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FINANCIAL ECONOMICS | RESEARCH ARTICLE

Intellectual capital – bank efficiency nexus: 
evidence from an emerging market
Tu DQ Le1,2*, Trang NT Ho3,4, Dat T Nguyen1,2 and Thanh Ngo1,5

Abstract:  This paper investigates the effect of intellectual capital (IC) and its 
components on the efficiency of Vietnamese commercial banks from 2007 to 2019 
using the two-step Data Envelopment Analysis approach. Banks’ efficiency scores 
are firstly estimated, while the relationship between IC and bank efficiency is 
examined in the second stage. The results indicate a positive relationship between 
IC and banks’ pure technical efficiency, allocative efficiency, and total cost effi
ciency. When observing the effect of IC decompositions, the findings show that only 
human capital enhances all types of bank efficiency. Furthermore, bank size and 
liquidity risk are significant drivers of Vietnamese bank efficiency. Therefore, our 
findings suggest that bank managers should focus on intellectual capital, particu
larly human capital, to strengthen bank efficiency further.

Subjects: Microeconomics; Banking; Credit & Credit Institutions 

Keywords: Intellectual capital; bank efficiency; DEA; physical capital; human capital; 
structural capital

JEL classification: G21; G28; G30

1. Introduction
The growth of innovation and technologies and an increasingly competitive environment have 
made knowledge-based resources crucial in creating value and substituting the traditional factors 
of firms’ production (Al-Musali & Ismail, 2016; Xu & Li, 2019). In which intellectual capital is seen as 
a critical resource that could ensure a firm achieves superior economic, financial, and market 
performance (Sannino et al., 2021) and thereby determine an organization’s success under the 
resource-based view (RBV) paradigm (Barney, 1991). Since intellectual capital provides additional 
value to the organization and is considered one of the key sources of sustainable competitive 
advantage, this topic has attracted much attention from academic researchers and practitioners 
(Rehman, Bresciani et al., 2021).

Indeed, intellectual capital (IC) is even more relevant to the banking sector because it helps to 
identify the degree of a bank’s performance in comparison to its rivals (Meles et al., 2016; Ting 
et al., 2021). Tran and Vo (2018) also provided some explanations on the appropriateness of IC in 
the banking industry. Because banking operations heavily rely on customers and bank products are 
not manufactured goods, banks must offer the highest quality and various services to customers 
to survive. Banks have intensively invested in human resources, brand names, systems, and 
processes. Given that IC is a multi-dimensional resource of experience, knowledge, and practical 
capabilities, it would help banks enhance their effectiveness and efficiency, thus maintaining long- 
term competitive advantage.
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The evidence of the relationship between IC and bank performance is mixed. Early studies focus 
on bank performance using accounting/market-based measures (e.g., return on assets, return on 
equity, Tobin’s Q ratio). Several studies using bank data in developed markets have shown that IC 
is a significant determinant of bank performance (Bollen et al., 2005; Clarke et al., 2011; Joshi et al., 
2013; Meles et al., 2016; Mention & Bontis, 2013; Riahi-Belkaoui, 2003; Ståhle et al., 2011; Tan et al., 
2007; Youndt et al., 2004; Zeghal & Maaloul, 2010). In the same vein, several studies in emerging 
markets have claimed the same conclusion (Firer & Williams, 2003; Goh, 2005; Le, Nguyen, 
McMillan et al., 2020; Mondal & Ghosh, 2012; Pendo, 2020; Poh et al., 2018; Singh et al., 2016; 
Smriti & Das, 2018; Tran & Vo, 2018)

Lotto (2019) stated that operating efficiency is one of the crucial factors determining bank 
success. However, the evidence of IC on bank efficiency is relatively scanty (Adesina, 2019; 
Duho, 2020; Ting et al., 2021; Vidyarthi, 2019; Vidyarthi & Tiwari, 2019). The literature in IC 
components-bank efficiency nexus also yields confounding findings. Several studies have indicated 
a negative relationship between relation capital and bank efficiency (Ting et al., 2021), while others 
have found opposite findings (Mondal & Ghosh, 2012). The insignificant impact of IC components 
on bank efficiency is also documented by Tandon et al. (2016), Alhassan and Asare (2016), and 
Mention and Bontis (2013). Due to different measures of bank efficiency used and significant 
differences in regulatory and economic environments in which banks have operated, evidence 
on IC–bank efficiency nexus is inconclusive. This study will revisit this matter using the Vietnamese 
banking system in its distinguished setting.

Vietnam boasts one of the leaders in the economic performance of the Association of Southeast 
Asian Nations (ASEAN), with an average annual economic growth of 6.2% from 2007 to 2019. It is 
not surprising that this country is classified as Asia’s next dragon. As the financial market is still 
developing, the remarked growth of the Vietnamese economy is attributed to the banking system. 
Maintaining efficiency is one of main concerns of academics and practitioners and Vietnamese 
authorities. Because the literature argues that IC is one of the increasingly crucial factors con
tributing to the success of banks, this necessitates investigating whether IC has any effect on bank 
efficiency in Vietnam. Since Vietnam entered World Trade Organization in 2007, the presence of 
foreign banks in the market has increased the challenge to the growth of local banks’ deposits and 
loans, thus, may affect their efficiency. To overcome this challenge, banks should pay more 
attention to IC as their long-term goal (Le, Nguyen, McMillan et al., 2020).

