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Does the efficiency of a firm's intellectual capital and working capital management affect its performance? 

Abstract: 

This study explores the efficiency of intellectual capital (ICE) and working capital management (WCME) in the GCC industrial 

sector and its potential impact on firm performance. The data were gathered from Standard & Poor's database from 2015 to 

2019. This study uses data envelopment analysis (DEA), regression analysis, and robustness tests to accomplish its aims. The 

results indicate that most firms do not employ their intellectual and working capital investments well and need improvement 

actions to achieve the best practices. The regression model results reveal that ICE and WCME significantly and positively 

influence firms' performance. The results of this study support the resource-based, trade-off, and pecking order theories. The 

study findings have important implications for many stakeholders; for example, they would be helpful for firm decision-makers 

in managing their investments in intellectual and working capital to achieve the best practices and improve a firm's 

performance. In addition, the findings would be helpful for financiers, because high-performance firms are likely to have more 

reasonable valuations that facilitate debt financing. Moreover, the findings have noteworthy implications for trading 

procedures as investors aspire to attractive economic returns for their investments in corporations that pasture ICE and WCME 

issues. Additionally, these findings have important implications for employee job satisfaction and retention by improving IC 

management. 

Keywords: Intellectual capital, working capital management, performance, relative efficiency, data envelopment analysis. 

1. Introduction 

Firms that desire to outshine in the business environment seek to employ available and limited resources to the best of their 

ability to achieve their goals. Because scarcity of resources is a significant limitation in the business environment, resource-

allocation theory assumes that firms pick the most economical methods for distributing production factors and allocating them 

to various productive activities to achieve maximum returns (Ferrier, 1994; Li & Cui, 2008). Therefore, firms that desire to 

excel attempt to use their tangible and intangible assets best. IC is an integral part of a firm’s resources to achieve value  from 

limited resources. Firms with high IC are expected to have better liquidity and risk management systems and are thus less 

likely to go bankrupt (Shahdadi et al., 2020). The literature argues that IC enables firms to achieve long-term competitive 

advantage and improve performance (Cenciarelli et al., 2018; Nadeem et al., 2017). In addition, Evans (2011) shows that 

optimization efficiency may play an integral role in a firm's existence, and failure to achieve this may adversely affect 

performance and customer loyalty. The extant literature commonly uses the value-added intellectual coefficient (VAIC) as a 

measure of IC, which includes an aggregate measure of the efficiency of employed capital (CEE), structural capital (SCE), 

and human capital (HCE). The presence of IC may be verified by the gap in the market-to-book ratio of firms Mouritsen et al. 

(2001); however, the annual report does not adequately cover its disclosures (Wang et al., 2016). For example, Carvalho et al. 

(2016); Nadeem et al. (2018); (Shahwan & Habib, 2020), further research is needed to highlight the importance of IC in 

different regions to establish a methodological framework for IC. 

Furthermore, WCM may be considered an opportunity to enhance a firm's value in doing business and deals if buyers and 

sellers prioritize it through a value-optimizing plan (PwC, 2019). While working capital is the balance of current assets after 

deducting current liabilities, WCM includes the management of accounts payables, inventory, and receivables. As confirmed 

in the literature, WCM is one of the main keys to a firm's success. For example, Deloof (2003); Tran et al. (2017) refer to 

WCM as an important strategy for improving profitability. Moreover, it can support a firm's risk management and enhance its 

value (Boisjoly et al., 2020; Habib, 2022). In addition, a conservative WCM approach involves higher investment in inventories 

and accounts receivables, which reduces the supply-related price and costs fluctuations, thus leading to less risk for firms 

(Fernández‐López et al., 2020; Shin & Soenen, 1998). Under this approach, profitability is achieved through sales growth and 

expansion of market share (Wang et al., 2020). Firms that adopt an aggressive WCM approach assume higher risk by reducing 

investments in inventories and credit terms to customers (Aktas et al., 2015). 

This study examines the differences in efficiencies related to IC and WCM for the GCC-listed industrial sector from 2015 to 

2019. It also investigates the impact of IC and WCM efficiency on firm performance in the GCC markets. The industrial sector, 

which is trying to diversify its revenue from the non-hydrocarbon sector, is a key contributor to the gross domestic product of 

this region. Environmental changes have pushed the GCC to care for continuous improvement processes to enhance its 

performance. Several studies have investigated the relationship between IC and WCM efficiency with a firm's performance; 

for example, Chamberlain and Aucouturier (2021); Gonçalves et al. (2018); Hamdan (2018); Isola et al. (2020); Kabuye et al. 

(2019); Kweh et al. (2021); Louw et al. (2019); Lyngstadaas (2020); Nadeem et al. (2017, 2018); Tiwari (2021); Vu Thi and 

Phung (2021), but there are limited or no studies measuring IC and WCM efficiencies using data envelopment analysis (DEA) 

in the context of GCC markets. 

This study contributes to the literature in several ways. Firstly, the critical role of WCM and IC for firms' success is illustrated, 

as the inefficient employment process may result in liquidity and financial distress issues for firms. Secondly, IC and WCM 

assessments are important to assist firms in addressing the inefficiency aspects and accomplishing the best practices. Thirdly, 

most prior studies have explored the efficiency levels of WCM and IC through individual dimensions (Akgün & Memiş 

Karataş, 2021; Bayraktaroglu et al., 2019; Soewarno & Tjahjadi, 2020; Zimon & Tarighi, 2021). Therefore, the current study 

has developed models for appraising the efficiency of WCM and IC using the DEA methodology, which picks out the most 

appropriate practice performance on the efficiency boundary curve instead of traditional methods such as ratio indicators, 
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which pick out the central tendencies' benchmarks. Fourthly, it is important to provide comparative information regarding 

WCM and IC performance to help stakeholders make appropriate decisions, thus extending the decision-makers’ perceptions 

and understanding of the inherent role of IC and WCM in firm performance and the need to develop appropriate policies and 

strategies to enhance IC and WCM to improve a firm's performance. Finally, publicly listed firms in GCC countries operate 

in environments with unique institutional, economic, and political characteristics (Dalwai et al., 2015). GCC countries are 

characterized by a hereditary monarchy that differentiates them through legal structures (Mazaheri, 2013). The GCC markets 

have also shifted their focus to achieving a diversified economy versus an oil-based economy to integrate with the international 

economy (Buallay et al., 2020). Therefore, firms seek to employ and optimize their WCM and IC to achieve best practices 

through their unique structures and objectives. The gaps in empirical studies highlight the need to appraise WCM and IC and 

verify their potential influence on firm performance (Dalwai & Salehi, 2021; Habib, 2022; Tarek & Rafik, 2020). Thus, 

supporting firms to obtain the best performance and excel in the business environment. 

The structure of this research article is as follows: Section 2 presents the literature review, Section 3 discusses the study's 

methodology, Section 4 presents the analysis of the results, and Section 5 concludes with findings and recommendations.  

2. Literature Review 

2.1 Theoretical background 

The literature on working capital discusses two major policies: the working capital investment (WCI) policy and the working 

capital financing (WCF) policy. WCI policy determines the level of current assets, measured as the ratio of current assets to 

total assets (Nazir & Afza, 2009). A high ratio indicates high investment in current assets in relation to total assets. Companies 

can adopt either aggressive or conservative WCI policy (Habib & Mourad, 2022). Under an aggressive WCI policy, firms run 

the risk of working capital inadequacy, as the investment in current assets is low (Habib & Mourad, 2022). The aggressive 

strategy provides higher liquidity to firms through low investment in receivables and inventory, but at the cost of low sales 

(Habib & Mourad, 2022). In comparison, the conservative WCI policy provides firms with higher investments in current assets 

but at a high cost of liquidity. Prior studies have reported that high investment in receivables and inventory ensures that firms 

have interruption-free production processes, good relationships with customers, and an overall increase in sales, but 

consequently results in high interest expenses affecting shareholders’ value (Aktas et al., 2015; Baños-Caballero et al., 2014; 

Habib & Mourad, 2022; Nabi et al., 2016). 

WCF policy determines the use of current liabilities to finance current assets and is measured as the ratio of current liabilities 

to total assets (ANG et al., 2014). Companies also have the option of adopting aggressive or conservative WCF policy. As per 

the aggressive financing policy, current assets are financed with short-term debt, whereas under the conservative financing 

policy, current assets are financed with long-term debt (Nabi et al., 2016). The use of current liabilities is found to be less 

costly but highly risky as companies are forced to settle short-term debt soon. Alternatively, the use of long-term liabilities is 

less risky, as it allows more time to settle the debt but carries the cost of high interest expense (Alrahamneh et al., 2020). 

