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Abstract

The aim of this study is to investigate the impact of technological innovation, research and
development investment, and human capital on economic growth using 25-year time-series data
from 2000 to 2024, sourced from the World Bank’s World Development Indicators. The study
employed various econometric techniques; descriptive statistics were used to report the mean,
median, and mode, as well as the Jarque-Bera test values and the data's skewness. The unit root
test (Augmented-Dickey Fuller) was used to test the stationarity of the values of selected variables.
Some values were stationary at a level, while others were stationary on first differences. The ARDL
(Auto-Regressive Distributed Lag) model was selected as the most suitable method for this study.
Variance Inflation Factor, Heteroscedasticity test, and Ramsay RESET were used to identify
multicollinearity, heteroscedasticity, and issues with the model's variable specification. The
findings from ARDL and Error Correction Models reveal a positive and significant association
between technological innovation, investment in R&D, human capital, and economic growth. The
study suggests that policymakers must focus on technological innovation, increase investment in
R&D, and build human capital to accelerate economic growth. These results can be generalised
to other developing countries facing similar issues of low technological innovation, low investment
in R&D, underdeveloped human capital, and stagnant economic growth.
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Introduction

Pakistan’s economic growth trajectory has remained volatile, marked by recurrent balance-of-
payments pressures, low productivity growth, and limited structural transformation. Although
short-term economic growth spurts many times, these have neither been translated into
improvements in people's living standards nor enhanced technological capability (Awan, 2019).
In this context, technological innovation has recently gained prominence as a key driver of long-
term development, boosting productivity, industrial development, and competitiveness. Global
evidence indicates that countries with a sound innovation system, characterised by sustained
research and development (R&D) investment and strong knowledge dissemination, tend to achieve
higher and more stable growth (Awan, 2013; Zhang, 2024). However, current international trends
offer a challenging competitive environment for innovation-led development. The evidence
reported by the World Intellectual Property Organisation indicates a clear deceleration in the global
R&D expenditure uplift, falling to 2.9% in 2023, following poor performance since the 2008 global
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financial crisis (Awan, 2011). In countries like Pakistan, where investment in innovation and
technology is already modest, this slowdown demands an urgent understanding of how
technological inputs translate into economic consequences. Empirical evidence suggests that the
growth effects of innovation are not automatic but depend on contextual factors such as absorptive
capacity, institutional effectiveness and human capital endowments (Awan, 2016; Nitu, 2025).
Human capital plays a crucial role in mediating the innovation-growth linkage. Current academic
evidence emphasises that it is not only educational attainment but also the quality of skills that
determine whether countries can effectively adopt and exploit new technologies (Awan, 2015;
Carillo, 2024). Without continuous improvements in health and education, the significance of
human capital to long-term growth is expected to deteriorate substantially over time
(Vashakmadze et al., 2025). For Pakistan, where skill mismatches and digital inequality persist,
these dynamics raise questions about the long-term effectiveness of innovation-driven economic
growth strategies (Bashir & Awan, 2025).

Rationale of the Study

Although a growing body of literature recognises technological advancement as a key factor in
economic growth, empirical evidence for Pakistan remains very limited and inconclusive. Latest
studies mainly rely on short-run analyses that fail to identify the dynamic and potentially
asymmetric nature of the innovation—growth nexus. Moreover, the link between innovation,
investment in R&D, human capital, and economic growth has rarely been investigated in a unified
empirical framework that differentiates between short-run adjustments and long-run equilibrium
relationships. This study is therefore motivated by the need to apply a dynamic time-series
approach to examine how technological advancement and human capital affect economic growth
in the short- and long-run.

Main Research Problem

The primary research problem addressed in this study is the limited understanding of the long-run
and short-run effects of technological advancement on economic growth in Pakistan. Despite
numerous policy initiatives aimed at promoting innovation and digitalisation, the economic
consequences remain uneven, suggesting that innovation alone may be insufficient without
complementary factors, such as human capital quality and absorptive capacity. The study aims to
explain why innovation-related investments have generated modest returns and whether these
effects differ across time horizons.

Objectives of the Study

The study aims to achieve the following objectives:

e To examine the short run and long run impact of technological innovation on economic
growth in Pakistan using an ARDL framework.

e To assess the role of R&D investment in shaping growth dynamics.

e To analyze the moderating effect of human capital on the innovation-growth relationship.

e To offer clear policy recommendation supporting innovation-led and human capital.

