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Abstract
This study examined the effect of training investment on firm value of listed oil and gas firms in Nigeria, with board independence as a moderating variable, in response to persistent valuation challenges linked to weak governance and inefficient human capital investment. An ex post facto research design was adopted, using panel data from twelve firms over the period 2015 to 2024, obtained from audited annual reports and corporate disclosures. Firm value was proxied by Tobin’s Q, while training investment was measured using training expenditure, training intensity, participation rate, and human capital investment ratio, with firm size and firm age as control variables. Data were analyzed using random effects generalized least squares regression with robust standard errors. The findings revealed that training investment exerted mixed effects on firm value, as training intensity had a positive and significant effect, whereas training expenditure and participation rate had negative and significant effects, and human capital investment ratio was insignificant. Furthermore, board independence significantly moderated these relationships by mitigating the negative effects of training expenditure and enhancing the value relevance of participation rate, although it weakened the positive effect of training intensity. The study concluded that the effectiveness of training investment depended on its structure and governance oversight rather than its magnitude. It recommended that firms should adopt structured and outcome driven training strategies, strengthen board independence, and improve disclosure practices to enhance transparency and investor confidence.
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1. Introduction
Firm value remained a key indicator of corporate performance and market perception because it reflected investors’ assessment of profitability, growth prospects, and governance quality, thereby shaping investment decisions and capital allocation efficiency in emerging markets like Nigeria (Ibrahim, 2025). Empirical evidence further showed that ownership structure, liquidity, and firm growth enhanced firm value and strengthened its role in evaluating managerial effectiveness and long-term wealth maximization (David et al., 2025). However, in developed economies, firm value faced increasing constraints from intangible asset mispricing, short termism, and rising ESG expectations, which complicated valuation models and weakened long term performance assessment (Lev & Gu, 2022), while Flammer (2023) demonstrated that a focus on short term outcomes eroded sustainable value creation, and macroeconomic instability further intensified valuation pressures (Baker et al., 2022) .
Similarly, firm value in developing economies, particularly in Africa, was shaped by weak institutional frameworks, information asymmetry, and inconsistent sustainability disclosures, which reduced investor confidence and limited efficient market valuation (Yusuf, 2025). In addition, poor ESG reporting weakened the ability of firms to translate non-financial performance into market value (Yahaya & Yusuf, 2026). More specifically, in Nigeria, suboptimal capital structure decisions and governance inefficiencies further constrained firm value, as excessive long-term debt and weak monitoring mechanisms eroded market valuation and sustained instability across firms (Moses, 2023).
Furthermore, measuring firm value remained problematic, as commonly used proxies such as Tobin’s Q and market to book ratio were often distorted by illiquidity, thin capital markets, and weak disclosure systems in African contexts (Adebayo et al., 2023). Yahaya (2024) also observed that inconsistencies in accounting standards and data quality produced unreliable valuation outcomes, while differences in methodological approaches generated conflicting results. In addition, persistent information asymmetry and governance deficiencies continued to bias market-based measures, thereby limiting the precision and comparability of firm value metrics (Okafor & Ezeani, 2022) .
Consequently, efforts to enhance firm value increasingly involved coordinated actions from international institutions, governments, and researchers through strengthened corporate governance frameworks, ESG disclosure mandates, and regulatory reforms aimed at improving transparency and reducing information asymmetry (Bukari et al., 2024). For example, policymakers emphasized stricter enforcement of disclosure rules and independent assurance of sustainability reports to boost investor confidence (SCIRP, 2025), while governance reforms promoting board independence improved oversight and valuation outcomes (Al Naim et al., 2026). In this context, integrating ESG considerations into corporate strategy emerged as a critical pathway for sustaining long term value creation (Bukari et al., 2024).
Within this broader framework, training investment played a strategic role in human capital development by enhancing employees’ competencies, innovation capacity, and productivity, which strengthened firms’ competitive advantage and long-term value creation (Agyemang & Ofori, 2023; Salisu & Mohammed, 2024). Empirical evidence indicated that sustained investment in training improved operational efficiency and market valuation, as Yusuf (2025) demonstrated its positive effect on firm performance. Moreover, training supported knowledge transfer and adaptability, which were essential for resilience in dynamic environments (Mensah et al., 2022; Okoye & Eze, 2023), thereby positioning training investment as a key driver of firm value (Yahaya & Bello, 2026) .
However, inadequate training investment continued to undermine firm value, as firms with limited human capital development experienced reduced productivity, weak innovation capacity, and lower market valuation (Ezeani et al., 2023; Lawal & Nwanji, 2024). In support of this, Okafor (2025) demonstrated that insufficient training budgets constrained employee efficiency and organizational competitiveness. Furthermore, underinvestment led to operational inefficiencies and weaker financial performance, which ultimately reduced firm value sustainability (Mensah & Agyapong, 2022; Bello et al., 2026).
Importantly, board independence enhanced the effectiveness of training investment by improving oversight, reducing agency conflicts, and aligning human capital expenditures with value maximization objectives (Adebiyi et al., 2023; Ntim et al., 2022). Yahaya (2024) demonstrated that independent directors strengthened accountability and resource allocation efficiency, while empirical studies showed that firms with more independent boards were better positioned to convert training investments into improved performance and higher firm value (Uwuigbe et al., 2023; Mensah et al., 2022; Okafor & Ibadin, 2025).