A firm has three major motivations for holding cash, which are widely documented in academic literature. The transaction, 

precautionary, and speculative motives are all directed toward the line of thought process, which suggests that cash is 

advantageous for firms and is a strong buffer to alleviate liquidity shortages (Mun & Jang, 2015). Firms require cash to carry 

out normal activities, meet unforeseen events, and invest in profitable opportunities that may arise in the future (Martínez-Sola 

et al., 2018). Chang et al. (2017) indicate that, in theory, the cash held by a firm is offset between benefits and costs. In addition, 

trade-off and pecking order theories are widely used in finance. Trade-off theory suggests that an optimal level of cash is 

achieved with the balance of its associated costs and benefits  (Miller & Orr, 1966). Bahreini and Adaoglu (2018) claim that 

trade-off theory also suggests that firms should determine a certain level of the debt ratio, whereby any increase above this 

level would lead to financial issues. Pecking-order theory alternatively propagates no optimal level of cash holdings (Myers 

& Majluf, 1984). According to this theory, a firm in need of cash first depends on the internal source of funds. If external 

financing is required, debt is preferred to equity. Equity is associated with high issuing costs, making it costly in comparison 

to debt. Firms with high profitability have less external borrowing. 

The resource-based theory originated in the 1980s and became more prominent in the 1990s (Barney, 1991; Wernerfelt, 1984). 

The theory argues that firms can achieve sustainable competitive advantage by using resources with attributes of being 

“valuable”, “rare”, “non-substitutable” and “imperfectly imitable” (Hoskisson et al., 1999). These resources strengthen and 

leverage internal advantages and support neutralizing external environmental weaknesses (Habib & Kayani, 2022; Habib & 

Mourad, 2022). While a resource can be valuable as long as a few competitors possess it, its standalone may sometimes have 

little value, and a bundle of physical, human, and organizational capital is important for sustainable competitive advantage. 

Resource-based theory suggests that IC is one of the most critical intangible resources (Wright et al., 1994). According to 

resource-based theory, IC is a strategic resource that occupies two-thirds of a company’s assets and, when managed well, 

results in value generation (Grant, 1991). 

In addition, the resource-based view explains the relationship between IC and firm performance in several studies (Bataineh 

et al., 2022; Bhattacharjee & Akter, 2021; Ur Rehman et al., 2022). Unique resources, whether tangible or intangible, support 

firm performance (Habib & Kayani, 2022; Habib & Mourad, 2022). The resource-based theory explains how firms can utilize 

resources to attain competitive advantage and superior performance (Barney, 1991, 2001). Resources are critical for a firm, as 
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they might support satisfying customer needs and enable the firm to develop or implement strategies to improve its efficiency 

and effectiveness. Grant (1991) argues that IC can be considered a strategic asset that affects a firm's performance. 

2.2 The efficiencies of IC and WCM 

IC is the foremost driver of value achieved in knowledge-based economies. Achieving value does not depend only on utilizing 

physical and financial capital, but also on how IC is managed (Dalwai & Mohammadi, 2020). This makes it important to 

investigate measurement, efficiency management, and leveraging of IC practices (Dalwai & Mohammadi, 2020). 

Unfortunately, there are no accounting measures available (Bandt, 1999). IC exists in the relationships, structures, processes, 

and people of a firm. Employees’ training and development leads to IC acquisition (Bontis, 1998). However, agency costs can 

undermine ICE (Appuhami & Bhuyan, 2015). This may happen when opportunistic managers limit the obtainable cash flow 

for development and training by increasing their compensation-deemed agency costs. Agency costs contribute to information 

asymmetry; thus, shareholders cannot capture shares and more external funds are required for investment in IC.  

The prevailing consensus suggests that IC can be classified into three prime aspects: relational, structural, and human capital 

(Mouritsen et al., 2001; Nimtrakoon, 2015; Sveiby, 1997). The ICE has discussed being hard to identify, disclose, and measure 

through firm reporting (Buallay, 2018). While International Accounting Standard 38 addresses the measurement of intangible 

assets, it does not adequately address the various components of IC. Rahman (2012) argues that the weakness of traditional 

accounting practices leads to variations in the market and book value of firms. Over time, various alternatives have been 

proposed to appraise ICE, such as intangible asset proctors (Sveiby, 1997), the Skandia IC statement Edvinsson and Malone 

(1997), and VAIC Pulić (1998). 

According to Shahwan and Habib (2020), a precise estimate of efficiency is crucial for obtaining a competitive advantage, so 

it influences decision-makers to enhance the pure technical efficiencies or efficiency of scale, which leads to the optimization 

of organizational resources. Prior studies have measured relative efficiency using the DEA approach as an alternative to 

accounting indices. The DEA approach has been used to evaluate and benchmark ICE in various countries, including Austria 

(Leitner et al., 2005), Taiwan (Lu et al., 2010; Wu et al., 2006), Italy (Costa, 2012), Poland (Nitkiewicz et al., 2014), and 

Malaysia (Kweh et al., 2015). Based on prior studies that adopt the DEA approach to assess IC performance, the following 

hypothesis investigates the research objective of examining significant differences in IC efficiency: 

H1. On average, there were statistically significant differences in the efficiency of firms' IC over the study period. 

Furthermore, a firm has four critical decisions related to financial management: investment, financing, dividends, and liquidity 

(Paul & Mitra, 2018). WCM contributes to liquidity and short-term investment decision-making. Working capital is defined 

as the funds necessary to maintain a firm's operations (Akinlo, 2012). Owing to uncertainties, transaction costs, variations in 

production costs, or technological constraints, the magnitude of working capital for firms is not the same. However, they must 

maintain WCM appropriately and reasonably, because excessive amounts result in holding costs and idle funds. In contrast, 

inadequate funds can cause production and sales disruptions (Habib & Kayani, 2022; Habib & Mourad, 2022). 

Previous studies offer dichotomous recommendations for WCI. The first opinion suggests that firms can increase their value 

when holding a higher WCI, which increases sales and attracts more discounts due to early payments (Deloof, 2003). The 

competing view argues that firms are likely to go bankrupt with higher WCI, as they require more financing requirements with 

additional financing expenses (Kieschnick et al., 2013). The findings on WCME in India indicated high volatility of efficiency 

among companies and lacked expertise in liquidity management (Seth et al., 2021). Various components of WCM play a 

critical role in contributing to its efficiency. Firms need to make crucial decisions on the stock level to be maintained. de 

Almeida and Eid (2014) argue that working capital is an essential aspect of appraising a firm's free cash flows. Effective WCM 

would reduce a firm’s dependence on external funding, so cash can be released for further investment and to enhance financial 

flexibility. The firm administration continuously seeks to maintain optimal levels of working capital. At depressed levels of 

WCM, higher investment in working capital undertakes the invigorative sales process and discounts for speedy payment to 

suppliers. Nevertheless, after crossing a certain threshold, higher levels of WCI would incur further interest costs, eroding firm 

value (Baños-Caballero et al., 2014). 

Several studies have argued that traditional WCM ratios have certain limitations. For instance, current and quick ratios have 

been embraced to measure firms' liquidity levels (Shin & Soenen, 1998). Therefore, it has been slammed for its inherent static 

nature (Emery & Cogger, 1982; Habib, 2022; Habib & Kayani, 2022; Habib & Mourad, 2022). Alternatively, Richards and 

Laughlin (1980) proposed the adoption of cash conversion cycle (CCC), but this was slammed for being mathematically 

inaccurate, not focusing on funds tied up, and lacking differentiation in the weights appointed to each element of working 

capital. Goel and Sharma (2015) also reported issues with additional measure ratios, such as the weighted CCC, which has 

mathematical issues owing to the unavailability of pertinent data. The net trade cycle has an equal weight problem. To address 

these issues with traditional ratios, investigators have adopted alternative techniques for assessing WCME. DEA is one such 

measure that prior studies have relied on for assessing the WCME (Goel & Sharma, 2015, 2016; Habib, 2022; Habib & Kayani, 

2022; Habib & Mourad, 2022; Seth, Chadha, Ruparel, et al., 2020; Seth, Chadha, & Sharma, 2020; Seth et al., 2021). A study 

of Indian companies from 2004 to 2013 reported a continual improvement in WCME and pointed out that the DEA technique 

was useful in overcoming the limitations associated with traditional measures of WCME (Goel & Sharma, 2015, 2016). 