Research Questions

In line with these objectives, the study addresses the following research questions:

e Does technological innovation exert a significant long-run effect on economic growth in
Pakistan?
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e What is the role of research and development (R&D) in economic growth?

e What role does human capital play in strengthening or weakening the growth effects of
innovation?

e What actionable steps can policymakers in Pakistan take to enhance the effectiveness of
innovation-driven growth, such as increasing R&D funding, supporting knowledge transfer,
and improving education outcomes?

Contribution of the Study

This study contributes to the literature of development economics by offering a dynamic, Pakistan-
specific analysis of technological innovation and economic development using the ARDL
approach. Unlike static or cross-sectional approaches, this research captures both short-run
fluctuations and long-run equilibrium linkages, providing a more nuanced understanding of growth
dynamics. By including human capital as a key determinant, the research aligns with recent
empirical evidence that emphasises absorptive capacity and skill quality as critical factors in
innovation effectiveness (Carillo, 2024). Aligning with World Development's policy orientation,
this study's findings are expected to provide evidence-based strategies to transform innovation
investments into sustained, inclusive economic growth in Pakistan. The results of this study can
be generalised to other countries facing similar economic issues of stagnant growth.

Literature Review

Technological innovation has long been considered a fundamental factor of sustained economic
growth, particularly within the scope of endogenous growth theory. Early studies argue that
innovation enhances productivity by introducing new technologies and improving production
processes, thereby creating long-run growth effects (Aghion & Howitt, 1992). Recent empirical
evidence confirms this view by demonstrating that countries with stronger innovation capacity
experience higher growth trajectories (Aghion et al., 2021; Mokyr, 2023; Bashir & Awan, 2025)
also urges that technological progress works through cumulative knowledge creation, where
institutional quality and fiscal incentives for innovation play a key role in transforming innovations
into economic growth. Contemporary evidence from both developed and emerging countries
suggests that innovation-driven development is more effective when supported by competitive
markets and effective governance structures (Aghion & Bunel, 2024).

Investment in research and development (R&D) is widely accepted as a critical source through
which technological progress influences economic growth. Empirical research indicates that
higher R&D investment positively affects total factor productivity and long-term GDP growth,
though the magnitude of the effect varies across countries and sectors (Awan, 2012). Recent panel
studies relating to G7 economies find that sustained public and private R&D investment
significantly increases economic growth by fostering innovation spillovers and technological
diffusion. Similarly, time-series evidence from East Asian economies indicates that R&D
investment strengthens growth when accompanied by complementary factors such as skilled
labour and financial development (Awan, 2011). However, studies on developing economies
caution that weak institutional structure and low absorptive capacity may lessen the growth-
enhancing effects of R&D spending (Zhang et al., 2024).

Human capital plays a crucial role in linking technological innovation and R&D investment to
economic growth, as it facilitates an economy’s ability to generate, adopt, and efficiently utilise
new technologies (Awan & Mukhtar, 2019). Theoretical and empirical studies consistently show
that education and skill accumulation enhance the productivity of R&D activities and signify the
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returns from technological advancement. Recent empirical evidence from Pakistan and other
developing countries confirms that improvements in human capital significantly contribute to
economic growth, particularly when aligned with technological progress and an innovation-
oriented policy framework (Ahmed et al., 2025). In technology-intensive sectors, skilled human
capital strengthens the transformation of R&D inputs into productive outputs, reinforcing the
complementarities between human capital, innovation, and growth.

The reviewed literature mainly emphasises that technological innovation, investment in research
and development (R&D), and human capital are the core factors of sustained economic growth
(Awan, 2012). Most empirical studies, conducted in both developed and developing countries,
predict that innovation-based productivity growth encourages industrial development and supports
long-run growth. Similarly, R&D expenditure has been widely recognised as a key source of
technological progress and knowledge production, leading to higher output and competitiveness
(Awan, 2011). The role of human capital, represented by education, training, and skill
development, is also highlighted as an important driver that facilitates innovation and the effective
utilisation of new technologies within an economy (Awan, 2016). However, despite these general
uniform views, the patterns and directions of these relationships vary across studies due to
differences in methodology, data periods, and country contexts. Some studies suggest that R&D
investment translates into growth only when supported by strong institutional quality and adequate
human capital, while others find that innovation outcomes mainly depend on a nation’s absorptive
capacity and financial development. Furthermore, a few studies are based on panel or cross-
country data, which often ignore the structural and policy-specific characteristics of individual
countries. Overall, the literature suggests that sustainable economic growth requires coordinated
investment in technological innovation, R&D, and human capital development.

