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Abstract

Transaction costs are critical in shaping financing accessibility and efficiency for knowledge-based companies. This study investigates the transaction costs associated with financing via Iran’s Innovation and Prosperity Fund. In order to better analyse the transaction cost dimensions of knowledge-based companies, after calculating the transaction cost, the factors affecting it can be investigated in the framework of econometric analysis. A multi-stage random sampling method was employed to extract a sample of 123 knowledge-based companies from nearly 2000 facilities granted by the fund, for in-depth interviews and analysis. Data from 123 companies reveals that documentation, multi-stage payments, and collateral requirements are primary cost drivers. On average, transaction costs constitute 3.33% of the borrowed amount, adding 15.66% to overall financing costs. Smaller loans face higher transaction costs, and delays in financing increase costs due to opportunity losses. Indirect costs, such as document preparation, make up a significant portion of expenses. Econometric modelling highlights the impact of loan size, payment structure, and delays on transaction costs. The study recommends measures to optimise the process, including streamlining documentation, reducing payment stages, implementing credit ratings to minimise collateral costs, and speeding up loan approvals, which could improve the fund's competitiveness and financial accessibility for knowledge-based firms.
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Introduction
Economic exchanges involve transaction costs, which are expenses incurred to control behaviour and monitor exchanges (Williamson, 1996). Coase introduced transaction cost economics in the 1960s, challenging classical economists' assumptions of frictionless exchange. Unlike traditional economic theories, this perspective acknowledges transaction costs. A core principle of new institutional economics is that institutions evolve to minimise these costs. North identified transaction costs as a major barrier to development in third-world countries (Libecap, 2018). As transaction costs rise, economic efficiency declines, pushing entrepreneurs toward unproductive activities (Reynolds, 1992). “Identifying and understanding key factors that contribute significantly to economic performance is crucial for the development of effective economic policies” (Aidara et al., 2021). Transaction costs also play a significant role in economic performance by affecting knowledge accumulation, specialisation, labour division, and trade expansion (Fathollahi et al., 2014).
In economies with high transaction costs, particularly in developing countries, credit market inefficiencies hinder full utilisation of financial opportunities (Gabre-Madhin, 2001). Reducing transaction costs fosters financial development, improving overall welfare and access to resources (Burgess & Pande, 2005; Suri & Jack, 2016). This is especially important for knowledge-based companies, which are central to economic growth and development (Burke, 2000; GhaffariFard and MalekiNasr, 2021). These companies face significant challenges in accessing financial resources, primarily due to traditional risk assessment models that prioritise collateral and historical track records, limiting their access to financing. “Risk management refers to the practice firms apply to make sure that the risks to which they are exposed are the risks to which they believe they may be exposed in order to maintain their core business operations. Firms identify the risk and then take any early-stage or follow-up actions to handle deflections of real risk exposures from predetermined risk tolerances” (Faedfar et al., 2022; Culp, 2001).
Knowledge-based companies often possess intangible assets, making it difficult to meet collateral requirements, especially for startups (Gorman, 2002). To reduce transaction costs for these companies, it is essential to analyse the structure and amount of these costs. Identifying the key factors contributing to transaction costs at various stages of the financing process will help streamline procedures and lower barriers, facilitating growth and innovation in knowledge-based companies.
This analysis will allow for a revision and redesign of the financing process, with the goal of streamlining the procedures and reducing the associated costs for knowledge-based companies. This research, aiming to assess the current situation, seeks to evaluate the transaction costs imposed on the recipients of financial support from an official fund in Iran, which provides financial assistance for innovations and technologies. Additionally, the study will explore the possibility of reducing these transaction costs by identifying and analysing their underlying factors. This approach will help in improving the efficiency of the financing process, ultimately lowering the barriers to access for knowledge-based companies and facilitating their growth and innovation.
Literature Review
The field of institutional economics, specifically the study of transaction costs, has evolved from being largely descriptive to more empirical over time. Early contributions to transaction cost theory stemmed from Coase (1937), who implicitly introduced the concept of "transaction costs" as the "cost of using the price mechanism" (Coase, 1937). While Coase didn't provide a formal definition, his work laid the groundwork for future studies. Arrow (1970), building on Coase, noted that transaction costs can delay or even prevent market formation, contributing to market failure when excessively high.
Dahlman (1979) expanded Coase’s ideas by categorising transaction costs into search and information costs, bargaining costs, and law enforcement costs, attributing these to the inefficiencies caused by incomplete information. Williamson (1985a, 1991) further developed the theory by drawing analogies between transaction costs and physical friction, dividing them into "front" and "back" costs—those incurred before and after an exchange, respectively. Eggertsson (1990) framed transaction costs as related to the exchange and exercise of property rights, highlighting activities such as searching for information, bargaining, contract enforcement, and protecting property rights.
Adams and Nahman (1979) explored transaction costs in borrowing, categorising them into lender-related costs, third-party coordination expenses, and borrower time and travel costs. Saito and Villanueva (1981) distinguished between administrative costs and non-repayment risk costs in lending, noting that reducing evaluation and monitoring costs can mitigate non-repayment risks. Yedra (1996) revealed that transaction costs for borrowers in developing economies ranged from 11% to 20% of total loan costs.
The role of transaction costs in lending was further examined by Gorman (2002) in the context of knowledge-based businesses (KBBs), which struggle with traditional risk assessments due to their intangible assets. Studies in developing countries, such as Rweyemamu et al. (2003) in Tanzania, highlighted how transaction costs in borrowing—such as travel, legal fees, and opportunity costs—can burden borrowers. Chulangani and Ariyawardana (2007) emphasised that micro-enterprises in Sri Lanka faced high transaction costs, despite lower interest rates for such businesses.
In Africa, Nissanke and Aryeetey (2008) showed how transaction cost allocations differ by country, with commercial banks in Ghana prioritising inspection costs, while Nigerian banks focused on monitoring and enforcement. Kakuru (2008) explored transaction costs in small and micro-enterprise financing, noting systemic barriers for women entrepreneurs. Nguvava and Ngaruko (2016) in Tanzania identified key factors such as illiteracy and poor infrastructure as contributors to high transaction costs.
In recent years, technological solutions like blockchain have been studied for their potential to reduce transaction costs. Harder (2017) and Ahluwalia et al. (2020) suggested that blockchain could lower costs in financial markets, particularly in startup financing, by enhancing transparency and reducing inefficiencies. Boulahbel (2021) also explored Islamic finance’s role in reducing transaction costs for startups, specifically through Islamic crowdfunding, though challenges like regulatory frameworks and trust issues remain.
The review of previous studies shows that while transaction costs in credit provision, particularly for knowledge-based companies, have been examined, there has been limited research on the specific transaction costs of financing knowledge-based companies. Therefore, the current research aims to fill this gap by calculating the transaction costs involved in granting facilities to these companies, identifying the processes and factors that influence these costs, and suggesting ways to reduce them. This effort is crucial for improving access to financing for knowledge-based businesses, which are often constrained by high transaction costs and inefficiencies in the financing ecosystem.
Materials and Methods
The credit exchange process, as depicted in Figure 1, consists of several stages, beginning with the receipt and registration of the applicant's credit request and culminating in the payment of facilities to the applicant, provided the loan is approved.
1. Application Acceptance: The process begins with the acceptance of the applicant's information and related documents, followed by sending the completed and signed worksheet to the fund.
2. Evaluation: The request is carefully reviewed by experts, who examine the application information, documents, and plans. The proposal is then sent to the relevant approval committee, which evaluates it based on various criteria. This step may be done internally or outsourced to fund brokers.
3. Approval: In this step, the committee reviews the credit report and facility proposal. The proposal is then evaluated and defended by the trustee area, and once the relevant approval is issued, the company is notified.
4. Contract Conclusion: Following approval, the contract is concluded after completing all necessary paperwork, legal checks, and document gathering. The contract is then signed by both parties.
5. Payment: Once the contract is signed, the first payment is made if no conditions are required for initial payment. For multi-stage payments, the monitoring process is initiated to confirm the subsequent payment stages.
6. Refund: Finally, after the payments are completed and the breathing period has passed, the refund process is initiated, guided by the refund checks from the facility recipient and the claims collection procedure.
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Figure 1. The general process of a credit exchange in the fund

