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Evaluation of personnel-adjusted added value: 
Estimating its relationship with future profit in 
Japan
Hiroki Iwamoto1* and Hideo Suzuki2

Abstract:  Personnel-adjusted added value (PAV) is an index to measure human 
resource management for internal purposes. In this study, the possibilities and lim-
itations of PAV using external estimates are investigated. To measure the effective-
ness of PAV, it is compared with the general added value. This proves the effect of the 
personnel adjustment. The relationship between future performance and PAV (and 
added value), including other control variables, are statistically analysed by hierarch-
ical linear modelling. The essence of PAV is to separate the basic labour costs from the 
company-specific personnel costs. To calculate PAV from outside an enterprise, the 
basic labour costs should be estimated. For this purpose, in addition to financial data, 
this study uses survey data on recruitment and employment in Japan. Statistical 
analysis is applied to the 2008–2016 longitudinal company data of 569 Japanese 
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companies. We find that PAV, a management indicator that includes the adequacy of 
human resource management, is a useful factor related to future performance.

Subjects: Development Economics; Management Accounting; Human Resource 
Management  

Keywords: Personnel-adjusted added value; key performance indicator; human resource 
management; intellectual capital

1. Introduction
The Organisation for Economic Co-operation and Development notes that labour productivity 
growth has been weak since the financial crisis of 2007–2008, also known as the global financial 
crisis and the 2008 financial crisis in its economic surveys and country surveillance in 2018 and 
2019. It indicates that labour productivity growth in recent years has been subdued even in 
Germany and suggests that securing higher living standards requires a revival in labour productiv-
ity in the UK and that raising productivity is important to offset the impact of falling labour inputs 
in Japan (Organisation for Economic Co-operation and Development, 2019, pp. 15-18, 58). The 
Japanese government has also recognised that improving labour productivity is important to 
maintain and improve the economy in Japan, where the labour force is declining year by year 
(Japan Ministry of Economy Trade and Industry, 2017).

Labour productivity of each company is calculated by added value (AV) divided by the number of 
employees. AV is defined as the value that each company produces and adds to the products and 
services generated from various company activities.

There are two methods for calculating AV: subtractive and additive. One is the subtractive 
method, where the amount paid for the value generated by another company (external cost) is 
deducted from sales. The other is the summation method, which reflects the sum of the benefits 
distributed (Haller & Stolowy, 1998). In both calculation methods, all expenditures on human 
capital are included in AV.

The method of calculating AV does not apply the concept of external cost to human capital. 
Thus, the AV does not change even if the human capital is acquired from outside or trained within 
the company. However, the quality of human capital has become even more important in a society 
with a declining workforce. The strategic importance of training to an organization’s human capital 
development efforts has been asserted (Salas & Cannon-Bowers, 2001). The importance of training 
is especially relevant in today’s rapidly changing era, where organizations spend a lot of time and 
money improving their employees’ knowledge, skills and abilities to stay competitive (Blume et al., 
2010). The companies that can provide in-house training to increase the quality of their workforce 
should be evaluated better than the companies that acquire human resources from outside. 
Therefore, Personnel-adjusted added value (PAV) is proposed as an indicator that applies the 
concept of external cost to expenditure on human capital to evaluate the human capital devel-
opment of companies (Iwamoto & Takahashi, 2015).

In the field of training evaluation, by subtracting the salary before receiving training from the 
salary (including bonuses) after receiving training, it is used as an alternative index of employee 
performance (e.g., Breuer & Kampkötter, 2013). Extending this from individual employees to the 
corporate level, by subtracting the basic salary from the payment, additional salary is calculated 
and is used as an alternative index for the results of training. This fact supports the adaptation of 
external cost concepts to human capital. The essence of PAV is to separate the basic labour costs 
(BLC) from the company-specific personnel cost.

PAV is proposed as an index to measure human capital management for internal purposes. It is 
intended to quantitatively measure the outcome of human resource management within an 
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enterprise to evaluate the skill of human capital management. Previous research discussed its 
principle and structure; however, it did not show the quantitative effectiveness of increasing PAV 
sufficiently.

Therefore, in this study, the possibilities and limitations of PAV using external estimates are 
investigated.

We assume that a company having strong human capital can make greater profits in the future 
than other companies. Therefore, to show the validity and effectiveness of PAV, we examine how 
PAV affects future profit, which can indicate whether it captures features of human capital. To 
measure the effect of PAV in more detail, it is compared with the general AV. This proves the effect 
of the personnel adjustment.

The concept of BLC is introduced in the definition of PAV, where personnel expenses exceeding 
BLC are considered the subject of human resource management. The key to measuring PAV is to 
calculate BLC. This study attempts to estimate BLC more precisely than previous research 
(Iwamoto & Takahashi, 2015). For this purpose, in addition to financial data, survey data on 
recruitment and employment are used.

The following paper is structured as follows: Section 2 reviews the literature related to the PAV 
and AV; Section 3 describes the research methods, sample, and variables; Section 4 presents the 
empirical analysis results and a discussion; and finally, Section 5 concludes.

2. Literature review and hypotheses development

2.1. Added value
AV is a measure of economic performance of an economic entity with the traditional roots of 
economics and used to measure the creation of national wealth, the gross domestic product 
(Haller et al., 2018; Schreuder, 1979).

However, one of AV’s major features is that it also has been used for economics, national 
accounting, financial accounting managerial accounting, and business management. AV has also 
been discussed and used as a useful economic and performance indicator in these areas (Haller & 
Stolowy, 1998).

Transferred to a company, AV is a measure of its residual return generated through the utilisa-
tion of its productive capacity e.g., labour and capital in the broad classical sense. Thus, AV can be 
described as the value created by corporate activities (Burchell et al., 1985).

Another aspect of corporate-level AV is the pre-distribution resources created by the company 
during the period and distributed to each stakeholder (Haller et al., 2018). Top managers distribute 
AV to help companies improve future performance. Therefore, AV affects future corporate 
performance.

Although this study does not focus on it, value-added distribution information to corporate 
stakeholders is considered important from the perspective of corporate social responsibility, and 
its disclosure is discussed in value-added accounting in social accounting (Burchell et al., 1985; 
Haller et al., 2018).

A concept that applies AV to business management and suggests that value-added affects 
future performance is the value-added intellectual coefficient (VAIC) method (Pulic, 2000).