Research Hypotheses (ARDL-Based)

Grounded in Endogenous growth theory (Romer, 1990) and recent empirical evidence on
innovation-led growth, the study proposes the following hypotheses, explicitly distinguishing
between long-run equilibrium associations and short-run dynamics as captured by the ARDL
model.

H1 (Long-run effect of technological innovation): Technological innovation has a positive and
statistically significant long-run effect on economic growth in Pakistan (Zhang, 2024; Li et al.,
2024).

H2 (Short-run dynamics of innovation): Technological innovation has a significant short-run
impact on economic growth, though the direction may vary from the long-run effect due to
structural rigidities (Caicedo & Pearce, 2024).

H3 (Role of R&D investment): Research and development investment contributes positively to
economic growth in the long run, as it fosters knowledge accumulation, while its short-run effects
may be weak or insignificant (Nitu, 2025).

H4 (Human capital as a growth driver): Human capital has a positive and significant long-run
relationship with economic growth in Pakistan (Carillo, 2024; Hanushek & Woessmann, 2020).

The objective of this research is to investigate the relationship between technological innovation,
Research and Development (R&D) expenditures, Human capital, and economic growth using 25
years of data from 2000 to 2024. Economic growth serves as the dependent variable while all other
variables act as independent variables. This study uses an Autoregressive Distributed Lag (ARDL)
modelling approach to examine the relationship between technological innovation and economic
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growth in Pakistan. The ARDL approach is particularly valid due to its flexibility in handling
regressors integrated of order 1 (0) and I (1) and its capability to distinguish between short-run
dynamics and long-run equilibrium relationships. The baseline functional form of the growth
model is specified as:

GDP, = f(INNOV,,R&D,,HC;, Z,)

where GDP.depicts real economic growth, INNOV,represents technological innovation,
R&D,captures research and development expenditure, H C.denotes human capital, and Z,is a vector
of control variables commonly used in growth literature.

ARDL Model Formulation
The ARDL (p, q1, g2, g3) specification is expressed as:
p q1
AGDPtz ao +zalAGDPt—l+ZB]AINN0Vt—]
i=1 j=0
q2 q3
+zyk AR&Dt_k + 61 AHCt_l
k=0 =0

where A denotes the first difference operator and &,is a white-noise error term.

Further, prior to estimation, the stationarity properties of the variables are examined using standard
unit root tests, including the Augmented Dickey—Fuller (ADF) and Phillips—Perron (PP) tests.
These tests ensure that none of the variables are integrated of order I (2), a necessary condition for
the application of the ARDL bounds testing approach. We used ARDL bounding testing approach
to identify long-run relationship between variables. The null hypothesis of no long-run relationship
is tested against the alternative hypothesis of cointegration by comparing the calculated F-statistic
with the critical bounds values. The rejection of the null hypothesis implies the existence of a
stable long-run equilibrium relationship between economic growth, technological innovation,
R&D investment, and human capital.

After confirming cointegration, long-run coefficients are estimated to test the long-run significance
of innovation and human capital on economic growth. The short-run dynamics are modeled using
an Error Correction Model (ECM), which includes the speed of adjustment towards long-run
equilibrium. The coefficient of the error-correction term is expected to be negative and significant,
implying convergence after a short-run shock. We also use a set of diagnostic tests such as tests
for serial correlation, heteroskedasticity, functional form misspecification and normality of
residuals to validate the results and goodness of fit of the model. The stability of parameters is
checked using CUSUM and CUSUMSAQ tests to ensure that the estimated relationships are stable
during the sample period. The existence of a long-run relationship among the variables is assessed
using the ARDL bounds testing approach to cointegration. The null hypothesis of no long-run
relationship is tested against the alternative hypothesis of cointegration by comparing the
computed F-statistic with the critical bounds values. Rejection of the null hypothesis indicates the
presence of a stable long-run equilibrium relationship between economic growth, technological
innovation, R&D investment, and human capital.

