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Abstract In this paper we examine the effect of technology on economic growth in

Zimbabwe over the period 1975–2014 whilst accounting for structural breaks. We use the

extended Cobb–Douglas type Solow (Q J Econ 70(1):65–94, 1956) framework and the

ARDL bounds procedure to examine cointegration and short run and long run effects.

Using unit root tests, we note that structural changes in Zimbabwe are generally marked by

the period 1982 onwards. We find that mobile technology has a positive short-run (0.09 %)

and long-run (0.08 %) impact on the output per capita. The structural changes post-1982

periods show positive impact in the short-run (0.06) and the long-run (0.09), whereas the

coefficient of trend in the short-run (-0.03) and the long-run (-0.04) is negative. The

Granger non-causality test shows a unidirectional causality from capital stock (investment)

per capita to output per capita and a bi-directional causality between mobile cellular
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technology and output per capita. The plausible reasons for estimated magnitude effects

and the direction of causality are explained for policy deliberation.

Keywords Mobile cellular technology � Structural breaks � Economic growth � ARDL �
Causality � Zimbabwe

1 Introduction

The economy of Zimbabwe is one of the worst performing economies in the world. After a

period of economic growth in the 1990s in which the GDP per capita reached a maximum

of US$ 718 per annum (pa) (constant 2005 US$) in 1998, the economy shrank significantly

after 2000 to a GDP per capita of US$ 428 pa (constant 2005 US$) in 2012 (World Bank

2015). In real terms the GDP per capita is less than the GDP in 1960. Further, the

unemployment rate was 80 % in 2005 and increased to 95 % in 2009 (CIA 2016).

Although, the government of Robert Mugabe was able to increase the average life

expectancy at birth to 61 years (1985), it was only 55 years in 2011. We note that almost

all the economic or social indicators point to the poor performance of the economy since

2001 periods. The frustrating economic and social development of Zimbabwe is also

reflected by the human development index with fell from 0.408 in 1995 to 0.397 in 2012

with the rank of 173 out of 183 countries (UNDP 2013).

The main reason for this bad or regressive development is identified with the presence

of the dictatorship of Robert Mugabe who is in power as a prime minister and president

since 1980. In the words of Guest (2007) ‘‘Mugabe has ruled Zimbabwe for nearly three

decades and has led it, in that time, from impressive success to the most dramatic

peacetime collapse of any country since Weimar Germany’’.

While it can be argued that Mugabe was elected as head of the government by a huge

majority of the voters in the first elections in 1980, he lost his majority at least with the

rejection of the constitutional amendments in the referendum on the 13 February 2000.

After this event, the fraudulent manipulations of elections and political violence in favor of

the Mugabe’s regime have increased and as a result of many human right abuses, Zim-

babwe was suspended from the Commonwealth in 2002 and travel and economic sanctions

were implemented by the European Union, Australia and the USA (Zimbabwe Democracy

and Economic Recovery, 21 December, 2001).1 However, in the last few years, the

European Union has eased the sanctions. Besides the negative impacts of the sanctions, the

economic policy of the government led to disastrous results. The bad governance of the

current government of Zimbabwe is also reflected in its low index ‘Doing Business’ (171

out of 189), ‘Corruption Perception’ (156 out of 175) and ‘Global Competitiveness’ (132

out of 142) (World Bank 2015).

Moreover, the mining industry is suffering from corruption resulting in a huge part of

the profits ending up in the pockets of members of the leading political party, the Zim-

babwe African National Union Patriotic Front (ZANU-PF), and the military (Human

Rights Watch 2009). The tourist sector is equally suffering because of the general political

and economic instability and the dramatic decrease of wildlife by 60 % between 2000 and

2007 (Wadhams 2007) as a result of illegal poaching and deforestation triggered by the

catastrophic economic situation.

1 https://www.congress.gov/107/plaws/publ99/PLAW-107publ99.pdf.
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Unfortunately, the Zimbabwean military participated in the second Congo war between

1998 and 2002 which resulted in military expenditures increasing from 3.84 % of the GDP

in 1999 to 10.67 % of the GDP in 2002 (World Bank 2015). At the same time the land

reforms to redistribute land without any compensation from white farmers to black farm

workers was initiated by the government, although these land reforms were rejected in the

above mentioned referendum. The economic consequences were a tragedy. The value

added per farm worker in constant 2005 US$ decreased by 45 % between 2001 and 2011

and the total value added of the agricultural sector declined by 44 % in these 10 years.

Richardson (2005a, b, 2013) argues that the disastrous land reform which took the safety of

property rights in Zimbabwe generally into question was the main reason for the long-term

economic breakdown of Zimbabwe. Nevertheless, the irresponsible monetary policy—

financing its government expenditures by increasing the quantity of money—ended in a

hyperinflation in 2008 with an inflation rate of 89.7 sextillion percent pa. (Hanke and

Kwok 2009) Thus, since 2009 Zimbabwe introduced a multiple currency system by which

the businesses are allowed to price their goods and services in foreign currencies like US$,

EUR, South African Rand, Botswana Pula or British pound. In June 2015 the value of one

US$ was 35 quadrillion Zimbabwean dollars. The economic situation since the foundation

of a unity government (Mugabe’s ZANU-PF and opposite MDC) in 2009 has shown signs

of improvement but still remains bad.

Concerning investment, the situation was very dissatisfying in the first decade of the

century in which the gross capital formation was always below 10 % of the GDP. The lack

of public investment is caused by the restricted access of the country to the international

capital market mainly due to high public debt (181 % of the GDP) and economic sanctions.

To improve the investments in the economy, the government has approved the principles of

the public debt management bill in June 2014 which is expected to provide stronger

mandatory plan, negotiate and monitor external borrowing operations. This bill provides

insights for better public debt management which can boost the investment in the economy

of Zimbabwe. Zimbabwe has also agreed with the International Monetary Fund (IMF) on a

Staff Monitored Programme (SMP) which has the basic objective of strengthening a

country’s external positions, improving debt management and restoring access to external

financing. Proper implementation of SMP has the potential to boost the economy through

attaining external financing, large capital investments and confidence with the international

community.

Not surprisingly, the financial sector of Zimbabwe is also in financial crisis having

liquidation problems due to failed attempt of finding potential investors. In January 2015,

the Allied Bank Limited voluntarily surrendered their license as the bank was suffering

from undercapitalization and severe liquidity challenges. Major effect to the financial

sector was from the high levels of non-performing loans which rose from 15.9 % in

December 2013 to 20 % in September 2014. The reduction in banks capital in the financial

statements is mainly due to loan loss provisions and subdued earning performance prac-

ticed by some banks. Again, it must be stated that Robert Mugabe’s repeated threats to

seize private firms are far from being helpful to attract foreign investors or initiate

domestic investments.

In contrast to all these regressive developments, recently the mobile communications

sector has been experiencing a tremendous growth in Zimbabwe.2 Figure 1 presents the

number of mobile phone subscriptions (World Bank 2015) in the period between 1997 and

2 http://harare.usembassy.gov/technology_innovation_and_policy_keys_to_zimbabwes_economic_growth.
html.
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2013. In 2013, the number of subscriptions exceeded 95 % of the population which means

given a population of just 14 million inhabitants, nearly every citizen has on average one

mobile phone subscription.3

This new technology offers the chance of additional business opportunities. For instance,

financial activities in rural areas have increased due to greater emphasis on mobile banking

services provided by the country’s mobile telephone companies. The mobile networking

companies in Zimbabwe are Econet, NetOne and Telecel and these companies are trying to

upgrade the overall networking system to support fast and expanding demands for

M-commerce and M-banking which would generally improve the economic activities of

Zimbabwe. NetOne’s parent company is TelOne which holds fixed line services to the

country and the government is trying to promote foreign investment by offering 60 % of the

shares in NetOne and TelOne. The evolution of the mobile communication industry can act

as an attraction for foreign investments which will boost the GDP and income level of the

country in the long run. Given these circumstances and noting that the economy of Zim-

babwe is under severe financial distress we intend to examine the nexus between per capita

GDP (economic growth), investment (capital accumulation), and mobile technology (in-

formation and communications technology—ICT). This study will be of interest because it

investigates the income and growth effects caused by the introduction of a new mobile

technology in a country which is in a deep economic depression.