The VAIC method is an example of using AV in an area of intellectual capital. Intellectual capital 
has many definitions (Poh et al., 2018). One definition of intellectual capital is knowledge and the 
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knowing capability of a social collective, such as an organisation, intellectual community, or 
professional practice (Nahapiet & Ghoshal, 1998).

VAIC is a method of measuring contributions using components of intellectual capital, taking AV 
as a result of intellectual capital management. For example, Ulum et al. (2017) evaluates the 
effects of intangible assets using modified VAIC and suggests that modified VAIC is a determinant 
of future performance.

There are many studies that focus on the components of intellectual capital, and there are 
differences; however, it is common to include the human capital that this study focuses on (Halim, 
2010; Petty & Guthrie, 2000; Saint-Onge, 1996).

PAV, like VAIC, is one of the ways to adapt AV for business management purposes. AV is also 
used in business management and is suggested to affect future performance.

2.2. Personnel-adjusted added value
As mentioned above, PAV is an adjusted AV. Therefore, PAV is not an index for measuring and 
capitalising human assets, but an index for measuring company management results, including 
the results of human capital management, where the adjustment is Personnel adjustment.

PAV is proposed as an indicator in which the concept of external cost is applied to expenditure 
on human capital to evaluate the human capital development of companies.

PAV is a concept that includes only the part of the labour cost that is the result of the company- 
specific management, not the whole labour cost (Iwamoto & Takahashi, 2015). Assume that in the 
labour market, employees get wages commensurate with their abilities and attitudes. As a result, 
the wages paid upon joining the company can be viewed as the result of training external human 
resources, rather than the result of company-specific human resources management. Labour costs 
that do not depend on company-specific management are called BLC. The wage increases after 
joining the company represents an evaluation of the increase in ability and attitude enabled by 
company-specific management.

Resource based view (RBV) is the concept that a company’s unique and irreplaceable bundle of 
resources is the basis of a company’s sustainable competitive advantage (Barney, 1991; Wernerfelt, 
1984). Employees at the time of hiring can be replaced, but company-specific management makes it 
difficult to be replaced. Therefore, by subtracting the BLC, which represents the substitutable work-
force, PAV expresses the impact of human capital, which is the basis of competitive advantage.

Zaitouni et al. (2020) shows that continuous training (in other words, company-specific manage-
ment) is a source of competitive advantage. Measuring training outcomes in increments of pay-
ments supports the PAV concept (Breuer & Kampkötter, 2013). Company-specific management 
training is also drawing attention from the perspective of sustainability (Lee et al., 2019). 
Furthermore, Singh et al. (2019) empirically shows that sustainable training leads to 
a company’s competitive advantage. There is an increasing need to measure company-specific 
management training results.

This study separates labour costs into BLC and additional labour costs (under company-specific 
management).

PAV is given as follows: 

PAV ¼ AV � Personnelexpensesþ Labourcostsundercompany � specificmanagement (1) 
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The difference between personnel expenses and labour costs under company-specific manage-
ment is the BLC. BLC can be calculated from its own company data in the case of internal 
management, but estimation is required when calculating PAV from external factors. Estimate 
BLC from the labour costs of new employees, especially unskilled workers, to calculate PAV from 
outside of the company.

Previous research on PAV focuses on methods of increasing PAV (Iwamoto & Takahashi, 2015). It 
is important for it to be effective; however, this has not yet been demonstrated quantitatively.

2.3. Relevance between human capital management and future profits
Human capital also has many definitions. A commonly used definition is “the knowledge that 
employees take with them when they leave the firm” (MERITUM: MEasuRing Intangibles To 
Understand and improve innovation Management, 2002). Due to unit-level influences, replacing 
human capital is particularly difficult and/or tends to be expensive to imitate due to unit-level 
influences (Nyberg et al., 2018). Thus, human capital has been considered an important factor in 
human resource theory and intangibles research (e.g., Becker, 1964; Edvinsson & Malone, 1997; 
Martinez et al., 2017).

Human capital management, among many business activities, is more related to investment 
management for future performance than current performance (Patrick et al., 2001; Wakasugi, 
1979). Human capital produce performance results through company-specific performance beha-
vior (Ployhart, 2021). Therefore, company-specific management is important, and research on the 
relationship between management and business performance is also being conducted.

For example, (Shin & Konrad, 2017) uses a model with a time lag between personnel practices 
and performance to show that human capital affects future performance. Vomberg et al. (2015) 
argue that human capital and brand equity are the most important factors of corporate capital 
and use a psychometric survey to confirm that the interaction of the two capitals affects corporate 
value. In addition, Iwamoto & Suzuki (2019) using Japanese corporate data, suggests that human 
capital affects business performance through intermediating effects.

PAV is an indicator supposed to include the contribution of human capital management. 
Therefore, this study assumes that a high (low) PAV indicates that management is appropriate 
(inappropriate) and should lead to an increase (decrease) in future profit. In addition, because 
Personnel adjustment is effective, PAV explains variations in future profit more than AV; it is assumed 

H1: A high (low) PAV leads to an increase (decrease) in future profit level.

H2: PAV explains variations in future profit more than AV.

To verify effectiveness of PAV, this study quantitatively analyses the mutual relevance of PAV (or 
AV) and future profits.

3. Research design and analytical methods
Hierarchical linear modelling (HLM) is performed to test the hypothesis (Raudenbush & Bryk, 2002). 
The analytical approach is determined with reference to previous studies that conducted HLM 
(Doering et al., 2019; Lo & Yeung, 2018; Yang & Shyu., 2019).

This study creates the following models: Model 1: NULL model and basic model.

Model 2: PAV added to the basic model (PAV model).
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Model 3: AV added to the basic model (AV model).

By comparing the basic model and the PAV model, the effectiveness of PAV is verified. By 
comparing the PAV model and the AV model, the effect of Personnel adjustment is verified.

3.1. Hierarchical linear modelling
PAV can be used as an internal management index. To measure the effect, it is more accurate to 
measure not only the inter-company-level effect but also the company-level effect. Therefore, the 
analysis uses longitudinal data instead of cross-sectional data.