Nevertheless, despite these insights, the literature remained fragmented, as most studies examined training investment and board independence separately, with limited integration of multidimensional training proxies and firm value measured by Tobin’s Q (Adebiyi et al., 2023; Bukari et al., 2024). Although prior evidence showed that board independence improved firm value and governance outcomes (Uwuigbe et al., 2023), it largely ignored its moderating role in strengthening the value relevance of training investment. In addition, sector specific evidence, particularly in the oil and gas industry, remained limited and methodologically inconsistent (Ahmed et al., 2025). Therefore, this study addresses this gap by examining the effect of training investment on firm value of listed oil and gas firms in Nigeria, while incorporating board independence as a moderating mechanism 
2. Literature Review
2.1. Conceptual Review 
2.1.1. Firm Value
Firm value represents a multidimensional construct that reflects the market’s overall assessment of a firm’s economic worth, incorporating expectations about profitability, growth, risk, and governance quality, although its conceptualization varies across authors and contexts. For instance, Ibrahim (2025) viewed firm value as the market-based outcome of investors’ perceptions of firm performance and prospects, while Yahaya (2024) opined it from a financial reporting perspective as a function of transparency and earnings quality; similarly, Bukari et al. (2024) emphasized the role of ESG integration in shaping sustainable firm value. Despite these perspectives, significant issues persist, including valuation distortions arising from information asymmetry, weak disclosure systems, and market inefficiencies, particularly in emerging economies (Adebayo et al., 2023; Okafor & Ezeani, 2022). Moreover, while measures such as Tobin’s Q and market to book ratio are widely adopted due to their forward-looking nature, they are often criticized for sensitivity to market volatility and difficulties in estimating replacement costs, thereby limiting their precision across contexts (Yahaya & Yusuf, 2026). In contrast, accounting based measures offer stability but fail to fully capture market expectations, thus creating a trade-off between relevance and reliability. Consequently, firm value is influenced by governance quality, capital structure, and strategic investments such as human capital development, yet its accurate measurement remains contested, requiring careful methodological alignment with research objectives and institutional context (Moses, 2023; Bukari et al., 2024)
 2.1.2	Training Investment
Training investment is conceptualized as a strategic allocation of resources toward employee learning, skill acquisition, and capability development aimed at enhancing firm productivity and innovation, though scholars differ in scope and emphasis, with OECD (2023) defining it as deliberate human capital formation, while World Bank (2023) and Bolli and Woerter (2022) viewed it as a mechanism for strengthening absorptive capacity and innovation readiness; however, persistent issues such as underinvestment, short-term managerial orientation, and difficulty in quantifying returns are highlighted by Institute for Fiscal Studies (2023) and Acemoglu and Restrepo (2023), which constrain optimal deployment; empirically, Dearden et al. (2022), Tuamyil (2024), and Adeleye and George (2023) showed that training investment improves productivity and innovation, yet Neycheva (2024) and Liodaki and Karalis (2024) emphasized participation barriers and uneven access, while Burlina et al. (2025) argued that effectiveness depends more on intensity and structure than mere expenditure; measurement remains multidimensional, with scholars such as Kiani (2024), Diaz et al. (2025), and Intara (2024) operationalizing training investment through proxies including training expenditure, training intensity, participation rate, and human capital investment ratio, though Corrado et al. (2023) critiqued these proxies for failing to capture training quality and learning outcomes; comparatively, while OECD (2023) and World Bank (2023) stressed its macroeconomic and capability-building roles, firm-level studies emphasize efficiency and deployment mechanisms, creating a divergence between theoretical promise and empirical realization; thus, in this study, training investment is proxied by training expenditure, training intensity, participation rate in training programs, and human capital investment ratio, integrating financial, structural, and intensity-based dimensions to better capture its complex contribution to innovation and firm value.
2.1.2 Board Independence
Board independence is a core corporate governance mechanism that reflects the proportion and influence of non-executive directors who are free from managerial control, thereby enhancing objective oversight and strategic decision making, although its conceptualization varies across the literature. For instance, Adebiyi et al. (2023) defined board independence as the extent to which outside directors dominate board composition to mitigate agency conflicts, while Yahaya (2024) emphasized its role in strengthening accountability and financial reporting quality; similarly, Uwuigbe et al. (2023) linked board independence to improved monitoring efficiency and firm performance. Despite these perspectives, key issues persist, including “token independence,” weak enforcement, and limited director expertise, which reduce its effectiveness in emerging markets (Okafor & Ibadin, 2025). Empirically, board independence is commonly measured using the ratio or proportion of independent non-executive directors to total board size, although this proxy has been criticized for failing to capture behavioral independence and actual influence. In comparison, while higher board independence is associated with improved firm value and governance outcomes, excessive independence without firm specific knowledge may weaken strategic cohesion, thus presenting a trade-off between monitoring and advisory roles (Ntim et al., 2022). Consequently, board independence remains a critical but imperfect governance tool, whose effectiveness depends on contextual factors such as institutional quality, regulatory enforcement, and alignment with other governance mechanisms, particularly in enhancing value relevance of strategic investments
2.1.3 Training Investment, Board Independence and Innovation