This study contributes to the literature in several ways. Most prior studies have examined the 
effect of IC on bank performance using accounting measures, whereas our study looks at the 
relationship between IC and bank efficiency. Although a few studies have considered the effect of 
IC on bank efficiency (Ting et al., 2021; Vidyarthi, 2019; Vidyarthi & Tiwari, 2019), the evidence in 
emerging markets, especially ASEAN region, is limited. Thus, this study will provide 
a comprehensive understanding of the impact of intellectual capital on the efficiency of the 
banking system. To the best of our knowledge, this research is the first attempt to examine the 
relationship between IC (and its components) and bank efficiency (e.g., cost efficiency, technical 
efficiency and allocative efficiency) in Vietnam using a two-stage DEA framework. This study, 
therefore, provides significant implications for bank managers and policymakers.

Using panel data of 30 commercial banks in Vietnam between 2007 and 2019, the findings show 
a positive effect of IC on bank efficiency. When observing IC components, the results indicate that 
only human capital can stimulate three types of bank efficiency. Additionally, allocative efficiency 
is positively affected by capital employed efficiency and structural capital efficiency.

The remainder of this paper is structured as follows. Section 2 reviews the relevant literature. 
Section 3 describes the methodology and data employed for the study. Section 4 discusses 
empirical results while Section 5 concludes this study.
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2. Literature review
One may argue that an individual firm in each industry sector has a heterogeneous set of tangible/ 
physical (e.g., property, plant, equipment, physical technologies, production facilities, and raw 
materials) and intangible resources (competencies, capabilities, skills, tacit and explicit knowledge, 
culture, relationships, brands, and patents). The resource-based view paradigm suggests that 
these resources constantly contribute to an organization’s value creation (Barney, 1991). 
Alternatively, a firm’s resources and capabilities can result in superior performance and competi
tive advantage (Rehman, Ashfaq et al., 2021). In which IC, as one of important firm’s resources, 
plays a crucial roles in the value generating process (Barney, 1991; Kamath, 2007; Sannino et al., 
2021). Therefore, many empirical studies have attempted to examine whether IC could improve 
bank performance. Note that understanding the definition of IC is important since it will determine 
how IC can be measured.

It is acknowledged that the concept of intellectual capital remains controversial (Marr & 
Moustaghfir, 2005). Different disciplines and perspectives from various fields (e.g., economics, 
strategy, finance, accounting, human resources, reporting and disclosure, marketing, and commu
nication) define IC differently. More specifically, Giacosa et al. (2017) argued that IC addresses 
knowledge-related difficulties in businesses. Additionally, Sullivan (2000) defined IC as the total 
value of intangible assets that are not declared in the corporate’s balance sheet, while Bontis 
(1998) considers IC as the stock of knowledge in an organization. Ghe and Burz (2008) asserted 
that IC could convert knowledge into value-generating resources. In a broad view, IC is described 
as knowledge-related intangible assets that comprise intellectual resources, intellectual property, 
and intellectual competencies (F.-C. Chen et al., 2014).

Given various definitions and data availability, several traditional measurements of IC and its 
components have been proposed and applied in multiple disciplines. In particular, Saint-Onge 
(1996) and Stewart (2007) conceptualized IC as the sum of human capital, structural capital, 
and customer capital. Bontis (1998), however, classified IC into financial capital, human capital, 
and structural capital. Alternatively, several papers categorize IC as human capital, structural 
capital, and relational capital (Kujansivu, 2005; Petty & Guthrie, 2000; Sveiby, 1997). Following 
most prior studies on intellectual capital, we focus on one of the most common approaches as 
proposed by Pulic (2004) or the so-called value-added intellectual coefficient (VAIC).1 This method 
is widely used in many sectors and industries by assuming that the value creation efficiency in 
organizations is the contribution of all organization’s resources (e.g., human capital, physical 
capital, and structural capital).

Using the VAIC framework, many studies have attempted to investigate the association between 
the IC and bank performance and yielded conflicting results. Meles et al. (2016) found a strong 
positive correlation between IC and bank performance. This finding is in line with the studies of 
Bollen et al. (2005); M. C. Chen et al. (2005); Clarke et al. (2011); Diez et al. (2010); Ng (2006); Tan 
et al. (2007); Tovstiga et al. (2007); Wang et al. (2005); Youndt et al. (2004), Zeghal and Maaloul 
(2010), Anifowose et al. (2017), Joshi et al. (2013), Mehralian et al. (2012), Tiwari and Vidyarthi 
(2018), Rehman, Elrehail, Alsaad and Bhatti (2021), and Rehman, Ashfaq et al. (2021). By contrast, 
studies by Firer and Williams (2003), Gan and Saleh (2008), Ståhle et al. (2011), Williams et al. 
(2011), and Zeghal and Maaloul (2010) have failed to prove that organizations with a good source 
of human capital, well-established capital structures, and well-organizational processes boost 
firm’s performance.