HLM explicitly models both individual and between level residuals. This recognizes autocorrela-
tion within the individual company level. In addition, it models the variances of both the individual 
and between level as well as investigate the influence of between level units on within level 
outcomes while maintaining the appropriate level of analysis (Hofmann, 1997). The parameters 
of the model are estimated by the maximum likelihood estimation method. Concerns about 
aggregation bias and poor statistical precision are reduced or eliminated (Bloom & Milkovich, 
1998). HLM can account for correlations and heterogeneous variances; thus, it overcomes the 
statistical issues that arise from nested organisational data (Hofmann, 1997).

Models with explanatory variables (2 and 3 models) use a common three-step method of HLM 
analysis and fitting, including assessment of fixed and random effects (Raudenbush & Bryk, 2002).

This study first specifies a NULL model that has no predictor variable and has only random 
intercepts in each company level. The basic models that include the control variables are then 
specified. Subsequently, a fixed slope model including PAV or AV, which are firm-level predictor 
variables as an explanatory variable, is designated having no random slope (2 F and 3 F).

Next, a random model (2 R and 3 R model) obtained by adding a random slope assumption to 
the 2 F and 3 F models is specified. When PAV or AV is effective in the F and R models, it is also 
important to investigate whether the effect is at the between-company or within-company levels. 
Thus, a model (2 C and 3 C), which uses a group mean centring on PAV or AV is specified.

Finally, when both the group mean and the difference are significant in the C model, it is not 
possible to determine whether the PAV and the AV is more effective in each of the means and the 
difference. Therefore, between models (2B and 3B) using only the group mean, and the difference 
models (2 W and 3 W) only the difference is used. The validity of explanatory variables and the 
random slope assumption is evaluated by comparing the fitness of models.

Akaike information criterion (AIC) and Bayesian information criterion (BIC) are used as indices 
indicating the goodness of model fitting (Bozdogan, 1987; Zucchini, 2000; Lott & Antony, 2012, 
pp. 32-34). When comparing models by AIC, the model with the lowest AIC is the best model. 
Similarly, the smaller the BIC, the better the model fit. AIC and BIC are represented by following 
equation (Zucchini, 2000). 

AIC ¼ � 2 log Lþ 2p (2) 

BIC ¼ � 2 log Lþ p log n (3) 

L refers to the likelihood under the fitted model. n is sample size and p is the number of 
parameters.

The guidelines for comparing the model and BIC indicate that the change in BIC can be 
interpreted as weak evidence if it ranges between 0–2, positive evidence if it ranges between 2– 
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6, strong evidence if it ranges between 6–10, and very strong evidence if it is more than 10 
(Raftery, 1995).

As PAV is related to human capital, it is necessary to verify its effects in the medium term. With 
reference to the current study, which examines the effects in the medium term, all models use an 
objective variable with a 1–4-year lag to alleviate the problem of reverse causality (Bao & Bao, 
1996; Shin & Konrad, 2017).

The ‘lme4ʹ package of R is used for analysis. All parameters were estimated with a full maximum 
likelihood approach, allowing the fit of the model and comparison with different sets of variables.

3.2. NULL model and basic model
The NULL model includes future performance as a dependent variable with values for company i 
and measurement year j. The NULL model has no predictors.

Return on assets (ROA) is a commonly used measure of corporate performance in previous studies, 
including those using HLM (Karniouchina et al., 2013; McGahan & Porter, 1997; Yang et al., 2019).

The formula for future profit is shown below. 

Future profitij ¼ Ordinary profitij= Total assetij þ Total asseti j� 1ð Þ

� �
=2

� �
(4) 

The NULL model is represented by the following equation. 

Level1 : Yij ¼ π0i þ εij 

Level2 : π0i ¼ γ00 þ �0i 

Mixed del: 

Yij ¼ γ00 þ �0i þ εij (5) 

Yij shows the future performance of company i in year j. π0i is the future performance average of 
company i, and is year j’s measurement random error of company i. The total company mean 
intercept γ00 is constant for all companies; its error term �0i can vary, defining the deviation of each 
company mean.

By comparing the fitness of the NULL model with the fitness of other models, this study verifies 
whether the changes added to the model are more consistent with the data.

Because the data in this study are longitudinal data, which are multi-year data of the same 
companies, it is obvious that there is a correlation with the data within the company. However, the 
NULL model is used to confirm that the use of a hierarchical linear model is appropriate. If there is 
a correlation on data within the company, it is necessary to use a hierarchical linear model that 
can process this appropriately. The intraclass correlation (ICC) is used to confirm the correlation 
within the company (Shrout & Fleiss, 1979).

Where, var �0ið Þ ¼ τ00 and var εij
� �

¼ σ2 ICC is calculated by Equation 4. 

ICC ¼ τ̂00= τ̂00 þ σ̂2� �
(6) 
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The possible inflation of the type I error can exceed 30% for groups with more than 50 firms even 
assuming a relatively low ICC of 0.05, when using a non-hierarchical regression model. If the ICC 
value is large, it is necessary to use a method that considers intraclass correlation, such as 
a hierarchical linear model (Kreft & Leeuw, 1998, pp. 9, 10).

The basic model is obtained by adding a control variable to the NULL model. Industry dummy 
and year dummy are used as control variables. The basic model is represented by the following 
equations. 

Level1 : Yij ¼ π0i þ γ10j Year dummy½ �j þ εij 

Level2 : π0i ¼ γ00 þ γ01 Industry dummy½ �i þ �0i 

Mixed model: 

Yij ¼ γ00 þ γ01 Industry dummy½ �i þ γ10j Year dummy½ �j þ �0i þ εij (7) 

γ01 indicates the fixed effect of Industry dummy½ �i and γ10jindicates the fixed 
effect of Year dummy½ �j.

3.3. PAV model and AV model
The PAV (AV) model is obtained by adding PAV (AV) to the basic model. The fixed slope models (2 F 
and 3 F) do not include the random effect of PAV (AV), while the random slope models (2 R and 
3 R) do.

All PAV and AV are standardised using total assets to eliminate the effect of scale.

The F models and R models are represented by the following equation.

