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Abstract
The present study aims to investigate the effects of information and communication technology, foreign direct investment, trade
and renewable energy use with GDP growth in Pakistan using time series data ranging from 1985 to 2017. Stationarity of data
was verified by using unit root tests including ADF and P-P, while an autoregressive distributed lag (ARDL) model was used to
check the dynamic association amid prescribed variables with long- and short-run analysis. Furthermore, cointegrating regression
analysis with FMOLS, DOLS and CCR was applied to validate the variables causality. The outcomes during long-run analysis
show that ICTE, trade and renewable energy have constructive linkage to GDP growth, while foreign direct investment has
adverse influence to GDP growth in Pakistan. Similarly, the outcomes from cointegrating regression technique exposed that all
variables including foreign direct investment, ICTE and trade have positive and constructive association with GDP growth except
renewable energy that causes the adverse association to GDP growth in Pakistan. On the basis of outcomes, we will discuss the
policy recommendations.
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Introduction

The information and communication technologies (ICTs)
have changed the world in which we live tremendously in
the past few decades. Someone referred to the reality that
ICT plays a key function in social change. ICT not only

connects people but also has the potential to maximize com-
mitment, transparency, responsibility and human develop-
ment (Iqbal et al. 2020; Latif et al. 2018). ICT is able to grow
firms’ economic prosperity and earnings and to create jobs
that have a big impact, which would lead countries to increase
expenditure on research and development activities and to the
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introduction of a new ICT system. This deposit has created
new ICT innovations and fostered further global economic
growth (Nair et al. 2020). Advances in ICT have also brought
together many parts of the world that encouraged developing
countries to adopt the technology used by developed nations,
thus enhancing production and faster economic growth in for-
mer countries. In the recent decades, the new information
structure has improved and promoted ICT in a better way
(Sahoo and Mathiyazhagan 2003; Anitha 2012; Temiz and
Gökmen, 2014a, b; Sinha and Sengupta 2019).

Information and telecommunication technology has always
played a significant part in economic and social growth. The
principle explanation for the social, economic and cultural
stagnation in developed countries has now been widely ac-
cepted as being that they cannot create, grow and use the best
technology in the production operations. The extent and effect
of this technology have been one of today’s most critical
problems in the world and has captured the world’s attention
(Badri et al. 2019; Lu 2018; Batool et al. 2019). In the foreign
development network, the rapid developments in knowledge
and communication technologies and growing economic
globalization provide new possibilities for developed coun-
tries to take part in global output, thereby allowing these coun-
tries to enhance their competitiveness. Competitiveness inter-
nationally covers not only trade liberalization, but also the
growing economic value of the ICTmarket. Developing econ-
omies are also experiencing several obstacles to develop and
optimize the advantages of the ICT industries associated with
these economies. The ICT sector’s characteristics differ from
those of the other sectors in the economy, especially as the
prices of goods begin to decrease (Fakher 2016; Anwar et al.
2016; Asteriou et al. 2014; Haseeb et al. 2019).

Several studies have emphasised the connection amid eco-
nomic progress, FDI, urbanization, income inequality, interna-
tional tourism and human capital decrease (John 2016; Gönel
and Aksoy 2016; Tee et al. 2017; Duarte et al. 2017;
Sultanuzzaman and Shakij 2018; Masipa 2018; Hammami
and Dal Zotto 2020; Samir and Mefteh 2020; Rehman et al.
2021; Alvarado et al., 2021a, b; Rehman et al. 2021; Alvarado
et al., 2021a, b), but the primary motive of the present analysis
was to demonstrate the association amid gross domestic prod-
uct growth, ICTE, foreign direct investment, trade and renew-
able energy in Pakistan. Two unit root test including ADF and
the Phillips-Perron (P-P) was utilized to check the variable sta-
tionary and series stability, while an autoregressive distributed
lag bounds testing approach was employed to verify the vari-
able linkages with long- and short-run causal dynamics.
Furthermore, cointegrating regression analysis with FMOLS,
DOLS and CCR techniques was also applied to check the var-
iable’s association.