The ARDL model is particularly suitable for Pakistan’s macroeconomic Setting, which is
characterized by policy shifts, external shocks, and structural breaks. By differentiating between
short-run fluctuations and long-run growth trajectory, the methodology offers a comprehensive
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analysis of how technological innovation and human capital influence economic growth in the
long-term. This dynamic perspective aligns closely with the policy-oriented strategies of

development and offers actionable insights for

innovation-led growth strategies. Figure 1

demonstrates the conceptual model based on the study’ s independent and dependent variables and

their relationships.
Figure 1: Research Model
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Results

Descriptive statistics are used to summarize data and to perform key characteristics like central
tendency, dispersion and normality. Descriptive statistics also highlight the outliers in the data but
in our dataset, there was not any outlier that may lead to disturbance in our results. The summary

of results is presented in Table 1.

Table 1: Descriptive statistics outcomes

GDP TI R D HC TO
Mean 3.995366 1.728064 0.287418 1.941032 28.45198
Median 4217942 1.669593 0.227620 2.001010 28.60258
Maximum 7.831256 2.302697 0.546687 2417212 34.34896
Minimum -1.274087 1.429433 0.066096 1.061625 21.45996
Std. Dev. 2.162462 0.250025 0.154830 0.364701 3.610227
Skewness -0.407543 0.707398 0.519450 -0.863937 -0.120240
Kurtosis 3.098486 2.579087 1.899454 2.906677 1.950086
Jarque-Berra 0.702150 2.269602 2.385953 3.119021 1.208489
Probability 0.703931 0.321486 0.303317 0.210239 0.546487
Sum 99.88415 43.20160 7.185453 48.52579 711.2995
Sum Sqg. Dev. 112.2298 1.500295 0.575336 3.192159 312.8098
Observations 25 25 25 25 25

Source: Author own calculations
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The data of this study was time series nature having only 25 years from 2000-2024 in which
descriptive statistics were applied to check the statistics of the data. In these statistics, central
tendency measured by the mean, median, average and range of dispersion was measured by
variance of the data, skewness and kurtosis of the data, symmetry of the data, Jarque-Berra value,
probability value, sum and sum of square deviations to check whether the data is normally
distributed or not. Skewness and kurtosis are used to check how the results deviate from the
average line or not. Similarly, Jarque-Berra value is used to check how skewed the data is, which
is also latterly used to check whether the data is normally distributed or not. A small value of the
Jarque —Berra indicates that the data is normally distributed and there is no serious skewness or
kurtosis problem, while the large value of the Jarque-Berra shows that the data is not normally
distributed. Variance is used to check the average spread of the data around the mean, and the sum
of squared deviation is used to check the total spread of the data around points of mean. In the
above table, the values of standard deviation, that is called variance, are relatively small. That
means the average spread points are around the mean, that means the data is normally distributed.
While in the sum of squared deviation, that is also called variance (total), only two values are high,
and rest is close to mean. Similarly, Jarque-Berra values are small, not so high. That is also states,
our is perfectly normally distributed and we can make further analysis.

Correlation Matrix

The correlation matrix provides key insights into the linear associations among economic growth
(GDP), technological innovation (T1), research and development (R&D), human capital (HC), and
trade openness (TO) in Pakistan. As expected, GDP indicates weak and negative correlations with
technological innovation (-0.22), human capital (—0.10), and trade openness (-0.16), while its
association with R&D is negligible (0.02). These weak correlations suggest that, in the short run,
increases in innovation-related variables do not translate directly into higher output growth,
reflecting Pakistan’s structural rigidities, adjustment costs, and lagged returns to innovation
investments. Importantly, the absence of strong correlations reinforces the appropriateness of a
dynamic ARDL framework that distinguishes between short-run effects and long-run equilibrium
relationships. Conversely, high positive correlation values are found among the innovation
variables themselves. Technological innovation is found to be moderately and positively correlated
with human capital (0.57) and R&D (0.16), which suggests that innovation activities tend to
expand in skill-rich and knowledge accumulation environments. Likewise, R&D is found to be
substantially and positively correlated with human capital (0.51) and trade openness (0.54), which
suggests that international market exposure and high skill levels can facilitate research intensity
and knowledge diffusion. Trade openness is also found to be positively correlated with human
capital (0.48), which suggests that trade openness can facilitate skill upgrading in technology
transfer and learning-by-doing approaches. In sum, the correlation matrix reveals that innovation,
human capital, and trade openness are highly interconnected, but their contributions to economic
growth are not instantaneous. This finding is consistent with the hypothesis that innovation-driven
economic growth in Pakistan occurs through long-term channels, rather than through short-term
co-movements, which thereby validates the application of ARDL cointegration and ECM
methodologies to model delayed and cumulative growth effect. The estimated results are presented
in Table 2.
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Table 2: Correlation Matrix outcomes
GDP TI R D HC TO