The relationship between training investment, board governance, and firm value is fundamentally complementary, as human capital development enhances firm capabilities while effective governance ensures optimal allocation and monitoring of such investments, thereby strengthening value creation (Agyemang & Ofori, 2023; Uwuigbe et al., 2023). Empirical evidence showed that firms with higher training investment achieve superior performance and market valuation, particularly when supported by strong governance structures, as Yahaya (2024) demonstrated that governance quality enhances the value relevance of strategic investments. Moreover, board independence improves oversight, reduces agency conflicts, and ensures that training expenditures translate into productivity and innovation gains, which ultimately drive firm value (Bukari et al., 2024; Okafor & Ibadin, 2025). In contrast, weak governance frameworks may dilute the benefits of training investment, leading to inefficient resource utilization and suboptimal value outcomes, thus highlighting the synergistic role of governance and human capital in sustaining firm value (Mensah et al., 2022; Salisu & Mohammed, 2024; Bello et al., 2026).
2.2 Theoretical Review
2.2.1. Human Capital Theory
Human Capital Theory, propounded by Gary Becker in 1964, posited that investment in education and training enhanced employees’ skills, productivity, and future economic returns, assuming rational decision making and measurable returns on human capital accumulation (Becker, 1964; Agyemang & Ofori, 2023) . Recent studies showed that human capital development significantly improved firm performance and value creation, as Mensah et al. (2022) found that training intensity enhanced productivity, while Salisu and Mohammed (2024) reported a positive link between workforce training and firm value. However, the theory was limited by measurement difficulties, time lag effects, and its narrow economic orientation, and critics argued that it overlooked institutional and governance factors influencing outcomes (Kessler, 2022; Yahaya, 2024). Despite these limitations, its key benefit lay in explaining how strategic investment in training drove innovation, efficiency, and competitive advantage. Accordingly, this study will apply Human Capital Theory by proposing that training investment will enhance firm value, while board independence will strengthen the efficiency and monitoring of such investments, thereby improving firm value measured by Tobin’s Q.
2.2.2. Signaling theory
Signaling theory, propounded by Michael Spence in 1973, posited that firms conveyed credible information to external stakeholders under conditions of information asymmetry, assuming that signals were observable, costly, and difficult to imitate (Connelly et al., 2025; Svetek, 2022). Recent studies showed that corporate disclosures and strategic investments served as signals that influenced investor perception and firm valuation, as Connelly et al. (2025) emphasized the evolving relevance of signaling mechanisms in modern markets, while Fathi (2025) found that financial and non-financial signals significantly affected firm value (Fathi, 2025). However, the theory was limited by the possibility of signal manipulation and its reliance on accurate market interpretation, and critics argued that not all signals reflected true firm quality, especially in weak institutional settings (Valero-Gil, 2024). Despite these limitations, its key benefit lay in explaining how firms reduced information asymmetry and enhanced investor confidence. Accordingly, this study will apply signaling theory by proposing that training investment will serve as a credible signal of future capability and performance, while board independence will strengthen the credibility of such signals through effective monitoring, thereby improving firm value measured by Tobin’s Q.
2.2.3	Theoretical Justification
The integration of Human Capital Theory and Signaling Theory provides a complementary framework for explaining how training investment influences firm value, as the former focuses on productivity enhancement while the latter emphasizes information transmission under asymmetry. Human Capital Theory posited that investment in training improved skills and productivity outcomes (Deming, 2025), whereas Signaling Theory, developed by Michael Spence, explained how observable actions conveyed firm quality to external stakeholders (Connelly et al., 2025), since signals must be credible and costly to imitate . Empirical studies showed that training not only enhanced productivity but also functioned as a signal of future performance and organizational capability (Svetek, 2022; Fathi, 2025). However, critics argued that returns to training may reflect signaling effects rather than real productivity gains, thereby creating interpretational challenges (Valero-Gil, 2024; Auerbach, 2025). Despite this, their integration offered a more robust explanation by capturing both intrinsic value creation and market perception. Accordingly, this study will apply the integrated framework by proposing that training investment will enhance firm value through capability development, while board independence will strengthen the credibility and monitoring of these signals, thereby improving firm value measured by Tobin’s Q.
2.3 Empirical Review
Agyemang and Ofori (2023) employed an ex post facto research design using secondary panel data from 120 listed firms in the UK between 2012 and 2021, applying fixed effects regression to examine human capital investment and firm value, and found that training expenditure significantly improves Tobin’s Q; however, the study did not incorporate board independence as a moderating variable, creating a governance gap. Rodríguez Valencia (2025) analyzed 91 listed SMEs in Spain using panel data from 2015 to 2022, adopting purposive sampling and generalized method of moments (GMM) estimation, and reported that corporate governance variables, particularly board independence, positively influence firm value; nonetheless, the study focused on governance without integrating training investment variables.
Sutrisno (2023) conducted a survey-based study of 78 manufacturing firms in Indonesia using structured questionnaires and regression analysis on 2022 data, and found that board independence significantly enhances firm value and earnings persistence; however, the study lacked longitudinal evidence and omitted human capital investment variables. Noor and Alam (2024) applied a quantitative research design using secondary data from 40 banking and insurance firms in Indonesia over 2018 to 2022, utilizing PLS SEM, and found that corporate governance and investment decisions significantly affect firm value, with moderating effects present; however, training investment proxies were not disaggregated, limiting insight into human capital dynamics.
Soomro et al. (2026) adopted a mixed methods design combining survey data from 200 executives and secondary financial data from listed firms in Pakistan between 2018 and 2024, using correlation and regression techniques, and found that board independence significantly improves Tobin’s Q and investor confidence; however, the study identified weak enforcement and did not examine training investment interactions. Bunyaminu (2025) employed panel data analysis using purposive sampling of listed firms on the Ghana Stock Exchange from 2016 to 2022, applying random effects regression, and found that board attributes including independence significantly enhance firm market value; however, the study did not incorporate human capital investment measures, creating a conceptual gap.