In contrast to using conventional measures of bank performance, bank efficiency has received 
much attention from academic research. This inspires several studies to examine the effect of 
intellectual capital on bank efficiency. Vidyarthi and Tiwari (2019), using a panel of 37 Indian 
banks, indicated the positive but minimal impact of the aggregate IC on cost efficiency, revenue 
efficiency, and profit efficiency. This result is comparable with Adesina (2019), who claims the 
positive effect of IC on banks’ efficiency in 31 African countries. When observing the IC 
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components, Onumah and Duho (2020) concluded that human capital is the main determinant of 
pure technical and cost efficiencies in Ghana, while profit efficiency is positively affected by human 
capital efficiency and capital employed efficiency. Similarly, Duho (2020) demonstrated the posi
tive relationship between IC and bank efficiency, and human capital is the main driver. On the 
other hand, Ting et al. (2021) suggested that bank branches’ efficiency in Taiwan is not affected by 
human capital and structural capital but is negatively associated with relational capital. Due to the 
mixed evidence of the effect of IC in emerging markets, especially the ASEAN region, this study 
revisits this disagreement in the context of the Vietnamese banking system

It is acknowledged that limited studies examine the impact of intellectual capital on either bank 
profitability (Le, Nguyen, McMillan et al., 2020; Tran & Vo, 2018) or bank risk (Nguyen et al., 2021). 
It is argued that the resources from IC, in the form of experience, knowledge, and practical 
capabilities, may contribute to banks’ efficiency, but their direct impacts have received little 
attention (Vidyarthi and Tiwari (2019); Dumay (2016)). By assessing the impact of IC on bank 
efficiency (e.g., cost efficiency, technical efficiency, and allocative efficiency), this study will offer 
a better understanding of the effect of IC in the Vietnamese banking system.

3. Methodology and data
This study examines the relationship between intellectual capital and bank efficiency using a two- 
stage Data Envelopment Analysis (DEA) approach. In the first stage, bank efficiency is estimated 
using DEA. In the second stage, bank efficiency scores are then regressed against intellectual 
capital estimated from VAIC framework as proposed by Pulic (2004) while controlling for other 
factors.

3.1. Measuring bank efficiency—the DEA approach
It is worth noting that bank efficiency is primarily calculated using either the parametric method 
(stochastic frontier approach—SFA) and the non-parametric method (Data Envelopment Analysis 
—DEA; Berger & Mester, 1997). Bauer et al. (1998) argue that there is no best method to measure 
efficiency. Weill (2004) affirms the well-matched average efficiency scores measured by DEA and 
SFA approaches. Similarly, Çelik (2012) emphasize that both SFA and DEA results are similar. 
Indeed, each of them has its own advantages and disadvantages as documented by many studies 
such as Ho et al. (2021), Le et al. (2021). DEA is selected to measure bank efficiency in our study 
since it does not required a priori production function and is more appropriate to our small sample 
size (Boubaker et al., 2022).

DEA was firstly developed by Farrell (1957) and extended by Charnes et al. (1978). The two major 
DEA models, constant returns to scale (CRS) and variable returns to scale (VRS), are widely used in 
many empirical studies. This study uses input-oriented DEA under variable returns to scale (VRS) 
assumption to estimate bank cost efficiency (Le, 2018; Le, 2020; Le et al., 2021; T. Ngo & Le, 2019; 
T. Ngo & Tripe, 2017). Consequently, the VRS cost minimization DEA model is constructed as 
follows: 

Min∑kWjkXjk (1) 

Subject to 

Xjk � ∑iXikλi"k 

Yjs � ∑iYisλi"s 
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∑n
i¼1 λi ¼ 1 

λ � 0 

where j = 1, 2, 3, . . ., n denotes the number of Vietnamese banks, using a vector of j inputs 
Xi = (Xi1; . . . ;XikÞ for which they pay prices Wi = (Wi1; . . . ;WikÞ to generate a vector of s outputs 
Yi = (Yi1; . . . ; YisÞ; Yi1; . . . ; YisÞ illustrates the vector of input and output weights.

The optimal value of input demand vector X�j = (X�j1; . . . ;X�jkÞ to minimize costs for bank j with the 
given input prices W can be identified by solving the linear programming problem (1). The cost 
efficiency (CEj) of bank j is measured by the proportion of the minimum cost and the actual cost: 

CEj ¼
C�j
Cj
¼

∑kWjkX�jk
∑kWjkXjk

(2) 

Following Sealey and Lindley (1977), banks are seen as an intermediary employing personnel and 
physical capital to transform deposits into earning assets. As a result, net loans (Y1) and other 
earning assets (Y2) are the two outputs, and total funding (X1), fixed assets (X2), and personnel 
expenses (X3) are used as three inputs. In addition, the corresponding prices of inputs are financial 
capital price (W1), physical capital price (W2), and labour price W3ð Þ, respectively.

