptive statistics of the variables used in the research.
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 Note. Prepared by the author based on research data. ROA - return on total assets; ROE - return on equity; ROI - return on total investments; CPLA - adjusted equity growth; ITI - investment in IT; RPLA - ratio between equity and total assets; REA - ratio between credit operations and total assets; TA - size; PLD - provision for doubtful accounts; RPS - income from services rendered.






			

			Regarding the stationarity test, several tests were conducted, including the Fisher-type unit root test based on the Phillips-Perron method. This test was chosen due to its robustness and its ability to deal with less strictly balanced data sets, as is the case with the data used in this study. Furthermore, this test combines p-values using the inverse of the chi-squared distribution, inverse-normal analysis, inverse-logit transformation, and a modified version that considers the inverse of the chi-squared distribution, as proposed by Choi (2001), which is reported when the number of observations tends to infinity. 

			
				Table 3 presents these test combinations, considering that the null hypothesis indicates that all panels have a unit root, versus the alternative hypothesis that at least one panel is stationary.

			
				

Table 3




Unit root tests.
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 Note. Research data. ROA - return on total assets; ROE - return on equity; ROI - return on total investment; ITI TX CRES is the growth rate of intangible assets, which is the proxy for IT investment (ITI); RPLA - ratio between equity and total assets; REA - ratio between bank loans and total assets; TA - size; PLD - provision for doubtful accounts. Period of occurrence of crises: economic crisis for the years 2015 and 2016; COVID-19 health crisis for the years 2020 and 2021. Significance level: * 0.10, ** 0.05, *** 0.001. Null hypothesis: All panels contain a unit root. Alternative hypothesis: At least one panel is stationary. Only one lag was used. The trend was not considered in this analysis.






			

			In general, it is noted that the panel is unbalanced, as the average of the periods is fractional. Additionally, the null hypothesis is rejected for most variables, with the only exception being REA. However, since this discrepancy only occurred with the inverse normal (z), it is considered that the null hypothesis is weakly rejected. This is because statistical significance was found in the other statistical tests.

			When dealing with time series, an important point to observe is whether the variables that make up the model present similar trends (they are cointegrated) or whether they are random walks. This relationship can be better visualized in Figure 1.
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Figure 1



Behavior of the variables used in the study.







Source: Research results. Note: ROA - return on assets; ROE - return on equity; ROI - return on total investments; ITI_TX_CRES is the ITI growth rate; RPLA - ratio between equity and total assets; REA - ratio between bank loans and total assets; TA - size; PLD - provision for doubtful accounts.






			

			Evaluating the images of the variables plotted in the graphs in Figure 1, a visual ‘cointegration’ between the performance variables and the ITI growth rate is noticeable, but this relationship is not trivial when comparing the performance variables with the control variables (RPLA, REA, TA, PLD, and RPS). In this case, since the variables are not cointegrated, that is, they do not have a stable long-term relationship between them, traditional estimation techniques can lead to inconsistent or biased results.

			Therefore, the methods adopted in this research solve this problem by incorporating information from previous periods, transforming the original variables into differences in relation to the previous period. This helps control the correlations between the errors and the independent variables, even when there is no cointegration present.

			Therefore, the next step concerns the validation of the GMM to be estimated. In this case, the Arellano-Bond tests were performed for AR(1) and AR(2), the Sargan and Hansen tests to assess the adequacy of the instruments, the Dif-Hansen test to assess the difference between the GMM-systemic and the GMM-differences, and the same tests for the standard instrumental variables. These tests are presented in the lower part of Table 4, where the estimated results are also presented:

			
				

Table 4




Dynamic panel GMM models - Effect of growth rate on performance variables (ROA, ROE, and ROI).
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 Note. Research results. The term ‘Sis’ refers to the model that uses the first difference of the lags and the lag as instrumental variables. The term ‘Dif’ refers to the model that uses only the lags as instrumental variables. ROA - return on total assets; ROE - return on equity; ROI - return on investment; RPLA - ratio between equity and total assets; REA - ratio between bank loans and total assets; TA - size; PLD - provision for doubtful accounts; DR is the dummy variable with 1 for periods of crisis and 0 for typical periods; RPS refers to income from services rendered. ITI is the intangible. * 0.10, ** 0.05, *** 0.01 (significant results are in bold). T-statistics in parentheses.