Transaction costs in the credit market are divided into direct and indirect costs.
1. Direct Costs (Cash): These include travel expenses, document preparation, and administrative fees incurred during the loan application and approval process.
2. Indirect Costs (Non-Cash): These are opportunity costs related to the time spent obtaining the loan. They include:
· Obvious Costs: Time spent on the process, multiplied by the borrower’s potential hourly wage.
· Hidden Costs: Time spent waiting for loan approval, which can be significant due to lengthy processing and high inflation.
These costs impact borrowers by consuming time that could otherwise be used for income-generating activities. if we represent the transaction cost of a customer with TC, this cost will be equal to the sum of various items, each of which we represent with ci. So we can write:
	

	(1)


In this way, following the evaluation of the transaction costs of receiving facilities for each company, it is time to categorise and collect them. Based on this, “the most important part of the work is the statistics of the cost items and their accurate estimation, and the other parts will not be so difficult. Since several companies will be referred to, it is possible to average the transaction costs for different facilities and the total facility. In other words, the average transaction costs of receiving facilities from the studied fund will be equal to the average costs of all the companies in the sample, which, of course, can be categorised into different facilities, and the average transaction cost of each facility can be obtained. The transaction cost calculated by the above method for each company is related to the total facilities received by that company. This cost can also be evaluated as a ratio or percentage, which shows how much it costs that company to receive each rial of loan from the fund. The algebraic expression of this issue is in equation 2” (Rojas and Rojas, 1997; Hosseini et al., 2012).
	

	(2)


Where the p represents the company and r represents the percentage of the transaction cost, L also represents the amount of the received loan. So far, it is clear that the pth company has incurred a percentage of the transaction cost to receive a loan in the amount of L Rials; Deducting the transaction cost from its loan amount will show the result of the received loan.
Another indicator that is useful in the analysis of the transaction cost of receiving facilities is the comparison of the transaction cost with the price (profit or fee). Actually, the problem is that the transaction cost is calculated in the present time (at the price of the current year), and it should be corrected to be comparable with the interest rate. These costs are mainly imposed during the filing period, and the rest of the items will be estimated based on the opportunity cost of the present time. Therefore, transaction costs are estimated at the current year's price and for the total facility received. To convert these costs into an index comparable to the interest rate (or fee), it is done in the following manner (Hosseini et al., 2023). Imposing the amount of TC as a transaction cost at the present time (or at the time of receiving the loan) on the company can be considered in such a way that the net loan received by him is equal to the difference between the nominal facility and the transaction cost of receiving it:
	

	(3)



Now it is necessary to find the interest rate that gives the same amount of instalment amount for the net facility. In other words, the interest rate should be raised so much that the loan instalment is equal to NLRials leading to the same amount of instalments for each borrower. This new interest rate is called the effective interest rate (r*), and its difference with the official interest rate is called the transaction cost rate. This rate is calculated using equation 4. In relation 4,  is repayment of the facility, t is the time period, n is the number of months of the repayment of the facility (Hosseini et al., 2012).
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rtc is the transaction cost rate and is now comparable to the official interest rate. It is also noted that the formula used in some contracts (as well as unequal distribution) is different, and therefore, the same formula will be used in this section as well. This rate is also calculated for each company separately, similar to the absolute amount of transaction costs, and then it is averaged for contracts and all companies. In order to better analyse the transaction cost dimensions of knowledge-based companies, after calculating the transaction cost, the factors affecting it can be investigated in the framework of econometric analysis. Equation 6 shows its general model:
	