3.2. Measuring bank intellectual capital and its decompositions
The VAIC literature suggests different approaches to measuring IC.2 However, the conventional 
VAIC methodology is used in this study as it provides standardized and consistent measures (Shiu, 
2006). The conventional VAIC methodology is assessed as an innovative approach both theoreti
cally and methodologically, and it does not contradict or modify any of the fundamental principles 
of accounting (Iazzolino & Laise, 2013).

Following Pulic (2004), Meles et al. (2016), and Tran and Vo (2018), and Le, Nguyen, McMillan 
et al. (2020), the value-added intellectual coefficient (VAIC) is estimated as follows: 

VAICit ¼ CEEit þ HCEit þ SCEit (3) 

where CEEit denotes the capital employed efficiency; HCEit represents the human capital effi
ciency; HCEit is the structural capital efficiency.

Furthermore, the estimation of the total value added (VA) is necessary to measure the VAIC 
decompositions. Following Le, Nguyen, McMillan et al. (2020), the total value added is obtained as 
VAit ¼ OPit þ PCit þ Ait where OPit is a bank’s operating profit; PCit denotes personnel expenses 
(salaries, wages, and other benefits), and Ait is the bank’s amortization and depreciation. Once 
VAit is estimated, the VAICit elements are calculated as follows: CEEit = VAit/CEit where CEit is 
measured as the book value of equity. HCEit = VAit/HCit, where HCit refers to staff cost. SCEit = 
SCit/VAit, where SCit represents structural capital and is calculated as SCit=VAit/HCit.

3.3. Model specifications
In the next stage, the cost efficiency scores as derived from the DEA approach are regressed 
against IC, (its subcomponents in a separated model), and other explanatory variables. Following 
Adesina (2019), Batir et al. (2017), Meles et al. (2016), our following baseline model is formed: 

EFF ¼ αþ β1VAICjt þ δBVjt þ θCVjt þ εjt (5) 
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Where EFF is bank efficiency (TE, AE, and CE) derived from the input-oriented DEA method (see, 
section 3.1); VAIC is intellectual capital (see, section 3.2); BVjt and CVjt are the vectors of bank- 
specific features and macroeconomic factors, respectively. The subscript j represents a bank (j = 1, 
2, . . ., 30) while t, ε denote the time trend and the error term, respectively. When considering the 
effect of IC components, VAIC in equation (5) is replaced by HCE, CEE, and SCE (see, section 3.2)

For bank-specific characteristics, bank size (SIZE) and liquidity risk (LATA) are used. SIZE; as 
measured by the natural logarithm of total assets, is used to control for bank size. Large banks 
with market power should pay less for their inputs, thus improve their efficiency (Le, 2018). Dietrich 
and Wanzenried (2014) however contend that smaller banks can improve their performance 
because of reducing the asymmetric information problems. SIZE; , the liquid assets to total assets 
ratio, is used to control for the effect of liquidity risk (Sharma et al., 2013). Sharma et al. (2013) 
state that holding more liquid assets tends to reduce bank performance. By contrast, banks that 
hold more liquid assets are less likely defaulted, thus improving bank performance (Bordeleau & 
Graham, 2010; Le, 2017c).

For macroeconomic variables, BSDev; as measured by the ratio of domestic credit extended to 
the private sector by banks to GDP is used to control for the impact of banking sector expansion 
(Adesina, 2019). The Herfindahl-Hirschman Index (HHIA), calculated by the sum of the squared 
market shares of each bank’s assets for a particular year, is proxied for market concentration3 

(García-Herrero et al., 2009). HHIA is close to 0 for a perfectly competitive market and equals 1 in 
the case of a monopoly. A lower (higher) value of HHIA means a higher (lower) competition level. 
We use the annual GDP growth rate (GDP) to examine the influences of economic expansion on 
bank efficiency (Haris et al., 2019). Finally, the annual inflation rate (INF) is employed to control for 
inflation consequences (Perry, 1992).

Because the value of bank efficiency score ranges between 0 and 1, the Tobit regression is 
recommended to overcome this limitation (Kumbhakar & Lovell, 2000). The Tobit model also 
account for the features of the distribution of efficiency metrics and thereby, producing consistent 
results (Sufian & Noor, 2009). Following Adesina (2019); Batir et al. (2017); Shaban and James 
(2018), the Tobit regression (so-called one-sided censored Tobit model) is used to accommodate 
for the narrow [0, 1] range of efficiency values as derived from DEA approach in the first stage 
which are then regressed against with VAIC and its sub-components in the second stage.