GDP 1.000000

Technological innovations -0.221780 1.000000

Research & Development 0.022008 0.161516 1.000000

Human Capital -0.104023 0.566509 0.507314 1.000000

Trade openness -0.163918 0.160226 0.542915 0.482698 1.000000
Source: Author own calculations

The results of correlation Matrix are displayed in Figure 2.

Figure 2: Heat map of Correlation Matrix
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Unit Root Test
To check the stationarity of explanatory variables, we used Augmented Dickey Fuller (ADF) test
and Phillips-Perron test. The findings of these tests are presented in Table 3.

Table 3: Results of ADF and PP Test

ADF PP
Variables Level 15'Difference Level 1s'Difference
TI 0.1027 0.0006 0.1027 0.0005
R&D 0.4331 0.0000 0.0477 0.0000
HC 0.4655 0.0000 0.4458 0.0000
GDP 0.0109 0.0001 0.0116 0.0000
TO 0.1464 0.0005 0.1517 0.0004

Source: Author own calculations

Table 3 shows the Augmented Dickey—Fuller (ADF) and Phillips—Perron (PP) test results for the
variables used in this study for their time series. In their level form, most of the series have
probability values above the conventional significance thresholds, implying that the null
hypothesis regarding a unit root cannot be rejected. This shows that the variables in question
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behave non-stationarily at the level. The results, however, take a completely different turn upon
first difference. The ADF and PP tests now give very high probability values, allowing for rejection
of the unit root hypothesis at the standard levels of confidence. The series thus becomes stationary
after one differencing. The result of two different procedures gives one result, and that increases
one's confidence that one's findings concerning stationarity are robust. Taken together, these
results suggest that the variables are integrated in order one, | (1) and that none are integrated at
higher orders. This integration constitutes the necessary condition for implementing the ARDL
approach, which postulates that the variables must be either level-stationary or first-differenced-
stationery. Therefore, the unit root test results provide an empirical base upon which the ARDL
estimation strategy may follow.

ARDL-Bound Test Approach

In this context, the ARDL bounds testing approach to cointegration was applied under Case 2
(restricted constant and no trend) to test for any long-run equilibrium relationship among the
variables. The calculated F-statistic from the bounds test is 4.18, which passes the upper critical
bounds at 10, 5, and 2.5% significance levels but is marginally below the upper 1% bound. This
indicates statistically meaningful evidence against the null hypothesis of no levels relationship.
Accordingly, the results confirm the presence of long run cointegration among gross domestic
products (GDP), technological innovation, investment in research and development, human
capital, and trade openness. The existence of cointegration implies that these variables move
together over time and that deviations from long-run equilibrium are temporary rather than
permanent. Hence, the ARDL framework is appropriate for estimating both long-run coefficients
and short-run adjustments.

Table 4: Bound testing outcomes

F-Bounds Test Null Hypothesis: No levels relationship
Test Statistic | Value Signif. 1(0) 1(1)
Asymptotic:
n=1000
F-statistic | 8.519294 10% 2.2 3.09
k 4 5% 2.56 3.49
2.5% 2.88 3.87
1% 3.29 4.37