The rest of the paper is planned as follows. In Sect. 2, we present literature on tech-

nology and growth. Section 3 is on method, model and data. In Sect. 4, we present the

results and in Sect. 5, conclusion follows with some policy deliberations.

2 Literature survey

The studies emphasizing the role of technology in supporting productivity and economic

growth goes back as early as, if not more than, the neoclassical growth theory (Solow

1956). Technology is considered as a critical driver of various types of economic activities

and has transformed knowledge-based economies (Romer 1990; Oulton 2012). The basic

assumptions of the growth conventional models include: constant returns to scale,
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Fig. 1 Mobile cellular subscriptions (per 100 people). Source World Bank (2015)

3 With this exponential rate of growth in mobile users, it will be not surprising to see that in years to come, a
number of Zimbabweans will have more than one mobile subscription.
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diminishing marginal productivity of capital, exogenously determined technical progress,

and substitutability between capital and labour thus emphasizing the role of savings or

investment ratio as crucial driver of short-run economic growth. In this context, techno-

logical progress is considered a long-run phenomenon and exogenously determined.

However, in endogenous growth models (Romer 1986; Lucas 1988), the exogenously

given technological progress is substituted by external factors such as increasing returns to

scale resulting from knowledge spillovers (Romer 1990; Grossman and Helpman 1994),

innovation (Aghion and Howitt 1992), public infrastructure (Barro 1990), among other

things, and are endogenously caused by efforts of economic agents. Notably, the effect of

technology is magnified when the latter include technology that supports communication,

enhances productivity and improves the wellbeing of the society (Cronin et al. 1993;

Bresnahan and Trajtenberg 1995; Datta and Agarwal 2004; Lee et al. 2005; Lam and Shiu

2010; Jorgenson and Vu 2010; Shahiduzzaman and Alam 2014). In this regard, technology

can be somewhat precisely defined as an instrument or tool to improve productivity.

The literature on technology-led growth (Tech-LG) became pronounced since the early

1980s. Studies of that time examined Tech-LG hypothesis include Hardy (1980) who

considers 60 countries for the period 1968–1976 and empirically confirms that telephones

contribute to the economic development. Considering the data of 27 Central and Eastern

European (CEE) countries from 1990 to 1995, Madden and Savage (1998) find a positive

relationship between investment in telecommunication infrastructure and economic

growth. Similar findings are reported by Roller and Waverman (2001) using 20-year period

(1970–1990) for the 21 OECD (Organisation for Economic Co-operation and Develop-

ment) countries. Lee et al. (2005) use the Solow’s residual framework, the Johansen’s

cointegration (Johansen and Juselius 1990) and the VEC Granger causality tests to examine

20 countries composed of developed, developing and newly industrialized economies

(NIEs). The findings show evidence that ICT contributes to economic growth in many

developed countries and NIEs, however not in developing countries. Reviewing a panel of

93 countries using data from 1995 to 2003, Thompson and Garbacz (2007) in their

regression estimation notes that penetration of telecommunication services enhances the

productive efficiency around the world and especially in low income countries. A positive

impact of ICT on GDP growth is also noted by Seo et al. (2009) in a panel of 29 countries.

During the late 2000, other indicators of technology became apparent in technology-

growth studies. For instance, Koutroumpis (2009) using the model introduced by Roller

and Waverman (2001) for 22 OECD countries over the period 2002–2007 finds that

broadband penetration (a proxy for ICT) has a positive causal link with economic growth

in the presence of critical mass and infrastructure. Considering six Asian countries (South

Korea, Taiwan, Singapore, Hong Kong, China and India), Tseng (2009) finds inter alia:

(a) an enormous contribution from the use of ICT in economic growth; (b) that innovation

configurations of ICT differ significantly among these countries due to the relative inno-

vation strengths within the sub-fields of ICT; and (c) a high degree of inter-relationships

among the six countries in ICT.

Gruber and Koutroumpis (2010) note significant effect of mobile telecommunications

diffusion on GDP and productivity growth for 192 countries over the period 1990–2007.

Analysing the effect of ICT on growth in 102 countries for the period 1996–2005, Vu

(2011) finds inter alia: (1) a substantial growth during the sample period relative to

previous years; (2) a statistically significant relationship between growth and ICT; and (3)

that the penetration of ICT has a causal effect on growth. Castellacci and Natera (2013) use

a panel of 98 countries over the period 1980–2008 and present the idea that the dynamics

of national innovation system is driven by the innovative capability such as
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(a) technological output, scientific output, and innovative output; and (b) the absorptive

capacity which includes income per capita, infrastructures and international trade. Ahmed

and Ridzuan (2013) confirm the Tech-LG hypothesis for a selected countries in the

ASEAN?5 group (Malaysia, Thailand, Indonesia, Philippines, Japan, Korea and China).

Sassi and Goaied (2013) examine the impact of financial development and ICT on the

growth of 17 countries in the MENA region and find that ICT has a positive effect on growth

while the impact of financial development to be positive will require a threshold level of

ICT to be reached. Similar findings are noted by Chavula (2013) for 49 countries in Africa.

At a country level, studies that examined the Tech-LG hypothesis include: Jorgenson

and Stiroh (2000), Jorgenson (2001), and Oliner and Sichel (2000) for the United States of

America (US); Oulton (2002) for the United Kingdom (UK); Jalava and Pohjola (2002,

2008) for Finland; Daveri (2002) for European Union (EU) economies; Jorgenson and

Motohashi (2005) for Japan; Jorgenson (2003) for the G-7 economies; Jorgenson and Vu

(2007) for 110 countries; Kuppusamy et al. (2009) for Malaysia; Venturini (2009) for the

US and 15 EU countries; Vu (2013) for Singapore; Kumar (2012) for Sub-Saharan Africa;

Kumar (2014) and Kumar and Vu (2014) for Vietnam; Kumar et al. (2015) for Small

Pacific Island States (SPIS); and Kumar et al. (2016) for China.

At a firm level, Lehr and Lichtenberg (1999) examine firms in service industries in

Canada and find personal computers made a positive contribution to productivity growth.

Stiroh (2002) investigates 57 major US industries and detects a strong link between ICT and

productivity. Hu and Quan (2005) investigate the data of 8 US industries over a period of

30 years and confirm the Tech-LG hypothesis. Similarly, Brynjolfsson and Hitt (2003) find

that firms that invested in computer technology were able to realize greater productivity

(output per unit of input). O’Mahony and Vecchi (2005) use pooled data at the industry level

for the US and the UK and find a positive effect of ICT on output growth and excess returns

relative to the non-ICT assets. Atzeni and Carboni (2006) find a strong impact of ICT

investments on productivity growth in Italian manufacturing firms. Fabiani et al. (2005)

examine the data for 1500 Italian manufacturing firms that ICT investments have a stronger

effect on productivity in information- intensive industries than in low-technology industries.

Vu (2013) examines the effect of ICT on the economic growth of Singapore over the periods

1990–2008, and notes among other things, (a) a strong positive association between the

intensity of ICT use and value-added and labour productivity growth at the sectoral level;

(b) ICT contributes about 1 percentage point to Singapore’s GDP; and (c) a notable con-

tribution of the ICT manufacturing sector to Singapore’s growth.