To avoid the endogeneity problem that may arise (e.g., the probability of causality between bank 
efficiency and market concentration and other determinants), the system GMM proposed by 
Arellano and Bover (1995) is used for robustness checks. The GMM estimator accounts for unob
served heterogeneity and the persistence of the dependent variable into consideration (Arellano, 
2002), thus producing consistent parameters. In other words, the use of ample instruments results 
in estimated coefficients more efficient (Le, 2021a; Le et al., 2022; Le & Ngo, 2020).

3.4. Data
Note that several criteria on data collection were applied. Banks with more than five years of data 
are only included to examine the effect of intellectual capital on bank efficiency. Also, only local 
commercial banks are chosen to ensure homogenous among DMUs in DEA because they are the 
most active players, while foreign bank affiliates, wholly foreign-owned banks and joint-venture 
banks are relatively constrained to operate in the Vietnamese market (Le, 2020, 2021b; Le et al., 
2019). This thus arrives at a panel data of 30 Vietnamese commercial banks from 2007 to 2019 
which accounted for more than 80% of total assets in the industry. Due to several bank mergers 
over the studied period,4 this arrives at an unbalanced panel with 378 observations. Bank-specific 
information is obtained from banks’ financial statements on consolidated basis following 
Vietnamese Accounting Standards and the database constructed by Le et al. (2022). 
Macroeconomic indicators are taken from the World Bank Database.
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Table 1 presents the descriptive statistics for all variables over the period 2007–2019. A mean (a 
standard deviation) of TE, AE, and CE are 0.720 (0.196), 0.727 (0.149), and 0.537 (0.216) 
respectively.5 The key independent variable, VAIC, has the mean of 4.783 and the standard 
deviation of 2.279. Moreover, the mean (standard deviation) values of IC sub-elements, CEE, 
HCE, and SCE are 0.299 (0.138), 3.816 (2.124), and 0.669 (0.280) correspondingly.

In addition, variance inflation factors (VIF) test is used to examine the potential multicollinearity 
problem in this study.6 The correlation matrix among variables used is displayed in Table 2. 
Together, these results confirm no multicollinearity issues.

4. Empirical results

4.1. Intellectual capital and bank efficiency
Table 3 illustrates the effect of IC on bank efficiency over the period 2007–2019, using the Tobit 
regression.

The positive coefficients on VAIC in all models suggest that intellectual capital can improve bank 
cost efficiency and its decompositions (pure technical efficiency and allocative efficiency). This 
finding supports the view of the RBV theory that intellectual resources play a critical role in bank 
performance. This finding is comparable with those of Onumah and Duho (2020), Vidyarthi (2019), 
and Vidyarthi and Tiwari (2019), who found that intellectual capital as a significant value-creating 
resource can improve business activities, thus strengthening their efficiency and generating higher 
returns.

Regarding bank-specific variables, the coefficients on SIZE in all models imply that larger banks 
are more efficient than smaller counterparts. This finding is comparable with the studies by Peng 
et al. (2017), Vu and Nahm (2013), and Assaf et al. (2011). Two main explanations are provided. 
First, large banks can lower costs of their inputs if it associates with market power. Second, large 
banks may have the advantage of increasing returns to scale by either allocating fixed costs over 
a greater volume of services or obtaining efficiency gains from a specialized workforce (Hauner, 
2005). Additionally, the positive coefficients on LATA in three modes suggest that more liquid 

Table 1. Descriptive statistics of variables
Obs Mean STD Min Max

TE 378 0.720 0.196 0.300 1

AE 378 0.727 0.149 0.261 1

CE 378 0.537 0.216 0.131 1

VAIC 378 4.783 2.279 −2.452 19.784

CEE 378 0.299 0.138 −0.047 0.827

HCE 378 3.816 2.124 −0.737 18.636

SCE 378 0.669 0.280 −2.768 2.356

SIZE 378 31.881 1.433 28.493 34.762

LATA 378 0.316 0.130 0.099 0.681

HHIA 378 0.003 0.007 0 0.059

BSDev 378 1.091 0.173 0.829 1.379

GDP 378 0.062 0.007 0.052 0.071

INF 378 0.076 0.063 0.006 0.231

Notes: TE, pure technical efficiency; AE, allocative efficiency; CE, Overall cost efficiency; VAIC, value-added intellectual 
coefficient; CEE, Capital employed efficiency; HCE, human capital efficiency; SCE, structural capital efficiency; SIZE, the 
natural logarithm of total assets; LATA, the ratio of liquid assets to total assets; HHIA, Herfindahl–Hirschman Index in 
terms of total assets; BSDev, domestic credit extended to the private sector by banks as a percentage of GDP; GDP, 
Real GDP growth rate; INF, annual inflation rate 
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banks are more efficient than less liquid peers. Nonetheless, this finding supports the view of the 
opportunity costs hypothesis that holding a higher fraction of liquid assets improves bank perfor
mance (Assaf et al., 2011; Bordeleau & Graham, 2010; Le, 2017b; Le, Nguyen, McMillan et al., 2020).