	(6)


where is the transaction cost of receiving facilities by company p (or the corresponding rate) and the vectors  and , respectively, indicate the variables of company characteristics (company capital, type of basic knowledge of the company) and loan characteristics (facility amount, the distance between the application and the conclusion of the contract, interest rate, the type of the facility)(Hosseini et al., 2012).
The society of this research includes all the customers of the studied fund facilities. The intended sample was extracted from among the beneficiaries of the fund using a multi-stage random sampling method. Due to the fact that the scope of the research is related to all the payment facilities that are given to the companies in the form of a type of contract, the size of the studied facilities is completely different and will include all the knowledge-based companies of the applicant. The total number of facilities granted by the fund has been almost 2000, from which information on the facilities of 200 knowledge-based companies has been obtained from the fund. Out of this number, 123 companies were interviewed, and the design questionnaire was completed and entered into the analysis process.
Results and Discussion
Descriptive statistics of the facilities provided to the investigated companies, categorised by loan types, are presented in Table 1. Working capital and prototyping loans constitute the majority of the facilities, representing 70.73% of the total loans examined. The average loan amounts for each facility type are as follows: working capital facilities average 34.34 billion rials, industrial production activities loans average 67.43 billion rials, prototyping loans average 3.7 billion rials, and leasing facilities average 15.57 billion rials. The smallest loan amount is associated with leasing facilities, which amounts to 0.35 billion rials, while the largest loan amount is for industrial production activities, totalling 410 billion rials. In terms of interest rates, working capital facilities and industrial production activities have an average interest rate of 11%, while prototyping and leasing facilities have average interest rates of 4% and 9.57%, respectively.
The transaction costs for the studied companies, categorised by loan size groups, are also presented and analysed. The loans were first categorised into four groups based on contract amounts: the first group includes loans less than 280 million tomans, the second group consists of loans ranging from 280 million to 1 billion tomans, the third group includes loans from 1 billion to 2.7 billion tomans, and the fourth group comprises loans exceeding 2.7 billion tomans. The transaction costs and the distribution of costs across different stages of the loan process, from acquisition to settlement, are then reported for each loan size group.
The results from Table 2, which detail the direct and indirect costs of obtaining loans by loan size groups, show that, in terms of indirect costs, there is little variation across the loan groups for most cost components. For instance, the average cost of acquiring information for groups 1, 2, 3, and 4 is 6.22, 7.78, 7.82, and 7.55 million rials, respectively. However, the costs related to visits to notary offices, banks, and government offices are higher for the third and fourth loan groups compared to the first and second groups. This increase is attributable to the additional guarantees required for larger loans. Regarding direct costs, it is evident that as the loan amount increases, so do the direct costs incurred by the companies. This increase is primarily due to higher collateral and associated costs.
Table 1-Descriptive statistics of paid facilities by type of facility (Hosseini et al., 2023)
	Type of facility
	Number
	Average (billions of Rials)
	Min (billion Rials)
	Max(billion Rials)
	Average interest rate (percentage)

	Working capital
	49
	34
	2.3
	200
	11

	Industrial production activities
	17
	67
	2.44
	410
	11

	prototyping
	38
	3
	0.6
	17
	4

	Instalment sales (leasing)
	19
	15
	0.35
	140
	9.57


Source: research findings
[bookmark: _Toc100413144][bookmark: _Toc100418604][bookmark: _Toc100420222][bookmark: _Toc100421130][bookmark: _Toc101453455]Table 2 - Average Direct and Indirect Costs of Obtaining Loans by Cost Components and Loan Groups (Unit: Million Rials)
	Indirect Costs (Million Rials)

	Group 4
	Group 3
	Group 2
	Group 1
	Cost Components

	7.55
	7.82
	7.78
	6.22
	Information Acquisition

	30.66
	26.09
	24.71
	20.95
	Request Acceptance

	9.66
	5.52
	5.92
	4.14
	Request Evaluation

	0.15
	0.65
	1.40
	1.79
	Approval Process

	5.70
	5.55
	4.90
	4.49
	Contract Signing

	12.14
	7.59
	7.61
	6.88
	Payment & Supervision

	4.34
	3.19
	2.78
	1.89
	Phone Calls

	4.15
	1.98
	3.28
	1.83
	In-Person Visits

	0.22
	0.00
	0.15
	0.13
	Documents Delivered to Fund

	0.05
	0.285
	0.91
	0.31
	Repeat Document Completion

	17.72
	13.98
	3.43
	1.24
	Visits to Notary, Bank & Government Offices

	1.25
	1.45
	1.81
	2.73
	Other Actions

	Direct Costs (Million Rials)

	Group 4
	Group 3
	Group 2
	Group 1
	

	666.07
	318.5
	80.31
	13.33
	Notary Fees

	58.84
	55.25
	11.37
	5.27
	Collateral Evaluation Fees

	25.18
	9.85
	1.21
	1.34
	Promissory Note Fees

	36.52
	25.22
	6.61
	6.20
	Collateral Inquiry Fees

	5.17
	4.41
	3.54
	6.47
	Travel Costs to Fund

	119.00
	118.125
	25.00
	13.75
	Other Costs



[bookmark: _Toc100418606][bookmark: _Toc100420224][bookmark: _Toc100421132][bookmark: _Toc101453457]In the following, by measuring the transaction costs of different stages and breaking down the results by loan amount groups, Table 3 reports the average loans, interest rates, transaction costs of the loans, and their ratio by loan size group.
As seen, while the transaction cost for loans less than 280 million Rials is 78.38 million Rials, this amount for loans greater than 2.7 billion Rials reaches an average of 46,411.84 million Rials. Despite this direct relationship between transaction cost and loan amount, the ratio of transaction cost to loan amount has an inverse relationship. Specifically, the highest ratio of transaction cost to loan amount, 5.68%, is observed in the Group 1 loans (less than 280 million Rials), while the lowest ratio, 1.31%, is found in very large loans (more than 2.7 billion Rials). According to the results obtained, the transaction cost rate for Group 1 is also higher than for the other groups, with the lowest transaction cost rate in Group 4. As seen in column eight of Table 4, the total loan cost rate for Group 3 is the highest, at 19.14%, while this rate is lowest for Group 2 loans at 12%. The ratio of transaction cost rate to interest rate, which indicates the importance of the transaction cost relative to the nominal loan cost, is highest for Group 1 loans (less than 280 million Rials), showing that the transaction cost for these loans is, on average, 154% higher than the loan interest cost.
Table 3- Average facility, interest rate and transaction cost estimated by facility group (Hosseini et al., 2023)
	