There are some studies which find mixed effect of ICT on growth. For example,

examining 36 countries over the period 1985–1993, Dewan and Kraemer (2000) find that

capital investments in ICT has a positive and significant effect in developed countries but it

is statistically insignificant for the developing countries. Pohjola (2002) using a sample of

43 countries from 1985 to 1999 finds no statistically significant relationship between ICT

investment and economic growth.4 Moreover, Ishida (2015) examines the nexus between

ICT investment, energy consumption and economic growth in Japan over the period

1980–2010 and conclude that ICT investment contributes to a moderate reduction in

energy but does not increase GDP.

4 However, we argue that prior to 1993 many (developing) countries had poor accessibility and availability
of communications technology and technology-based products. In light of this, post 1993 is a period of
information age that has experienced a significant insurgence in technology as many countries slowly
emulated the advanced production processes and adopted the superior communications technologies from
the advanced and neighbouring developed countries.
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3 Materials and methods

3.1 Framework

Our model is convened by a conventional Cobb-Douglas type production function expressed

in the Solow (1956) framework (Rao 2010). The output per worker (yt) equation is defined as:

yt ¼ Atk
a
t ; a[ 0 ð1Þ

where At = stock of technology and kt = capital per worker at time t, and a is the capital

share. The Solow model assumes that the evolution of technology is given by:

/t ¼ A0e
gt ð2Þ

where A0 is the initial stock of knowledge at time t, g is the growth rate of technological

progress, and /t defines the aggregate technology, At. The effect of mob (mobile tech-

nology, a proxy for ICT) on total factor productivity (TFP) can be captured when mob is

entered as a shift variable into the production function. One advantage of using the aug-

mented Solow framework is that it models the productivity determinants that may be

consistent with an economy’s growth experience (Zheng 2011). Subsequently,

Wt ¼ f ðmobÞ ¼ mobbt ; ð3Þ

Hence, Wt becomes an explicit part of the technology component in (1), and At is

redefined as follows:

At ¼ /tWt ¼ A0e
gtmobbt ð4Þ

In this case, egt includes the catch-all factors. Subsequently,

yt ¼ A0e
gtkat mob

b
t ð5Þ

Moreover, given that the economy of Zimbabwe has undergone major structural

changes, we also control for this in our model. Hence, taking the natural log of (5) yields

the desired general equation for estimation as:

ln yt ¼ pþ oTRENDþ a ln kt þ b lnmobt þ cTBþ et ð6Þ

where a is the capital share, b is the elasticity coefficient of mobile communications

technology (mob), and p is the constant term, q is the coefficient of trend variable, c is the

coefficient of the break period TB and e is the error term which are included in the model

for regression estimation.

3.2 Data

The data is extracted from the World Development Indicators and Global Development

Finance database (World Bank 2015). The data for output is measured by the GDP at

constant 2005 US$ (1960–2014) (Yrealt ). The capital stock data is derived using the data of

gross fixed capital formation (investment) as a percentage nominal GDP. Since the

investment ratio is expressed as Icurrent
Ycurrent

¼ Pt�Irealt
Pt�Yrealt

¼ Irealt
Yrealt

¼ ratio; then Irealt ¼ Kt ¼ ratio�
Yrealt yields the approximate real investment, where Irealt is real investment as a proxy for

capital stock kt, Yrealt . is the real output and Pt is the current price at time t. Finally, the
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output per capita (yt) and capital stock per capita (kt) is computed by dividing the

respective output (Yrealt ) and capital stock (Kt) by the population data. Notably, the data for

the mobile cellular subscription per 100 people (mob) or mobile subscription as a percent

of population is available from 1997 to 2013. To overcome the problem of small data, we

examine the trend and use the exponential growth-rate formula to backward approximate

the data for earlier periods (Kumar et al. 2015b). In other words mobt�1 ¼
expððln mobtÞ þ �gÞ; where mobt-1 refers to previous period data which is calculated using

the current period data (mobt) and the average growth rate �g of the actual data points in the

series. As expected, the data points for periods before 1997 are converging to zero which

reflects the fact that the developments in information and communication technologies and

particularly the mobile technologies gained significance in terms of availability, accessi-

bility and affordability in the low and developing economies at least after the late 1990s.5

All data used in the analysis are transformed into natural log form to estimate using

Eq. (6). The descriptive statistics and correlation matrix of the main variables in its original

form over the sample periods 1975–2014 is provided in Table 1.6

To examine the existence of a long-run association between output, capital (in per capita

terms) and mobile cellular technology (subscriptions as a percent of population), we use

the autoregressive distributed lag (ARDL) procedure developed by Pesaran et al. (2001).

Some advantages of using the ARDL approach to co-integration are that it is relatively

simple to implement and recommended for a small sample size (Ghatak and Siddiki 2001;

Pesaran et al. 2001). Further, the method does not require the examination of unit root

properties and hence can be applied irrespective of the order of integration as long the

series has a maximum order of integration of one [that is, all the series are at most I(1)].

While this is the case for most time series data, it is nevertheless recommended that the unit

root properties are examined to ensure that the series are indeed at most I(1) to apply the

ARDL bounds procedure. Another importance of testing for unit root in series is that one

Table 1 Descriptive statistics
and correlation matrix

Source Authors’ estimation for
sample from 1975 to 2014

Statistics y k mob

Mean 589.3117 90.1312 13.7894

Median 626.6108 91.4666 0.0149

Maximum 718.4184 159.1236 155.0567

Minimum 344.7421 9.0578 0.0000

SD 108.5335 42.4024 33.4764

Skewness -0.7940 -0.3958 2.8033

Kurtosis 2.29861 2.3085 10.3938

Jarque–Bera 5.0233 1.8415 143.5029

Probability 0.08113 0.3982 0.0000

y 1.0000 – –

k 0.7103 – –

mob -0.5294 -0.2523 1.0000

5 Therefore, the numbers close to zero is indicates the apparent absence of mobile technology. However,
mobile technology, at least in developed countries was evident from the early 1970 s (http://www.itu.int/
osg/spuold/ni/3G/technology/index.html#Introduction%20-%20Evolution).
6 The negative correlation between mobile technology and output indicates a possible non-linear rela-
tionship between the two and hence the threshold effects can be captured by examining the relationship in a
non-linear domain, which we leave for future research.
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can identify the maximum order of integration (without assuming it) at the outset and the

information becomes useful when applying the Toda and Yamamoto (1995) non-Granger

causality test. Moreover, the outcome further validates the use of ARDL procedure against

other methods. Importantly, with the use of relatively advanced unit root tests, it is possible

to examine at least a single structural break in series. The inclusion of structural break

periods is likely to influence the co-integration estimation and hence the conclusion

regarding the presence of a long-run association.

3.3 ARDL procedure

The ARDL bounds approach is applied to examine the co-integration relationship between

ln y, ln k and ln mob. The primary equation of interest to examine the long-run association

within the ARDL framework is specified in (7):

D ln yt ¼ b10 þ b11 ln yt�1 þ b12 ln kt�1 þ b13 lnmobt�1 þ a10TRENDþ hTB

þ
Xp

i¼1

a11iD ln yt�i þ
Xp

i¼0

a12iD ln kt�i þ
Xp

i¼0

a13iD lnmobt�i þ e1t

ð7Þ

where TB = structural break in output series, and TREND is the time trend variable,

respectively.

To identify co-integration, two steps are involved: (a) Eq. (7) is estimated using the

ordinary least squares technique; and (b) the null hypothesis of no co-integration (H0:

bi1 = bi2 = bi3 = 0) against the alternative hypothesis of the existence of a long run

relationship (H0: bi1 = bi2 = bi3 = 0) is examined by equating the coefficients of the

level variables to zero, and reviewing the respective F- and W- statistics. If the F-statistics

is above the upper bound {F-stat[ I(1)critical} then we reject the null hypothesis of no co-

integration; if the F-statistics is below the lower bound {F-stat[ I(0)critical}, we do not

reject the null hypothesis; and if the F-statistics is within the upper and lower bounds,

{I(0)critical\F-stat\ I(1)critical}, then the outcome is inconclusive.