In addition to the introduction, the remaining part of the paper
is organized as follows: ‘Existing literature’deals with the previ-
ous literature on the topic, while ‘Methods and data’ provides

data, an econometric approach and unit root tests as well as the
ARDL model. The results of various tests were seen in
‘Empirical results’. The study conclusion and policy proposals
are illustrated in the ‘Conclusions and recommendations’.

Existing literature

The production of information and communication technolo-
gy gives developed countries unique prospects for change in
many prospects. It eliminates historical and geographical con-
straints and makes it possible, as industrialized economies,
and in manufacturing and foreign exchange, to perform more
effectively. A well-developed information technology infra-
structure can contribute to drastically evolving environment
for foreign affairs and can improve strategic advantages and
enhance socio-economic growth opportunities. The informa-
tion technology resources may shape an interconnected net-
work between individuals, enterprises and administrations in
various economies all over the world. Advanced telecommu-
nication networks need to be established in emerging coun-
tries to compete in the dynamic international market and to
gain new foreign investment (Avgerou 1998; Bon et al. 2016;
Jorgenson and Vu 2016; Niebel 2018). Increased ICT facili-
ties and logistical assistance may influence internal markets
and reduce the adverse externalities of ICT instruments. This
is one of the reasons which draw FDI directed to exports.
Advancement in the technology has also improved account-
ability and has become the main factor of foreign investment,
the path to good governance and the elimination of corruption.
In democracies, power sharing is more open than defending
property owners’ rights and reducing the danger of foreign
direct investment, thus enhancing the capacity to fascinate
the investment especially in emerging economies (Bankole
et al. 2011; Soper et al. 2012; Lindo 2017; Lee et al. 2018).

The exponential rise of ICT in global products and services
development impacts all economies and impregnates civiliza-
tion as a whole. The key motive factors for economic growth
by improved production and human advancement are both
related to knowledge and communication technologies.
Obviously, developments in ICTs have altered the forms of
jobs, qualifications, roles and work activities in organizations,
agencies and community as well as impacted their efficiency
(Badri et al. 2016; Hassan et al. 2019; Kurniawati 2020).
Investment now seems to be a crucial element in every
country’s production and growth. Specifically, a few years
back, emerging countries claimed that the weapon used by
established countries to regulate their economy was a foreign
direct investment. The emergence of globalization and its
resulting systemic reforms and foreign law, however, would
facilitate economic cooperation and remove the gap between
countries that had once crippled trade (Abdouli and Hammami
2017; Sothan 2017; Bermejo Carbonell and Werner 2018).
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The standard and effect on financial sector production
are thus prerequisites for successful economic progress
along with recognition of other economic characteristics.
Consequently, the economic growth influence and FDI
will rely on the financial sector’s development in each
region. Indeed, funds from foreign investors cross the

financial framework of a nation until it is assigned to
the respective economic sectors. In the banking market,
direct international investment and economic develop-
ment are intermediate (Acquah and Ibrahim, 2020;
Hossain 2016; Williams 2017; Tahir et al. 2019).
Foreign direct investment will improve technology
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transfer and thereby enhance factors’ output perfor-
mance. It is reasonable to assume that technical devel-
opments are converted into an improvement in labour
efficiency, culminating in an increase in capital produc-
tion. Given the value of technology and expertise in
growing output levels, if economic growth is powered
by innovation, it is appropriate for foreign direct invest-
ment to boost progress (Azman-Saini et al. 2010; Barro
and Lee 2013; Szkorupová 2014).

Appropriate alternatives to different issues are sought of
foreign direct investment. FDI offers important resources,
technologies and expertise, to support economic growth and
development. Moreover, new opportunities across the globe
can be more readily obtained by foreign direct investment. In
fact, several factors, such as skilled and qualified workforce
and productivity, have a significant effect on the recruiting
and retention of foreign direct investment (Shaari et al.
2014; Monaghan 2012; Almfraji and Almsafir 2014). The
ICTs are one of the key industries that foster economic devel-
opment in the present age of globalization. It fosters technical
advances in digital connectivity and industrial technology and
stimulates economic growth and development. Once globali-
zation has started, countries need to strengthen their networks
of expertise and exchange in order to provide good stewards
for the transfer of information inside and through countries.
Globalization is necessary and encouraging the universal and
rapid use of ICT systems (Kaware and Sain 2015; Olusanya
2013; Jinadu et al. 2016; Bhujabal and Sethi 2020).