	Number of facilities
	facilities (million rials)
	nominal interest rate (%)
	transaction cost (million Rials)
	transaction cost to facility ratio (%)
	transaction cost rate (%)
	Total cost rate (%)
	ratio of the transaction rate to the interest rate

	Group 1
	31
	1471.48
	6
	78.38
	5.68
	9.29
	15.29
	1.54

	Group 2
	33
	4498
	6.68
	120.36
	3.64
	5.32
	12
	0.79

	Group 3
	29
	16085.31
	10.20
	496.79
	3.24
	8.94
	19.14
	0.87

	Group 4
	30
	84822.33
	10.8
	787.62
	1.31
	4.90
	15.7
	0.45

	Total
	123
	3266190
	8.62
	46411.84
	3.33
	7.04
	15.66
	0.81


Source: research findings
[bookmark: _Toc100413149][bookmark: _Toc100418607][bookmark: _Toc100420226][bookmark: _Toc100421134][bookmark: _Toc101453458]This section analyses the transaction costs of companies based on loan types, focusing on both direct and indirect costs at each stage of the loan process. Indirect costs were relatively consistent across loan types, with minor variations in the application acceptance stage. For example, the average indirect cost for the application acceptance stage was 29.51 million Rials for working capital loans, 21.07 million Rials for prototyping, 28.51 million Rials for industrial production activities, and 21.86 million Rials for leasing loans. The highest cost drivers across all loan types were the application acceptance stage, payment and monitoring stage, and information acquisition.
Leasing loans showed the lowest direct costs, with most direct costs recorded as zero, as companies did not incur expenses for notary, bank, or government office visits due to collateral guarantees. Among direct costs, notary fees were the highest, with working capital loans, industrial production activities, and prototyping loans incurring fees of 438.109 million Rials, 421.125 million Rials, and 99.5 million Rials, respectively. Additionally, industrial production activities incurred higher "other costs," driven by the need for detailed business plans when applying for loans.

Table 4 - Average Direct and Indirect Loan Acquisition Costs by Cost Components and Loan Type (Unit: Million Rials)
	Cost Components
	Working Capital
	Prototyping
	Industrial Production Activities
	Leasing

	Indirect Costs
	
	
	
	

	Information Gathering
	7.83
	5.92
	9.89
	7.52

	Application Acceptance
	29.51
	21.07
	28.51
	21.86

	Application Evaluation
	9.12
	4.31
	6.55
	3.99

	Approval Process
	1.63
	0.81
	0.24
	0.34

	Contract Signing
	6.27
	4.74
	5.12
	4.19

	Payment and Monitoring
	10.22
	7.99
	8.48
	5.76

	Phone Calls
	4.35
	2.27
	3.13
	1.91

	In-Person Visits
	2.67
	2.08
	6.38
	2.59

	Documents Submitted to the Fund
	0.16
	0.27
	0
	0.17

	Repetition of Document Completion
	0.44
	0.36
	0.33
	0.89

	Visits to Notary, Bank, and Government Offices
	16.53
	2.72
	0
	0

	Other Actions
	1.02
	2.58
	2.61
	1.66

	Direct Costs
	
	
	
	

	Notary Fees
	438.109
	99.5
	421.125
	0

	Collateral Evaluation Fee
	46.17
	15.89
	64.37
	0

	Promissory Note Fee
	8.92
	1.28
	0.5
	0

	Collateral Inquiry Fee
	32.31
	5.11
	24.44
	0

	Fund Travel Costs
	6.87
	3.66
	5.55
	5.03

	Other Costs
	44.09
	49.37
	275.0
	10.0



[bookmark: _Toc100418609][bookmark: _Toc100420228][bookmark: _Toc100421136][bookmark: _Toc101453460]Next, by measuring the transaction costs of different stages and breaking down the results by loan type, Table 5 reports the average loan amounts, interest rates, and transaction costs of loans, along with their ratios by loan type. As seen, the highest average loan amount corresponds to industrial production loans, and consequently, the average transaction cost for this type of loan is also higher than for other loans. According to the results, the ratio of transaction cost to loan amount is higher for prototyping loans compared to other loans, while leasing loans rank last in this regard. The results for the transaction cost rate in the eighth column of Table 5 show that the highest transaction cost rate and total cost are related to working capital loans. The lowest transaction cost rate and total cost, respectively, correspond to industrial production loans and prototyping loans. The results for the ratio of transaction cost rate to nominal interest rate indicate that the transaction cost rate for prototyping loans is approximately twice the nominal interest rate of the loans, whereas for other loans, this ratio is less than one.
Table 5 - Average Loans, Interest Rates, and Estimated Transaction Costs by Loan Type
	Loan Type
	Number of Loans
	Loan Amount (Million Rials)
	Nominal Interest Rate (%)
	Transaction Cost Rate (%)
	Total Cost Rate (%)
	Ratio of Transaction Cost to Loan (%)
	Transaction Cost (Million Rials)
	Ratio of Transaction Cost Rate to Interest Rate

	Working Capital
	49
	34,348.45
	11
	9.09
	20.09
	2.85
	597.56
	0.82

	Prototyping
	38
	3,703.95
	4
	8.06
	12.06
	4.64
	138.81
	2.01

	Industrial Production Activities
	17
	67,438.00
	11
	4.46
	15.46
	3.36
	652.08
	0.40