Abbas and Yahaya (2024) used panel data from 153 firms over 2014 to 2023, applying ordinary least squares and robustness checks, and found that board independence reduces earnings management and improves reporting quality, which indirectly enhances firm value; nevertheless, the study focused on financial reporting without linking training investment to firm value outcomes. Wang et al. (2022) adopted a quasi experimental design using regulatory changes in Taiwan as a natural experiment, analyzing panel data of listed firms with difference in differences estimation, and found a negative relationship between board independence and firm value due to director quality constraints; however, the study did not consider human capital investments as a complementary factor.
Adebayo et al. (2023) utilized secondary data from Nigerian listed firms over a ten year period with panel regression techniques, and found that market inefficiencies and weak disclosures distort firm value measurement; however, the study did not explore governance mechanisms such as board independence or training investment interactions. Uwuigbe et al. (2023) employed an ex post facto design using secondary data from Nigerian listed firms between 2012 and 2021, applying multiple regression analysis, and found that board independence significantly improves financial performance and firm value; however, the study did not examine the moderating role of board independence on training investment, nor did it focus on sector specific dynamics such as oil and gas firms, thereby justifying the present study.
Mensah et al. (2022) adopted a panel research design using secondary data from 85 listed firms in South Africa over the period 2013 to 2020, employing fixed and random effects models, and found that human capital development, particularly training intensity, significantly improves firm performance and market valuation; however, the study did not incorporate board independence as a moderating variable, thereby limiting governance insights. Okoye and Eze (2023) utilized a survey research design with primary data collected from 150 manufacturing firms in Nigeria using stratified sampling and multiple regression analysis, and found that training expenditure and employee participation in training programs significantly enhance organizational performance; nonetheless, the study relied on perceptual measures and did not link outcomes to firm value proxies such as Tobin’s Q.
Salisu and Mohammed (2024) employed an ex post facto design using panel data from 60 listed firms in Nigeria between 2015 and 2022, applying generalized least squares estimation, and reported that workforce training significantly improves firm value and operational efficiency; however, the study did not examine governance structures such as board independence, creating a moderating gap. Bukari et al. (2024) used panel data from 110 firms across emerging markets between 2014 and 2021, adopting GMM estimation, and found that corporate governance mechanisms, including board independence, significantly enhance firm value especially when moderated by ESG performance; however, the study did not incorporate human capital investment proxies, limiting its explanatory scope on training effects.
Ahmed et al. (2025) conducted a panel study using data from 75 listed service firms in Nigeria from 2012 to 2023, applying dynamic panel estimation techniques, and found that board independence significantly influences firm financial decisions and value outcomes; nevertheless, the study did not consider training investment variables or sector specific evidence from oil and gas firms. Adedoyin et al. (2023) adopted an ex post facto design using secondary data from 95 listed Nigerian firms over the period 2011 to 2020, employing panel regression analysis, and found that board characteristics, including independence, positively affect firm value; however, the study did not integrate multidimensional training investment proxies nor examine their interaction with governance variables, thereby leaving a critical gap addressed by the present study.
3 Methodology
This study adopted an ex post facto research design with a quantitative panel approach to examine the moderating role of board independence on the relationship between training investment and firm value. The population comprised twelve listed oil and gas firms on the Nigerian Exchange Group, and a census sampling technique was used, resulting in a sample size of twelve firms due to the small and accessible population. The choice of listed oil and gas firms was justified by their strategic economic importance, high capital intensity, strong governance structures, and relatively consistent disclosure practices, which enhanced data reliability. Secondary data were obtained from audited annual reports, corporate governance disclosures, and NGX fact books for the period 2015 to 2024, with 2015 selected as the base year because it reflected post IFRS reporting stability and improved governance disclosure consistency. Data were analyzed using panel regression techniques, specifically random effects and moderated regression analysis, with relevant diagnostic tests to ensure robustness of the estimates.
3.1	Model Specification
The model for this study was adapted from Zouari-Hadiji R. and Khlif H. (2022), titled Human Capital Investment, Corporate Governance and Market Valuation, which employed a panel regression framework to examine how governance mechanisms influence the relationship between human capital investment and firm value. The original model is specified as:
,
where firm value is influenced by human capital investment, corporate governance, and their interaction. Adapting this framework to the present study, firm value is proxied by Tobin’s Q, while training investment is decomposed into four proxies, and board independence represents corporate governance. The baseline model is specified as:
.
To capture the moderating role of board independence, the interaction model is specified as:
.
Where and denote firm and time respectively, TobinQ represents firm value, TRNEXP is training expenditure, TRNINT is training intensity, TRNPR is participation rate in training programs, HCIR is human capital investment ratio, BIND denotes board independence, FSIZE and FAGE represent firm size and firm age as control variables, and is the stochastic error term. The interaction coefficients capture the moderating influence of board independence on the relationship between training investment and firm value. A priori expectation is in line with extant literature to be β₁ - β11 > 0
3.2 Measurement of Variables
Table 1: Description and Measurement of Variable
	S/N
	Variables
	Description
	Measurement
	Sources 