3.4 Granger non-causality

Next, the direction of causality is examined using the Granger non-causality test of Toda

and Yamamoto (1995). The test allows causality to be examined irrespective of whether

the variables I(0), I(1) or I(2), not co-integrated or co-integrated of an arbitrary order. To

examine the causality, the equations are expressed in the following vector autocorrelation

regression (VAR), (8)–(10) form:

ln yt ¼ a0 þ
Xk

i¼1

a1i ln yt�i þ
Xdmax

j¼kþ1

a2j ln yt�j þ
Xk

i¼1

g1i ln kt�i þ
Xdmax

j¼kþ1

g2j ln kt�j

þ
Xk

i¼1

/1i lnmobt�i þ
Xdmax

j¼kþ1

/2j lnmobt�jþk1t ð8Þ

ln kt ¼ b0 þ
Xk

i¼1

b1i ln kt�i þ
Xdmax

j¼kþ1

b2j ln kt�j þ
Xk

i¼1

h1i ln yt�i þ
Xdmax

j¼kþ1

h2j ln yt�j

þ
Xk

i¼1

#1i lnmobt�i þ
Xdmax

j¼kþ1

#2j lnmobt�j þ k2t ð9Þ
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lnmobt ¼ c0 þ
Xk

i¼1

c1i lnmobt�i þ
Xdmax

j¼kþ1

c2j lnmobt�j þ
Xk

i¼1

/1i ln yt�i þ
Xdmax

j¼kþ1

/2j ln yt�j

þ
Xk

i¼1

l1i ln kt�i þ
Xdmax

j¼kþ1

l2j ln kt�j þ k3t

ð10Þ

The null hypothesis of no-causality is rejected when the p value falls within the con-

ventional (1–10 %) levels of statistical significance. Hence: (a) in Eq. (8), causality from ln

k to ln y and ln mob to ln y requires g1i = 0Vi and /1i = 0Vi; (b) in Eq. (9) ln y and ln

mob granger causes ln k if h1i = 0Vi and #1i = 0Vi, respectively; (c) and in Eq. (10) ln

y and ln k Granger cause ln mob if u1i = 0Vi and l1i = 0Vi, respectively. The maximum

lag length for the Toda–Yamamoto (1995) Granger non-causality test is the sum of the

maximum order of integration and the lag length selected for the ARDL estimation using a

set of lag selection criterion. Further, in conducting the causality tests, it is important to

examine the properties of the inverse roots of the AR (auto-regressive) characteristics

polynomial diagram to ensure dynamic stability of the model. For causality outcomes are

considered robust when the inverse roots, IR is within the positive and negative unity i.e.

-1 B IR B 1. If the roots are outside the unit circle, this can be corrected by using lagged

variables, trend and/or structural break dummy as exogenous variables in the VAR system.

4 Results

4.1 Unit root results

We use the conventional unit root tests of Augmented Dickey–Fuller (ADF) (Dickey and

Fuller 1979), Phillips–Perron (P–P) (Phillips and Perron 1988), and Ng–Perron (N–P) (Ng

and Perron 2001), respectively (Table 2). Overall, we note that the variables are a mixture

Table 2 Unit root test results

Variables ADF P–P N–P (MZa)

Level 1st diff. Level 1st diff. Level 1st diff.

With constant and trend

ln yt -2.1402[1] -4.1062[0]B -1.7644[2] -4.1238[1]B -9.8530[1] -16.6158[0]B

ln kt -2.8465[0] -7.4113[0]A -2.9576[3] -7.4113[0]A -11.8471[0]C -11.8471[0]C

ln mobt -2.6688[1] -4.0411[0]B -1.4199[0] -3.7375[6]B -18.4060[1]C -16.4604[0]C

With constant only

ln yt -1.4917[1] -4.1629[0]A -1.2836[2] -4.1808[1]A -4.4710[1] -16.5767[0]A

ln kt -2.5454[0] -7.5091[0]A -2.5806[3] -7.5091[0]A -8.4328[0]C -18.2019[0]A

ln mobt -0.7059[1] -4.0592[0]A -0.7464[2] -3.7784[6]A 0.5930[1] -16.3703[0]A

Critical values of the ADF and P–P tests are based on Mackinnon (1996) while the N–P test is based on Ng
and Perron (2001, Table 1). The optimal lag and bandwidth used is based on the Schwarz Information
Criterion (SC). The null hypothesis for the respective tests that the series has a unit root. A, B and C denotes
stationarity at the 1, 5 and 10 % levels, respectively

Source Authors’ estimation
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of I(0) and I(1) and the maximum order of integration is one. To examine the break in

series, the single break tests of Perron (1997) and Zivot and Andrews (1992), and the

multiple break tests of Bai and Perron (2003), respectively, are applied. We note from the

results (Table 3) that the break in output series commences from 1982 and hence we set the

break dummy to one (TB = 1) from 1982 onwards. The specific break points in the output

per capita series are 1982, 1988, 1993, 1996, 2003, 2004, 2009. The periods 1980 and 2014

is characterized by a number of events and more notable ones are between 1980 and 2000

where the Mugabe government seized commercial farms and ignored the rule of law which

dramatically and adversely affected agriculture and to some extent manufacturing pro-

ductivity, investment and output and further resulted financial distress in a number of banks

who previously held these land as collateral and provided loans to commercial farmers.

The failure to secure new loans for business expansion also resulted in massive decline in

farm productivity and business (Richardson 2013). Further, as of 2008, the inflation was

89.7 sextillion percent and in 2009, the economy dollarized its currency and as a result the

inflation rate fell to -2.3 % and gradually stabilized the economy. There was also a

substantial change in one-time mining fees. For example Richardson (2013) notes in

addition to a one-time increase in license and other associated fees, a substantial increase in

one-time registration fee in terms of US$ for platinum from $300 (2011) to $2.5 million,

diamonds from $100,000 (2011) to $500,000 and other resources (coal, mineral oil, natural

gas and nuclear energy) from $5000 (2011) to $100,000 (2012). Further, using the Atlas of

Economic Complexity developed by Hausmann and Hidalgo (2014), Richardson (2013)

highlights a substantial decline in economic complexity which implies shrinking economic

sectors which are linked to each other resulting in lesser opportunities for growth and huge

flows of aid from international community including the World Bank, International

Monetary Fund and the Chinese government to finance government deficit.

4.2 Lag length selection

Following the results of the respective unit root tests, we examine the lag-length tests based

on a number of criteria (Table 4). We noted that four criteria (LR, FPE, AIC, and HQ)

indicate lag-length of 5, while SC criterion indicates lag-length of 1. Testing the two

different lags in the ARDL estimation we note that lag-length of 5 yields the superior

outcome (Clarke and Mirza 2006) in terms of cointegration and stability of the model.

Table 4 Lag selection criterion

Lag LL LR FPE AIC SC HQ

0 -38.8536 NA 0.00310 2.73449 3.13444 2.87256

1 18.9386 95.7699 0.00019 -0.05363 0.74626A 0.22249

2 32.8754 20.7062 0.00015 -0.33574 0.86410 0.07845

3 45.7288 16.8930 0.00013 -0.55593 1.04386 -0.00369

4 59.4260 15.6540 0.00011 -0.82434 1.17539 -0.13404

5 78.7096 18.7326A 6.77e - 05A -1.41198A 0.98770 -0.58361A

A refers to significance at 5 % level

LL log likelihood, LR sequential modified LR test statistic, FPE final prediction error, AIC Akaike infor-
mation criterion, SC Schwarz information criterion, HQ Hannan-Quinn information criterion, A lag order
selected by the various selection criteria

Source Authors’ estimation
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4.3 Bounds result

We compute the bounds using Microfit (Mfit) 5.0 (Pesaran and Pesaran 2009) which is the

successor of Mfit 4.1 (Pesaran and Pesaran 1999). We note that including the break period

dummy in the estimation provides an improvement in the cointegration and the ensuing

short-run, long-run and causality results. From the results (Table 5), the computed F- and

W-statistics are 13.1492 and 39.4476, respectively and they exceed the corresponding

critical F- and W-upper bounds. Hence, we reject the null hypothesis of no cointegration

and conclude that there is a long-run association between ln y, ln k, and ln mob.