	Leasing
	19
	15,574.73
	9.57
	7.04
	16.61
	1.91
	55.72
	0.73

	Total
	123
	3,266,190.00
	8.62
	7.04
	15.66
	3.33
	46,411.84
	0.81



[bookmark: _Toc100418613][bookmark: _Toc100420235][bookmark: _Toc100421143][bookmark: _Toc101453465]Determining the Factors Affecting Transaction Costs for Knowledge-Based Companies
This section examines the factors affecting transaction costs for knowledge-based companies using econometric models. Two models are used: one estimates the monetary value of transaction costs, while the other assesses the transaction cost ratio (transaction costs relative to the loan amount). The models are applied to different loan types, and a general model for the entire sample is presented. The Cobb-Douglas model, with logarithmic transformations, was found to be the most suitable, ensuring robust results through tests for multicollinearity, heteroscedasticity, autocorrelation, normality, and model specification.
For working capital loans, the model shows a high explanatory power with an R-squared of 87%, and the F-statistic is significant at the 1% level. Key factors influencing transaction costs include the loan amount, number of payment stages, and the time gap between application and contract signing, all significant at the 1% level. The loan amount's impact is positive, as a 1% increase leads to a 0.46% rise in transaction costs due to collateral and guarantee costs. Additionally, more payment stages and longer time gaps increase opportunity costs, driving up transaction costs. Company type and experience with multiple loan applications, however, were not significant in the model. This suggests that the main drivers of transaction costs are related to the loan process itself rather than the type of company or repeated loan experience.
Table 6 - Estimation Results of the Model for Factors Affecting the Transaction Cost Amount in Working Capital Loans
	Significance Level
	t-Statistic
	Standard Error
	Coefficient
	Variable

	0.00
	4.94
	0.09
	0.46
	Loan Amount

	0.00
	3.25
	0.09
	0.30
	Number of Payment Stages

	0.08
	0.04
	1.79
	0.08
	Company Capital

	0.00
	3.18
	0.05
	0.18
	Request to Contract Distance

	0.69
	0.39
	0.13
	0.05
	Number of Loans Taken from the Fund

	0.92
	0.10
	0.19
	0.01
	Dummy Manufacturing Type 2

	0.37
	0.90
	0.66
	0.59
	Dummy Manufacturing Type 3

	0.36
	0.92
	0.44
	0.40
	Dummy Startup Type 1

	0.92
	0.10
	0.45
	0.04
	Dummy Startup Type 2

	0.00
	3.23
	2.09
	6.75
	Intercept

	
	F-Statistic
	
	0.87
	R-Squared

	0.00
	13.38
	
	
	


[bookmark: _Toc100418614][bookmark: _Toc100420236][bookmark: _Toc100421144][bookmark: _Toc101453466]
Table 7 presents the results of the econometric model estimation for the exchange cost ratio in working capital loans. It is observed that the variables in the estimated model explain about 88% of the changes in the dependent variable (exchange cost ratio), and the overall model (based on the F-statistic) is statistically significant at the 1% level. In this model, loan amount and request-to-contract distance are significant at the 1% level, number of payment stages at the 5% level, and company capital at the 10% level. The coefficient of the loan amount is negative and equals -0.53. In other words, with a 1% increase in the loan amount, the exchange cost ratio decreases by 0.53%.
Considering that in the previous model, the effect of the loan amount on the monetary exchange cost was found to be positive, it can be concluded that generally, the larger the loan amount, the lower the exchange cost ratio relative to the loan amount. In other words, as the loan size increases, the exchange cost increases, but the exchange cost per unit of the loan decreases. Therefore, companies that receive smaller loans incur higher exchange costs per unit of the loan. Additionally, as the number of payment stages and the request-to-contract distance increase, the opportunity cost for companies increases, leading to a higher exchange cost ratio. As with the previous model, it is observed that there is no significant difference in the exchange cost ratio between different types of knowledge-based companies.
Table 7 - Results of Estimating the Model of Factors Affecting the Exchange Cost Ratio to Loan Amount in Working Capital Loans
	Significance Level
	t-Statistic
	Standard Error
	Coefficient
	Variable

	0.00
	-5.59
	0.09
	-0.53
	Loan Amount

	0.01
	2.15
	0.13
	0.30
	Number of Payment Stages

	0.08
	0.79
	0.04
	0.08
	Company Capital

	0.00
	2.72
	0.06
	0.18
	Time from Request to Contract

	0.69
	0.39
	0.13
	0.05
	Number of Loan Receivings from Fund

	0.92
	0.10
	0.19
	0.01
	Dummy Variable - Manufacturing Type 2

	0.37
	0.90
	0.66
	0.59
	Dummy Variable - Manufacturing Type 3

	0.36
	0.92
	0.44
	0.40
	Dummy Variable - Startup Type 1

	0.92
	0.10
	0.45
	0.04
	Dummy Variable - Startup Type 2

	0.00
	5.43
	2.09
	11.36
	Intercept

	0.88
	R-Squared
	
	
	

	14.11
	F-Statistic
	
	
	

	0.00
	
	
	0.85
	Adjusted R-Squared


[bookmark: _Toc100418615][bookmark: _Toc100420237][bookmark: _Toc100421145][bookmark: _Toc101453467]The results of estimating the factors influencing the exchange cost for sample-based loans are reported in Table 8. The R-squared value of 84% and the significant F-statistic at the 1% level indicate the overall significance of the model and the high explanatory power of the explanatory variables.
It is observed that the variables of loan amount and the time from request to contract signing are significant at the 1% level. The coefficients of these two variables are positive, indicating a direct relationship between these variables and the exchange cost. In other words, larger loans and loans that are deposited later into applicants' accounts result in higher exchange costs. Specifically, with a 1% increase in the loan amount, the exchange cost for companies increases by 0.66%. Similarly, the time from loan request to contract signing with the fund increases the opportunity cost for companies, thus raising the exchange cost for knowledge-based companies. A 1% increase in the time from request to contract signing leads to a 0.14% increase in the exchange cost. Since none of the dummy variables for the knowledge-based company types are significant, it can be concluded that there is no significant difference in the exchange cost between different types of knowledge-based companies in sample-based loans. Similar to working capital loans, the relationship between the number of loan disbursements and the exchange cost in sample-based loans is also not significant.
Table 8: Results of Estimating the Model of Factors Affecting the Exchange Cost for Sample-Based Loans
	Significance Level
	t-Statistic
	Standard Error
	Coefficient
	Variable