Significantly larger utilization of IT (Information
Technology) has lowered communication costs and con-
sequently improved the flow and performance of infor-
mation. ICT is a sign of technical progress and a central
element in developed countries’ economic progress
(Farhadi et al. 2012; Bertschek et al. 2015; Aghaei
and Rezagholizadeh 2017). Trade and investment usual-
ly has a beneficial influence on economic development,
as it tends to construct physical resources, to generate
jobs, to improve potential in production and to strength-
en local labour skills. The study finds that increased
influxes of FDI in South Asia were connected to the
multiple rises in national investors’ spending, which in-
dicates that there is a correlation impact between foreign
investment and gross domestic product (Agrawal 2000;
Li and Liu 2005; Anwar and Nguyen 2010).

Methods and data

An autoregressive distributed lag (ARDL) bounds testing tech-
nique with cointegrating regression analysis was used to verify
the variable association. All variable time series data were taken
from theWDI (https://data.worldbank.org/country/pakistan), and
the data range is 1985–2017. Study variables are ICTE, foreign
direct investment, trade and renewable energy. The trends of the
variables are plotted in Fig. 1.

Table 1 Statistical analysis of the
variables LnGDPG LnFDIN LnICTE LnTRA LnRECO

Mean 2.217169 0.752959 22.51438 3.529878 3.183260

Median 2.235034 1.071956 22.85627 3.581090 3.392336

Maximum 2.717286 1.822431 25.21267 4.166338 3.848029

Minimum 1.362799 − 1.562247 18.85894 2.519698 2.005129

Std. Dev. 0.310941 0.864442 1.962029 0.415292 0.525025

Skewness − 0.789687 − 1.025300 − 0.318139 − 0.506054 − 0.599024

Kurtosis 3.782962 3.196201 1.921249 2.593638 2.107568

Jarque-Bera 4.920127 6.718802 2.483545 1.883367 3.533609

Probability 0.085430 0.034756 0.288872 0.389971 0.170878

Table 2 Correlation amid
variables LnGDPG LnFDIN LnICTE LnTRA LnRECO

LnGDPG [1.000000] 0.141654 − 0.046924 0.210191 0.106348

LnFDIN 0.141654 [1.000000] 0.656844 0.708692 − 0.413809

LnICTE − 0.046924 0.656844 [1.000000] 0.863958 − 0.919851

LnTRA 0.210191 0.708692 0.863958 [1.000000] − 0.736578

LnRECO 0.106348 − 0.413809 − 0.919851 − 0.736578 [1.000000]
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Econometric model specification and unit root tests

In order to demonstrate the association amid variables, we can
specify the following model as:

GDPGt ¼ f FDINt; ICTEt;TRAt;RECOtð Þ ð1Þ

Equation (1) explains that GDPGt denotes GDP
growth, FDINt is showing foreign direct investment,
variable ICTEt specifies the information and communi-
cation technology, variable TRAt illustrates trade in
Pakistan and RECOt denotes renewable energy con-
sumption. Furthermore, we can also write Eq. (1) as:

GDPGt ¼ ζ0 þ ζ1FDINt þ ζ2ICTEt þ ζ3TRAt

þ ζ4RECOt þ εt ð2Þ

Log-linear model can be demonstrated by using log-
arithmic form of all variables and specified as:

Ln GDPGtð Þ ¼ ζ0 þ ζ1Ln FDINtð Þ þ ζ2Ln ICTEtð Þ
þ ζ3Ln TRAtð Þ þ ζ4Ln RECOtð Þ þ εt ð3Þ

Equation (3) verifies the logarithmic form all vari-
ables including ICTE, FDI, trade and renewable energy.
Time measurement is denoted by t, and error term is
denoted by εt, where ζ1 to ζ4 are illustrating the model
coefficients.

In addition, all variables with an ARDL model have been
tested for the unit root in a stationary manner which can be
specified as:

ΔEt ¼ α° þ δ°K þ δ1Lt−1 þ ∑
m

i¼1
β1ΔLt−1 þ εt ð4Þ

Equation (4) illustrates the unit root test, whereΔ is differ-
ential operator.