	1
	Firm Value (Tobin’s Q) (Dependent Variable)
	Market-based measure reflecting investors’ assessment of firm performance, growth prospects, and overall value
	Market value of equity + book value of total debt ÷ book value of total assets
	Intara (2024); Zouari-Hadiji  & Khlif 2022); Yahaya (2024)

	2
	Training Expenditure (Independent Variable)
	Financial resources committed to employee training and development activities
	Total training cost ÷ total operating expenses or total assets
	Tuamyil (2024); Olabode & Ayoboye (2023); Habtoor (2024)

	3
	Training Intensity (Independent Variable)
	Depth and frequency of training programs undertaken by the firm
	Total training hours ÷ total number of employees
	Li et al. (2024); Zouari-Hadiji & Khlif (2022)

	4
	Participation Rate in Training Programs (Independent Variable)
	Level of employee involvement in training programs
	Number of employees trained ÷ total number of employees
	Adeosun (2024); Liu et al. (2023)

	5
	Human Capital Investment Ratio (Independent Variable)
	Degree of firm commitment to workforce development relative to resources
	Total training and development cost ÷ total employee cost or total revenue
	Intara (2024); Tuamyil (2024); Diaz et al. (2025)

	6
	Board Independence (Moderating Variable)
	Degree of board autonomy and monitoring effectiveness in governance
	Number of independent non-executive directors ÷ total board size
	Uwuigbe et al. (2023); Yahaya (2024); Musa & Modibbo (2025)

	7
	Firm Size (Control Variable)
	Scale of firm operations and resource capacity
	Natural logarithm of total assets
	Liu et al. (2023); Habtoor (2024)

	8
	Firm Age (Control Variable)
	Organizational maturity and experience over time
	Natural logarithm of number of years since incorporation
	Li et al. (2024); Intara (2024)


Source: Author’s Compilation (2026)
4. Results and Discussion 
4.1 Descriptive Statistics
Table 2: Descriptive Statistics of Study Variables (N = 120)
	Variable
	N
	Mean
	SD
	Min
	Max

	TOBINQ
	120
	0.384
	0.447
	0.000
	2.645

	TRNEXP
	120
	0.458
	0.655
	0.000
	3.509

	TRNPR
	120
	0.523
	0.602
	0.000
	2.945

	TRNINT
	120
	8.850
	3.850
	0.000
	15.474

	HCIR
	120
	0.427
	0.947
	0.000
	5.297

	BIND
	120
	4.939
	0.175
	4.382
	5.193

	FSIZ
	120
	12.179
	1.588
	7.222
	15.710

	AGE
	120
	25.430
	15.819
	0.000
	52.000


Source: Researchers’ Computation (2026)
Table 2 presented the descriptive statistics of the study variables based on 120 firm year observations, showing moderate variation across key measures. Firm value, proxied by Tobin’s Q, recorded a low mean of 0.384 with a standard deviation of 0.447, suggesting generally low market valuation with noticeable dispersion across firms. Training investment proxies such as TRNEXP and TRNPR showed moderate averages of 0.458 and 0.523 respectively, while TRNINT had a relatively high mean of 8.850, indicating varying intensity of training activities. HCIR exhibited high variability with a standard deviation of 0.947, reflecting inconsistent human capital investment across firms. Board independence (BIND) showed minimal dispersion, implying relative uniformity in board composition, while firm size (FSIZ) and age (AGE) indicated significant heterogeneity among firms, suggesting differences in scale and maturity within the sample.
4.2 Correlation Analysis
Table 3: Pearson Correlation Matrix of Study Variables (N = 120)
	Variable
	TOBINQ
	TRNEXP
	TRNPR
	TRNINT
	HCIR
	BIND
	FSIZ
	AGE

	TOBINQ
	1.000
	
	
	
	
	
	
	

	TRNEXP
	-0.290
	1.000
	
	
	
	
	
	

	TRNPR
	-0.341
	0.828
	1.000
	
	
	
	
	

	TRNINT
	-0.031
	0.431
	0.377
	1.000
	
	
	
	

	HCIR
	-0.250
	0.752
	0.814
	0.409
	1.000
	
	
	

	BIND
	-0.320
	0.107
	0.095
	-0.058
	0.075
	1.000
	
	