2 F model and 3 F model: 

Level1 : Yij ¼ π0i þ γ10j Year dummy½ �j þ γ11PAVij orAVij
� �

þ εij 

Level2 : π0i ¼ γ00 þ γ01 Industry dummy½ �i þ �0i 

Mixed model: 

Yij ¼ γ00 þ γ01 Industry dummy½ �i þ γ10j Year dummy½ �j þ γ11PAVij orAVij
� �

þ �0i þ εij (8) 

2 R model or 3 R model: 

Level1 : Yij ¼ π0i þ γ10j Year dummy½ �j þ π1iPAVij orAVij
� �

þ εij 

π1i ¼ γ11 þ �1i 

Mixed model: 

Yij ¼ γ00 þ γ01 Industry dummy½ �i þ γ10j Year dummy½ �j þ ðγ11 þ �1iÞPAVij orAVij
� �

þ �0i þ εij (9) 
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PAV and AV are divided into the mean and their differences in each company and used for the 
centring models (2 C and 3 C). In the centring model, at the company level, the effect of the 
difference of the PAV and AV from the company mean on the future profit is verified. In addition, 
the mean within each company is also added to the centring model as an explanatory variable. 
This verifies whether an increase in the intra-company mean at the between-company level 
will affect business performance. In addition, comparing the R models and the C models 
suggests whether the absolute value, the average, or the difference will have a greater effect on 
future business performance in the

2 C model or 3 C model: 

Level1 : Yij ¼ π0i þ γ10j Year dummy½ �j þ π1iPAV dð Þij orAV dð Þij
� �

þ εij 

Level2 : π0i ¼ γ00 þ γ01 Industry dummy½ �i þ γ02PAV mð Þi orAV mð Þi
� �

þ �0i 

π1i ¼ γ11 þ �1i 

Mixed model: 

Yij ¼ γ00 þ γ01 Industry dummy½ �i þ γ02PAV mð Þi orAV mð Þi
� �

þ γ10j Year dummy½ �j

þ ðγ11 þ �1iÞPAV dð Þij orAV dð Þij
� �

þ �0i þ εij (10) 

PAV mð Þ and AV mð Þ are the mean of PAV and AV for company i, PAV dð Þ and AV dð Þ represent the 
difference between each company’s mean and the corresponding year j‘s PAV and AV.

For the within-company models (2 W and 3 W), only PAV (d) or AV (d), which is the difference of 
the PAV from each company mean, and for the between-company models (2B and 3B), only the 
PAV (m) or AV (m), which is each company’s average, is added to the basic model as an 
explanatory variable. The W and B models are analysed only for the lag-year model for which 
both the mean and the difference are significant in C models. This is because it is not possible to 
determine whether PAV or AV will have a greater effect on future performance in either the 
average or the difference or both, using only the C model.

Estimation of BLC is required when calculating PAV from external factors. In Japan, most companies 
recruit new graduates simultaneously. If the proportion of mid-career recruitment is low and most 
employees have been working at the company since they were new graduates, the evaluation before 
employees received company-specific management would be consistent with the salary of new 
graduates. Thus, the salary of new graduates can be treated as a BLC. Therefore, the BLC estimated 
from externals is defined as the starting salary multiplied by the number of employees in this study. 
Previous research used only the first-year salary for college graduates as the starting salary (Iwamoto 
& Takahashi, 2015). In this research, BLC were estimated more precisely considering the starting 
salary by graduate school and other educational background. Specifically, the proportion of employ-
ees’ academic background is estimated by using the academic background ratio of the recruiters in 
2009. All PAVs and AVs are standardised using total assets to eliminate the effect of scale.

3.4. Data
The labour force continues to decrease in Japan. In addition, it is also expected to decrease 
significantly going forward. In a society where the labour force is declining, human capital 
management becomes more important (Iwamoto & Suzuki, 2019). Thus, Japan is suitable as an 
environment using PAV. Therefore, it is suggested that Japan is suitable for the environment using 
PAV but changes according to the same environment in other countries.
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According to the AV definition using the deduction method (Breitner & Anthony, 1916), PAV is 
given as follows:

PAV = Sales - Selling and administrative expenses - Total production costs - Goods of purchases 
+ R&Dexpenses + Advertising expenses + Personnel expenses - Basic labor cost

Japan’s environment is by no means special. For example, in China and South Korea, it is 
suggested that the declining the workforce will be faster in the future than in Japan.

Every sample company satisfies the following conditions: it is listed on one of the Japanese stock 
exchanges, its data are published in the Employment Quarterly Report 2011 by TOYO-KEIZAI, and it 
discloses the initial salary of college graduates (Toyo-keizai, 2011). The total is 569 companies, including 
287 manufacturers and 282 non-manufacturers. The detailed list of industries is presented in Table 1.

Financial data are taken from the Nikkei NEEDS database from 2008 to 2016. The data source 
questionnaire published in the Employment Quarterly Report 2011 was conducted in 2009. Owing 
to changes in the financial statement disclosure system in Japan, acquisition of AV under the same 
definition can only be obtained prior to 2012. Therefore, PAV and AV from 2009 to 2012 are used. 
For this reason, for example, the 1-year lag R models use 2009–2012 PAV or AV and 2010–2013 
corporate performance data created from the 2009 Employment Quarterly Report and the 2008– 
2013 Nikkei NEEDS database.

4. Results and discussions
The descriptive statistics of the indicators used in the analysis are shown in Table 2. The sample 
comprises 287 manufacturers and 282 non-manufacturers. As we analyse four years of data at 
once, the total sample for all models comprises 2,276 observations.

4.1. NULL models and basic models
Table 3 shows the results of the NULL models for each of the 1–4-year lags.

The gross corporate average (symbol) of future profit of the NULL model is gradually increasing 
to 0.045, 0.050, 0.052, 0.055 from the 1-year lag in order. The variance of the company average is 
0.037, 0.035, 0.035, 0.035 in order from the 1-year lag, and there is almost no change.

The AIC and BIC of the NULL model can be used as criteria for confirming the validity of other 
models. The ICCs calculated using the NULL model are 0.732, 0.731, 0.720, and 0.738 in order from 

Table 1. Industry type of target companies
Industry type Companies
Manufacturing 287

Non-manufacturing

Mass media 13

Consulting service & think tank 5

Information & communication 50

Wholesale & retail trade 45

Finance & insurance 9

Construction 42

Energy 13

Services 105

Total 569
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the 1-year lag. It is suggested that methods that consider the intraclass correlation, such as the 
hierarchical linear model, should be used. ICC is an index for confirming the correlation of data 
that is assumed to be hierarchical.

Although ICC can be used for longitudinal data, the correlation between other years’ data of the 
same company is considered to be higher than that of general hierarchical data (e.g., hierarchical 
relationship between schools and students), and it is natural that the data greatly exceed the 
threshold.

Table 4 shows the basic models results for each of the 1–4-year lags.