ARDL model specification to cointegration test

Present analysis followed a research method developed by
Pesaran and Shin (1998) for ARDL and continued by
Pesaran et al. (2001) further to define the relation entreaty
and independent variable with long- and short-run assess-
ments. The cointegration testing method takes place regard-
less of the order in which the variables I(0) and I(1), rather
than I(2), are merged. The F-statistical calculation is used for
evaluating the co-movement of the long-term regression

Table 3 Unit root test results

Variables ADF with trend ADF without trend P-P with trend P-P without trend

Test statistic (P-values) Test statistic (P-values) Test statistic (P-values) Test statistic (P-values)

At level At first difference At level At first difference At level At first difference At level At first difference

LnGDPG − 3.771337
(0.0308)

− 4.795109
(0.0030)

− 0.893068
(0.3211)

− 4.795109
(0.0030)

− 2.569726
(0.2954)

− 6.715190
(0.0000)

− 0.309066
(0.5674)

− 6.423744
(0.0000)

LnFDIN − 1.009590
(0.9280)

− 3.754831
(0.0355)

− 1.287118
(0.1790)

− 1.873686
(0.0591)

− 1.734050
(0.7157)

− 5.346647
(0.0005)

− 1.201529
(0.2060)

− 5.493334
(0.0000)

LnICTE − 2.693349
(0.2450)

− 2.705926
(0.2418)

2.874368
(0.9986)

− 0.934645
(0.3038)

− 2.686285
(0.2477)

− 17.86302
(0.0000)

4.828698
(1.0000)

− 5.827584
(0.0000)

LnTRA − 1.370440
(0.8527)

− 5.333731
(0.0006)

0.768871
(0.8753)

− 4.810128
(0.0000)

− 1.340098
(0.8617)

− 5.296478
(0.0006)

1.118453
(0.9287)

− 4.754961
(0.0000)

LnRECO − 0.668757
(0.9681)

− 3.547078
(0.0542)

− 2.390903
(0.0182)

− 3.274754
(0.0018)

− 0.874245
(0.9484)

− 4.888155
(0.0019)

− 3.185533
(0.0022)

− 3.285949
(0.0017)

Table 4 VAR lag order selection
criteria Lag LogL LR FPE AIC SC HQ

0 − 63.22751 NA 3.81e-05 4.013383 4.237848 4.089932

1 93.18000 257.6124* 1.70e-08* − 3.716470 − 2.369682* − 3.257177*

2 114.7102 29.12915 2.32e-08 − 3.512367 − 1.043254 − 2.670329

3 144.7371 31.79318 2.28e-08 − 3.808067 − 0.216630 − 2.583284

4 175.2106 23.30326 3.12e-08 − 4.130037* 0.583723 − 2.522510

*Denotes the lag order designated by the criterion
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between the research variables of interest. As in uncontrolled
with UECM, ARDL model can generally be specified as:

ΔLnGDPGt ¼ ϑ0 þ ∑
u

i¼1
ϑ1 jΔLnGDPGt−l þ ∑

u

i¼1
ϑ2 jΔLnFDINt−l

þ ∑
u

i¼1
ϑ3 jΔLnICTEt−l þ ∑

u

i¼1
ϑ4 jΔLnTRAt−l

þ ∑
u

i¼1
ϑ5 jΔLnRECOt−l þ ϑ6LnGDPGt−1

þ ϑ7LnFDINt−1 þ ϑ8LnICTEt−1 þ ϑ9LnTRAt−1

þ ϑ10LnRECOt−1 þ εt

ð5Þ

where Δ displays a differential operator, u displays the lag
order and εt is the error expression. Long-run analyses be-
tween variables can be defined as:

ΔLnGDPGt ¼ β0 þ ∑
m

i¼1
β1iΔLnGDPGt−i

þ ∑
m

i¼1
β2iΔLnFDINt−i

þ ∑
m

i¼1
β3iΔLnICTEt−i þ ∑

m

i¼1
β4iΔLnTRAt−i

þ ∑
m

i¼1
β5iΔLnRECOt−i þ εt ð6Þ

m presents the lag order in the Eq. (6). In an ECM (error
correction model), the short-run dynamics between variables
are shown in the ARDL technique and specified as:

ΔLnGDPGt ¼ a0 þ ∑
f

i¼1
a1iΔLnGDPGt−i

þ ∑
f

i¼1
a2iΔLnFDINt−i þ ∑

f

i¼1
a3iΔLnICTEt−i

þ ∑
f

i¼1
a4iΔLnTRAt−i þ ∑

f

i¼1
a5iΔLnRECOt−i

þ αECMt−1 þ εt ð7Þ

Equation (7) shows the short-run dynamic where f
denotes the lag order. ARDL approach has been used
to monitor the diverse ties between GDP growth, ICTE,
FDI, trade and renewable energy use. In respect for
acceptance and denial of a null hypothesis, in the upper
case, the F values measured are smaller than the pre-
scribed limits. The non cointegration-based theories are
dismissed and suggest the cointegrated reliance of inter-
action and the invaders between variables.

Empirical results

Statistical analysis of variables

Table 1 displays the statistical values of all variables and the
statistics from Jarque-Bera, and the probability values prove
that the variables are frequently distributed.

Correlation amid variables

Table 2 reports the result of the correlation analysis amid GDP
growth, ICTE, FDI, trade and renewable energy; outcomes
show that all variables are normally correlated.

Table 5 Bounds test to cointegration outcomes

ARDL bounds test

Test statistic Value K

F-statistic 7.415524 4

Critical value bounds

Level of significance I(0) Bound I(1) Bound

10% 2.45 3.52

5% 2.86 4.01

2.5% 3.25 4.49

1% 3.74 5.06

Table 6 Cointegration test results
Trace statistics Maximum eigenvalue statistics

Hypothesized
no. of CE(s)

TS CV
(0.05)

Prob.** Hypothesized
no. of CE(s)

Max-eigen
statistic

CV
(0.05)

Prob.**

None* 112.0794 69.81889 0.0000 None* 50.54325 33.87687 0.0002

Atmost1 61.53611 47.85613 0.0016 Atmost1 31.68799 27.58434 0.0140

Atmost2 29.84812 29.79707 0.0493 Atmost2 19.90388 21.13162 0.0735

Atmost3 9.944232 15.49471 0.2850 Atmost3 9.135875 14.26460 0.2750

Atmost4 0.808357 3.841466 0.3686 Atmost4 0.808357 3.841466 0.3686

*Indicates the hypothesis rejection at 0.05 level

**Show the P-values of MacKinnon-Haug-Michelis (1999)
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Unit root test

Table 3 indicates the unit root test outcomes for Augmented
Dickey-Fuller (Dickey and Fuller 1981) and Phillips-Perron
(Phillips and Perron 1988). Each of the test results revealed
that the significance of 1%, 5% and 10% of the variables was
not protected by the spectrum of I(2), therefore that the
autoregressive distributed lag (ARDL) model was used.
Several approaches for cointegration regarding data analysis
are presented in the different studies. However, the ARDL
model is recommended, because of its numerous advan-
tages, to be stronger and favoured, for instance because not
all variables are in the same order in inclusion in the classi-
fication. Therefore, because of its simplicity and suitability
for models of mixed variables, we chose the ARDL ap-
proach for cointegration.

Optimal lag selection

Table 4 illustrates the results of the lag order selection in
order to demonstrate the association amid variables.

Bounds test to cointegration

The results of the ARDL limit test are depicted in Table 5.
Calculated F-statistics surpassed the maximum vital bond,
which were 7.415524. The cointegration results show the
connection between GDP growth, ICTE, FDI, trade and re-
newable energy.

The variable robustness was confirmed through long-run
association by applying Johansen and Juselius cointegration
technique (Johansen and Juselius 1990). Trace test and
maxeign statistics indicate the rejection of null hypothesis
with having nil cointegration.

Johansen cointegration test

Table 6 reports the outcomes of the cointegration test which
indicates the hypothesis rejection at 0.05% level.

Long- and short-run dynamics

Table 7 reports the outcomes of the long- and short-run anal-
ysis amid variables with their coefficients and probability
values.