	FSIZ
	0.175
	-0.438
	-0.462
	0.022
	-0.610
	-0.071
	1.000
	

	AGE
	0.234
	-0.092
	-0.091
	0.249
	0.099
	-0.039
	0.020
	1.000


Source: Researchers’ Computation (2026)
Table 3 presented the Pearson correlation matrix for the study variables and showed the nature and strength of linear relationships among them. Firm value (TOBINQ) exhibited weak to moderate negative correlations with training expenditure (-0.290), training participation (-0.341), and human capital investment ratio (-0.250), while its relationship with training intensity (-0.031) was negligible, suggesting mixed associations between training proxies and firm value. However, TOBINQ showed positive correlations with firm size (0.175) and age (0.234), indicating that larger and more mature firms tended to have higher valuation. Strong positive correlations were observed among training variables, particularly between TRNEXP and TRNPR (0.828) and between TRNPR and HCIR (0.814), which suggested potential multicollinearity concerns. Board independence (BIND) showed weak correlations with most variables, indicating limited direct association, while the overall correlation coefficients remained below the critical threshold, suggesting absence of severe multicollinearity.
4.3 Linearity Test
Figure 1-
Linearity Test amongst variables 
[image: ]Source: Researchers’ Computation (2026)
The partial residual plots indicate that all explanatory variables exhibit approximately linear relationships with TOBINQ. TRNEXP and TRNPR show slight negative slopes with scattered points and no clear curvature, suggesting weak but linear associations. TRNINT and FSIZ display near-flat patterns, while HCIR also shows a weak negative but linear trend without systematic deviation. BIND presents a more noticeable negative linear slope, yet still without nonlinear clustering, and AGE shows a mild positive linear trend. Overall, the absence of visible curvature or structural breaks across variables confirms that the linearity assumption is satisfied, supporting the use of a linear panel regression model.
4.4 Diagnostic Tests
To ensure the robustness and validity of the regression estimates, several post-estimation diagnostic tests were conducted. These tests examined multicollinearity, model specification, heteroskedasticity, panel effects, estimator selection, and serial correlation. The consolidated results are presented in Table 4.


Table 4 Summary of Diagnostic Test Results
	Test
	Statistic
	Df
	p-value
	Decision
	Interpretation

	Variance Inflation Factor (Mean VIF)
	2.65
	–
	–
	Acceptable
	No severe multicollinearity

	Cameron & Trivedi IM-Test (Heteroskedasticity)
	40.87
	35
	0.2282
	Not significant
	No evidence of heteroskedasticity under IM-test

	Cameron & Trivedi IM-Test (Skewness)
	14.44
	7
	0.0439
	Significant
	Mild non-normality (skewness) present

	Cameron & Trivedi IM-Test (Kurtosis)
	3.83
	1
	0.0503
	Marginal
	Slight deviation in kurtosis

	Cameron & Trivedi IM-Test (Total)
	59.14
	43
	0.0514
	Borderline
	Minor overall misspecification concerns

	Modified Wald Test (Groupwise Heteroskedasticity)
	9790.39
	11
	0.0000
	Reject H₀
	Presence of heteroskedasticity across panels

	Breusch–Pagan LM Test (Random Effects)
	18.51
	–
	0.0000
	Reject H₀
	Panel effects present; OLS inappropriate

	Hausman Test
	5.24
	7
	0.6305
	Fail to reject H₀
	Random effects preferred

	Wooldridge Test (Autocorrelation)
	31.184
	1,10
	0.0002
	Reject H₀
	First-order autocorrelation present


Source: Researchers’ Computation (2026)
The diagnostic results indicate that the model is generally well specified with no serious multicollinearity, as the mean VIF of 2.65 falls within acceptable limits. The Cameron and Trivedi IM-test show no evidence of heteroskedasticity, although the significant skewness and marginal kurtosis suggest mild deviations from normality. The borderline significance of the overall IM-test points to minor specification concerns, but not severe enough to invalidate the model.
However, panel-specific tests reveal important issues. The Modified Wald test confirms the presence of groupwise heteroskedasticity, while the Wooldridge test indicates first-order autocorrelation, implying that error terms are not independently distributed. The Breusch–Pagan LM test establishes the presence of panel effects, making pooled OLS inappropriate, and the Hausman test supports the use of the random effects model as consistent and efficient. Overall, these results justify the adoption of a random effects estimator with robust standard errors to ensure reliable inference.
4.5 Regression Results 
4.5.1 Individual Effects (Random Effects Model)
Following the diagnostic results which supported the use of the random effects estimator, a random-effects generalized least squares regression with cluster-robust standard errors was estimated to examine the effect of training and human capital variables on firm innovation (TOBINQ). The results are presented in Table 5.
Table 5: Random Effects GLS Regression Results (Dependent Variable: TOBINQ)
	Variable
	Coefficient
	Robust SE
	Z
	p-value
	95% CI Lower
	95% CI Upper

	TRNEXP
	-0.082
	0.041
	-2.02
	0.044
	-0.162
	-0.002

	TRNPR
	-0.271
	0.078
	-3.48
	0.000
	-0.424
	-0.119

	TRNINT
	0.022
	0.015
	2.00
	0.040
	-0.007
	0.051

	HCIR
	0.036
	0.089
	0.40
	0.687
	-0.139
	0.211

	FSIZ
	-0.032
	0.085
	-0.38
	0.703
	-0.198
	0.134

	AGE
	-0.00006
	0.0036
	-0.02
	0.986
	-0.007
	0.007

	Constant
	0.752
	1.024
	0.73
	0.462
	-1.254
	2.758

	Model statistics: Obs = 120; Groups = 12; Wald chi²(6) = 15.31; Prob > chi² = 0.0179; Within R² = 0.073; Between R² = 0.162; Overall R² = 0.113; rho = 0.363