			

			When evaluating the results contained in Table 4, it can be observed, in the lower part of the table, that all models were validated, as the null hypothesis of the AR2 (second-order regression in terms of lags) and Hansen-J tests, which is the minimized value of the two-stage GMM criterion function (this being preferable to the Sargan p-value, since robust variances and covariances were used in the model), was not rejected. When performing the Hansen test, excluding groups of instruments (GMM-difference and VI-difference), the null hypothesis was also not rejected, that is, the Hansen-J and the Hansen test with exclusion of instruments (GMM and VI for GMM-Sis or only GMM for Dif) are statistically different. Thus, the test results meet the necessary requirements for estimating both GMM-Dif and GMM-Sis.

			Given these considerations, there is no statistical significance between the current ITI growth rate and ROA (calculated considering surpluses in relation to total assets). This means that nothing can be said about the (contemporary) investment made by cooperatives on top of the (contemporary) ROA. However, it can be seen that the investment made four quarters ago has a positive and statistically significant effect at the 1% level of significance in Model 2. In other words, taking the results into consideration, it can be said that a positive variation of, for example, 10% in the ITI growth rate has a positive effect of 0.00004% on the ROA of credit cooperatives after four quarters. Given that ROA is calculated as the proportion of surpluses in relation to total assets, small variations in technology investments do not immediately translate into large increases in cooperative surpluses. It is understood that technology plays an indirect role, improving efficiency, reducing operating costs, or increasing the capacity to generate revenue over time, and thus generating an incremental increase in the profitability of cooperatives.

			This positive effect is also followed by the size of credit cooperatives (TA variable) and by the records of service provision income (RPS variable), both variables presenting significant and positive effects on ROA. On the other hand, PLD presents a negative effect on performance, indicating that a positive variation in provisions for doubtful loans negatively affects the performance measured by ROA (Model 2). This result is in line with the literature on the subject, which finds that larger cooperatives tend to present better financial and social performance. This may be related to the possibility of economies of scale practices and the fact that such cooperatives have a greater amount of resources, personnel, customers, and credit (Wijesiri et al., 2017).

			When analyzing PLD, we have a negative relationship with ROA in Model 4, which indicates a negative relationship with performance, largely because it represents doubtful securities. This result is in line with the research by Muriithi et al. (2016), Poudel (2012), Kolapo et al. (2012), and Hosna et al. (2009), who found that credit risk negatively affects the performance of the institutions analyzed.

			Regarding the ITI growth rate, the positive effect is also seen when analyzing Models 3 and 4, being statistically significant only in Model 4. As with the effect on ROA (Model 2), an increase in ROE (Model 4) was also noted. For example, a positive variation of 10% in the ITI growth rate has a positive effect of 0.00017% on the ROE performance of credit unions after four quarters. Hernando and Nieto (2007) show that financial institutions obtained a positive impact on their financial return a year and a half after making the investment. Therefore, the findings corroborate the data from Brcooperativo (2023), indicating that after legislative changes, the scope of services provided by cooperatives expanded, consequently increasing investments/technologies and leveraging operating results. However, the results found in this study indicate that these are marginal but positive performance improvements, as it is understood that a longer grace period for IT investment to be reflected in ROE is justified by the long-term nature of technological benefits, the time required for operational adaptation, and the maturation of investments.

			However, there is a negative effect of loans in relation to total assets (REA) on ROE (surplus on equity) in Model 3 and a lack of statistical significance in Model 4. A possible explanation for this result is that these variables were analyzed contemporaneously, as the positive results of loans are obtained quarters ahead. However, this is not the specific objective of this work and was not analyzed. Finally, in Model 4, a significant positive relationship is observed for income from services provided (RPS), showing that the services provided by credit unions positively affect the return on equity.

