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Abstract

Mobile apps have proliferated online in recent years, but related formal research has

lagged behind. Using data on a large sample of nations over the years 2018–2020, we

estimate the drivers of mobile app production. Results show that more mobile sub-

scribers (capturing demand-pull effects) increase mobile app production. However,

overall E-participation fails to exert a significant influence. Both FDI inflows and ICT

imports contribute to mobile app production, as do the inputs and outputs of overall

technological change (patents, researchers, and knowledge workers). These results

contrast with the (mostly insignificant) results for capital formation and the rule of law.
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1 | INTRODUCTION

The advent of the internet and the diffusion of related complementary

technologies (Asongu et al., 2018; Goel & Hsieh, 2002; McKnight &

Bailey, 1997), especially mobile devices, have spurred innovations and

proliferation of software applications that make the technologies

more useful, while also enhancing the market power and profitability

of the producers. With the widespread market penetration of smart-

phones over the world, there are apps for almost any function: life-

style improvement, entertainment, ordering, and tracking services

(Al-Jabri & Sohail, 2012; Asongu et al., 2021; Kanga et al., 2022;

Lashitew et al., 2019).1 Whereas these apps lower the transaction

costs for both the buyers and sellers in many instances, the related

inertia (due to habit formation, learning costs, network effects, etc.)

make switching more difficult. This could lead to an increased market

power of the sellers (see Hsu & Lin, 2016).2

As smartphones and internet access have diffused worldwide,

mobile apps (or applications) have been a useful complementary tech-

nology that has empowered consumers and producers, while the

resulting lower transactions costs have enhanced commerce and, in

some cases, even created new markets (see, e.g., Westlund, 2014).

Yet, little is formally known about the economic drivers of mobile app

production globally and this paper makes initial inroads into this

nascent research area.

Beyond contributing to the existing body of knowledge, studying

the generation of mobile apps is important because apps have market

competition implications (hence, anti-trust implications) as they open

new markets, expand existing markets, and alter the demand respon-

siveness of consumers (hence, pricing abilities of producers), see

Wang et al. (2022). In addition to market regulators, policy makers

would also be interested in distributional aspects, given the digital

divide in different nations. Finally, in an international context, espe-

cially with the borderless nature of the internet, the generation of

apps in certain nations/regions might put the laggard nations at some

global competitiveness disadvantage.

Mobile apps are qualitatively different in many respects, both

from the producers' and the consumers' perspectives. In production,

apps may be classified as (i) native apps (ones that are created for one

specific platform or operating system); (ii) web apps (apps that are

responsive versions of websites that can work on any mobile device

or operating system because they are delivered through a mobile

browser); and (iii) hybrid apps (these apps are combinations of both

native and web apps, but incorporated within a native app; see

https://clevertap.com/blog/types-of-mobile-apps/). Beyond function-

ality and access, mobile apps may also be classified along the main

tasks they perform. Along this dimension, six usual categories are

(i) lifestyle mobile apps (fitness, food, music, travel, etc.); (ii) utility apps

(calculator, flashlight, reminder, etc.); (iii) social media apps (Facebook,
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Instagram, TikTok, etc.); (iv) games/entertainment apps (Angry Birds,

Sudoku, etc.); (v) productivity mobile apps (Sheets, Docs, etc.); and

(vi) news/information mobile apps (Reddit, Google News and

Weather, etc.), see https://blog.duckma.com/en/types-of-mobile-

apps/. While in this study, we examine the production of mobile apps

in general, specific categories of apps might be differently impacted

by various inputs, have different users' learning costs, and differently

impact the producers' market power.

With their impacts on both sides of the market, the invention of

software apps can be seen as related to demand-pull and technology-

push innovation factors. In spite of the wide usage and the continuing

popularity of mobile apps, there is very little formal research on the

factors that drive the production and diffusion of these apps.3

Whereas some aspects of mobile apps share characteristics of other

innovations, there are some other features, like inertia, network

effects, data tracking, and so on, that seem somewhat unique, war-

ranting special attention to mobile apps. The apps can have attributes

of process innovation in some cases and product innovation in other

instances.

Even after purchase (or free download) by consumers, the pro-

ducers of apps exert substantial control over their functionality

through embedded technologies and their ability to influence perfor-

mance through the internet. For example, sellers could slow down

performance, add more desirable, useful, and expensive features later,

or even discontinue some older versions of apps (or discontinue sup-

porting them). This ability not only increases their market power vis-à-

vis competitors, but also with respect to consumers. Consumers face

inertia in switching to alternatives, and this inertia is compounded in

cases where there are learning costs associated with using beneficial/

enjoyable features of apps. This attribute of sellers has implications

for market power and privacy, making various policymakers in busi-

ness and government interested in gaining a better understanding of

the factors that drive app production.

This paper attempts to fill a gap in the literature by studying the

significant factors that drive the production and diffusion of mobile

apps. While mobile apps are complementary technologies to mobile

devices, one unique attribute of apps, as discussed above, is that, even

after the sale, the seller producer exerts substantial control—via

updated, embedded technologies, and the ability to control their inter-

face with other technologies (see Raina & Palaniswami, 2021).

Key questions addressed in this research are

• What are the significant factors driving the production and diffu-

sion of mobile apps?