In Table 4, the AIC and BIC are lower in the basic model than in the NULL model (BIC difference 
exceeds 10). This result indicates that the basic model is more effective than the NULL model. 
Therefore, a PAV and AV models are created using the basic model’s control variables.

The industry dummy became less significant as the time lag increased. The coefficient indicates 
that the non-manufacturing industry has a higher ROA than the manufacturing industry. This result is 
consistent with the fact that the non-manufacturing industry is slightly more advantageous in ROA 
because there are many industries that require fewer assets, such as properties, than the manufac-
turing industry. This study uses the Industry dummy to absorb industry-specific effects.

Almost all the year dummies were significant at the 1% level (the 2010 dummy was significant 
at the 1.6% level in the 3-year-lag model but not significant in the 2-year-lag model). This result 
indicates that the environment of companies, including economic conditions, is changing year 
by year. We use this variable to absorb the effects of the corporate environment (e.g., economy). 
The 2010 dummy in the 2-year-lag model shows that the difference between the ROA averages in 
2009–2011 and 2010–2012 is small.

The year dummy absorbs the effects of the corporate environment on a yearly basis.

4.2. PAV models
Table 5 shows the results of the 2 F models for each of the 1–4-year-lag models.

Table 2. Descriptive statistics of indicators
Year Average Minimum Maximum Standard deviation

Performance 
(Return on assets)

2010 0.047 −0.099 0.268 0.041

2011 0.047 −0.123 0.248 0.043

2012 0.050 −0.100 0.194 0.041

2013 0.050 −0.100 0.194 0.041

2014 0.057 −0.103 0.260 0.041

2015 0.057 −0.109 0.196 0.041

2016 0.056 −0.082 0.282 0.040

PAV 2009 0.162 −0.046 1.034 0.132

2010 0.163 −0.050 0.968 0.126

2011 0.167 −0.028 0.935 0.125

2012 0.165 −0.060 0.927 0.128

AV 2009 0.207 −0.025 1.121 0.172

2010 0.210 −0.026 1.104 0.168

2011 0.214 0.004 1.194 0.170

2012 0.210 −0.026 1.104 0.168
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In Table 5, the AIC and BIC are lower in the 2 F model than in the basic model (BIC difference 
exceeds 10). This result shows that the 2 F model is more effective than the 1b: basic model. In 
addition, PAVs are significant at the 0.1% level in all models, and the coefficients of PAV are 
positive values (in order from a 1-year lag, 0.136, 0.099, 0.089, 0.079). These results indicate PAVs 
have additional information relevance to future profits. Thus, H1, which states that “A high (low) 
PAV leads to an increase (decrease) in future profit level”, is supported.

Table 6 shows the results of the 2 R models for each of the 1–4-year-lag models.

In Table 6, both AIC and BIC are lower in the 2 R model than in the 2 F (BIC difference 
exceeds 10).

This result indicates that the 2 R models are more effective than the 2 F models. The random 
effect of PAV observed means that the impact of PAV varies by company. This variation may be 
because of differences in the importance of human capital depending on the type of business. PAV 
is also significant at the 0.1% level in all 2 R models, and all PAV coefficients are positive values. 
This result also shows that PAVs have additional information relevance to future profits and thus 
supports H1: A high (low) PAV leads to an increase (decrease) in future profit levels.

Table 7 shows the results of the 2 C models for each of the 1–4-year-lag models.

Table 4. HLM results of basic models
Basic 1-year lag 2-year lag 3-year lag 4-year lag

Estimate t value P value Estimate t value P value Estimate t value P value Estimate t value P value
Intercept:π0i 0.041 17.098 0.000 0.049 21.076 0.000 0.048 20.589 0.000 0.049 21.546 0.000

Industry: γ01 −0.008 −2.622 0.009 −0.005 −1.563 0.119 −0.002 −0.755 0.450 0.000 0.153 0.878

y2010: γ1010 0.010 7.863 0.000 0.000 0.058 0.954 0.003 2.405 0.016 0.007 5.681 0.000

y2011: γ1011 0.010 7.920 0.000 0.003 2.504 0.012 0.010 7.875 0.000 0.007 5.885 0.000

y2012: γ1012 0.013 10.322 0.000 0.010 8.067 0.000 0.010 8.071 0.000 0.006 5.043 0.000

Random
Intercept: �0i 0.036 0.035 0.035 0.035

Model fit Basic NULL Basic NULL Basic NULL Basic NULL

AIC −9592.3 −9476.2 −9686.0 −9607.5 −9632.4 −9545.0 −9771.7 −9733.5

BIC −9552.2 −9459.0 −9645.9 −9590.3 −9592.3 −9527.8 −9731.6 −9716.3

Deviance −9606.3 −9482.2 −9700.0 −9613.5 −9646.4 −9551.0 −9785.7 −9739.5

Table 3. HLM results of NULL models
NULL 1-year lag 2-year lag 3-year lag 4-year lag

Estimate t value P value Estimate t value P value Estimate t value P value Estimate t value P value
Intercept:π0i 0.045 28.055 0.000 0.050 32.169 0.000 0.052 33.999 0.000 0.055 35.816 0.000

Random
Intercept:�0i 0.037 0.035 0.035 0.035

Model fit NULL NULL NULL NULL

AIC −9476.2 −9607.5 −9545.0 −9733.5

BIC −9459.0 −9590.3 −9527.8 −9716.3

Deviance −9482.2 −9613.5 −9551.0 −9739.5
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The AIC and BIC of the 2 C model are lower than the 2 R model only in the 3-year-lag and 
4-year-lag models. The results show that the PAV mean is more suitable for the medium- to long- 
term (3 years or longer) lag model, and that the originally PAV is more suitable for the short-term 
(2 years or less) model.

In 2 C models, the coefficients of the PAV mean are positive values of 0.142, 0.134, 0.132, 0.126 in 
order from the 1-year lag. Like the 2 F and 2 R results, the results of 2 C models support the proposition 
that PAV has additional information on future corporate performance.

The PAV mean represents the influence of the quality of the average quality of a company’s human 
capital and ongoing personnel practices. The fact that PAV mean is effective in the medium to long 
term indicates that company-specific human capital management is related to future profits at the 
inter-company level. In other words, it suggests that human capital can be the basis of a sustainable 
competitive advantage over other companies.