Furthermore, the analysis carried out for the Indian industrial firms from 2008 to 2019 demonstrated stability in WCME (Seth, 
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Chadha, & Sharma, 2020). Based on prior studies that adopt the DEA approach to assess WCM performance, the following 

hypothesis investigates the research objective of examining significant differences in WCM efficiency: 

H2. On average, there were statistically significant differences in the efficiency of firms' WCM over the study period. 

2.3 ICE and firm performance  

Effective management of IC has been motivated by its influence on a firm's performance and competitiveness (Bayraktaroglu 

et al., 2019). Gupta et al. (2020); Vishnu and Kumar Gupta (2014) investigated the link between the intellectual capital 

efficiency (ICE) and Indian pharmaceutical firms' performance. The findings indicate that ICE improves firm profitability. 

Even the sub elements of human capital and physical capital efficiency increase firms’ profitability. Similarly, the dynamic 

association between ICE and performance has been investigated in Australian-listed firms for over ten years (Clarke et al., 

2011; Nadeem et al., 2018). The ICE was positively influenced by the ROE and ROA of Australian firms, endorsing the 

resource dependency theory. A positive association was confirmed between ICE and accounting-based firm performance 

measures using a random fixed effects regression for Bahrain and Saudi Arabia (Hamdan, 2018). However, in the same study, 

the relationship was insignificant for market-based measures with ICE. Oman banks' performance in terms of ROA and ROE 

was not significantly influenced by ICE (Dalwai et al., 2018). HCE and CEE are associated with asset turnover and price for 

Indonesian-listed banks (Soewarno & Tjahjadi, 2020). Using an extended VAIC model, Bayraktaroglu et al. (2019) reported 

that the innovation capital of industrial firms in Turkey moderates the impact of structural capital on ROA and ROE. 

Isola et al. (2020) demonstrated a positive contribution of ICE to Nigerian bank performance. South Africa’s listed firms also 

suggest a positive impact of ICE on ROA, ROE, and price-to-book ratio (Nadeem et al., 2017). Additionally, ICE positively 

influences profitability for high-knowledge-based listed South African firms but negatively impacts productivity (Firer & 

Mitchell Williams, 2003). Duho (2020) suggests that HCE and VAIC drive the efficiency of Ghanaian non-listed firms and 

foreign banks and that large banks are more efficient than other banks. Seleim et al. (2007) advocated that certain types of 

human capital measures show a significantly positive association with the performance of software development firms.  

A comprehensive analysis of recent sample research articles investigating ICE's impact of ICEs on firm performance published 

from 2008 to 2022 is presented in Table 1. This review suggests that IC positively affects firm performance (Akkas & Asutay, 

2022; Aljuboori et al., 2022; Chatterjee et al., 2022; Dalwai & Salehi, 2021; Gupta et al., 2022; Hamdan, 2018; Isola et al., 

2020; Kweh et al., 2021; Lu et al., 2021; Maji & Hussain, 2021; Nkambule et al., 2021; Tiwari, 2021; Yousaf, 2021). A general 

trend suggests that many of these studies mostly investigate firms by sector in developing countries. Prior studies on GCC 

remain popular in the financial sector. Studies have mostly explored this relationship using secondary data, yet few have also 

used questionnaire methods. All studies with secondary data were analyzed using a regression analysis. Pulic’s VAIC model 

has been popular among studies. None of the studies used the DEA methodology to evaluate IC. Most studies report a positive 

relationship between IC and its components, and firm performance. The gap in the literature is prominent in terms of 

methodology, sector, region, and inconsistent findings. Accordingly, this study contributes to the gap between ICE studies and 

firm performance in the industrial sector. Based on the literature review, the following hypothesis investigates the research 

objective of examining the relationship between ICE and firm performance: 

H3a. ICE positively influences firms’ financial performance. 

H3b. ICE positively influences firms’ market value. 

2.4 WCME and firm performance 

Prior research has pointed to mixed results regarding the WCME and firm performance in developed countries (Wasiuzzaman, 

2015). While these investigations have been expansive for developed economies, they have only lately expanded to developing 

economies. In developing economies, the link between WCME and performance has been reported employing various proxies. 

Akinlo (2012) examined the association between WCME and the profitability of Nigerian firms for 10 years. The results were 

appraised using a fixed-effects approach and pooled model of ordinary least squares. The results indicate that ROA decreases 

when CCC increase, whereas ROA improves when CCC shortens. Altaf (2020) examined the significance of WCME on 

hospitals' performance. WCM is measured using WCF. The study concludes that WCM has a non-linear association with 

hospitals' performance. 

Wasiuzzaman (2015) concludes that Malaysian manufacturing firms demonstrate a negative association between working 

capital and ROA. The relationship for accounts payable was inconsistent with the hypothesized relationship. Wang et al. (2020) 

analyzed the WCME of Pakistani firms across the corporate life cycle. The findings indicate that growth in WCME leads to a 

decrease in ROA, regardless of life cycle stages. Soukhakian and Khodakarami (2019) analyzed whether WCME effectively 

enhances the performance of Iranian firms. The findings suggest that CCC is adversely linked to ROA, but when endogeneity 

is controlled for, there is no influential association between CCC and ROA. Thus, WCME contributes to firms' short-, but not 

long-term, performance indicators. 

A cross-country analysis was conducted to explore the link between WCM and firm value (Baños-Caballero et al., 2020). 

WCME is proxied by net working capital, calculated as the balance of inventories and accounts receivable after excluding 

payable accounts. The results indicate that NWC contributed significantly to improving firm value in nations with higher 

economic growth. Louw et al. (2019) contribute to the existing literature on WCME for South African retail and construction 
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firms. Using the cointegration technique and the Granger causality test, the findings indicate a positive influence between the 

WCME and profitability measures. This relationship is better for retail firms than for construction firms. Kabuye et al. (2019) 

used a questionnaire survey to examine the role of WCME and internal controls on the performance of supermarkets in Uganda. 

The findings suggest that WCME is a significant predictor of performance and that supermarkets with effective WCM also 

have better internal control, which enhances firm performance. Table 2 reviews the sample of recent research articles 

examining the impact of WCM on firm performance (Ameer & Othman, 2021; Anton & Afloarei Nucu, 2021; Chambers & 

Cifter, 2022; Dhole et al., 2019; EL-Ansary & Al-Gazzar, 2020; Enqvist et al., 2014; Mardones, 2021; Masri & Abdulla, 2018; 

Mun & Jang, 2015; Rey-Ares et al., 2021; Seth, Chadha, Sharma Satyendra, et al., 2020; Soukhakian & Khodakarami, 2019). 

The research area remains of interest for both developing and developed countries, specifically for the non-financial sector. 

The findings reported in these studies are mixed and interesting. The measurement of WCM takes the form of ratios in almost 

all studies. The secondary data analysis adopted in the extant literature is mostly performed using regression analysis. Prior 

studies demonstrate an evident gap in WCM measurements, and the findings related to the relationship with firm performance. 

Prior studies have argued the need for further research to investigate firms' physiognomies, such as the role of WCME in firms' 

performance (Habib, 2022; Habib & Kayani, 2022; Habib & Mourad, 2022; Kabuye et al., 2019). Based on the literature 

review, the following hypothesis investigates the research objective of examining the relationship between WCME and firm 

performance: 

H4a. WCME positively influences firms’ financial performance. 

H4b. WCME positively influences firms’ market value. 

3. Data and Methodology 

The methodology part of this study covers data collection, recognizing the study models used based on the DEA approach, 

determining the inputs and outputs of these models, and recognizing the study’s regression analysis and additional analyses.    

3.1 Data description: 

The data were gathered from Standard & Poor's database from 2015 to 2019. The initial sample consisted of 150 public firms 

listed in the industrial sector. These firms are located in GCC countries. Following Habib (2022); Habib and Kayani (2022); 

Habib and Mourad (2022); Pastor and Ruiz (2007); Portela et al. (2004), negative data values and lack of data restrict the DEA 

model's ability to conduct the analyses. Therefore, 110 companies were precluded. Accordingly, the final decision-making 

units (DMUs) consist of 40 industrial firms with 200 firm-year observations. Notably, the current DMUs size in this study is 

suitable for implementing DEA methodology. According to Cooper et al. (2007); Sarkis (2007), the DMUs size must be more 

than three times that of the model variables. Two models were developed in this study. The first model appraises the ICE 

consisting of three inputs and two outputs, whereas the second appraises the WCME consisting of four inputs and two outputs. 