	0.00
	4.73
	0.14
	0.66
	Loan Amount

	0.23
	1.22
	0.47
	0.58
	Number of Payment Stages

	0.79
	0.26
	0.04
	0.01
	Company Capital

	0.00
	2.35
	0.05
	0.14
	Time Between Request and Contract

	0.84
	-0.07
	0.21
	-0.01
	Number of Loans Taken from the Fund

	0.79
	-0.26
	0.30
	-0.07
	Virtual Production Type 2

	0.69
	0.40
	0.68
	0.27
	Startup Virtual Type 1

	0.43
	0.80
	0.38
	0.30
	Virtual Type 2

	0.00
	2.85
	0.99
	2.83
	Intercept

	0.84
	R-Squared
	
	
	

	10.5
	F-statistic
	
	
	



Table 9 presents the results of the econometric estimation model for the exchange cost ratio in sample-based loans. The model demonstrates a high explanatory power, as approximately 79% of the variation in the exchange cost ratio is explained by the included variables. Additionally, the overall model is statistically significant at the 1% level, as indicated by the F-statistic. In this model, two variables—loan amount and the time between request and contract signing—are found to be significant at the 5% and 1% levels, respectively. The coefficient for the loan amount is negative, with a value of -0.33. This implies that a 1% increase in the loan amount results in a 0.33% decrease in the exchange cost ratio. Comparing this result to the previous model, where the loan amount had a positive impact on exchange costs, it can be concluded that as the loan amount increases, while the total exchange cost rises, the exchange cost per unit decreases. Therefore, companies receiving smaller loans tend to incur higher exchange costs relative to the loan amount. Furthermore, the model shows that as the time between the loan request and contract signing increases, the opportunity costs for the companies also rise, leading to an increase in the exchange cost ratio. Similar to earlier findings, there is no significant difference in the exchange cost ratio between different types of knowledge-based companies, suggesting that company type does not influence the exchange cost ratio in sample-based loans.

Table 9: Results of the Estimation Model for the Factors Affecting the Exchange Cost Ratio to Loan Amount in Sample-Based Loans.
	Significance Level
	t-Statistic
	Standard Error
	Coefficient
	Variable

	0.02
	-2.39
	0.14
	-0.33
	Loan Amount

	0.23
	1.22
	0.47
	0.58
	Number of Payment Stages

	0.79
	0.26
	0.04
	0.01
	Company Capital

	0.00
	2.73
	0.05
	0.14
	Time Between Request and Contract

	0.94
	-0.07
	0.21
	-0.01
	Number of Loan Acquisitions from Fund

	0.79
	-0.26
	0.30
	-0.07
	Dummy Variable for Type 2 Production

	0.69
	0.40
	0.68
	0.27
	Dummy Variable for Type 1 Startup

	0.43
	0.80
	0.38
	0.30
	Dummy Variable for Type 2 Startup

	0.01
	2.68
	2.77
	7.43
	Intercept

	0.79
	R-squared
	
	
	


[bookmark: _Toc100418617][bookmark: _Toc100420239][bookmark: _Toc100421147][bookmark: _Toc101453469]The estimation model for factors affecting exchange costs in industrial production loans reveals that the loan amount, number of payment stages, time between loan request and contract signing, and the number of loan acquisitions are all significant contributors. The model demonstrates strong explanatory power with an R-squared value of 84% and a significant F-statistic at the 1% level. Larger loan amounts, more payment stages, and longer time gaps between the request and contract signing increase exchange costs due to higher opportunity costs. Specifically, a 1% increase in loan amount raises exchange costs by 0.20%, a 1% increase in time between request and contract results in a 1.48% increase, and a 1% increase in the number of payment stages leads to a 0.11% rise in costs. The type of knowledge-based company did not significantly influence exchange costs, indicating no substantial differences among company types in sample-based loans. Additionally, the model found that repeated loan acquisitions reduced exchange costs, suggesting that familiarity with the loan process can improve efficiency and reduce transaction costs for industrial production loans.

Table 10 - Results of the Estimation Model for the Factors Affecting the Exchange Cost in Industrial Production Activities Loans
	Variable
	Coefficient
	Standard Error
	t-Statistic
	Significance Level

	Loan Amount
	0.20
	0.03
	6.15
	0.00

	Number of Payment Stages
	0.11
	0.01
	7.25
	0.00

	Company Capital
	0.10
	0.17
	0.59
	0.57

	Time from Application to Contract
	1.48
	0.49
	3.01
	0.02

	Number of Loans Taken from Fund
	-0.86
	0.39
	-2.17
	0.06

	Virtual Type 2 Production
	-0.07
	0.52
	-0.15
	0.88

	Virtual Type 1 Startup
	0.66
	0.62
	1.06
	0.32

	Virtual Type 2 Foot
	-0.26
	0.77
	-0.33
	0.74

	Intercept
	26.18
	4.99
	5.24
	0.00

	R-Squared
	0.84
	
	
	

	F-Statistic
	7.87
	
	
	

	Adjusted R-Squared
	0.75
	
	
	

	Significance
	0.00
	
	
	



Table 11 presents the results of the econometric model for the exchange cost ratio in industrial production loans, explaining 92% of the variation in the dependent variable, with statistical significance at the 1% level. The loan amount is significant at the 1% level, the number of payment stages and the time between application and contract are significant at the 5% level, and the number of loan acquisitions is significant at the 10% level. A 1% increase in the loan amount leads to a 1.20% decrease in the exchange cost ratio. This indicates that, while the total exchange cost rises with larger loans, the exchange cost per unit decreases. Smaller loans incur higher exchange costs per unit. Additionally, increased time between application and contract signing, and more payment stages, raise the exchange cost ratio due to higher opportunity costs. The number of loan acquisitions has a negative effect, suggesting that repeated borrowing reduces the exchange cost ratio, as companies become more familiar with the loan process. No significant differences in exchange cost ratios are observed between different types of knowledge-based companies.