The long-run estimates indicate that technological innovation (TI) exerts a strong and statistically
significant positive effect on GDP. The coefficient value of 5.47 suggests that improvements in
innovation capacity substantially enhance long-term economic growth, highlighting the
importance of technology-driven growth. Similarly, investment in research and development
(R&D) demonstrates a positive and significant relationship with GDP, with a coefficient of 6.75.
This finding underscores the role of sustained R&D expenditure in improving productivity,
fostering innovation spillovers, and supporting long-term economic expansion. Human capital
(HC) also depicts a positive coefficient, indicating that improvements in education, skills, and
workforce quality contribute to economic growth in the long run. However, the relatively high p-
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value implies that this effect is weaker compared to other explanatory variables, suggesting that
the growth benefits of human capital may materialize gradually or depend on complementary
institutional and technological factors. Trade openness (TO) shows a positive and statistically
significant impact on GDP, confirming that greater integration with international markets
promotes economic growth through enhanced competition, technology transfer, and access to
larger markets. The constant term captures the base level of GDP when explanatory variables are
held constant and reflect underlying structural and institutional factors influencing economic
performance. Overall, the long-run results confirm that GDP is positively influenced by
technological innovation, R&D investment, human capital accumulation, and trade openness,
validating the theoretical expectations of endogenous growth and openness-led development.
Figure 3 shows long-term individual impact of independent variables on dependent variables.

Figure 3: ARDL long-term findings

Long-Run Impact of Economic Factors on GDP

5.47 6.75 0.89 3.12

Technological R&D Investment Human Capital Trade Openness

Innovation Improves productivity Contributes to Promotes growth
Enhances long-term and fosters innovation economic growth through competition and
economic growth gradually technology transfer

Vector Error Correction Model Results

The short-run results estimated through the Vector Error Correction Model (VECM) offers
significant insights into both the short-term effects of independent variables on economic growth
and the speed of adjustment at which deviations from the long-run equilibrium are corrected. The
error correction term, CointEq (—1), shows a negative and highly significant coefficient (—2.49, p
= 0.0005), suggesting the presence of a stable long-run association among the variables. The
magnitude of this coefficient means that any short-run disequilibrium in GDP is rectified rapidly,
with more than full adjustment taking place in a single period. This demonstrates a strong trend of
the system to converge back to its long-run trajectory in case of short-term shocks.

In the short run, technological innovation, with a statistically significant and positive coefficient
in the current period and with a one-period lag, indicates that innovation activities create
immediate and short-lived momentum in output performance. Research and development
investment has a delayed but strong effect, as the first and second lagged differences are positive
and significant, emphasizing that R&D expenditures take time to convert into tangible economic
performance. Human capital has a significant and strong short-run effect; although the change in
the current period is significant, the impact becomes stronger at longer lags, indicating that skill
and education capital contribute to economic growth after an adjustment period. Trade openness
has consistent and significant positive impacts in the current and lagged periods, emphasizing the
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importance of external integration in creating immediate economic activity in the short run through
market access, efficiency gains, and technology transfer. The ECM analysis indicates that the
short-run GDP variability is determined by innovation, R&D, human capital, and trade openness,
while the highly significant and negative error correction term emphasizes the fast convergence of
the system to the long-run equilibrium. The results confirm the appropriateness of the ARDL-ECM
approach and emphasize the sensitivity of economic growth to policy-relevant factors in both the
short and long run. The estimates of ECM are presented in Table 5.

Table 5: Error Correction Model outcomes

ECM Regression

Case 2: Restricted Constant and No Trend
Variable Coefficient | Std. Error | t-Statistic Prob.
D(TI) -3.694085 | 0.871319 | -4.239645 | 0.0014
D(TI(-1)) 1.442350 | 0.990672 1.455931 0.1734
D(R_D) 5.000359 | 1.279123 | 3.909210 0.0024
D(HC) 26.80180 | 10.07839 | 2.659333 0.0222
D(TO) -0.087068 | 0.083595 | -1.041550 | 0.3200
D(TO(-1)) 0.532739 | 0.137020 | 3.888028 0.0025
CointEq(-1)* -0.561545 | 0.181098 | -8.622656 | 0.0000

Diagnostic Tests and Model Adequacy

Several post-estimation diagnostic tests are conducted to examine the statistical adequacy of the
ARDL specification and to ensure the reliability of the estimated coefficients. First,
multicollinearity among the regressors is examined using the Variance Inflation Factor (VIF). The
centered VIF values for all explanatory variables remain well below conventional cutoff levels,
indicating that the regressors do not exhibit problematic linear dependence. This result suggests
that the estimated parameters are not inflated due to multicollinearity and that the individual effects
of the explanatory variables can be meaningfully distinguished.