4.4 Diagnostic tests from ARDL lag estimation

Once the existence of long-run association is confirmed, we present the ARDL lag esti-

mates (Table 6) and review the diagnostic results. The main components of the diagnostic

tests are: (a) the Lagrange multiplier test of residual serial correlation (vsc
2 ); (b) Ramsey’s

RESET test using the square of the fitted values for correct functional form (vff
2 );

(c) normality test based on a test of skewness and kurtosis of residuals (vn
2); and

(c) heteroscedasticity test based on the regression of squared residuals on squared fitted

values (vhc
2 ). In case where the respective diagnostic tests are statistically significant (null

hypothesis), this implies the presence of the respective biasness in the model. The results

indicate rejection of the respective null hypothesis of presence of biasness in the model.

Further, the CUSUM and CUSUMQ plot shows the parameters in the model are dynam-

ically stable (Fig. 2a, b) which is largely explained by the rejection of the biasness in the

model.

4.5 Short-run and long-run results

The short-run results (Table 7) show the net effect of lagged output per capita (Dln

yt-1 = 0.2899; Dln yt-4 = -0.3257) is negative -0.0358 which implies that current

growth is influenced by previous (net negative) growth in the output per capita. Further, the

net effect of capital stock per capita (investment) on output per capita is negative (Dln

kt = 0.0815; Dln kt-1 = -0.1216; Dln kt-2 = -0.1044; Dln kt-3 = -0.0681). Similarly,

we note that the overall trend effect is negative (DTrend = -0.0304), which indicates that

over time the economy is experiencing a regressive or pull-back effect on growth.

Table 5 Results of bounds test: ARDL (5,4,1)

Dep. var.|Indep. var. F-stat. W-stat.

ln yj ln k; lnmob;TB1982�2014;Constant;Trend 13.1492A 39.4476A

Critical bounds 95 % Lower bound 95 % Upper bound 90 % Lower bound 90 % Upper bound

F-stat. 6.1067 7.0999 5.1338 6.0202

W-stat. 18.3201 21.2998 15.4015 18.0605

Narayan (2005) 5.3870 6.4370 4.4770 5.4200

Critical Bounds and the respective F-stat and W-stat are computed using Microfit 5.01 (Pesaran and Pesaran
2009) with intercept, trend and structural break period. Narayan (2005, p. 1990) is provided to complement
the results. A refers to acceptance of cointegration at 5 % level of statistical significance

Source Authors’ estimation
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However, we note that mobile cellular subscription (a proxy for technology) (Dln

mobt = 0.0932) and the structural break period (1982–2014) (DTB = 0.0645) has a pos-

itive effect on the short-run output per capita. The positive effect of mobile technology

implies that the technology is mainly used in productive (income generating) activities.

The positive effect of structural break can be explained by the possible counter policies put

in place to ameliorate the negative developments in the economy. We can note at least two

such measures in 2004: (a) the budget of 2004 introduced VAT and also a new levy on

petroleum products in order to reduce the debt level of the national oil company; and

(b) the Reserve Bank of Zimbabwe (RBZ) introduced a managed foreign exchange tender

to carry out all foreign exchange transactions except for 20 % of export earnings that have

to be surrendered at an appreciated rate for government use. The authorities also clamped

down on the parallel market in the context of a new anti-corruption campaign which led to

large decrease in the transactions in this market. From the short-run results, we conclude

that previous period growth in output and investment has a mixed effect at best and a net

negative or regressive impact at worst, and mobile technology and structural changes has

positive implication on the economic growth.

Table 6 ARDL (5,4,1) lag estimated based on AIC

Variable Coefficient SE t-Stat. Prob.

ln yt-1 0.584A 0.1658 3.5213 0.002

ln yt-5 0.326B 0.1311 2.4837 0.020

ln kt 0.082A 0.0165 4.9456 0.000

ln kt-1 0.007 0.0178 0.4042 0.690

ln kt-2 0.017 0.0176 0.9761 0.339

ln kt-3 0.036B 0.0172 2.1096 0.046

ln kt-4 0.068A 0.0199 3.4181 0.002

ln mobt 0.093A 0.0241 3.8706 0.001

Constant 4.797A 1.1723 4.0921 0.000

TB 0.064C 0.0325 1.9849 0.059

Trend -0.030B 0.0112 -2.7165 0.012

R2 0.970 R2 0.954

SE of regression 0.044 F-stat. F(14,24) 57.294

Mean of dep. var. 6.355 SD of dep. var. 0.2048

Residual sum of squares 0.046 Long-likelihood 76.013

DW-statistic 1.990 Schwarz Bayesian 48.537

Test types Diagnostic tests

LM version p value F version p value

Serial correlation v2(1) = 0.0092� 0.924 F(1 23) = 0.0054� 0.942

Functional form v2(1) = 0.0837� 0.772 F(1,23) = 0.0494� 0.826

Normality v2(2) = 1.7480� 0.417 –

Heteroscedasticity v2(1) = 1.5786� 0.209 F(1, 37) = 1.5609A� 0.219

A, B and C denotes statistical significance at 1, 5 and 10 % levels, respectively; � rejection of statistical bias
at 1 % levels. Variables not statistically significant and hence not included in this table are: ln yt�2 ¼
�0:236; ln yt�3 ¼ �0:079; ln yt�4 ¼ �0:301; ln kt�1 ¼ 0:007; ln kt�2 ¼ 0:017; lnmobt�1 ¼ �0:037

Source Authors’ estimation
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The coefficient of the error-correction term (ECM) is statistically significant, negative,

and as expected, -1\ECMt-1\ 0. The magnitude of the coefficient implies that roughly

71 % of the disequilibrium (arising from previous periods output per capita, current and

previous period’s capital stock per capita, mobile cellular technology, structural breaks and

trend effects) are corrected within one year, which is a relatively speedy convergence to the

long-run equilibrium.

In the long-run (Table 8), we note that the effect of mobile cellular technology is

decisively positive (ln mob = 0.0795) at 5 % level. In terms of elasticity, a 1 % increase in

mobile cellular subscription (as a percent of population) will result in roughly 0.08 %

 The straight lines represent critical bounds at 5% significance level
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Fig. 2 a Cumulative sum of recursive residuals. b Cumulative sum of squares of recursive residuals

Table 7 Short-run: ARDL
(5,4,1)—dependent variable
(Dln y)

R2 ¼ 0:7496;
�R2 ¼ 0:6036;
�xDy ¼ �0:00974;
�rDy ¼ 0:0698;
F�Stat: ð12; 26Þ ¼ 5:9879;
variables not statistically
significant and hence not
included in the table are: Dln
yt-2 = 0.05350 and Dln
yt-3 = -0.0253

Source Authors’ estimation

Regressor Coefficient SE t-ratio

Dln yt-1 0.2899B 0.12857 2.2548

Dln yt-4 -0.3257B 0.13113 -2.4837

Dln kt 0.0815A 0.01648 4.9456

Dln kt-1 -0.1216A 0.02733 -4.4483

Dln kt-2 -0.1044A 0.02308 -4.5224

Dln kt-3 -0.0681A 0.01993 -3.4181

Dln mobt 0.0932A 0.02408 3.8706

DTB 0.06452C 0.03251 1.9849

Trend -0.0304B 0.01120 -2.7165

ECMt-1 -0.7059A 0.13816 -5.1095
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increase in output per capita. Further, we note that the capital share is statistically sig-

nificant at 1 % level and is around 0.30 which is fairly close to the stylized value of one-

third (Rao 2007; Ertur and Koch 2007). However, this relatively low capital share is not

surprising for an economy like Zimbabwe which has low investment per capita and eco-

nomic growth. It is also possible that the low capital share estimated can be the result of

poor quality of the data (Bosworth and Collins 2008) or when a significant share of the

labor force earns its income in the shadow economy (Gollin 2002).