Table 7 explains the variables correlation by long- and
short-run dynamics. The ECM entails the cointegration amid
prescribed variables and presence of short-run analysis and
association which used to detain the adjusted measurement.
The outcomes via long-run analysis which is illustrated in the
Table 7 show that the variables ICTE, trade and renewable
energy have constructive coefficients of 0.545437, 0.745343
and 2.072191 with probability values of 0.0769, 0.2280 and

0.0473 correspondingly. During analysis, foreign direct in-
vestment exposes an adverse association with GDP growth.
The advancement of innovations linked to ICTE has been
recognized as the key path to generate further jobs and eco-
nomic growth. The advancement of information and technol-
ogy sector has been described as the principal transformer of

Table 7 Long- and short-run estimation

Cointegrating form of variables

Variable Coefficient SE TS Prob.

D(FDIN) 0.297216 0.154580 1.922727 0.0714

D(FDIN(-1)) − 0.176863 0.234432 − 0.754431 0.4609

D(FDIN(-2)) 0.501544 0.169725 2.955045 0.0089

D(ICTE) − 0.005987 0.116292 − 0.051484 0.9595

D(TRA) 0.477210 0.423735 1.126200 0.2757

D(TRA(-1)) 0.785904 0.536014 1.466201 0.1608

D(TRA(-2)) − 1.829793 0.409642 − 4.466809 0.0003

D(RECO) 0.048830 0.427040 0.114345 0.9103

D(RECO(-1)) 1.097154 1.067140 1.028125 0.3183

D(RECO(-2)) − 2.106021 0.987256 − 2.133207 0.0478

CointEq(-1) − 0.571156 0.127295 − 4.486877 0.0003

Long-run estimation

LnFDIN − 0.299300 0.249725 − 1.198519 0.2472

LnICTE 0.545437 0.289634 1.883195 0.0769

LnTRA 0.745343 0.596018 1.250537 0.2280

LnRECO 2.072191 0.968819 2.138883 0.0473

C − 19.433284 10.175457 − 1.909819 0.0732

Short-run dynamics

GDPG(-1) 0.428844 0.127295 3.368908 0.0036

FDIN 0.297216 0.154580 1.922727 0.0714

FDIN(-1) − 0.143481 0.234704 − 0.611330 0.5491

FDIN(-2) 0.176863 0.234432 0.754431 0.4609

FDIN(-3) − 0.501544 0.169725 − 2.955045 0.0089

ICTE − 0.005987 0.116292 − 0.051484 0.9595

ICTE(-1) 0.317517 0.121808 2.606694 0.0184

TRA 0.477210 0.423735 1.126200 0.2757

TRA(-1) − 1.095392 0.529606 − 2.068313 0.0542

TRA(-2) − 0.785904 0.536014 − 1.466201 0.1608

TRA(-3) 1.829793 0.409642 4.466809 0.0003

RECO 0.048830 0.427040 0.114345 0.9103

RECO(-1) 0.125846 0.597020 0.210790 0.8356

RECO(-2) − 1.097154 1.067140 − 1.028125 0.3183

RECO(-3) 2.106021 0.987256 2.133207 0.0478

C − 11.09943 4.640014 − 2.392112 0.0286

Diagnostic tests

R2(0.867860)Serial correlation1.991071 (0.1710)
Adjusted R2(0.751265)Heteroskedasticity0.435612 (0.5143)
F-statistic(7.443410)Ramsey RESET1.102795 (0.3030)
Prob(F-statistic)(0.000088)CUSUMStable
Durbin-Watson stat(2.227357)CUSUMSQStable
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economic operation and foreign exchange. The expanded us-
age of information and communication technology lowered
correspondence costs and eventually enhanced dissemination
and construction of evidence. Information technology is a sign
of the improvements in innovations and is a significant eco-
nomic force in developed countries (World Bank 2017; Xing
2018; Stanley et al. 2018; Rath and Hermawan 2019).
Information and communication technology influences eco-
nomic development, including transport, transport, schooling,
utilities, entertainment and science information. Information
and communication technology promotes international trans-
fers and allocations of ideas and influences all facets of con-
temporary life. Moreover, as a consequence of the

transformation in the information technology market, human
growth is experiencing a change in mindset, the phase in wid-
ening the multiple options such as schooling, safe living and
living standards (Yakunina and Bychkov 2015).