The PAV difference is significant only for the 1-year-lag model, and the coefficient is 0.113. It 
suggests that increasing PAV will improve next year’s corporate performance, not only at the 
between-company level but also at the within-company level.

Based on this result, if the target is set using the past in the company’s PAV and the target is 
achieved using the PAV as a management index of the manager who is not at the top level, the 
next term’s business performance can be improved.

The effect of PAV difference on business performance appears in the short term (1 year), and 
there is no medium- to long-term lag. This is because when taking the difference in PAV, the 
influence of human capital that affect the medium to long term, such as personnel practices and 
established training, is absorbed on mean PAV. Since only the variation in the quality of new 
attempts and measures in each year appeared as the PAV difference, it is considered that the 
effect appeared in the short-term lag.

The results in Section 4.2 support H1 and suggest that PAV is effective when used as an internal 
management index.

Table 5. HLM results of fixed PAV (2F) models
PAV: fixed 1-year lag 2-year lag 3-year lag 4-year lag

2F Estimate t value P value Estimate t value P value Estimate t value P value Estimate t value P value
Intercept: π0i 0.014 5.009 0.000 0.030 10.506 0.000 0.031 10.672 0.000 0.034 11.993 0.000

PAV: γ11 0.136 13.949 0.000 0.099 10.197 0.000 0.089 9.044 0.000 0.079 8.128 0.000

Industry: γ01 0.000 0.169 0.866 0.002 0.546 0.585 0.003 1.181 0.238 0.006 1.928 0.054

y2010: γ1010 0.010 7.816 0.000 0.000 −0.055 0.956 0.003 2.285 0.022 0.007 5.533 0.000

y2011: γ1011 0.009 7.425 0.000 0.003 2.053 0.040 0.009 7.419 0.000 0.007 5.471 0.000

y2012: γ1012 0.013 10.101 0.000 0.010 7.749 0.000 0.010 7.769 0.000 0.006 4.781 0.000

Random
Intercept: �0i 0.032 0.032 0.032 0.032

Model fit 2F Basic 2F Basic 2F Basic 2F Basic

AIC −9768.0 −9592.3 −9775.4 −9686.0 −9702.2 −9632.4 −9827.6 −9771.7

BIC −9722.1 −9552.2 −9729.5 −9645.9 −9656.3 −9592.3 −9781.8 −9731.6

Deviance −9784.0 −9606.3 −9791.4 −9700.0 −9718.2 −9646.4 −9843.6 −9785.7
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4.3. AV models
Table 8 shows the results of the 3 F models for each of the 1–4-year-lag models.

In Table 8, the AIC and BIC are lower for the 3 F models than for the basic model (BIC difference 
exceeds 10). This result indicates that the 3 F model is more effective than the basic model. In 
addition, AV is significant at the 0.1% level in all models, and all coefficients of AV are also positive 
values.

This result supports AVs having additional information relevance to future profits, as shown in 
previous studies.

Table 9 shows the results of the 3 R models for each of the 1–4-year-lag models.

In Table 9, the AIC and BIC are lower in the 3 R than in the 3 F model. This result indicates that 
the 3 R models are more effective than the 3 F model.

The fact that the random effect of AV is recognised means that there is variation in the effect of 
AV for each company.

Table 10 shows the analysis results of the 3 C models for each of the 1–4-year lags.

The AIC and BIC of the 3 C models are lower than the 3 R model only in the 3-year-lag and 
4-year-lag models. Similar to PAV, this result indicates that in the medium to long term (3 years or 
more), the AV mean is more suitable to use, and in the short term (2 years or less), the original AV 
is more suitable.

The AV difference is significant only for the 1-year-lag model, and the coefficient is 0.113. This 
result indicates that AV can be used for management not only between companies but also within 
companies.

4.4. Comparing PAV and AV models
Table 11 shows the model with the smallest AIC and BIC among the same lag-year models and the AIC 
and BIC of the smallest model.

Table 6. HLM results of random PAV (2R) models
PAV: random 1-year lag 2-year lag 3-year lag 4-year lag

2R Estimate t value P value Estimate t value P value. Estimate t value P value Estimate t value P value
Intercept: π0i 0.009 3.951 0.000 0.024 10.306 0.000 0.027 10.685 0.000 0.033 12.412 0.000

PAV: γ11 0.186 14.714 0.000 0.132 10.730 0.000 0.114 9.490 0.000 0.086 8.032 0.000

Industry: γ01 −0.002 −0.770 0.442 0.002 0.669 0.504 0.003 1.012 0.312 0.005 1.930 0.054

y2010: γ1010 0.009 7.325 0.000 0.000 −0.306 0.760 0.003 2.069 0.039 0.007 5.436 0.000

y2011:γ1011 0.008 6.684 0.000 0.002 1.452 0.147 0.009 6.936 0.000 0.006 5.220 0.000

y2012:γ1012 0.012 9.520 0.000 0.009 7.159 0.000 0.009 7.127 0.000 0.005 4.443 0.000

Random
Intercept:�0i 0.017 0.019 0.021 0.025

PAV:�1i 0.157 0.130 0.103 0.039

Model fit 2R 2F 2R 2F 2R 2F 2R 2F

AIC −9965.5 −9768.0 −9895.5 −9775.4 −9762.5 −9702.2 −9841.8 −9827.6

BIC −9908.2 −9722.1 −9838.2 −9729.5 −9705.2 −9656.3 −9784.5 −9781.8

Deviance −9985.5 −9784.0 −9915.5 −9791.4 −9782.5 −9718.2 −9861.8 −9843.6
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The same model is the minimum AIC and BIC for both PAV and AV. The smallest model is the random 
model for the lag of 1 and 2 years, and the centring model for the lag of 3 and 4 years.

Comparing the minimum AIC and BIC of the PAV and the AV models, the AIC and BIC of the PAV 
is found to be smaller than those of the AV model in all lag-year data. The model using PAV fits the 
data better than the model using AV.

This result suggests that PAV has more information relevance than general AV to future profits. 
It thus supports H2, that PAV explains variations in future profit more than AV.