Regarding macroeconomic variables, the positive coefficients on HHIA demonstrate that the 
more level of market concentration, the more cost efficiency that banks can achieve. As per the 
structure-conduct-performance hypothesis, banks with market power can pay lower rates on 
customer deposits, thus enjoying cost savings (Le & Ngo, 2020; Saona, 2016). Phan et al. (2016) 
also indicate that strong competition may induce banks to increase deposit interest rates to 
attract customers, thus reducing bank efficiency. Furthermore, the findings also show that banking 
sector expansion (BSDev) is positively associated with allocative efficiency (AE) and cost efficiency 
(CE) but insignificantly related to technical efficiency (TE). This is somewhat comparable to the 
early suggestion that bank cost efficiency is strongly affected by banking development (Gardener 
et al., 2011; Levine et al., 2000). The coefficient of GDP is positive and statistically significant as 
expected, suggesting that economic growth increases the demand for banking products and 
services, thus increasing bank efficiency. This result supports the well-documented literature on 
the relationship between economic growth and financial sector performance (Le, Nguyen, Tran 
et al., 2020). The negative coefficients on INF imply that a higher inflation rate lowers bank 
efficiency because it directly affects macroeconomic and financial instability. These findings are 
similar to those of Vu and Nahm (2013), and Hermes and Nhung (2010).

4.2. Intellectual capital and bank efficiency: sub-elements analysis
We further extend our analysis by decomposing the intellectual capital into three sub-elements, namely 
capital employed efficiency (CEE), human capital efficiency (HCE), and structural capital efficiency (SCE).

Table 4 indicates that the coefficients of HCE are positive and statistically significant in all 
models, suggesting that human capital efficiency is one of the most important factors to deter
mine bank efficiency in Vietnam. Inkinen (2015) emphasizes that human capital representing 
employees’ knowledge, education, capabilities, and skills is considered as the most crucial intan
gible asset. Thus, human capital efficiency is the most essential contributors to bank efficiency. 
Nonetheless, this is in line with the findings of Mention and Bontis (2013) and Adesina (2019), who 
demonstrated that human capital contributes directly and indirectly to bank performance.

Table 3. The relationship between IC and bank efficiency—Tobit regressions
TE AE CE

VAIC 0.012***(0.003) 0.007***(0.002) 0.015***(0.003)

SIZE 0.076***(0.008) 0.028***(0.007) 0.069***(0.008)

LATA 0.126***(0.062) 0.391***(0.053) 0.406***(0.066)

HHIA 2.792**(1.366) 5.156***(1.162) 7.278***(1.455)

BSDev 0.049(0.072) 0.230***(0.061) 0.250***(0.077)

GDP 4.442***(1.452) 4.813***(1.235) 2.553**(1.547)

INF −0.307**(0.154) −0.217*(0.131) −0.386**(0.164)

Constant −2.153***(0.257) −0.306*(0.219) −2.123***(0.274)

Observations 378 378 378

Pseudo R2 236.20 151.50 262.82

Notes: TE, pure technical efficiency; AE, allocative efficiency; CE, overall cost efficiency; VAIC, value-added intellectual 
coefficient; CEE, capital employed efficiency; HCE, human capital efficiency; SCE, structural capital efficiency; SIZE, the 
natural logarithm of total assets; LATA, the ratio of liquid assets to total assets; HHIA, Herfindahl–Hirschman Index in 
terms of total assets; BSDev, domestic credit extended to the private sector by banks as a percentage of GDP; GDP, 
real GDP growth rate; INF, annual inflation rate. The table reports the relationship between bank efficiency and 
intellectual capital between 2007 and 2019 using Tobit regression. Standard errors are in parentheses. *, **, and *** 
indicate significance at the 10%, 5%, and 1% levels, respectively. 

Le et al., Cogent Economics & Finance (2022), 10: 2127485                                                                                                                                             
https://doi.org/10.1080/23322039.2022.2127485                                                                                                                                                       

Page 9 of 18



As can be seen in Table 4, CEE and SCE are only positively and significantly related to AE, 
suggesting that capital employed, and structural capital efficiency are the main drivers of alloca
tive efficiency in Vietnam. This is somewhat comparable with the findings of Alhassan and Asare 
(2016), Tandon et al. (2016), and Mention and Bontis (2013), who found insignificant relationship 
between structural capital and bank efficiency, and Adesina (2019), who claimed insignificant 
effects of capital employed on bank efficiency. Finally, similar results of other control variables 
are also obtained.

4.3. Robustness checks
As stated in section 3.2, the potential endogeneity issues between bank efficiency and bank 
characteristics and macroeconomic conditions may arise (Adesina, 2019). The system GMM as 
suggested by Arellano and Bover (1995) is used to overcome possible bias due to unobserved 
heterogeneity and endogeneity. We re-estimate the model using the system GMM with one-year 
lag of all explanatory variables. The results of using system GMM are presented in Table 5.