The development of information technology improves the
living conditions and standards of the population, shortens
distances, shortens travel and trade, creates investment oppor-
tunities and provides new workers. The liberalization has
quickly expanded wireless carriers, built up information tech-
nology networks and allowed major investments to improve
the economy. Secondly, Asian countries are presently under-
going highly precarious economic and human development
status (Nath and Liu 2017; Zhang 2019). Another
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macroeconomic factor shaping economic growth is the influx
of foreign direct investment. It directly impacts the economy
by providing valuable tangible and intangible properties such
as technologies and its related strands, the formation of re-
sources and the creative capacity. It indirectly boosts global
production by promoting investment finance for multiple host
markets and creates favourable externalities, integrating new
management capabilities in a number of sectors, boosting eco-
nomic performance by creating high quantities of jobs and the
government revenues and financing the current account defi-
cit. This stimulates economic development. Dynamic linkages
between industrial growth and foreign direct investment

influx are therefore critical for consistent political economic
policies (Iamsiraroj and Ulubaşoğlu 2015; Temiz and
Gökmen, 2014a, b; Sokhanvar 2019). Plots of CUSUM and
CUSUM of squares are showed in the Figs. 2 and 3.
Furthermore, Figs. 4 and 5 demonstrate one-step forecast test
and N-step forecast test.

Cointegrating regression analysis

The cointegrating regression analysis outcomes are reported
in the Table 8 with FMOLS, DOLS, and CCR. The outcomes
of Panel A revealed that variables ICTE, FDI and trade have
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constructive linkage with GDP growth. Similarly Panel B re-
sults exposed that ICTE, foreign direct investment and trade
have significant association with GDP growth. Furthermore,
Panel C results of canonical cointegrating regression also ex-
posed that the coefficients of foreign direct investment, infor-
mation and communication technology have constructive as-
sociation with GDP growth, while the variable renewable en-
ergy consumption has adverse influence to GDP growth in
Pakistan during all panel analyses. Figure 6 clearly demon-
strates the outcomes of Panel A (FMOLS), Panel B (DOLS)
and Panel C (CCR) amid prescribed variables linkages.

Conclusions and recommendations

The major aim of this analysis was to check the dynam-
ic association of ICTE, FDI, trade and renewable energy
usage with GDP growth in Pakistan by utilizing data
series ranging from 1985 to 2017. Data stationarity
was verified by applying unit root tests including ADF
and P-P, while an ARDL approach was used to check
the dynamic association amid study variables with long-
and short-run analysis. Furthermore, cointegrating re-
gression analysis with FMOLS, DOLS and CCR was
applied to demonstrate the variable causality. The out-
comes during long-run analysis show that ICTE, trade
and renewable energy have constructive linkage to GDP
growth, while foreign direct investment has adverse in-
fluence to GDP growth in Pakistan. Similarly, the out-
comes of cointegrating regression analysis exposed that
all variables including FDI, information and communi-
cation technology and trade have positive and construc-
tive association with GDP growth, while in this analy-
sis, renewable energy consumption causes the adverse
association to GDP growth in Pakistan.

Foreign direct investment plays a crucial role in
emerging economies. FDI frequently contributes to the
transition and raise of new technology to the host coun-
try. Economists believe that emerging technologies and
high-quality management provide for pressures on do-
mestic foreign investment while keeping the sector com-
petitive. Further, external direct intervention, such as
labour control and training opportunities, in developing
economies, has introduced significant and positive exter-
nal factors to improve commodity production. On the
basis of the results, the Pakistani government needs po-
tential measures to upgrade data technologies to boost
economic development. Several policy proposals for the
Pakistani government are presented here. In order to
draw national and foreign investors to invest in
Pakistan, it is necessary to improve the security and
insurance schemes. With a view to minimizing domestic
production expense, Pakistan can increase final exportsTa
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by expanding infrastructure, developing new roads, ex-
tending transport facilities, and installing advanced
machines.
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