Similar to the short-run results, we note that the coefficient of trend is negative

(Trend = -0.0431) implying the regressive effect of exogenous factors such as political

uncertainty and corruption on the long-run economic growth. Moreover, the effects of

structural breaks on economic growth is positive (TB = 0.0914), which implies that the

counter measures to ameliorate regressive growth effects has a long-term positive effect,

which cancels out some of the negative effects.

Although interpreting the coefficient of both the structural break and trend is difficult, it is

obvious that the dominant positive effect (in terms of magnitude) of structural transformation

of the economy and pervasive proliferation of mobile cellular technology outweighs the

negative effect of short-run lagged output, capital investment and trend. The negative

repercussion of events that occurred over the years that can characterize the trend effect

include: (a) disorderly implementation of land reform program which sharply reduced

agricultural production and contributed to widespread food shortages; (b) weak economic and

political governance causing a decrease in investment which promoted capital fight and

emigration; (c) broad money growth accelerated in 2003 because of the dual-interest rate

policy under which credit to productive sectors was allocated at a highly negative real interest

rate. The availability of cheap credit and inflation-hedging behaviour led to rise in stock and

real estate prices. At the same time the real exchange rate in the parallel market depreciated at

a high rate; (d) the movement for democratic change between ZANU-PF and the opposition

party did not work out well and the ZANU-PF party was also accused on reports of fraud and

political violence; (e) the only independent newspaper was shut down as a result of treason

trial of the leaders; (f) Zimbabwe was indefinitely suspended from the Commonwealth; and

(h) The RBZ governor Gono announced to tighten monetary condition that was restricting the

access by banks to liquidity support by RBZ. These measures raised the interbank rates

causing stock and real estate prices to rise putting significant pressure on the banking system.

In light of these structural changes, we expect a negative impact on economic growth. As

noted, over the sample period, time trend has a marginal negative effect on per capita output.

Further, a negative trend coefficient is also a reflection of poor management skills, low and

unproductive investment activities, out-migration of skilled workers elsewhere that results in

growth-retarding effect, and an economy which falls short of operating on the learning curve.7

Table 8 Long-run:
ARDL(5,4,1)—dependent
variable (ln y)

Regressor Coefficient SE t-ratio

ln k 0.2979A 0.03828 7.7817

ln mob 0.0795B 0.01993 3.9870

Constant 6.7953A 0.52975 12.8274

TB 0.0914B 0.03895 2.3469

Trend -0.0431A 0.01057 -4.0799

7 Rao and Takirua (2010) highlight similar issues in Kiribati which is a small island economy and heavily
dependent on aid and imports.
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4.6 Causality assessment

From the unit root results (Tables 2, 3), we note that the maximum order of integration is 1

i.e. dmax = 1, and the lags used for the ARDL estimation is 5 (l = 5). Hence, the maximum

lags that can be used to carry out the non-causality test is dmax ? l = 6. Further, we

examined the dynamic stability of the model to ensure that |IR| B 1. We noted that this was

fulfilled at the lag-length of d = 4 (Fig. 3). Hence, we used the lag-length of 4 to estimate

the causality (Table 8).

We note from the results (Table 9) a unidirectional causality from capital stock (in-

vestment) per capita (ln k ? ln y: v2 = 8.6777) to output per capita at 10 % level of

statistical significance. A bidirectional causality is noted between mobile cellular tech-

nology (ln mob ? ln y: v2 = 11.4804; ln y ? ln mob: v2 = 8.51714), which implies that

both output per capita (income) and mobile cellular technology reinforce each other. From

the causality results, it is clear that investment and capital accumulation is (and should be)

an important driver of economic growth. Moreover, growth in technology and income are

supporting each other and therefore developments in mobile technology (and ICT in

general) do support growth and the latter feeds into further technology expansion.

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5

Fig. 3 Inverse roots of AR
characteristic polynomial

Table 9 Granger non-causality test based on v2

X Dependent variable (Y)

ln y ln k ln mob

X !|{z}
causes

Y ln y – 0.832099 (0.934) 6.6418 (0.156)

ln k 8.6777C (0.070) – 3.2558 (0.516)

ln mob 11.4804B (0.022) 8.51714C (0.074) –

Combined 21.2356A (0.007) 11.9892 (0.151) 8.8288 (0.357)

B and C indicate the presence of causality at 1 and 5 % level of significance, respectively; maximum VAR
lag-length is set to 4

Source Authors’ estimation
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5 Conclusion

In this paper, we examine the role of mobile cellular technology in explaining output per

capita in Zimbabwe over the periods 1975–2014. It is noted that the structural break

periods are mainly identified from 1982 onwards. We note that mobile cellular technology

is positive and statistically significant in both the short-run and the long-run which

emphasizes that development in mobile technology is critical to the growth of the

economy.

Further, the net impact of structural changes noted from 1982 on the economic growth

of the country highlights that counter policies to ameliorate regressive growth has been

effective. Much of the positive effect is credited to the dollarization of the currency to

control hyperinflation which gradually stabilized the economy, and to a lesser extent, the

huge inflow of aid which has to some extent helped in infrastructure development and

hence reviving the economy. However, the perilous debt accumulation and the growing

government expenditure relative to private spending points and exacerbated by low

investor confidence are extremely worrisome issues for economic progress. Unfortunately,

as noted, despite the net positive effects from structural changes, overall, there is negative

effect of trend on growth both in the short-run and the long-run which resonates the

aforementioned issues and indicates that the economy is still poorer (in terms of real per

capita income) than the 1998 level of income and any signs of growth is momentary and

unsustainable. According to the estimation provided by Richardson (2013), if Zimbabwe

grows at the rate of 6 %, then it will reach the 1998 level of income by 2018, however, this

is not progress since the latter only indicates that the country has been pushed back by at

least 20 years to start over again.

Some obvious policy measures to support long-run growth therefore include the need to

curb corruption, uphold democracy, liberalize trade and ensure financial inclusivity. There

is a clear need to attract and incentivize domestic and foreign investment to promote

growth. In its current configuration, we note that capital (and investment) share is relatively

low. The role of government in building investor trust and confidence which primarily

hinges on clear property rights, making policies predictable and implementing consistently,

protecting private and intellectual property, and having democratic institutions and regu-

lations that save guard the interest across all sections of business community and uphold

the rule of law are extremely vital.

Moreover, the Zimbabwe’s Science, Technology and Innovation (STI) policy need to

highlight and promote the effective and productive use of mobile technology in important

sectors such as education, health, tourism, transportation and communications, agriculture,

among others. We have shown that besides investment, an additional sector of interest for

growth is the mobile cellular technology which is to some extent resilient to adverse shocks

and therefore can have growth enhancing effect on the productive sectors of the economy

and support the long-run growth. As Africa is poised to become one of the global ICT hubs

in decades to come, it is timely for the Zimbabwean economy to develop and test inno-

vative mobile cellular technology and explore the dynamic possibilities of technology in

growth and development. Amidst the myriad complex developmental issues in the country,

we argue that investment in and productive use of mobile technology can provide a

glimmer of hope for the economy. However, one must be cautious to argue that mobile

technology use can be exploited indefinitely to optimize economic growth. In this regard,

we argue that there is a possibility of a threshold level of technology use for economic

growth to be optimum and hence future research can explore the latter.