			The results for the performance that assesses returns on investments (ROI, Models 5 and 6) are similar to those presented in Models 1 and 2 (referring to ROA), both in terms of signs and statistical inference. A positive relationship is observed between the growth rate of investments in ITI in the third quarter of the past and the return on contemporary investment. In Model 6, a positive variation of 10% in the ITI growth rate has a positive effect of 0.00017% on the ROI performance of credit unions after four quarters. As with ROA and ROE, investments in IT have an incremental effect on financial performance. ROI, which measures the return generated in relation to the amount invested, tends to capture the direct benefits of investments in technology over time. However, these effects are gradual. 

			Regarding the other variables, service income (RPS) and cooperative size (TA) positively influence the performance indicator (ROI, Model 6 for TA and Models 5 and 6 for RPS), suggesting that larger cooperatives tend to present higher levels of financial performance. This finding is in line with Naceur (2003), Sathye (2005), Hernando and Nieto (2007), Perera et al. (2013), Guillén et al. (2014), Petria et al. (2015), Mendes (2015), and Freitas and Kirch (2019), who state that larger credit cooperatives tend to obtain better financial performance compared to smaller credit cooperatives. This is because larger cooperatives can offer broader services at more favorable rates to borrowers and lenders and are therefore better positioned to capture a larger market compared to smaller credit unions (Goddard et al., 2008).

			Finally, it is worth highlighting the lack of statistical significance of the control for periods of recession (DR) in all estimated models. That is, the financial crises experienced during the period did not cause significant structural changes in the performance variables analyzed (ROA, ROI, and ROE) for the periods 2015 to 2016 and 2020 to 2021. A possible explanation can be found in Figure 1, where the behavior of the credit union size variable shows a constant and increasing slope that begins in mid-2014. Therefore, other factors (including those analyzed in the models in Table 4) probably influenced the results, softening the economic crises experienced, which makes the DR dummy insignificant.

		

		
			FINAL CONSIDERATIONS

			Given the relevance of credit unions in the National Financial System and their impact on Brazilian economic development by granting credit to segments excluded from the traditional financial system, it is crucial to investigate mechanisms that can improve the management of these entities, aiming at greater financial performance and strengthening the credit union sector in Brazil.

			The financial performance of credit unions is a fundamental factor in a market characterized by constant changes, competitiveness, and macroeconomic influences that can affect their continuity. In this context, it is pertinent to explore instruments capable of improving the performance of cooperatives in a competitive and uncertain scenario.

			Investment in information technology (IT) has proven to be a relevant factor in improving the performance indicators of financial institutions. Therefore, this article aimed to evaluate the influence of the growth rate of IT investment on the performance of credit unions over the quarters from 2012 to 2021, measured by the ROA, ROE, and ROI indicators.

			The results reveal that IT investments do not have positive and statistically significant effects on performance indicators in the current (contemporary) period. However, this research demonstrated that the maturation of IT investments, covering the investment base, training, adaptation, and economic returns, was significant in a period of three quarters subsequent to the initial IT investment. This finding is in line with existing literature, suggesting that the improvement in financial performance occurs in the long term, due to the need for staff adaptation and training.

			In addition, the study could not infer the performance of cooperatives during periods of economic instability. It was also observed that larger cooperatives with higher revenue from services exhibit better performance indexes. On the other hand, cooperatives with riskier loan portfolios present less development.

			A limitation of the study is the lack of analysis on the corporate reorganization process of cooperatives in relation to IT investments. Mergers may increase the size of cooperatives, but IT investment may not accompany this expansion, impacting financial performance in the long term.

			Future research should consider incorporating credit unions into IT investments, as well as investigating the determining characteristics that drive greater IT investments in credit unions. In addition, it is suggested to analyze the persistence of the effects of the pandemic over time on the performance of credit unions and how this was related to IT investments. It would also be interesting to expand the time horizon of the study and include other variables that may impact the performance of Brazilian credit unions.
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