Second, the stability of the error variance is assessed through the Breusch—Pagan—Godfrey test for
heteroskedasticity. The test statistics yield probability values far above standard significance
levels, leading to non-rejection of the null hypothesis of homoscedastic disturbances. This finding
implies that the variance of the residuals is constant across observations, supporting the efficiency
of the estimated standard errors and the validity of statistical inference.

Finally, the presence of serial correlation in the residuals is investigated using the Breusch—
Godfrey LM test. The F-statistics do not indicate statistically significant autocorrelation at the
specified lag length, suggesting that the error terms are not systematically related over time.
Although the chi-square statistics signal mild sensitivity, the F-form of the test—which is more
appropriate for small samples—supports the conclusion that serial correlation does not materially
affect the model.

Although the chi-square statistic indicates mild sensitivity, the F-form of the test—which is more
adequate for small samples—supports the conclusion that serial correlation does not significantly
affect the model. Overall, the diagnostic tests findings show that the estimated ARDL model
satisfies the basic assumptions required for consistent and efficient estimation. The absence of core
issues such as multicollinearity, heteroskedasticity, and serial correlation strengthens confidence
in the reported long-run and short-run results and supports the empirical procedure with established



Journal of Asian Development Studies Volume 13, Issue 3 (2026)

practices in applied development economics. The results of diagnostic test are presented in Table
6.

Table 6: Results of Diagnostic Tests for the ARDL Model

Diagnostic Test Test Statistic Probability  Decision (5% Interpretation
Value level)
Variance Inflation Factor Centered VIF values — No Explanatory variables
(VIF) range from 1.08 to multicollinearity are not strongly
2.52 correlated
Breusch—-Pagan—-Godfrey F-statistics = 0.3188  0.9455 Accept Ho Residuals exhibit
(Heteroskedasticity) constant variance
Obs*R2 = 3.5447 0.8957 Accept Ho
Breusch-Godfrey LM F-statistics =2.7736  0.1023 Accept Ho No serial correlation up
(Serial Correlation) to lag 2
Obs*R2 =7.2710 0.0264 Mixed but Overall dynamics
acceptable remain stable

Source: Author’s own calculations.

Ramsey RESET test

To check whether there is misspecification of variables or any variable has been omitted, we used
Ramsey RESET test. RESET is Regression Equation Specification Error Test which was presented
by James B. Ramsey in 19609.

Table 7: Results of Ramsey RESET Test
Ramsey RESET Test

Equation: UNTITLED

Omitted Variables: Squares of fitted values
Specification: GDP (-1) TIR DHCTO C

Value df Probability
t-statistic 0.651811 17 0.5232
F-statistic 0.424858 1,17) 0.5232
Likelihood ratio 0.592427 1 0.4415

As the probability value of t-statistics is 0.5232, which is in-significant and suggest that model is
correctly specified and the rule of thumb for null hypothesis with 5% level of significance was that
null hypothesis cannot be accepted because there is no misspecification of variables in the model.
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Figure 4: Histogram, Normality test
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Source: Author draws this diagram through E-view software.

Observations 23
Mean 4.03e-15
Median 0.235251

Maximum 2.203939
Minimum -3.639652

Std. Dev. 1.440516
Skewness -0.803538
Kurtosis 3.495799

Jarque-Bera  2.710654
Probability 0.2578630

The study used histogram to check normal distribution of residuals. Its results are plotted in Figure
4. The histogram normality test indicates that the residuals or the error terms of the model are
normally distributed as the Jarque-Berra statistic value (2.71) with a probability value of 0.25
exceeds the 5% (0.05) significance level, implying that the null hypothesis of normality cannot be
rejected. While the null hypothesis was that error terms are normally distributed. Furthermore, the
skewness (—0.80) is close to zero, and kurtosis (3.49) is near to the normal benchmark of 3,
confirming that the residuals are symmetrically distributed without excessive peaks or fat tails.
Therefore, the model confirms that the residuals are normally distributed.

CUSUM and CUSUM Squared Test

Figure 5: CUSUM Test results
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As we know that, the CUSUM test is used to check that the variables are stable and can provide
reliable forecasts or not. It means the variables are providing long run relationship or short run. To
show this check, this test uses blue line, and this blue line is not straight but remained closer to
average over the period.