936 R. R. Kumar et al.

123



Acknowledgments The authors are grateful to the editor and reviewers for their helpful comments and
insights. The authors also thank their respective institutions for providing the necessary resources in
completing the project. The usual disclaimer applies.

References

Aghion, P., Howitt, P.: A model of growth through creative destruction. Econometrica 60(2), 323–351
(1992)

Ahmed, E.M., Ridzuan, R.: The impact of ICT on East Asian economic growth: panel estimation approach.
J. Knowl. Econ. 4(4), 540–555 (2013)

Atzeni, G.E., Carboni, O.A.: ICT productivity and firm propensity to innovative investment: evidence from
Italian Microdata. Inf. Econ. Policy 18(2), 139–156 (2006)

Bai, J., Perron, P.: Computation and analysis of multiple structural change models. J. Appl. Econom. 18(1),
1–22 (2003)

Barro, R.: Government spending in a simple model of endogenous growth. J. Polit. Econ. 98(5), S103–S125
(1990)

Bosworth, B., Collins, S.M.: Accounting for growth: comparing China and India. J. Econ. Perspect. 22(1),
45–66 (2008)

Bresnahan, T.F., Trajtenberg, M.: General purpose technologies: ‘engines of growth’? J. Econom. 65(1),
83–108 (1995)

Brynjolfsson, E., Hitt, L.M.: Computing productivity: firm-level evidence. Rev. Econ. Stat. 85(4), 793–808
(2003)

Clarke, J.A., Mirza, S.: A comparison of some common methods for detecting Granger noncausality. J. Stat.
Comput. Simul. 76(3), 207–231 (2006)

Castellacci, F., Natera, J.M.: The dynamics of national innovation systems: a panel cointegration analysis of
the coevolution between innovative capability and absorptive capacity. Res. Policy 42(3), 579–594
(2013)

Central Intelligence Agency (CIA): The world factbook. https://www.cia.gov/library/publications/the-
world-factbook/geos/zi.html (2016). Accessed 27 Jan 2016

Chavula, H.K.: Telecommunications development and economic growth in Africa. Inf. Technol. Dev. 19(1),
5–23 (2013)

Cronin, F.J., Colleran, E.K., Herbet, P., Lewitzky, S.: Telecommunications and growth: the contribution of
telecommunications infrastructure investment to aggregate and sectoral productivity. Telecommun.
Policy 17(9), 677–690 (1993)

Datta, A., Agarwal, S.: Telecommunications and economic growth: a panel data approach. Appl. Econ.
36(5), 1654–1694 (2004)

Daveri, F.: The new economy in Europe, 1992–2001. Oxf. Rev. Econ. Policy 18(3), 345–362 (2002)
Dewan, S., Kraemer, K.: Information technology and productivity: evidence from country-level data.

Manage. Sci. 46(1), 548–562 (2000)
Dickey, D.A., Fuller, W.A.: Distribution of the estimators for autoregressive time series with a unit root.

J. Am. Stat. Assoc. 74(366a), 427–431 (1979)
Ertur, C., Koch, W.: Growth, technological interdependence and spatial externalities: theory and evidence.

J. Appl. Econ. 22(6), 1033–1062 (2007).
Fabiani, S., Schivardi, F., Trento, S.: ICT adoption in Italian manufacturing: firm-level evidence. Ind. Corp.

Change 14(2), 225–249 (2005)
Ghatak, S., Siddiki, J.: The use of ARDL approach in estimating virtual exchange rates in India. J. Appl.

Stat. 28(5), 573–583 (2001)
Gollin, D.: Getting income shares right. J. Polit. Econ. 110(2), 458–474 (2002)
Grossman, G.M., Helpman, E.: Endogeneous innovation in the theory of growth. J. Econ. Perspect. 8(1),

23–44 (1994)
Gruber, H., Koutroumpis, P.: Mobile communications: diffusion facts and prospects. Commun. Strateg.

77(1), 133–145 (2010)
Guest, R.: Robert Mugabe: the man behind the fist. The Economist, 29 Mar 2007. http://www.economist.

com/node/8922493
Hanke, S.H., Kwok, A.K.: On the measurement of Zimbabwe’s hyperinflation. Cato Journal 29(2), 353–364

(2009)
Hardy, A.P.: The role of the telephone in economic development. Telecommun. Policy 4(4), 278–286 (1980)

Can technology provide a glimmer of hope… 937

123

https://www.cia.gov/library/publications/the-world-factbook/geos/zi.html
https://www.cia.gov/library/publications/the-world-factbook/geos/zi.html
http://www.economist.com/node/8922493
http://www.economist.com/node/8922493


Hausmann, R., Hidalgo, C.A.: The Atlas of Economic Complexity: Mapping Paths to Prosperity. MIT Press,
Cambridge (2014)

Hu, Q., Quan, J.: Evaluating the impact of IT investments on productivity: a causal analysis at industry level.
Int. J. Inf. Manage. 25(1), 39–53 (2005)

Human Rights Watch: Zimbabwe: diamonds in the Rough-Human Right Abuses in the Marange Diamond
Fields of Zimbabwe. Washington (2009). https://www.hrw.org/sites/default/files/reports/
zimbabwe0609webwcover_0.pdf

Ishida, H.: The effect of ICT development on economic growth and energy consumption in Japan.
Telematics Inform. 32(1), 79–88 (2015)

Jalava, J., Pohjola, M.: Economic growth in the new economy: evidence from advanced economies. Inform.
Econ. Policy 14(2), 189–210 (2002)

Jalava, J., Pohjola, M.: The roles of electricity and ICT in economic growth: case Finland. Explor. Econ.
Hist. 45(3), 270–287 (2008)

Johansen, S., Juselius, K.: Maximum likelihood estimation and inference on cointegration—with applica-
tions to the demand for money. Oxf. Bull. Econ. Stat. 52(2), 169–210 (1990)

Jorgenson, D.: Information technology and the US economy. Am. Econ. Rev. 91(1), 1–32 (2001)
Jorgenson, D.: Information technology and the G7 economies. World Econ. 4(4), 139–169 (2003)
Jorgenson, D., Motohashi, K.: Information technology and the Japanese economy. J. Jpn. Int. Econ. 19(4),

460–481 (2005)
Jorgenson, D., Vu, K.: Information technology and the world growth resurgence. German Econ. Rev. 8(2),

125–145 (2007)
Jorgenson, D.W., Stiroh, K.J.: Raising the speed limit: U.S. economic growth in the information age. Brook.

Pap. Econ. Act. 31(1), 125–236 (2000)
Jorgenson, D.W., Vu, K.M.: Potential growth of the world economy. J. Policy Model. 32(5), 615–631 (2010)
Koutroumpis, P.: The economic impact of broadband on growth: a simultaneous approach. Telecommun.