3.2 Study models and variables measurement: 

3.2.1 DEA efficiency models: 

Various methodological techniques, such as stochastic frontier, deterministic frontier, and mathematical programming 

techniques, have been employed to evaluate the efficiency of DMUs; however, mathematical programming is distinguished 

by being non-parametric, thus providing better flexibility and ease of use (Cooper et al., 2007; Habib & Shahwan, 2020; 

Mourad, 2022; Mourad et al., 2022; Olesen & Petersen, 2016; Wu et al., 2013). 

One well-known mathematical programming application is the DEA approach, which depends on mathematical programming 

to estimate the relative efficiency scores of DMUs. DEA is a non-parametric approach that does not mandate presumptions 

regarding the data distribution or weights of the underlying production function (Cooper et al., 2007; Dalei & Joshi, 2020; 

Ganji & Rassafi, 2019; Habib, 2022; Habib & Kayani, 2022; Habib & Mourad, 2022; Mourad et al., 2021; Nitkiewicz et al., 

2014; Pourhejazy et al., 2022; Shahwan & Habib, 2020, 2021; Tone, 2001, 2016). In addition, DEA models offer a quantitative 

evaluation of how efficiency can be achieved by using input and output data. For example, the DEA model is useful for 

evaluating the cash utilization efficiency of listed biomedical companies in China (Qu et al., 2019), airline efficiency in China 

and India (Yu et al., 2019), product deletion decisions (Pourhejazy et al., 2022), technical efficiency of refineries (Dalei & 

Joshi, 2020), Austria’s firm performance (Leitner et al., 2005), Taiwan’s firm performance (Lu et al., 2010; Wu et al., 2006), 

Italian firms’ performance (Costa, 2012), Polish firms’ performance (Nitkiewicz et al., 2014), and Malaysia’s firm performance 

(Kweh et al., 2015). This study uses the DEA methodology for efficiency analysis because of its flexibility and accuracy in 

analyzing the relationship between multiple outputs and inputs, as the current analysis involves multiple dependent variables, 

that is, outputs, and the DEA approach efficiently analyzes the relationship between outputs and inputs variables through an 

adopted model (Avkiran, 2011; Desta, 2016; Habib & Mourad, 2022; Mourad et al., 2022; Seth, Chadha, & Sharma, 2020; 

Shahwan & Habib, 2020; Yu et al., 2019). In addition, the concentration of the methodology for optimization is considered a 

well-known mathematical programming application that targets the best practice of efficiency, and it can provide essential 

information for DMUs for continuous improvement that may support inefficient units to reach the best practices (Habib & 

Kayani, 2022; Habib & Shahwan, 2020; Long Kweh et al., 2013; Mourad et al., 2021; Mourad et al., 2022; Pourhejazy et al., 

2022; Qu et al., 2019; Shahwan & Habib, 2021; Tone, 2016) 
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To estimate efficiency through the DEA methodology, we need a collection of inputs and outputs germane to the research's 

primary objective, as the DMUs are expected to deliver a set of outputs according to a set of employed inputs germane to the 

research's primary objective (Cooper et al., 2007; Fixler et al., 2014; Habib & Kayani, 2022; Habib & Mourad, 2022; Ozcan, 

2014). By reviewing many previous studies related to IC, as demonstrated in the literature review section, the inputs for 

estimating ICE should incorporate items that account for a considerable portion of IC investments or substantially impact IC. 

Further, each DMU invests in IC to preserve consistency and improve efficiency. Thus, DMUs that care about the efficiencies 

of employed capital, human capital, and structural capital can be regarded as more efficient (Appuhami & Bhuyan, 2015; 

Chatterjee et al., 2022; Dalwai & Mohammadi, 2020; Isola et al., 2020; Shahwan & Habib, 2020). Following the 

aforementioned literature review, the current study model related to IC employs the efficiencies of capital employed (CEE), 

human capital (HCE), and structural capital (SCE) as inputs, and the market-to-book ratio (M/B) and return on assets (ROA) 

as outputs. Similarly, by reviewing many previous studies related to WCM, as demonstrated in the literature review section, 

this study adopts items that account for a considerable portion of WCM investments or substantially impact WCM as inputs 

variables. Following the literature review, the current study model bonded to WCM employs inventory (INV), cost of goods 

sold (COGS), accounts receivables (ACR), and accounts payable (ACP) as inputs, and net revenue (REV) and net income 

(INC) as outputs. Table 3 presents the definitions of the DEA models variables.  

[Insert Table 3 here] 

Following (Cooper et al., 2007; Habib, 2022; Mourad et al., 2021; Mourad et al., 2022; Ozcan, 2014; Shahwan & Habib, 

2021), the efficiency scores based on the DEA model are obtained by solving the next linear optimization model: 

where Θ signifies the relative-efficiency score, i.e., the ICE or WCME depending on the model used; xiu denote the inputs 

values i to unit u, yru  denote the outputs values r to unit u, and xi0  and yr0 represent the contracted inputs and outputs 

respectively of the DMU currently rated, and λu denote the optimal weights to be attached to unit u. By applying the above-

mentioned model to assess ICE, the model includes CEE, HCE, and SCE as inputs, and M/B and ROA as outputs. 

Correspondingly, to assess the WCME, the model includes the INV, COGS, ACR, and ACP as inputs, and REV and INC as 

outputs. 

3.2.2 Regression model: 

Following the firms' relative efficiency evaluated via the DEA approach, we conducted a multilinear regression to identify the 

potential statistical influence of ICE and WCME on the financial and market measures of DMUs. Specifically, we use ROA 

and return on equity (ROE) as profitability measures, and Tobin's Q as a measure of DMU market value. According to the 

literature (Appuhami & Bhuyan, 2015; Buallay, 2018; Costa, 2012; Dalwai & Mohammadi, 2020; Dalwai & Sewpersadh, 

2021; Isola et al., 2020; Shahwan & Habib, 2020), we controlled for three variables: firm size (SIZE), which was measured by 

the natural logarithm of total assets; financial leverage (LEV), which was measured by dividing the DMU's total liabilities by 

its shareholders' equity; and firm age (AGE) as a proxy for learning, which was measured by the natural logarithm of the 

DMU's age since inception. Accordingly, the following regression model describes this study's dependent, independent, and 

control variables. 

Where yit represents DMUs performance as measured by (ROA)it, (ROE)it, and (Tobin′s Q)it for each firm i at time t; ROA 

is defined by dividing a DMU's net income by its total assets; ROE is defined by dividing a DMU's net income by its 

shareholders' equity; Tobin′s Q  is defined by dividing a DMU's total market value by its total assets; ICE is a score of IC 

efficiency via the DEA approach for a firm i at time t; WCME is a score of WCM efficiency via the DEA approach for a DMU's 

i at time t; SIZE, LEV, and AGE are the control variables as described above; β0 is a constant; β1, β2, β3, β4, β5 describes the 

coefficients; and εit points to an error idiom. 

4. Results and discussion 

4.1 Descriptive statistics  

Table 4 presents the descriptive statistics for the regression model variables. In GCC industrial sector, the average of ICE and 

WCME are 0.62 and 0.82, with a standard deviation of 0.28 and 0.19, respectively. According to the study results, the 

𝑚𝑎𝑥 𝛩 

(1) 

subject to 

∑ 𝜆𝑢𝑥𝑖𝑢 ≤ 𝑥𝑖0                           𝑖 = 1, … , 𝑠

𝑛

𝑢=1

 

∑ 𝜆𝑢𝑦𝑟𝑢 ≥ 𝛩𝑦𝑟0

𝑛

𝑢=1

                     𝑟 = 1, … , 𝑚 

∑ 𝜆𝑢

𝑛

𝑢=1

= 1 

𝜆𝑢 ≥ 0                                          𝑢 = 1, … , 𝑛 

𝑦𝑖𝑡 = 𝛽0 + 𝛽1(𝐼𝐶𝐸)𝑖𝑡 + 𝛽2(𝑊𝐶𝑀𝐸)𝑖𝑡 + 𝛽3(𝑆𝐼𝑍𝐸)𝑖𝑡 + 𝛽4(𝐿𝐸𝑉)𝑖𝑡 + 𝛽5(𝐴𝐺𝐸)𝑖𝑡 + 𝜀𝑖𝑡 (2) 
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percentages of efficient DMUs concerning ICE and WCME are only approximately 20% and 37.5%, respectively. This 

indicates that most DMUs in the GCC industrial sector do not employ their intellectual and working capital investments well, 

and need improvement actions to achieve the best practices. According to the study results, these actions are related to 

fundamental improvements in CEE, HCE, SCE, sales, working capital. In addition, the average SIZE, LEV, and AGE are 5.74, 

0.95, and 3.27, with a standard deviation of 1.49, 1.05, and 0.56, respectively. Additionally, the average ROA, ROE, TobinsQ 

are 0.07, 0.13, and 2.13, with a standard deviation of 0.06, 0.12, and 3.99, respectively. 