Table 11 - Results of the Estimation Model for the Factors Affecting the Exchange Cost Ratio to Loan Amount in Industrial Production Loans.
	Significance Level
	t-Statistic
	Standard Error
	Coefficient
	Variable

	0.00
	-6.75
	0.17
	-1.20
	Loan Amount

	0.02
	3.21
	0.09
	0.30
	Number of Payment Stages

	0.57
	0.59
	0.17
	0.10
	Company Capital

	0.02
	3.01
	0.49
	1.48
	Request-to-Contract Distance

	0.06
	-2.17
	0.39
	-0.86
	Number of Loan Disbursements from Fund

	0.88
	-0.15
	0.52
	-0.07
	Virtual Manufacturing Type 2

	0.32
	1.06
	0.62
	0.66
	Virtual Startup Type 1

	0.74
	-0.33
	0.77
	-0.26
	Virtual Type 2

	0.00
	6.16
	4.99
	30.79
	Intercept

	0.92
	
	
	
	R-squared

	10.21
	
	
	
	F-statistic

	0.83
	
	
	
	Adjusted R-squared

	0.00
	
	
	
	Significance



The estimation results for the factors affecting transaction costs in leasing (instalment sales) financing are shown in Table 12. The model explains 72% of the variation, with the overall model being statistically significant at the 1% level. The number of payment stages and the request-to-contract distance are significant at the 5% level, with positive coefficients indicating a direct relationship with transaction costs. Specifically, a 1% increase in the request-to-contract distance and the number of payment stages leads to a 0.39% and 0.02% increase in transaction costs, respectively, due to higher opportunity costs for companies. Unlike previous models, the loan amount does not significantly affect transaction costs in leasing financing, as higher guarantee and collateral costs are borne by the contracting party, not the companies. Additionally, the virtual variable for Type 1 startup companies is significant and positive, indicating that transaction costs are higher for these companies compared to Type 1 manufacturing companies.
Table 12 - Results of Estimating the Model of Factors Affecting the Transaction Cost Amount in Leasing Facilities (Instalment Sales)
	Significance Level
	t-Statistic
	Standard Error
	Coefficient
	Variable

	0.67
	0.44
	0.16
	0.07
	Amount of facilities

	0.02
	2.48
	0.15
	0.39
	Number of payment stages

	0.12
	1.67
	0.06
	0.11
	Company capital

	0.02
	2.52
	0.007
	0.02
	Time from application to contract signing

	0.92
	0.10
	0.26
	0.02
	Number of times loans were obtained from the fund

	0.60
	0.54
	0.32
	0.17
	Virtual production type 2

	0.06
	2.06
	0.8
	1.65
	Virtual startup type 1

	0.18
	1.77
	0.63
	1.12
	Virtual startup type 2

	0.00
	4.10
	3.23
	13.26
	Intercept

	0.72
	R-squared
	
	
	

	6.25
	F-statistic
	
	
	


The econometric model for the exchange cost ratio in leasing facilities, as shown in Table 13, explains 91% of the variation in the exchange cost ratio, with statistical significance at the 1% level. The model reveals that both the loan amount and the time gap between the loan application and contract signing significantly affect the exchange cost ratio. Specifically, a 1% increase in the loan amount leads to a 0.92% decrease in the exchange cost ratio. This suggests that larger loan amounts reduce the cost per unit of loan due to lower per-unit costs for companies familiar with the loan process. However, an increase in the time gap between the loan application and the contract results in higher opportunity costs, which raises the exchange cost ratio. Furthermore, similar to prior models, the exchange cost ratio is higher for Type 1 manufacturing companies compared to Type 2 manufacturing companies.
Table 13 - Results of Estimating the Model for Factors Affecting the Exchange Cost Ratio to Loan Amount in Leasing Facilities
	Significance Level
	t-Statistic
	Standard Deviation
	Coefficient
	Variable

	0.00
	-5.53
	0.16
	-0.92
	Loan Amount

	0.39
	-0.90
	0.43
	-0.39
	Number of Payment Stages

	0.12
	1.67
	0.06
	0.11
	Company Capital

	0.00
	3.43
	0.005
	0.02
	Distance from Request to Contract

	0.92
	0.10
	0.26
	0.02
	Number of Loans from the Fund

	0.60
	0.54
	0.32
	0.17
	Dummy for Production Type 2

	0.06
	2.06
	0.80
	1.65
	Dummy for Startup Type 1

	0.10
	1.77
	0.63
	1.12
	Dummy for Type 2 Startups

	0.00
	5.52
	3.23
	17.87
	Intercept

	0.91
	R-squared
	
	
	

	14.19
	F-statistic
	
	
	

	0.85
	Adjusted R-squared
	
	
	


Table 14 presents the results of estimating the factors that influence the transaction costs of the studied companies. The analysis shows that variables such as the loan amount, the number of payment steps, the time between the application and contract, the interest rate, and dummy variables for working capital, prototyping, and industrial production activity loans have a positive and significant impact on transaction costs. Specifically, the transaction cost increases by 0.35% for every increase in the loan amount, by 0.11% for each additional payment step, and by 0.13% for the greater distance between the application and the contract. Additionally, loans with higher interest rates, such as working capital and industrial production activities, result in higher transaction costs. Dummy variables for working capital, prototyping, and industrial production loans indicate that these types of loans have higher transaction costs compared to leasing loans. However, the analysis found no significant difference in transaction costs based on the type of knowledge base of the companies, suggesting that the company's knowledge base type does not influence transaction costs.
Table 14-Results of estimating the Model of factors affecting the amount of transaction cost (Hosseini et al., 2023)
	Variable
	Coefficient
	standard deviation
	t ratio
	P value