Source: Researchers’ Computation (2026)
Table 5 presented the random effects GLS regression results and showed that the model was statistically significant overall, as indicated by the Wald chi² value of 15.31 with a p value of 0.0179, suggesting that the explanatory variables jointly influenced firm value. Training expenditure (TRNEXP) had a negative and significant effect on Tobin’s Q (β = -0.082, p = 0.044), while training participation rate (TRNPR) also showed a negative and highly significant relationship (β = -0.271, p = 0.000), implying that increases in these variables were associated with lower firm value. In contrast, training intensity (TRNINT) exerted a positive and significant effect (β = 0.022, p = 0.040), indicating that more intensive training contributed to improved firm value. However, human capital investment ratio (HCIR) was positive but not statistically significant (p = 0.687), suggesting limited influence on firm value.
Furthermore, the control variables, firm size (FSIZ) and firm age (AGE), were both negative and statistically insignificant, indicating that they did not significantly explain variations in firm value within the sample. The R² values showed modest explanatory power, with an overall R² of 0.113, suggesting that approximately 11.3 percent of the variation in firm value was explained by the model. The rho value of 0.363 indicated moderate panel level variation, supporting the appropriateness of the random effects estimation. Overall, the results suggested that while certain dimensions of training investment influenced firm value, their effects were mixed and context dependent.

4.5.2 Moderating Effect of Board Independence
To examine whether board independence (BIND) moderates the relationship between training variables and firm innovation, interaction terms between BIND and each human capital variable were introduced into the random effects model. Cluster-robust standard errors were applied to account for within-group dependence. The results are presented in Table 6.
Table 6: Random Effects GLS Regression with Moderating Effects (Dependent Variable: TOBINQ)
	Variable
	Coefficient
	Robust SE
	z
	p-value
	95% CI Lower
	95% CI Upper

	TRNEXP
	-2.346
	1.118
	-2.10
	0.036
	-4.537
	-0.156

	BIND
	0.890
	0.776
	1.15
	0.251
	-0.630
	2.410

	TRNEXP × BIND
	0.466
	0.226
	2.06
	0.039
	0.023
	0.908

	TRNPR
	-5.686
	2.971
	-1.91
	0.056
	-11.509
	0.136

	TRNPR × BIND
	1.110
	0.591
	1.88
	0.060
	-0.048
	2.267

	TRNINT
	1.224
	0.503
	2.44
	0.015
	0.239
	2.209

	TRNINT × BIND
	-0.246
	0.102
	-2.41
	0.016
	-0.447
	-0.046

	HCIR
	1.570
	1.106
	1.42
	0.156
	-0.597
	3.736

	HCIR × BIND
	-0.315
	0.223
	-1.41
	0.158
	-0.752
	0.122

	FSIZ
	-0.007
	0.060
	-0.12
	0.902
	-0.125
	0.110

	AGE
	0.004
	0.004
	1.00
	0.318
	-0.004
	0.011

	Constant
	-3.990
	4.006
	-1.00
	0.319
	-11.842
	3.861

	Model statistics: Obs = 120; Groups = 12; Wald chi²(10) = 48.13; Prob > chi² = 0.0000; Within R² = 0.178; Between R² = 0.558; Overall R² = 0.336; rho = 0.000