Table 7. HLM results of centred PAV (2C) models
PAV: centring 1-year lag 2-year lag 3-year lag 4-year lag

2C Estimate t value P value Estimate t value P value Estimate t value P value Estimate t value P value
Intercept:π0i 0.013 4.171 0.000 0.023 7.388 0.000 0.023 7.355 0.000 0.025 7.971 0.000

PAV(m):γ02 0.142 12.114 0.000 0.134 11.774 0.000 0.132 11.471 0.000 0.126 10.896 0.000

Industry:γ01 0.001 0.379 0.705 0.004 1.443 0.149 0.005 1.877 0.061 0.009 3.019 0.003

PAV(d):γ11 0.113 5.043 0.000 0.012 0.556 0.578 0.003 0.111 0.911 −0.017 −0.770 0.442

y2010:γ1010 0.010 8.060 0.000 0.000 −0.212 0.832 0.002 1.989 0.047 0.007 5.792 0.000

y2011:γ1011 0.009 7.519 0.000 0.003 2.095 0.036 0.009 7.305 0.000 0.007 5.902 0.000

y2012:γ1012 0.012 10.170 0.000 0.010 8.067 0.000 0.010 7.791 0.000 0.006 5.150 0.000

Random
Intercept:�0i 0.0324 0.032 0.032 0.032

PAV(d):�1i 0.2554 0.252 0.284 0.262

Model fit 2C 2R 2C 2R 2C 2R 2C 2R

AIC −9845.8 −9965.5 −9890.1 −9895.5 −9809.1 −9762.5 −9917.4 −9841.8

BIC −9782.7 −9908.2 −9827.1 −9838.2 −9746.1 −9705.2 −9854.4 −9784.5

Deviance −9867.8 −9985.5 −9912.1 −9915.5 −9831.1 −9782.5 −9939.4 −9861.8

Table 8. HLM results of fixed AV (3F) models
AV: Fixed 1-year lag 2-year lag 3-year lag 4-year lag

3F Estimate t value P value Estimate t value P value Estimate t value P value Estimate t value P value
Intercept:π0i 0.017 5.596 0.000 0.031 10.457 0.000 0.030 10.376 0.000 0.034 11.573 0.000

AV:γ11 0.096 11.981 0.000 0.073 9.375 0.000 0.069 8.820 0.000 0.063 8.152 0.000

Industry:γ01 0.000 0.021 0.983 0.002 0.541 0.589 0.004 1.271 0.204 0.006 2.054 0.040

y2010:γ1010 0.010 7.753 0.000 0.000 −0.114 0.909 0.003 2.236 0.025 0.007 5.494 0.000

y2011:γ1011 0.009 7.501 0.000 0.003 2.092 0.037 0.009 7.462 0.000 0.007 5.488 0.000

y2012:γ1012 0.013 10.190 0.000 0.010 7.833 0.000 0.010 7.838 0.000 0.006 4.822 0.000

Random
Intercept:�0i 0.034 0.033 0.032 0.032

Model fit 3F Basic 3F Basic 3F Basic 3F Basic

AIC −9726.3 −9592.3 −9764.8 −9686.0 −9701.5 −9632.4 −9829.9 −9771.7

BIC −9680.4 −9552.2 −9718.9 −9645.9 −9655.6 −9592.3 −9784.0 −9731.6

Deviance −9742.3 −9606.3 −9780.8 −9700.0 −9717.5 −9646.4 −9845.9 −9785.7
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The impact on human capital management is known to be short- and medium-term. 
Therefore, even if the time lag is changed to 1–4 years, PAV is more suitable for the model 
than AV. In addition, this result suggests that human capital leads to a sustainable 
competitive advantage. PAV may be effective when creating a future performance 
forecast model considering human capital management. When creating a forecast model, it 
may be effective to use the PAV itself in the short term and the PAV mean in the 
medium term.

Since both the mean and the difference are significant in the 1-year-lag model for both PAV 
and AV, the analysis is performed using the B and W models. Table 12 shows the results for 
B and W models.

The comparison between the 2B and 3B models shows whether the model using the mean PAV or 
the mean AV has a smaller deviation from the data. The AIC and BIC of the 2B model is −9721.7 and

-9675.8, and that of the 3B model is −9677.3 and −9631.5. Both AIC and BIC are smaller for the 
PAV model. There is very strong evidence that the PAV model fits the model better than the AV 
model, because the BIC differs by more than 10.

Top-level managers and shareholders who need to make comparisons with outside companies, 
should place more emphasis on PAVs than AVs, as the results support the hypothesis that PAVs will 
explain their future performance.

The comparison between the 2 W and 3 W models shows whether the model using the PAV 
difference, or the AV difference has a smaller deviation from the data. The AIC and BIC of the 2 W 
model is −9717.4, −9660.1, and the 3 W model is −9715.4, −9658.1.

Both AIC and BIC are a little smaller for the PAV model. There is positive evidence that the PAV 
model fits the model better than the AV model because there is also a difference of more than 2 
for BIC.

Table 9. HLM results of random AV (3R) models
AV: random 1-year lag 2-year lag 3-year lag 4-year lag

3R Estimate t value P value Estimate t value P value Estimate t value P value Estimate t value P value
Intercept:π0i 0.008 3.620 0.000 0.022 9.585 0.000 0.025 9.899 0.000 0.041 15.627 0.000

AV:γ11 0.154 14.122 0.000 0.115 11.004 0.000 0.100 10.132 0.000 0.040 5.145 0.000

Industry:γ01 −0.002 −1.017 0.310 0.002 0.667 0.505 0.003 1.155 0.249 0.002 0.695 0.487

y2010:γ1010 0.009 7.366 0.000 0.000 −0.349 0.727 0.003 2.058 0.040 0.007 5.744 0.000

y2011:γ1011 0.009 6.955 0.000 0.002 1.558 0.119 0.009 7.026 0.000 0.007 5.820 0.000

y2012:γ1012 0.012 9.881 0.000 0.009 7.351 0.000 0.009 7.255 0.000 0.012 7.455 0.000

Random
Intercept:�0i 0.017 0.017 0.018 0.024

AV:�1i 0.133 0.106 0.068 0.037

Model fit 3R 3F 3R 3F 3R 3F 3R 3F

AIC −9926.5 −9726.3 −9886.8 −9764.8 −9762.1 −9701.5 −9848.6 −9829.9

BIC −9869.2 −9680.4 −9829.5 −9718.9 −9704.8 −9655.6 −9791.3 −9784.0

Deviance −9946.5 −9742.3 −9906.8 −9780.8 −9782.1 −9717.5 −9868.6 −9845.9
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The results of the W models show that using PAV as a management index for managers who 
manage the company internally rather than comparing with other companies can have a greater 
impact on future performance than using AV.