	Facility amount
	0.35
	0.07
	4.89
	0.00

	Number of payment steps
	0.11
	0.03
	3.19
	0.00

	Company capital
	0.02
	0.02
	0.83
	0.40

	distance between the application and contract
	0.13
	0.04
	2.93
	0.00

	number of receiving facilities from the fund
	0.10
	0.11
	0.92
	0.35

	Interest rate
	1.11
	0.52
	2.13
	0.02

	dummy variable of knowledge-based type (production type 2)
	-0.11
	0.16
	-0.69
	0.49

	dummy variable of knowledge-based type (production type 3)
	0.34
	0.73
	0.48
	0.63

	dummy variable of knowledge-based type (newbie type 1)
	0.32
	0.31
	1.04
	0.30

	dummy variable of knowledge-based type (newbie type 2)
	-0.13
	0.24
	-0.56
	0.57

	dummy working capital facility
	1.65
	0.32
	5.03
	0.00

	dummy prototyping facility
	2.06
	1.07
	1.92
	0.04

	dummy industrial production activities facility
	1.62
	0.35
	4.54
	0.00

	Intercept
	6.83
	3.12
	2.19
	0.02

	R2
	0.72
	F statistic
	20.64
	

	Adjusted R2
	0.68
	P value
	0.00
	


Source: research findings
“Table 15 shows the results of estimating the Model of factors affecting the ratio of transaction cost to facility amount. As can be seen in this table, the amount of the facility, the number of payment steps, the interval between the application and contract, the interest rate and the dummy variables of the type of facility have a significant effect on the ratio of the transaction cost to the amount of the facility. The coefficient of the facility amount is negative and equal to -0.64. In other words, with a one per cent increase in the facility amount, the transaction cost of each facility unit decreases by 0.64 per cent. The coefficient of the number of payment steps, the distance between the application and contract is positive and equal to 0.16, 0.05 and 1.10, respectively. In other words, with a one per cent increase in each of the mentioned variables, the transaction cost per facility unit increases by 0.16, 0.05, and 1.10 per cent, respectively. Like the previous model, the coefficients of the dummy variables of the types of facilities also indicate that the transaction cost of each facility unit is higher in working capital facilities, industrial production activities and prototyping compared to leasing facilities” (Hosseini et al., 2023).
Table 15-Results of estimating the Model of factors affecting the ratio of transaction cost to facility (Hosseini et al., 2023)
	Variable
	Coefficient
	standard deviation
	t ratio
	P value

	Facility amount
	-0.64
	0.07
	-8.92
	0.00

	Number of payment steps
	0.16
	0.05
	3.15
	0.00

	Company capital
	0.02
	0.02
	0.83
	0.40

	distance between the application and contract
	0.05
	0.01
	2.92
	0.00

	number of receiving facilities from the fund
	0.10
	0.11
	0.92
	0.35

	Interest rate
	1.10
	0.44
	2.43
	0.01

	dummy variable of knowledge-based type (production type 2)
	-0.11
	0.16
	-0.69
	0.49

	dummy variable of knowledge-based type (production type 3)
	0.34
	0.73
	0.48
	0.63

	dummy variable of knowledge-based type (newbie type 1)
	0.32
	0.31
	1.04
	0.30

	dummy variable of knowledge-based type (newbie type 2)
	-0.13
	0.24
	-0.56
	0.57

	dummy working capital facility
	1.65
	0.32
	5.03
	0.00

	dummy prototyping facility
	2.06
	1.07
	1.92
	0.04

	dummy industrial production activities facility
	1.62
	0.35
	4.54
	0.00

	Intercept
	11.43
	3.12
	3.67
	0.00

	R2
	0.82
	F statistic
	26.43
	

	Adjusted R2
	0.76
	P value
	0.00
	


Source: research findings
Conclusion
This study investigates the transaction costs associated with financing knowledge-based companies through the Innovation and Prosperity Fund, based on data from 123 companies. The analysis identifies factors influencing these costs and suggests improvements to optimise the financing process for these companies.
Key Findings and Suggestions
1. Reduction of Document Requirements:
· Finding: Companies expressed dissatisfaction with the number of documents required during the acceptance stage, which significantly impacts time and costs.
· Recommendation: Streamline documentation to reduce the time and costs involved in the financing process.
2. Reducing Payment Stages and Monitoring:
· Finding: Multiple payment and evaluation stages are time-consuming, contributing to higher transaction costs.
· Recommendation: Minimise the number of payment and evaluation stages to improve efficiency and lower costs.
3. Collateral and Guarantee Costs:
· Finding: Notarising and securing collateral, especially real estate, are major contributors to transaction costs, which burden startups with fewer assets.
· Recommendation: Implement credit rating systems and explore alternative collateral options to reduce these costs.
4. Transaction Costs as a Percentage of Financing:
· Finding: Transaction costs represent 3.33% of the loan amount, adding to the overall financial burden.
· Recommendation: Revise the financing process to lower transaction costs and improve the fund’s efficiency.
5. Impact of Loan Size on Transaction Costs:
· Finding: Larger loans incur higher absolute transaction costs, but the cost as a percentage decreases. Smaller loans face disproportionately high transaction costs.
· Recommendation: Optimise processes for smaller loans to reduce file creation, acceptance, and collateral-related expenses.
6. Indirect Costs and Cost Distribution:
· Finding: Indirect costs, like document submission and evaluation, account for a large share of transaction costs, especially for leasing loans.
· Recommendation: Simplify approval processes and guidelines to reduce indirect costs.
7. Variation in Transaction Costs by Company Type:
· Finding: Transaction costs are similar across most knowledge-based company types, with the exception of manufacturing companies.
· Recommendation: Focus on general improvements that benefit all company types rather than sector-specific changes.
8. Comparison of Transaction Costs with Other Financing Sources:
· Finding: The Innovation Fund’s financing process is more time-consuming and expensive compared to other financing options.
· Recommendation: Align the fund’s processes with best practices from other sources to stay competitive.
9. Econometric Modelling of Transaction Costs:
· Finding: Larger loans lead to higher absolute transaction costs, but the transaction cost ratio decreases as loan size increases.
· Recommendation: Policies that encourage larger loans for certain companies could reduce the relative burden of transaction costs.
10. Impact of Delays on Transaction Costs:
· Finding: Delays between application and contract signing increase transaction costs due to opportunity costs.
· Recommendation: Focus on reducing waiting times in the application process to improve efficiency.
11. Payment Stages and Opportunity Costs:
· Finding: Increasing the number of payment stages raises transaction costs and opportunity costs for companies.
· Recommendation: Streamline payment and evaluation stages to lower transaction costs and opportunity costs.
12. Collateral Costs and Suggestions from Companies:
· Finding: Collateral, particularly real estate, is a heavy burden for knowledge-based companies reliant on intellectual property.
· Recommendation: Consider alternative collateral options, such as intellectual property or partial guarantees, to make funding more accessible.
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