Policy 33(9), 471–485 (2009)
Kumar, R.R.: Exploring the interactive effects of remittances, financial development and ICT in Sub-

Saharan Africa: an ARDL bounds approach. Afr. J. Econ. Sustain. Dev. 1(3), 214–242 (2012)
Kumar, R.R.: Exploring the role of technology, tourism and financial development: an empirical study of

Vietnam. Qual. Quant. 48(5), 2881–2898 (2014)
Kumar, R.R., Vu, H.T.T.: Exploring the Nexus between ICT, remittances and economic growth: a study of

Vietnam. J. Southeast Asian Econ. 31(1), 104–120 (2014)
Kumar, R.R., Kumar, R.D., Patel, A.: Accounting for telecommunications contribution to economic growth:

a study of Small Pacific Island State. Telecommun. Policy 39(3–4), 284–295 (2015)
Kumar, R.R., Stauvermann, P.J., Samitas, A.: The effects of ICT* on output per worker: a study of the

Chinese economy. Telecommun. Policy 40(2–3), 102–115 (2016). doi:10.1016/j.telpol.2015.06.004
Kuppusamy, M., Raman, M., Lee, G.: Whose ICT investment matters to economic growth: private or

public? The Malaysian Perspective. Electron. J. Inf. Syst. Dev. Ctries 37(7), 1–19 (2009)
Lam, P.-L., Shiu, A.: Economic growth, telecommunications development and productivity growth of the

telecommunications sector: evidence around the world. Telecommun. Policy 34(4), 185–199 (2010)
Lee, T.S.-Y., Gholami, R., Tong, T.Y.: Time series analysis in the assessment of ICT impact at the aggregate

level—lessons and implications for the new economy. Inf. Manag. 42(7), 1009–1022 (2005)
Lehr, B., Lichtenberg, F.: Information technology and its impact on firm-level productivity: evidence from

government and private data sources, 1977–1993. Can. J. Econ. 32(2), 335–362 (1999)
Lucas, R.: On the mechanics of economic development. J. Monet. Econ. 22(1), 3–42 (1988)
MacKinnon, J.G.: Numerical distribution functions for unit root and cointegration tests. J. Appl. Econom.

11(6), 601–618 (1996)
Madden, G., Savage, S.J.: CEE telecommunications investment and economic growth. Inf. Econ. Policy

10(2), 173–195 (1998)
Narayan, P.K.: The saving and investment nexus for China: evidence from cointegration tests. Appl. Econ.

37(17), 1979–1990 (2005)
Ng, S., Perron, P.: Lag length selection and the construction of unit root tests with good size and power.

Econometrica 69(6), 1519–1554 (2001)
O’Mahony, M., Vecchi, M.: Quantifying the impact of ICT capital on output growth: a heterogeneous

dynamic panel approach. Economica 72(288), 615–633 (2005)
Oliner, S., Sichel, D.: The resurgence of growth in the late 1990s: is information technology the story?

J. Econ. Perspect. 14(4), 3–22 (2000)
Oulton, N.: Long term implications of the ICT revolution: applying the lessons of growth theory and growth

accounting. Econ. Model. 29(5), 1722–1736 (2012)
Oulton, N.: ICT and productivity growth in the UK. Oxf. Rev. Econ Policy 18(3), 363–379 (2002)

938 R. R. Kumar et al.

123

https://www.hrw.org/sites/default/files/reports/zimbabwe0609webwcover_0.pdf
https://www.hrw.org/sites/default/files/reports/zimbabwe0609webwcover_0.pdf
http://dx.doi.org/10.1016/j.telpol.2015.06.004


Perron, P.: Further evidence on breaking trend functions in macroeconomic variables. J. Econom. 80(2),
355–385 (1997)

Pesaran, B., Pesaran, H.M.: Microfit 4.1 Interactive Econometric Analysis. Oxford University Press, Oxford
(1999)

Pesaran, B., Pesaran, H.M.: Time Series Econometrics Using Microfit 5.01. Oxford University Press, Oxford
(2009)

Pesaran, M.H., Shin, Y., Smith, R.: Bounds testing approaches to the analysis of level relationships. J. Appl.
Econom. 16(3), 289–326 (2001)

Pohjola, M.: The new economy in growth and development. Oxf. Rev. Econ Policy 18(3), 380–396 (2002)
Phillips, P.C., Perron, P.: Testing for a unit root in time series regression. Biometrika 75(2), 335–346 (1988)
Rao, B.B.: Estimating short and long-run relationships: a guide for the applied economist. Appl. Econ.

39(13), 1613–1625 (2007)
Rao, B.B.: Estimates of the steady state growth rates for selected Asian countries with an extended Solow

Model. Econ. Model. 27(1), 46–53 (2010)
Rao, B. B., Takirua, T. B.: The effects of exports, aid and remittances on output: the case of Kiribati. Appl.

Econ. 42(11), 1387–1396 (2010)
Richardson, C.J.: Loss of property rights and the collapse of Zimbabwe. Cato J. 25(3), 541–565 (2005a)
Richardson, C.J.: How the loss of property rights caused Zimbabwe’s collapse. Cato Inst. Econ. Dev. Bull. 4,

1–4 (2005b)
Richardson, C.J.: Zimbabwe: why is one of the world’s least-free economies growing so fast? Cato Inst.

Policy Anal. 722, 1–20 (2013)
Roller, L.H., Waverman, L.: Telecommunications infrastructure and economic development, a simultaneous

equations approach. Am. Econ. Rev. 91(4), 909–923 (2001)
Romer, P.: Increasing returns and long run growth. J. Polit. Econ. 94(2), 1002–1037 (1986)
Romer, P.: Endogenous technological change. J. Polit. Econ. 98(5), S71–S102 (1990)
Sassi, S., Goaied, M.: Financial development, ICT diffusion and economic growth: lessons from MENA

region. Telecommun. Policy 37(4), 252–261 (2013)
Seo, H.J., Lee, Y.S., Oh, J.H.: Does ICT investment widen the growth gap? Telecommun. Policy 33(8),

422–431 (2009)
Shahiduzzaman, M., Alam, K.: Information technology and its changing roles to economic growth and

productivity in Australia. Telecommun. Policy 38(2), 125–135 (2014)
Solow, R.M.: A contribution to the theory of economic growth. Q. J. Econ. 70(1), 65–94 (1956)
Stiroh, K.J.: Are spillovers driving the new economy? Rev. Income Wealth 48(1), 33–57 (2002)
Thompson Jr, H.G., Garbacz, C.: Mobile, fixed line and Internet service effects on global productive

efficiency. Inf. Econ. Policy 19(2), 189–214 (2007)
Toda, H.Y., Yamamoto, T.: Statistical inferences in vector autoregressions with possibly integrated process.

J. Econom. 66(1–2), 225–250 (1995)
Tseng, C.-Y.: Technological innovation and knowledge network in Asia: evidence from comparison of

information and communication technologies among six countries. Technol. Forecast. Soc. Chang.
76(5), 654–663 (2009)

United Nations Development Programme (UNDP): Human Development Report 2013: the rise of the south:
human progress in a diverse world. New York (2013). http://hdr.undp.org/sites/default/files/reports/14/
hdr2013_en_complete.pdf

Venturini, F.: The long-run impact of ICT. Empir. Econ. 37(3), 497–515 (2009)
Vu, K.M.: ICT as a source of economic growth in the information age: empirical evidence from the

1996–2005 period. Telecommun. Policy 35(4), 357–372 (2011)
Vu, K.M.: Information and Communication Technology (ICT) and Singapore’s economic growth. Inf. Econ.

Policy 25(4), 284–300 (2013)
Wadhams, N.: Zimbabwe’s Wildlife decimated by Economic Crisis. National Geographic News. 1 Aug

2007
World Bank: World Development Indicators and Global Development Finance. World Bank, Washington

(2015)
Zivot, E., Andrews, D.W.K.: Further evidence on the great crash, the oil-price shock, and the unit-root

hypothesis. J. Bus. Econ. Stat. 10(3), 251–270 (1992)
Zheng, J.: Measuring and explaining productivity growth in China. J. Chin. Econ. Bus. Stud. 9(2), 97–109

(2011)

Can technology provide a glimmer of hope… 939

123

http://hdr.undp.org/sites/default/files/reports/14/hdr2013_en_complete.pdf
http://hdr.undp.org/sites/default/files/reports/14/hdr2013_en_complete.pdf

	Can technology provide a glimmer of hope for economic growth in the midst of chaos? A case of Zimbabwe
	Abstract
	Introduction
	Literature survey
	Materials and methods
	Framework
	Data
	ARDL procedure
	Granger non-causality

	Results
	Unit root results
	Lag length selection
	Bounds result
	Diagnostic tests from ARDL lag estimation
	Short-run and long-run results
	Causality assessment

	Conclusion
	Acknowledgments
	References