[Insert Table 4 here] 

4.2 DEA models results 

Table 5 summarizes the relative efficiency scores for all the DMUs under analysis using the DEA-ICE model. The results 

indicated that the ICE was approximately 59.2%, 62.9%, 56.2%, 62.7%, and 64.8% (on average) for the study years from 2015 

to 2019, respectively. The results indicate that 34, 32, 34, 29, and 32 firms over the study period from 2015 to 2019 appear 

inefficient and require corrective action to reach the frontier curve and achieve the best practices.  

[Insert Table 5 here] 

Table 6 summarizes the relative efficiency scores for all DMUs under analysis using the DEA-WCME model. The results 

indicated that the WCME was approximately 85.8%, 83.6%, 82.4%, 78.5%, and 78% (on average) for the study years from 

2015 to 2019, respectively. The results indicate that 23, 25, 24, 27, and 26 firms over the study period from 2015 to 2019 

appear inefficient and require corrective action to reach the frontier curve and achieve the best practices. 

[Insert Table 6 here] 

Table 7 reveals a complemental statistical test verifying influential differences in DMUs' DEA scores through the sign and 

Wilcoxon tests over the analysis period. Table 7, Panel A, indicates a statistically influential difference in the DEA-ICE scores 

between 2015-2016 and 2016-2017 at a significance level of 0.01. In addition, the results showed that the difference was 

significant between 2017-2018 at a 0.1 significance level and was insignificant between 2018 and 2019. Accordingly, H1 is 

partially supported. Conversely, Panel B indicated no statistical difference in the DEA-WCME scores over the study period at 

a significance level of 0.05. Accordingly, H2 is not supported. 

[Insert Table 7 here] 

4.3 Regression models results 

Data gathered for several DMUs over a period are known as longitudinal data, i.e., pooled or panel. The type of assessment of 

a model must be determined first, as the data are longitudinal. The F-timer (Chow) test was employed to determine whether 

the study model should be determined using panel data or ordinary least squares (Salehi et al., 2019; Salehi et al., 2018). The 

results indicated no variation between the calculated coefficient for Individual mass and the calculated coefficients for 

individual cross-section (P-value < 0.05).  

[Insert Table 8 here] 

Table 8 shows pairwise correlations and multicollinearity verification. Panel A presents pairwise correlation results for the 

study variables. WCME is significantly and positively correlated with ICE. SIZE negatively correlated with ICE and positively 

correlated with WCME. LEV is negatively correlated with ICE and WCME. AGE is negatively correlated with ICE, but 

insignificantly correlated with WCME. The results show no explanatory variables with coefficients greater than 0.8. Panel B 

confirms that multicollinearity did not emerge between the explanatory variables, as the highest variance inflation factor (VIF) 

value is 1.68 with a tolerance value of 0.59. 

[Insert Table 9 here] 

Regression analysis was used to determine the factors affecting the DMUs performance. Table 9 shows the heteroscedasticity-

corrected estimates. The results reveal a significant and positive influence of ICE and WCME on ROE and ROA at the 0.01 

significance level, which lends support to the resources-based theory that suggests improvement in firm performance due to 

the efficient use of its resources and also supports the conservative WCI policy that advocates a higher firm performance with 

more investment in current assets. Therefore, hypotheses H3a and H4a are supported. In addition, the results reveal a significant 

and positive influence of ICE on Tobin's Q at the 0.01 significance level, which lends support to the resources-based theory 

that suggests improvement in firm performance due to the efficient use of its resources. Therefore, the H3b hypothesis is 

supported. Moreover, the results reveal a significant and positive influence of WCME on Tobin's Q, but at a 0.1 significance 

level. Therefore, H4b was not supported at a significance level of 0.05. This indicates the influential role of ICE and WCME 

in enhancing firm performance and achieving a competitive advantage. Simultaneously, the effects of SIZE and AGE were 

negatively significant with performance measures at a significance level of 0.05. Additionally, the effect of LEV was only 

positively significant for ROE and Tobin's Q at a 0.01 significance level. According to prior studies, ICE findings are consistent 

with former evidence, for example, Hamdan (2018); Isola et al. (2020); Nadeem et al. (2017, 2018). In addition, the WCME 

findings are consistent with prior evidence, for example, Habib (2022); Kabuye et al. (2019); Louw et al. (2019); Seth, Chadha, 

Ruparel, et al. (2020); Seth, Chadha and Sharma (2020); Seth et al. (2021). 
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4.4 Additional analyses results 

4.4.1 DEA models robustness 

A robustness test was performed to determine the validity of the study results. Following, e.g., Fixler et al. (2014); Habib 

(2022); Habib and Kayani (2022); Habib and Mourad (2022); Habib and Shahwan (2020); Mourad et al. (2021), the interior-

validity test has been executed to validate study results. Accordingly, the Mann–Whitney U test was used to explore whether 

variable elimination sequentially followed a significant difference in the essential DEA model scores. Moreover, Spearman 

rank correlation between the fundamental and adjusted DEA models was also carried out. 

[Insert Table 10 here] 

Panel A of Table 10 presents the validity tests of the DEA-ICE model. Using Spearman correlation, the results show that 

efficiency ranks are not significantly altered at a significance level of 0.01. Moreover, the Mann–Whitney U test results 

confirmed that excluding CEE, SCE, and HCE from the DEA-ICE model had no significant influence on coherence at a 

significance level of 0.05. Furthermore, a comparison between the inherent model results through the output orientation and 

the adjusted model results through the input orientation was carried out to enhance the validity results. According to Panel B, 

the Spearman correlation results indicate that the efficiency ranks are not significantly altered at a significance level of 0.01. 

In addition, the Mann–Whitney U test showed that the distributions for both models had similar patterns. Based on the 

preceding section, the adopted DEA-ICE model refers to the internal validity of the model. 

On the other side, panel C exhibits the validity tests of the basic DEA-WCME model. Using Spearman correlation, the results 

show that the efficiency ranks are not significantly altered at a significance level of 0.01. Moreover, the Mann–Whitney U 

results confirmed that excluding INV, ACR, ACP, and COGS sequentially from the DEA-WCME model had no significant 

influence on coherence at a significance level of 0.05. Moreover, panel D shows that the efficiency ranks are not significantly 

altered at a 0.01 significance level between the inherent model via output orientation and the adjusted model results via input 

orientation. Besides, the Mann–Whitney U test showed that distributions for both models have a similar pattern. 

[Insert Table 11 here] 

The external validity test was executed to confirm the solidity of the results across time, as demonstrated in Table 11. 

Accordingly, the Kruskal–Wallis H test was performed to explore consistency. Panels A and B show the results, indicating 

that the DEA-ICE and DEA-WCME distributions have the same shape over time. Furthermore, the Spearman correlation 

results indicated that scores were not significantly altered at a 0.01 significance level of 2015–2019. Hence, the distribution of 

DEA efficiency models does not seem to differ significantly across time. 

4.4.2 Regression models robustness 

Robustness tests were performed by using additional analyses to examine the validity of the findings. Robustness tests were 

performed to compare the basic model results with those obtained from additional techniques and models. Table 12 presents 

the generalized least squares (GLS) estimator. The results demonstrate that the coefficients of all the study variables are in the 

same direction and significance as those of the basic analysis. Accordingly, the results demonstrated greater confidence and 

robustness. 

[Insert Table 12 here] 

Moreover, regression analyses were performed with first-order autoregressive disturbance AR(1) to verify that the results did 

not change with the use of additional techniques. Table 13 demonstrates that the coefficients of all the study variables are in 

the same direction and significance as those of the basic analysis. Accordingly, the results demonstrate greater confidence and 

robustness. 