The p-values of the Hansen test are statistically not significant in any of the models, implying no 
over-identifying constraints. Alternatively, all conditions for the moments are satisfied, and the 
instruments are valid. Also, the p-value of AR1 is statistically significant, thus rejecting the 
hypothesis of the non-existence of the first-order autocorrelation between the first residual 
differences. However, this does not imply unreliable estimations because the p-values of AR2 in 
our models are statistically insignificant (Arellano & Bond, 1991). Together, the moment conditions 
are met. Nonetheless, the results shown in Table 5 confirm our above findings.

5. Conclusions and research implications
This research investigated the impact of intellectual capital on bank efficiency in Vietnam between 
2007 and 2019 using a two-stage DEA approach. In the first stage, technical, allocative, and cost 
efficiencies are estimated from the input-oriented DEA under variable returns to scale assumption. 
The correlation between these calculated efficiency scores and intellectual capital is then exam
ined in the second stage. The findings showed that intellectual capital could enhance banks’ pure 
technical efficiency (TE), allocative efficiency (AE), and overall cost efficiency (CE). This thus 

Table 4. The relationship between IC subcomponents and bank efficiency
TE AE CE

CEE −0.046(0.071) 0.175***(0.060) 0.023(0.076)

HCE 0.012***(0.004) 0.002**(0.001) 0.013***(0.004)

SCE 0.035(0.030) 0.050**(0.025) 0.039(0.032)

SIZE 0.084***(0.009) 0.017**(0.007) 0.067***(0.009)

LATA 0.169***(0.062) 0.392***(0.052) 0.408***(0.066)

HHIA 3.405**(1.384) 4.770***(1.168) 7.348***(1.483)

BSDev 0.063(0.072) 0.207***(0.061) 0.247***(0.077)

GDP 4.679***(1.450) 4.808***(1.223) 0.172(1.554)

INF −0.250*(0.155) −0.293**(0.131) −0.395**(0.167)

Constant −2.409***(0.285) 0.032(0.240) −2.085***(0.305)

Observations 378 378 378

Pseudo R2 241.39 162.92 263.43

Notes: TE, pure technical efficiency; AE, allocative efficiency; CE, Overall cost efficiency; VAIC, value-added intellectual 
coefficient; CEE, Capital employed efficiency; HCE, human capital efficiency; SCE, structural capital efficiency; SIZE, the 
natural logarithm of total assets; LATA, the ratio of liquid assets to total assets; HHIA, Herfindahl–Hirschman Index in 
terms of total assets; BSDev, domestic credit extended to the private sector by banks as a percentage of GDP; GDP, 
Real GDP growth rate; INF, annual inflation rate. The table reports the relationship between bank efficiency and 
intellectual capital between 2007 and 2019 using Tobit regression. Standard errors are in parentheses. *, **, and *** 
indicate significance at the 10%, 5%, and 1% levels, respectively. 
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confirms the relevance of the resource-based view theory to banking system that organizations 
should utilize their intangible resources and capabilities to create superior performance and 
competitive advantage in such knowledge-intensive industries (Barney, 1991). Nonetheless, our 
findings suggested that bank managers in Vietnam should focus on intangible resources to 
operate more efficient in the long term. In terms of regulatory perspective, the authorities should 
promote further initiatives to spill over the ideas of intellectual capital development among 
Vietnamese banks.

The findings revealed that human capital efficiency improves all three efficiency measures when 
observing the effect of intellectual capital components. Bank managers should further put more 
attention on human capital development and fully optimize the utilization of human resources in 
each operational process. For example, the investment in human capital may include training, 
education, and other incentives to accelerate more skillful employees within a business.

Table 5. The IC, and its decomposition—bank efficiency nexus using system GMM
π TE AE CE

πt-1

0.293*** 
(0.037)

0.327*** 
(0.047)

0.333*** 
(0.046)

0.275*** 
(0.051)

0.295*** 
(0.069)

0.683*** 
(0.136)

VAIC 0.010*** 
(0.002)

0.017*** 
(0.116)

0.011*** 
(0.004)

CEE −0.117* 
(0.062)

0.279*** 
(0.067)

−0.058 
(0.116)

HCE 0.014*** 
(0.005)

0.014*** 
(0.002)

0.037*** 
(0.011)

SCE −0.019 
(0.014)

−0.029 
(0.070)

0.020*** 
(0.003)

SIZE 0.042*** 
(0.009)

0.039*** 
(0.009)

0.086*** 
(0.007)

0.112*** 
(0.010)

0.067** 
(0.031)

0.087*** 
(0.015)

LATA 0.117*(0.059) −0.025 
(0.064)

0.095(0.070) 0.369*** 
(0.083)

0.379*** 
(0.128)

0.380*** 
(0.093)

HHIA 3.181** 
(1.316)

3.928*** 
(1.273)

0.135*(0.068) 1.575*** 
(0.202)

4.670*(2.711) 3.740** 
(1.641)

BSDev 0.076(0.046) 0.158** 
(0.063)