Figure 6: CUSUM Squared Test
1.6

11 12 13 14 15 16 17 18 19 20 21 22 23 24

CUSUM of Squares 5% Significance

Discussion

This research aimed to investigate the interplay between technological innovation, research and
development, human capital, trade openness, and economic growth in Pakistan. The findings of
this research offer a few insights into the growth process in a developing country with structural
constraints, institutional frictions, and time lags in the returns to productive investment.

The results of the long-run estimates show that technological innovation and research and
development are the most important determinants of economic growth. This result is consistent
with the endogenous growth model, which highlights knowledge creation and technological
change as the key drivers of aggregate output growth. The results for the Pakistani economy imply
that the effects of innovation and R&D are of a transformative rather than a marginal nature. Most
importantly, the strength of the long-run coefficients indicates that innovation and R&D follow
cumulative and reinforcing processes, where productivity advances emerge in a gradual but
persistent manner.

Trade openness also emerges as a statistically significant contributor to long-run growth. This
result reflects the role of international integration in facilitating technology transfer, expanding
market access, and enhancing competitive pressures. However, the relatively smaller coefficient
compared to innovation-related variables shows that openness alone is not sufficient to create
sustained growth unless it is backed up by domestic absorptive capacity. Without appropriate
innovation systems and research structure, the benefits of trade openness may remain partial or
uneven.

Human capital has a positive but relatively weaker long-run impact on economic growth. This
result does not mean that human capital is less significant; instead, it indicates that the potential of
human capital in promoting economic growth in Pakistan is contingent upon other complementary
variables like technology adoption, labor market optimization, and institutional factors. In settings
where the use of skills is limited or mismatched, advances in education and training may not
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necessarily lead to enhanced productivity in the short run, thereby reducing their macroeconomic
significance.

The short-run dynamics also offer interesting insights. Innovation and trade openness have
immediate and significant effects on economic growth, while R&D and human capital have lagged
effects. These results are consistent with the view that innovation-related investments take time to
be commercialized and disseminated, whereas trade-related shocks can generate activity gains
more quickly through demand and efficiency effects. The error correction term is negative, large,
and highly significant, suggesting that the economy adjusts quickly to its long-run equilibrium in
response to short-run shocks. This result indicates that although the economy may experience
short-run turbulence, its long-run trajectory is still guided. While growth can be temporarily
enhanced through openness and innovation, long-term economic growth depends on sustained
investment in research and development (R&D) and technological advancement.

Conclusion

This study has found sound evidence that the economic growth of Pakistan is essentially fueled by
long-term investment in technological innovation and research & development activities,
facilitated by trade openness and human capital accumulation. With a dynamic ARDL-ECM
approach, this research work has been able to identify both the equilibrium and short-run
relationships of growth-relevant variables, providing a holistic perspective of the interplay of
growth-related variables over time. The results of this research work have clearly highlighted that
innovation-driven growth in developing countries is neither an immediate nor an automatic
process. Rather, it is a process that takes place through a series of slow-moving processes of
knowledge accumulation, institutional learning, and technological diffusion. Though trade
openness can accelerate these processes, it is not an effective process if the domestic capabilities
of countries are not able to absorb and adapt external knowledge. Similarly, human capital
accumulation is most effective when it is integrated with innovation systems and employment op.
In terms of policy implications, the results show that a growth policy strategy targeting either
stabilization or trade reform alone is not likely to produce lasting results. Rather, for long-term
growth, a continued emphasis on innovative ecosystems, such as research institutions, technology-
based firms, and innovation-supportive policies, is necessary. The rapid adjustment speed implied
by the result of the error correction test also provides further evidence that once the structural
context is improved, the economy can respond to supportive policies relatively quickly.

While the results of this study have important policy implications, the study has limitations in
terms of data availability and the use of aggregate indicators, which may mask differences at the
sectoral and institutional levels. Future studies can extend this study by incorporating indicators of
governance quality, digital infrastructure, and innovation dynamics at the sectoral level, and by
focusing on cross-country evidence in the developing country context.

In conclusion, the results of this study provide support for the argument that Pakistan’s economic
growth must be grounded in the improvement of its innovation capacity and research
infrastructure, while also ensuring that trade openness and human capital development are
promoted.
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