[Insert Table 13 here] 

5. Conclusion and Policy Implications 

Improving efficiency is essential for firms to achieve their goals. This study explores the efficiency of IC and WCM in the 

GCC industrial sector and its potential impact on firm performance. The results indicate that most firms in the GCC industrial 

sector do not employ their intellectual and working capital investments well, and need improvement actions to achieve the best 

practices. According to the results, these actions are related to fundamental improvements in CEE, HCE, SCE, sales, and 

working capital. In addition, the results indicate that ICE and WCME play important roles in enhancing firm performance and 

achieving a competitive advantage. These results are consistent with prior research showing that improvements in ICE and 

WCME lead DMUs' to achieve better performance (Hamdan, 2018; Isola et al., 2020; Kabuye et al., 2019; Louw et al., 2019; 

Nadeem et al., 2017, 2018; Seth, Chadha, Ruparel, et al., 2020; Seth, Chadha, & Sharma, 2020; Seth et al., 2021). 

The results of this study support theoretical assumptions that are widely popular in finance, such as resource-based, trade-off, 

and pecking order theories. Resource-based theory suggests that firms would utilize their resources to attain competitive 

advantage and superior performance (Barney, 1991, 2001). The current results support resource-based theory, showing that 

ICE and WCME lead firms to achieve better performance. Therefore, firms should efficiently employ their intellectual and 

working capital resources to achieve superior performance. Trade-off theory suggests that firms should operate efficiently to 
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achieve an optimal level of cash with the balance of its associated costs and benefits through WCM. Firms should operate 

efficiently, whereby any increase above this level leads to financial issues (Bahreini & Adaoglu, 2018; Ghazouani, 2013; 

Jahanzeb et al., 2013). In addition, the Pecking-order theory suggests that firms would first depend on internal sources of funds 

for their investments to improve performance; therefore, firms should first operate efficiently to achieve the optimal level of 

liquidity through WCM (Jahanzeb et al., 2013; Serrasqueiro & Caetano, 2015). 

The findings of this study have important implications for various stakeholders. For example, the findings would be helpful 

for firm decision-makers in managing their investments in intellectual and working capital, as the findings indicate that firms 

need to make a set of fundamental improvements in CEE, HCE, SCE, sales, and working capital to achieve the best practices, 

thus extending the decision-makers’ perceptions and understanding of the inherent role of IC and WCM in firm performance 

and the need to develop appropriate policies and strategies to enhance IC and WCM to improve a firm's performance. In 

addition, these findings would be helpful for financiers, as many empirical studies discern the positive effect of profitability 

on a firm’s leverage (Addae et al., 2013; Bauer, 2004; Singh & Bagga, 2019). Therefore, high-performance firms are likely to 

have more reasonable valuations to facilitate debt financing. Moreover, the findings have important implications for trading 

strategies as investors seek attractive economic gains from their investments in firms that care about WCM and IC issues. 

Moreover, these findings have important implications for employee job satisfaction and retention. Longo and Mura (2011); 

Torre et al. (2021) show that IC positively affects job attitudes related to job satisfaction and retention. Therefore, these findings 

may help managers design and develop appropriate policies and strategies to improve IC management. 

This study had some limitations that should be addressed in future research. The impact of the coronavirus crisis on ICE and 

WCME was not considered in this study and should be investigated in future studies. In addition, future examinations should 

include other sectors and factors, such as capital structure, environmental, social, and governance (ESG) criteria, managerial 

ability, and real earnings management, which are noteworthy features of firms' policies and strategies. 
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Table 1 

Summary of studies investigating the relationship between IC and firm performance 
 

 

 

Authors 
Period of 

study 

Region 

of study 
Sample size Industry 

Dependent 

variables 
Independent variables Methodology Conclusion 

Gupta et al. (2022) 2009-2018 India 82 firms Pharmaceutical 
ROA, ROE, 

ROS, Tobin's Q 
VAIC, HCE, SCE, CEE Pooled regression 

IC positively impact firm performance. 

CEE drives firm performance. 

Akkas and Asutay 

(2022) 
2012-2020 GCC 

24 Islamic and 

32 

Conventional 

banks 

Banks ROE, ROA VAIC, HCE, SCE, CEE Pooled regression 
HCE and CEE have a positive relationship 

with firm performance. 

Chatterjee et al. 

(2022) 
2018 India 

328 

respondents 

from 12 firms 

Top 1000 

companies in 

2019 

Firm 

performance 

IC, Human Capital (HC), 

Structural Capital (SC), 

Customer Capital (CC) 

Questionnaire; 

Partial least square 

(PLS) – Structural 

equation 

modelling (SEM) 

SC, HC and CC positively impact firm 

performance  

Aljuboori et al. 

(2022) 
2021 Malaysia 280 responses SME 

Firm 

performance  

IC, Human Capital (HC), 

Structural Capital (SC), 

Customer Capital (CC) 

SEM 
IC improves innovation capabilities and 

subsequently increases firm performance. 

Kweh et al. (2021) 2010-2018 Vietnam 

1,395 firm 

year 

observations 

Listed companies 

Corporate 

performance – 

ROA, StoNED 

framework 

IC, HC, SC, RC 

Regression 

analysis with firm-

year cluster-robust 

standard errors 

HC, SC and RC contribute to high 

corporate efficiency, while HC and RC 

contribute to high corporate profitability 

Nkambule et al. 

(2021) 
2012-2016 US 246 firms 

Multinational 

software 

companies 

Firm efficiency 

using DEA 

HC, innovation capital (IC), 

process capital (PC), CC 

Hierarchical 

regression analysis 

IC has a positive impact on firm 

performance  

Dalwai and Salehi 

(2021) 
2015-2019 Oman 

380 firm year 

observations 
Industrial  ROA, ROE A-VAIC OLS regression 

IC does not influence firm performance. 

SCE positively influences ROA.  

Yousaf (2021) 2015-2019 Czech 226 firms 

Construction, 

manufacturing, 

automobile 

ROA, ROE, 

ATO 
VAIC, HCE, SCE, CEE Pooled regression IC positively impact firm performance 

Maji and Hussain 

(2021) 
2005-2018 India 37 firms 

Commercial 

banks 

ROA, ROE, 

NIM 

VAIC, 

Technical efficiency (Input 

oriented DEA model) 

System GMM, 

Quantile 

regression 

Positive relationship between technical 

efficiency and firm performance, IC and 

firm performance  

Lu et al. (2021) 2014-2018 China 
575 

observations 

Firms accepting 

VCS funding 
ROA, ROE VAIC OLS, GMM 

IC has a positive impact on firm 

performance 

Tiwari (2021) 2009-2018 India 459 firms Healthcare ROA VAIC, MVAIC Panel regression 
IC is positively related to firm 

performance 

Isola et al. (2020) 2008-2017 Nigeria 14 firms Banks ROA, ROE HCE, SCE and CEE 
Random effect 

regression 
IC positive impact firm performance 

Hamdan (2018) 2014-2016 

Saudi 

Arabia & 

Bahrain 

198 firms Various sectors ROA, Tobin's Q HCE, SCE and CEE OLS 

Positive relationship for HCE, SCE and 

CEE with ROA. No relationship of the IC 

components with TobinQ.  
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Table 2 

Summary of studies investigating the relationship between WCM and firm performance 
 

 

Authors 
Period of 

study 

Region 

of study 
Sample size Industry 

Dependent 

variables 
Independent variables Methodology Conclusion 

(Chambers & 

Cifter, 2022) 
2004-2019 

109 

countries 
2696 firms 

Hospitality and 

tourism  
ROA CCC 

Two step system 

GMM 

WCM and ROA have positive linear 

relationship for sports firms. U-

relationship is observed for 

accommodation, food and travel firms. 

Anton and Afloarei 

Nucu (2021) 
2007-2016 Poland 

719 listed 

firms 

Non-financial 

firms 
ROA WCM ratio and its square OLS 

WCM and firm profitability has an 

invested U-relationship 

Mardones (2021) 2000-2018 
Latin 

America 
461 companies 

Non-financial 

firms 
ROE, Tobin's Q 

Working capital investment 

to total assets (WKM) 
OLS 

The relationship between WKM and firm 

performance is positive and non-linear 

relationship 

Rey-Ares et al. 