It is shown that the model using PAV is more suitable for the model which includes only the 
mean and the difference as explanatory variables.

When the effects of PAV and AV are divided into the between-company level and the within- 
company level and compared, PAV is more effective than AV in both cases. This suggests that PAV 
is more effective than AV for any level of manager.

PAV is an index that applies the concept of external cost to human capital as well. It measures 
the contribution of human capital, which is the source of a company’s competitive advantage, 
more precisely. Therefore, it is interpreted that PAV is more closely related to future performance 
than AV at both the between-company level and the within-company level.

5. Summary and conclusion

5.1. Contribution
To verify the effectiveness of PAV, the relationship between future profit and PAV is examined.

Table 11. The smallest AIC and BIC models in each lag year
1-year lag 2-year lag 3-year lag 4-year lag

random random centring centring

PAV AV difference PAV AV difference PAV AV difference PAV AV difference
AIC −9965.5 −9926.5 39.0 −9895.5 −9886.8 8.7 −9809.1 −9773.9 35.2 −9917.4 −9888.0 29.4

BIC −9908.2 −9869.2 39.0 −9838.2 −9829.5 8.7 −9746.1 −9710.9 35.2 −9854.4 −9825.0 29.4

Table 10. HLM results of centred AV (3C) models
AV: centred 1-year lag 2-year lag 3-year lag 4-year lag

3c Estimate t value P value Estimate t value P value Estimate t value P value Estimate t value P value
Intercept:π0i 0.019 5.865 0.000 0.027 8.823 0.000 0.027 8.542 0.000 0.028 8.999 0.000

AV (m):γ02 0.088 9.683 0.000 0.085 9.747 0.000 0.086 9.841 0.000 0.085 9.728 0.000

Industry:γ01 0.000 −0.127 0.899 0.003 1.012 0.312 0.005 1.545 0.123 0.008 2.751 0.006

AV (d):γ11 0.114 5.345 0.000 0.020 0.950 0.343 0.010 0.466 0.642 −0.008 −0.385 0.701

y2010:γ1010 0.010 7.948 0.000 0.000 −0.224 0.823 0.003 2.049 0.041 0.007 5.713 0.000

y2011:γ1011 0.009 7.426 0.000 0.003 2.102 0.036 0.009 7.370 0.000 0.007 5.768 0.000

y2012:γ1012 0.012 10.101 0.000 0.010 8.047 0.000 0.010 7.985 0.000 0.006 5.042 0.000

Random
Intercept:�0i 0.034 0.033 0.033 0.032

AV (d):�1i 0.242 0.241 0.267 0.243

Model fit 3C 3R 3C 3R 3C 3R 3C 3R

AIC −9800.2 −9926.5 −9858.2 −9886.8 −9773.9 −9762.1 −9888.0 −9848.6

BIC −9737.1 −9869.2 −9795.2 −9829.5 −9710.9 −9704.8 −9825.0 −9791.3

Deviance −9822.2 −9946.5 −9880.2 −9906.8 −9795.9 −9782.1 −9910.0 −9868.6
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By using HLM for longitudinal data, both the effects of PAV within a company and between 
companies are discussed.

Analyses are performed using a more refined BLC estimation than in previous studies. Both H1 
and H2 are supported by empirical analysis. Thus, PAV estimated from an outside perspective 
implies that PAV is useful as a key performance indicator for internal control. PAV has a stronger 
relevance to future profits than AV, and reflects the effectiveness of personnel adjustment.

By using the time lag, the PAV effect is verified to affect future performance, and shown to be 
effective for at least four years.

5.2. Business implications
This study suggests that companies should use PAV as a performance indicator, which is its initial 
objective, rather than AV in internal management.

PAV is a useful metric for investors and top managers who need to make comparisons with other 
companies because improving PAV can have a greater impact on future business results than AV 
for the medium term. Furthermore, PAV evaluates human resource development rather than 
focusing on acquiring human resources from outside; therefore, it may be possible to accelerate 
human resource development within the company.

It is difficult for some departments to directly contribute to profits. However, PAV can directly 
contribute by developing human resources. It is also possible to improve next term’s performance 
by boosting the company’s PAV without looking at other companies.

In addition, calculation of PAV is not costly because any company has its own payment data.

As a method of using PAV from an external perspective, if a corporate performance prediction 
model that uses AV or has AV as a candidate for an index, is used separately from the model of this 

Table 12. HLM results of the within and between (2B, W and 3B, W) models
2B 3B 2W 3W

W and B Estimate t value P value Estimate t value P value Estimate t value P value Estimate t value P value
Intercept:π0i 0.013 4.016 0.000 0.018 5.700 0.000 0.041 17.252 0.000 0.041 17.295 0.000

PAV(m):γ02 0.143 12.154 0.000

AV(m):γ02 0.088 9.695 0.000

Industry:γ01 0.001 0.316 0.752 −0.001 −0.192 0.848 −0.008 −2.538 0.011 −0.008 −2.556 0.011

PAV (d):γ11 0.109 4.867 0.000

AV (d):γ11 0.110 5.151 0.000

y2010:γ1010 0.010 7.863 0.000 0.010 7.863 0.000 0.010 8.079 0.000 0.010 7.971 0.000

y2011:γ1011 0.010 7.920 0.000 0.010 7.920 0.000 0.009 7.548 0.000 0.009 7.449 0.000

y2012:γ1012 0.013 10.322 0.000 0.013 10.322 0.000 0.013 10.197 0.000 0.012 10.122 0.000

Random

Intercept:�0i 0.001 0.001 0.037 0.001

PAV(d):�1i 0.255

AV(d):�1i 0.059

Model fit 2B 3B 2W 3W

AIC −9721.7 −9677.3 −9717.4 −9715.4

BIC −9675.8 −9631.5 −9660.1 −9658.1

Deviance −9737.7 −9693.3 −9737.4 −9735.4
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research, using PAV may provide more accurate forecasts than using AV. Although using PAV requires 
some costs to collect the information, its use is effective if the user wishes to improve accuracy.

5.3. Further study
While this study uses manufacturing/non-manufacturing categories, there is a possibility of obtaining 
more sophisticated results by applying or adding other categories focused on human resources. There 
are two kinds of businesses: one should focus on human resources while the other should not. 
Therefore, the result may be changed under alternative classifications and analyses.
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