0.057*(0.029) −0.178*** 
(0.028)

0.150(0.105) 0.089(0.100)

GDP 2.300** 
(0.857)

0.944(1.025) 4.086*** 
(0.596)

2.189** 
(0.914)

0.034(1.602) 0.401(1.861)

INF −0.464*** 
(0.104)

−0.342*** 
(0.103)

−3.124* 
(1.802)

−0.272*** 
(0.085)

−0.288* 
(0.151)

−0.567** 
(0.226)

Constant −1.127 
(0.277)

−0.996 
(0.307)

−2.188 
(0.185)

−3.166 
(0.351)

−2.133 
(0.945)

−0.863 
(0.832)

Observations 347 347 347 347 347 347

No of groups 30 30 30 30 30 30

AR(1) 
(p-value)

0.001 0.001 0.000 0.008 0.002 0.001

AR(2) 
(p-value)

0.308 0.299 0.377 0.914 0.519 0.557

Hansen test 
(p-value)

0.248 0.212 0.252 0.620 0.141 0.459

Notes: TE, pure technical efficiency; AE, allocative efficiency; CE, overall cost efficiency; VAIC, value-added intellectual 
coefficient; CEE, capital employed efficiency; HCE, human capital efficiency; SCE, structural capital efficiency; SIZE, the 
natural logarithm of total assets; LATA, the ratio of liquid assets to total assets; HHIA, Herfindahl–Hirschman Index in 
terms of total assets; BSDev, domestic credit extended to the private sector by banks as a percentage of GDP; GDP, 
real GDP growth rate; INF, annual inflation rate. The table illustrates the estimated results using the system GMM 
estimator as proposed by Arellano and Bover (1995). Robust standard errors are in parentheses. *, ** and 
***Significant at 10, 5 and 1% levels, respectively. 
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Furthermore, the findings also demonstrated a positive relationship between liquidity and bank 
efficiency, suggesting that the authorities should encourage banks to hold more liquid assets to 
enhance bank efficiency and also strengthen bank stability. Additionally, the policymakers should 
further promote banking development and implement appropriate measures of target inflation 
control to maintain the efficiency of the Vietnamese banking system.

The study may have some of the following limitations. Future research may investigate whether 
a non-linear relationship between intellectual capital and bank efficiency may exist. Thus, this may 
require researchers to further evaluate how much intellectual capital banks should invest, given 
the non-linear relationship. Furthermore, our research only examined one country over a short 
period, suggesting that future studies should examine this correlation in other emerging markets 
with a similar banking structure to Vietnam for robustness checks. Given the growth of fintech 
credit development and its substantial impact on the banking system (Le, 2022a, 2022b; Le et al., 
2021), future research needs to account for this matter when examining effect of intellectual 
capital on bank efficiency.
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Notes
1. This method relies on three sub-elements: structural 

capital efficiency (SCE), human capital efficiency (HCE), 
and capital employed efficiency (CEE), and makes use 
of these decompositions to estimate the Value-Added 
Intellectual Coefficient (VAIC; Pulic, 2004).

2. Please see, Bayraktaroglu et al. (2019) for comprehen
sive discussions on VAIC techniques.

3. We are aware that other market concentration metrics 
such as the Lerner index and the Rosse-Panzar could 
be used. However, these non-structure measurements 
have some significant shortcomings as discussed by 
Dietrich and Wanzenried (2014).

4. Please see, Le (2017) for more information.
5. Please see Appendix A3 for more details of estimated 

efficiency scores over the sample period.
6. Please see Appendix A2 for the VIFs statistics report.
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Appendices

Table A2. The VIFs statistics result
Variables VIF VIF
VAIC 1.07

CEE 1.82

HCE 1.37

SCE 1.33

SIZE 2.22 2.78

LATA 1.15 1.16

HHIA 1.86 1.94

BSDev 2.85 2.89

GDP 1.63 1.65

INF 1.72 1.78

Mean VIF 1.79 1.86

Table A1. Variables’ measuring used in the efficiency estimation
Variables Descriptions
Y1 Output 1—net loans

Y2 Output 2—other earning assets

W1 Price of input 1—Financial capital price, proxied by the 
ratio of interest expenses to total funding

W2 Price of input 2—Physical capital price, obtained by 
the ratio of other operating expenses to fixed assets

W3 Price of input 3—Labour price, computed by the ratio 
of personnel expenses to total assets
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Table A3. The average efficiency scores 2007–2019
Year TE AE CE
2007 0.581 0.517 0.363

2008 0.517 0.600 0.336

2009 0.653 0.656 0.454

2010 0.711 0.666 0.507

2011 0.689 0.730 0.510

2012 0.625 0.797 0.504

2013 0.664 0.772 0.521

2014 0.730 0.734 0.554

2015 0.764 0.736 0.578

2016 0.792 0.739 0.599

2017 0.773 0.717 0.587

2018 0.821 0.772 0.648

2019 0.755 0.729 0.606
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