(2021) 
2010-2018 

Spain 

 
377 companies Fish canning 

ROA 

ROE 

Days sales outstanding 

(DSO), Days Inventory 

Outstanding (DIO), Days 

Payables Outstanding (DPO), 

CCC 

Dynamic Panel 
Inverted U-relationship for DSO and DIO 

with economic profitability 

Dhole et al. (2019) 2000-2016 Australia 
4422 firm year 

observations 
Non-financial  Share Price Cash ratio, CCC Regression  

Higher valuation with efficient WCM 

even if its firms have financial constraints 

Masri and Abdulla 

(2018) 
10 years Bahrain 10 firms 

Start-up retailer 

and its 

competitors  

Profitability 

Accounts receivable, 

Accounts payable, Inventory 

levels  

Multiple objective 

stochastic 

program, 

regression 

Accounts payable and accounts receivable 

has positive impact on profitability, 

Inventory has negative impact on 

profitability 

EL-Ansary and Al-

Gazzar (2020) 
2013-2019 MENA 

134 listed 

firms 
Consumer goods ROA, ROE Net working capital 

GMM regression 

analysis 

NWC levels has non-linear effect on 

ROA, no effect on ROE 

Seth, Chadha, 

Sharma Satyendra, 

et al. (2020) 

2008-2019 India 
212 listed 

firms 
Manufacturing 

Net sales, profit 

after tax 

Firm-specific determinants, 

WCM efficiency 

Data Envelopment 

analysis, Structural 

Equations 

Modelling 

Leverage has an indirect negative effect on 

firm performance through WCM 

 

Enqvist et al. 

(2014) 
1990-2008 Finland 

1136 firm-year 

observations 

All listed 

companies 

ROA, Gross 

Operating 

Income (GOI) 

CCC Regression 
Negative relationship between CCC and 

corporate profitability 

Mun and Jang 

(2015) 
1963-2012 USA 298 firms Restaurant ROA Working capital rate (WCR) OLS 

Inverted U-shape relationship between 

working capital and profitability 

Ameer and 

Othman (2021) 
2005-2017 

New 

Zealand 
76 firms 

All listed firms 

except financial, 

real estate and 

information 

technology firms   

ROA 

Q Ratio 

Net trade cycle (NTC), 

Number of accounts 

receivable days (ARD), 

Number of accounts payable 

days (APD), number of 

inventory days (IND) 

Pooled OLS 
Non-linear relationship between NTC and 

ROA 

(Soukhakian & 

Khodakarami, 

2019) 

2010-2016 Iran 111 firms 
Manufacturing 

firms 

ROA, refined 

economic value 

added (REVA) 

CCC OLS, 2SLS 
Negative relationship between ROA and 

REVA 
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Table 3 

Variables definition 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Model Variable Definition 

In
te

ll
ec

tu
al

 c
ap

it
al

 

Capital employed efficiency (CEE) 

Percentage of value added (VA) to capital employed (CE) at the end of year t, 

as VA is the sum of operating profits, total employee costs, depreciation, and 

amortization, and CE is the physical and financial capital employed and is equal 

to the balance of the assets after excluding goodwill and intangibles. 

Human capital efficiency (HCE) 
Percentage of VA to human capital (HC) at the end of year t, as HC is the total 

cost of employees. 

Structural capital efficiency (SCE) 
Percentage of structural capital (SC) to VA at the end of year t, as SC is a 

difference between VA generated by the DMU and its HC. 

Market-to-book (M/B) Percentage of DMU market capitalization to its book value at the end of year t. 

Return on assets (ROA) Percentage of DMU net income to its total assets at the end of year t. 

W
o

rk
in

g
 c

ap
it

al
 

m
an

ag
em

en
t 

Inventory (INV) Book value of inventory at the end of year t. 

Cost of goods sold (COGS) Book value of the cost of goods sold of year t. 

Accounts receivables (ACR) Book value of accounts receivables at the end of year t. 

Accounts payable (ACP) Book value of accounts payable at the end of year t. 

Net revenue (REV) Book value of net revenue of year t. 

Net income (INC) Book value of net income of year t. 
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Table 4 

Descriptive statistics 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variables Obs Mean Std. dev. Min Max 

ICE 200 0.6225 0.2845 0.0995 1.0000 

WCME 200 0.8164 0.1899 0.3923 1.0000 

SIZE 200 5.7370 1.4855 2.4336 8.9858 

LEV 200 0.9550 1.0454 0.0445 6.0923 

AGE 200 3.2700 0.5587 1.9459 4.2195 

ROA 200 0.0735 0.0622 0.0007 0.3878 

ROE 200 0.1273 0.1179 0.0014 0.8103 

Tobin's Q 200 2.1270 3.9892 0.2137 36.681 
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Table 5 

ICE relative efficiency scores summary 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DMU 2015 2016 2017 2018 2019 DMU 2015 2016 2017 2018 2019 

DSM:AHCS 0.464 0.466 0.482 0.373 0.440 KWSE:MUBARRAD 1.000 0.688 0.685 0.649 0.460 

ADX:ADAVIATION 0.433 0.563 0.422 0.421 0.483 SASE:9510 0.947 1.000 1.000 1.000 1.000 

KWSE:AGLTY 0.999 1.000 0.795 0.856 0.867 DFM:TABREED 0.315 0.432 0.386 0.403 0.545 

MSM:AACT 0.680 0.398 0.376 1.000 0.604 KWSE:CLEANING 0.111 0.196 0.152 0.201 0.232 

MSM:AMCI 0.730 0.832 0.607 0.560 0.657 ADX:NMDC 0.274 1.000 0.232 0.257 0.447 

ADX:ALQUDRA 0.503 0.702 0.383 1.000 1.000 MSM:OCAI 0.549 0.634 0.362 0.455 0.527 

SASE:2320 0.492 0.711 0.531 0.585 0.421 MSM:OIFC 0.589 0.448 0.999 1.000 0.965 

SASE:4141 0.401 0.741 0.446 1.000 1.000 MSM:ONES 0.212 0.179 0.214 0.125 0.233 

BAX:APMTB 1.000 0.981 1.000 1.000 1.000 DSM:QIMD 1.000 0.903 1.000 1.000 1.000 

SASE:4110 0.625 1.000 0.664 0.694 0.468 DSM:QNNS 0.355 0.360 0.224 0.204 0.421 

KWSE:CGC 0.213 0.397 0.144 0.174 0.298 AIM:RAI 1.000 1.000 1.000 0.743 1.000 

DFM:DIC 0.744 1.000 0.582 0.328 0.380 SASE:4031 0.822 0.863 0.679 0.886 0.795 

DSM:GWCS 0.475 0.508 0.409 0.413 0.571 SASE:2190 0.245 0.322 0.315 0.438 0.459 

KWSE:HAYATCOMM 0.121 0.195 0.149 0.099 0.099 SASE:4040 0.708 0.617 1.000 1.000 0.999 

DSM:IQCD 1.000 1.000 1.000 1.000 1.000 BAX:BASREC 0.502 0.703 0.723 0.659 0.892 

KWSE:INTEGRATED 0.568 0.874 0.705 0.914 0.778 KWSE:KCPC 0.341 0.566 0.298 0.423 0.637 

DSM:IGRD 0.739 0.986 0.196 0.351 0.389 SASE:4260 0.985 0.649 0.575 0.706 0.894 

KWSE:JAZEERA 1.000 1.000 0.854 1.000 0.806 KWSE:UPAC 0.639 0.950 0.876 0.728 0.771 

KWSE:LOGISTICS 0.322 0.402 0.307 0.281 0.199 MSM:VOES 0.483 0.629 0.499 1.000 0.999 

KWSE:PCEM 0.562 0.806 0.778 0.827 1.000 
Mean 0.592 0.629 0.562 0.627 0.648 

DSM:MCCS 0.520 0.676 0.409 0.314 0.194 
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Table 6 

WCME relative efficiency scores summary 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DMU 2015 2016 2017 2018 2019 DMU 2015 2016 2017 2018 2019 