Source: Researchers’ Computation (2026)
Table 6 presented the random effects GLS results with moderating effects and showed that the model was highly significant overall, as indicated by the Wald chi² value of 48.13 with a p value of 0.0000, suggesting strong joint explanatory power. Training expenditure (TRNEXP) had a negative and significant effect on firm value (β = -2.346, p = 0.036), however, its interaction with board independence (TRNEXP × BIND) was positive and significant (β = 0.466, p = 0.039), indicating that board independence mitigated the negative effect and enhanced value outcomes. Similarly, training participation rate (TRNPR) showed a negative effect that was marginally significant (p = 0.056), while its interaction with board independence was positive at a marginal level (p = 0.060), suggesting a conditional improvement in firm value. In contrast, training intensity (TRNINT) had a positive and significant direct effect (β = 1.224, p = 0.015), but its interaction with board independence was negative and significant (β = -0.246, p = 0.016), implying that excessive board monitoring may weaken its positive impact.
Furthermore, human capital investment ratio (HCIR) and its interaction with board independence were both statistically insignificant, indicating limited moderating influence. Board independence (BIND) itself was positive but insignificant, suggesting that its primary role was through interaction rather than direct effect. The control variables, firm size (FSIZ) and firm age (AGE), remained insignificant, confirming their weak explanatory power in the model. The model showed improved explanatory strength, with an overall R² of 0.336, indicating that about 33.6 percent of the variation in firm value was explained. The rho value of 0.000 suggested minimal unobserved panel heterogeneity, reinforcing the robustness of the estimates and highlighting the importance of interaction effects in explaining firm value dynamics.
4.6 	Discussion of Findings
The findings revealed that training expenditure and participation rate exerted negative and significant effects on firm value, while training intensity showed a positive and significant influence, and human capital investment ratio remained insignificant. This suggests that mere financial allocation and broad participation without strategic depth may reduce efficiency, whereas intensive and structured training enhances value creation. Consistent with this, Agyemang and Ofori (2023) and Salisu and Mohammed (2024) found positive performance effects of training, although the present result contrasts with Ezeani et al. (2023) who emphasized consistent positive effects across proxies. Furthermore, Tuamyil (2024), Diaz et al. (2025), and Dearden et al. (2022) supported the importance of training structure over mere expenditure (Tuamyil, 2024; Diaz et al., 2025; Dearden et al., 2022). The findings align with human capital theory by confirming that productive capability depends on effective investment, and with signaling theory by suggesting that poorly structured training sends weak signals to investors. Therefore, policy should prioritize outcome-based training frameworks and enforce disclosure standards that emphasize training quality rather than quantity.
The moderating analysis showed that board independence significantly altered the relationship between training investment and firm value, particularly by mitigating the negative effect of training expenditure and improving the value relevance of participation rate, while weakening the positive impact of training intensity. This indicates that governance mechanisms play a critical role in optimizing human capital investments, although excessive monitoring may constrain operational flexibility. This finding is consistent with Uwuigbe et al. (2023) and Bukari et al. (2024) who reported that governance enhances value outcomes, but contrasts with Wang et al. (2022) who found negative governance effects. In addition, Ahmed et al. (2025), Adedoyin et al. (2023), and Liu et al. (2023) confirmed the strategic role of board independence in shaping firm performance (Ahmed et al., 2025; Adedoyin et al., 2023; Liu et al., 2023). The findings support human capital theory by highlighting governance as a complementary mechanism for efficient resource utilization, and signaling theory by showing that independent boards enhance the credibility of training-related signals. Consequently, policy should strengthen board independence requirements and ensure directors possess relevant expertise to evaluate human capital investments effectively.
The results further indicated that control variables, firm size and firm age, were statistically insignificant in explaining firm value, suggesting that structural characteristics alone do not drive valuation without effective strategic investments. This implies that firm value in the oil and gas sector is more sensitive to internal capability development and governance quality than to scale or maturity. This finding aligns with Adebayo et al. (2023) and Moses (2023) who emphasized inefficiencies in market valuation, but contrasts with David et al. (2025) who reported significant firm characteristics effects. Supporting evidence from Yahaya (2024), Intara (2024), and Onipe (2024) further highlighted governance and intangible assets as key drivers (Yahaya, 2024; Intara, 2024; Onipe, 2024). The findings reinforce human capital theory by emphasizing capability over size, and signaling theory by indicating that investors respond more to strategic signals than firm demographics. Thus, policy should shift focus from structural incentives to capability-based performance metrics and governance reforms.
Finally, the overall model demonstrated improved explanatory power when moderating effects were introduced, confirming that interaction dynamics between training investment and board independence significantly enhance firm value explanation. This underscores the importance of integrating governance and human capital perspectives in firm valuation models. The result is consistent with Zouari-Hadiji and Khlif (2022), Connelly et al. (2025), and Fathi (2025) who emphasized interaction effects and signaling mechanisms, but extends prior studies by incorporating multidimensional training proxies. Additional support from Soomro (2026), Estévez-Mendoza and Montoro-Sánchez (2024), and Dhaigude (2024) highlighted the role of governance in enhancing value creation (Soomro, 2026; Estévez-Mendoza & Montoro-Sánchez, 2024; Dhaigude, 2024). The findings strongly align with human capital theory by validating the productivity channel of training, and with signaling theory by confirming that governance strengthens signal credibility. Therefore, policymakers and regulators should promote integrated governance and human capital reporting frameworks to improve transparency, investor confidence, and sustainable firm value.


5. Conclusion and Recommendations
[bookmark: _GoBack]The study concluded that training investment exerted mixed but significant effects on firm value among listed oil and gas firms in Nigeria, as training intensity enhanced firm value while training expenditure and participation rate reduced it, and human capital investment ratio showed no significant impact. Furthermore, board independence played a critical moderating role by strengthening the positive value relevance of some training components while weakening others, indicating that governance quality shaped the effectiveness of human capital investment. Consequently, these findings confirmed that firm value was not driven merely by the volume of training investment but by its efficiency, structure, and governance oversight, thereby supporting the complementary relevance of human capital theory and signaling theory in explaining firm value dynamics.
Accordingly, the study recommended that firms should prioritize structured and outcome driven training programs rather than indiscriminate expenditure, with emphasis on training intensity and measurable performance outcomes. In addition, regulatory authorities and policymakers should strengthen corporate governance frameworks by enhancing board independence and ensuring that board members possess relevant expertise to effectively monitor human capital investments. Moreover, firms should improve disclosure practices on training activities to enhance transparency and signal future performance to investors, while integrated policy frameworks should align human capital development with corporate governance mechanisms in order to promote sustainable firm value and improve investor confidence in the Nigerian oil and gas sector.
In view of these outcomes, this study contributed to knowledge by extending the firm value literature through integrating multidimensional training investment proxies with board independence as a moderating variable within a single empirical framework, thereby providing nuanced evidence that the value relevance of human capital investment depended on both its structure and governance oversight. It further advanced existing studies by demonstrating that training intensity enhanced firm value while other proxies yielded mixed effects, and by establishing that board independence conditioned these relationships, thus bridging the gap between human capital theory and signaling theory. Therefore, future studies should examine sectoral variations beyond oil and gas, incorporate additional governance mechanisms such as board expertise and ownership structure, and explore alternative measures of firm value and training quality using mixed methods approaches, while extending the time horizon and considering cross country comparative analysis to enhance generalizability.
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