DSM:AHCS 0.799 0.811 0.974 0.957 0.915 KWSE:MUBARRAD 1.000 1.000 1.000 1.000 1.000 

ADX:ADAVIATION 0.968 0.883 0.878 0.846 0.877 SASE:9510 0.678 0.498 0.440 0.444 0.434 

KWSE:AGLTY 1.000 1.000 1.000 1.000 1.000 DFM:TABREED 1.000 1.000 1.000 1.000 1.000 

MSM:AACT 0.782 0.764 0.541 0.495 0.511 KWSE:CLEANING 0.604 0.579 0.585 0.578 0.570 

MSM:AMCI 0.605 0.776 1.000 0.564 0.497 ADX:NMDC 0.732 0.631 0.695 0.702 0.690 

ADX:ALQUDRA 0.963 0.898 1.000 0.684 1.000 MSM:OCAI 1.000 0.928 0.893 0.942 0.884 

SASE:2320 0.799 0.770 0.781 0.678 0.701 MSM:OIFC 1.000 0.799 0.538 0.473 0.503 

SASE:4141 1.000 0.737 0.398 0.395 0.425 MSM:ONES 0.662 0.621 0.607 0.623 0.573 

BAX:APMTB 1.000 1.000 1.000 1.000 1.000 DSM:QIMD 0.615 0.751 1.000 0.839 0.652 

SASE:4110 0.853 0.980 0.862 0.829 0.652 DSM:QNNS 1.000 1.000 1.000 1.000 1.000 

KWSE:CGC 0.660 0.668 0.695 0.701 0.667 AIM:RAI 0.708 0.702 0.560 0.565 0.569 

DFM:DIC 0.952 1.000 1.000 0.985 0.998 SASE:4031 1.000 1.000 1.000 1.000 1.000 

DSM:GWCS 1.000 0.907 0.919 1.000 1.000 SASE:2190 1.000 1.000 0.898 1.000 1.000 

KWSE:HAYATCOMM 0.510 0.502 0.519 0.518 0.493 SASE:4040 1.000 1.000 1.000 0.795 0.929 

DSM:IQCD 1.000 1.000 1.000 1.000 1.000 BAX:BASREC 0.999 1.000 1.000 0.392 1.000 

KWSE:INTEGRATED 1.000 0.886 0.912 1.000 0.675 KWSE:KCPC 0.530 0.532 0.594 0.686 0.642 

DSM:IGRD 0.710 0.702 0.683 0.646 0.598 SASE:4260 0.952 1.000 1.000 1.000 1.000 

KWSE:JAZEERA 1.000 1.000 1.000 1.000 1.000 KWSE:UPAC 1.000 1.000 1.000 1.000 1.000 

KWSE:LOGISTICS 0.796 0.791 0.834 0.797 0.689 MSM:VOES 0.610 0.637 0.605 0.554 0.545 

KWSE:PCEM 0.810 0.668 0.667 0.803 0.681 
Mean 0.858 0.836 0.824 0.785 0.780 

DSM:MCCS 1.000 1.000 0.877 0.893 0.849 
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Table 7 

Wilcoxon and Sign test results 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Panel A: The DEA-ICE model 

Relative efficiency change 
Wilcoxon test Sign test 

Z-statistic P-value Z-statistic P-value 

2015 to 2016 -2.964 0.003** -3.288 0.001** 

2016 to 2017 -3.749 0.000** -3.617 0.000** 

2017 to 2018 -1.687 0.092* -1.352 0.176 

2018 to 2019 -1.342 0.180 -1.543 0.123 

Panel B: The DEA-WCME model 

2015 to 2016 -1.753 0.080* -1.323 0.186 

2016 to 2017 -0.456 0.648  0.000 1.000 

2017 to 2018 -1.388 0.165 -0.913 0.361 

2018 to 2019 -1.617 0.106 -1.323 0.186 

Note: *p < 0.1, and **p < 0.01. 
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Table 8 

Pairwise correlations and multicollinearity verification 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Panel A: Pairwise correlations 

Variables ICE WCME SIZE LEV AGE 

ICE 1.0000     

WCME 0.1331* 1.0000    

SIZE -0.1449** 0.4866*** 1.0000   

LEV -0.2813*** -0.2124*** 0.0707 1.0000  

AGE -0.2354*** -0.1161 0.3278*** 0.2831*** 1.0000 

Panel B: Variance inflation factor and tolerance 

VIF 1.15 1.57 1.68 1.19 1.33 

Tolerance 0.8711 0.6352 0.5943 0.8425 0.7545 

Note: *p < 0.1, **p < 0.05, and ***p < 0.01. 



24 

 

Table 9 

Regression results 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variable 
(1) (2) (3) 

ROA ROE Tobin's Q 

ICE 
0.089*** 0.142*** 2.323*** 

(0.008) (0.014) (0.385) 

WCME 
0.060*** 0.128*** 1.025* 

(0.014) (0.023) (0.593) 

SIZE 
-0.010*** -0.017*** -0.244*** 

(0.002) (0.003) (0.079) 

LEV 
-0.001 0.033*** 0.305*** 

(0.002) (0.005) (0.112) 

AGE 
-0.009** -0.023*** -0.474*** 

(0.004) (0.006) (0.139) 

_cons 
0.051*** 0.066** 1.996*** 

(0.015) (0.028) (0.757) 

Obs. 200 200 200 

R-squared 0.557332 0.566098 0.330323 

Adjusted R-squared 0.545923 0.554915 0.313063 

F(5, 194) 48.85026*** 50.62113*** 19.13834*** 

Note: *p < 0.1, **p < 0.05, and ***p < 0.01; Standard errors in the model are reported 

in parentheses. 
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Table 10 

Results of the robustness tests 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Panel A: DEA-ICE model  

Variable Removed 
Average 

Efficiency Score  

Efficient 

DMUs (%) 

Spearman Rank 

Correlation Sig. 

Mann  

Whitney U Sig. 

None 0.623 20 --- --- 

CEE 0.450 12.5 0.890** 0.080 

HCE 0.583 17.5 0.949** 0.201 

SCE 0.595 17.5 0.919** 0.507 

Panel B: Output-oriented vs. input-oriented model 
Spearman Rank Correlation Sig. 0.748** 

 
Asymp. Sig. (Mann-Whitney U) 0.164 

Panel C: DEA-WCME model 

Variable Removed 
Average 

Efficiency Score 

Efficient 

DMUs (%) 

Spearman Rank 

Correlation Sig. 

Mann  

Whitney U Sig. 

None 0.816 37.5 --- --- 

INV 0.797 32.5 0.931** 0.572 

ACR 0.778 27.5 0.926** 0.290 

ACP 0.779 30 0.880** 0.385 

COGS 0.663 30 0.798** 0.170 

Panel D: Output-oriented vs. input-oriented model 
Spearman Rank Correlation Sig. 0.958** 

 
Asymp. Sig. (Mann-Whitney U) 0.813 

Note: **p < 0.01 
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Table 11 

Distribution variance of efficiency scores over the study period 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Period 
Panel A: The DEA-ICE model Panel B: The DEA-WCME model 

Spearman Rank 

Correlation Sig. 

Kruskal Wallis 

H Sig. 

Spearman Rank 

Correlation Sig. 

Kruskal Wallis 

H Sig. 

2015 to 2016 0.724** 

0.377 

0.819** 

0.414 
2016 to 2017 0.797** 0.513** 

2017 to 2018 0.661** 0.630** 

2018 to 2019 0.582** 0.674** 

Note: **p < 0.01 
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Table 12 

GLS Regression analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variable 
(1) (2) (3) 

ROA ROE Tobin's Q 

ICE 
0.054*** 0.103*** 1.721** 

(0.014) (0.027) (0.769) 

WCME 
0.093*** 0.228*** 2.930** 

(0.024) (0.045) (1.272) 

SIZE 
-0.015*** -0.032*** -1.698*** 

(0.004) (0.008) (0.340) 

LEV 
-0.004 0.058*** 1.936*** 

(0.004) (0.008) (0.253) 

AGE 
-0.029*** -0.062*** -1.727* 

(0.010) (0.021) (0.927) 

_cons 
0.150*** 0.209*** 12.206*** 

(0.040) (0.081) (3.237) 

Obs. 200 200 200 

R-sq    

      within 0.1128 0.3097 0.4125 

      between 0.6001 0.4876 0.1808 

      overall 0.4461 0.4184 0.2004 

Note: *p < 0.1, **p < 0.05, and ***p < 0.01; Standard errors in the model are reported 

in parentheses. 
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Table 13 

Regression analysis with AR(1) disturbances 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variable 
(1) (2) (3) 

ROA ROE Tobin's Q 

ICE 
0.059*** 0.110*** 1.548** 

(0.014) (0.027) (0.749) 

WCME 
0.089*** 0.214*** 2.501** 

(0.024) (0.046) (1.277) 

SIZE 
-0.015*** -0.031*** -1.576*** 

(0.004) (0.008) (0.327) 

LEV 
-0.003 0.057*** 1.772*** 

(0.004) (0.008) (0.270) 

AGE 
-0.027*** -0.057*** -1.526* 

(0.010) (0.020) (0.889) 

_cons 
0.140*** 0.192** 11.511*** 

(0.037) (0.075) (3.113) 

Obs. 200 200 200 

R-sq    

      within 0.1038 0.3033 0.4158 

      between 0.6162 0.4998 0.1802 

      overall 0.4537 0.4246 0.1994 

Note: *p < 0.1, **p < 0.05, and ***p < 0.01; Standard errors in the model are reported 

in parentheses. 