• Do ICT imports have a greater impact on mobile apps production

than general FDI?

• What are the relative effects of patents and researchers on mobile

apps?

Using data on a large sample of nations, we estimate the drivers

of mobile app production. Our empirical results show that more

mobile subscribers (capturing demand-pull effects) increase mobile

app production. However, interestingly, overall E-participation fails to

exert a significant influence. Some part of E-participation may be by

folks who are not particularly using mobile devices. Both FDI inflows

and ICT imports (capturing spillovers from foreign interactions)

contribute to mobile app production, as do the inputs and outputs of

overall technological change (including patents, researchers, and

knowledge workers). These results contrast with the mostly insignifi-

cant results for capital formation and the rule of law. The main find-

ings are robust to considerations of bi-directional causality between

mobile apps and mobile subscribers.

Various stakeholders, especially firms (both producers and con-

sumers of mobile apps), consumers, and policymakers, would be inter-

ested in learning about the factors that significantly drive mobile app

production and this research provides some new insights. The produc-

tion of mobile apps has implications for market competition, data pri-

vacy, and productivity in some instances (Tran & Nguyen, 2021). At a

broader level, the findings can have potential use for technology poli-

cies. The diffusion of mobile apps can be seen as related to the wider

diffusion of knowledge (Westlund, 2014).

The structure of the paper includes the background and the

model in the next section, followed by data and estimation, results,

and conclusions.

2 | BACKGROUND AND MODEL

2.1 | Background

At a basic level, tying to standard economic theory, mobile apps can

be seen as a complementary good to mobile devices. The use of

mobile apps lowers transaction costs for users when they enable

faster/easier transactions and access to different services, while also

providing unique services in other instances, such as entertainment,

navigation, and so on (see Al-Jabri & Sohail, 2012; Asongu

et al., 2021; Kanga et al., 2022; Lashitew et al., 2019).

Besides the obvious gains from the sale of apps, the producers/

sellers of apps can benefit in numerous ways, with some of the

benefits lingering/persisting over time. For instance, the adoption of

apps can impact the market structure (empowering some sellers

over others), facilitate product differentiation and price discrimina-

tion, open avenues for selling advertisements and data to third

parties (Goel, 2011), in addition to the elimination of middlemen

(retailers), and so on (Wang et al., 2022). Thus, the functions of the

apps go beyond merely labor-saving. Goel (2009) has shown in a

theoretical model that the increasing use of complementary technol-

ogies can increase the market power of producers (also see Goel

et al., 2006).

The apps have also led to the birth of some new industries,

including the firms in the “gig” economy, such as UBER, where the

firms own few physical assets and their main “product” is the soft-

ware that drives the apps and their business. This has been a game-

changer in many instances, where entrepreneurs with relatively little

capital can penetrate existing markets and drastically change the

nature of competitiveness and service quality.
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The ability to track customers' purchases through apps enables

firms to provide targeted services and employ time- and customer-

specific price discrimination. Apps also broaden the scope of opera-

tions where firms can leverage their information to third parties

through, for example, selling data or featuring other firms' products

(e.g., product placements in the backgrounds of mobile games).

The producers often make many mobile apps available as free

downloads (at least initially) because they can reap indirect benefits in

many instances. These indirect benefits include selling users' online

tracking data to third parties, increasing users' switching costs to sub-

stitute applications, enabling third parties to advertise and sell their

wares (as in games), and so on.4 Further, given the nature of internet

technologies, the marginal costs of supplying apps to additional users

are quite low. Apps also open/broaden markets—for example, movies

and television shows can be watched from anywhere and at any time.

Finally, the sellers/producers exercise substantial control over the

apps, even when they are owned/purchased by the buyers (Raina &

Palaniswami, 2021).

Yet, there is a potential downside to the diffusion of apps that

goes beyond the additional costs of adopting/producing them. These

relate to the data aggregation and privacy concerns, piracy issues

(Goel & Nelson, 2012; Tran & Nguyen, 2021), as well as market con-

centration aspects. Furthermore, regulatory issues, that are common

with other internet products, deal with the inability of regulators in

specific jurisdictions to effectively police their subjects/applications

(see Asongu & Nwachukwu, 2016).5

2.2 | The model

To anchor the theoretical basis for this work, one can draw on produc-

tion economics and the idea of the demand for goods/services with

complementary uses. Using a simple theoretical model, Goel (2009)

showed that technological complementarity has the potential to

increase the market power of firms, increasing prices. Further, the

market power effect is shown to hold whether demand elasticity is

constant or variable.

Thinking about a production function for mobile apps, we use

capital (Capital formation, FDI inflows, ICT imports, and Patents)

and labor (Knowledge workers and Researchers). The inclusion of

ICT imports provides a more specific dimension of FDI inflows. The

allocations of these inputs are driven by the economic (GDP

growth) and the institutional setting (Rule of Law). The rule of law,

associated with consistent punishments and regulations, would

address mandates against software piracy that are likely to be

especially relevant in this context (see Goel, 2020; Goel &

Nelson, 2009). Further, GDP growth accounts for economic pros-

perity that is related to the expected returns from the production of

mobile apps.

Beyond the supply-side factors, demand-side factors would also

impact the production of mobile apps, via demand-pull innovation.

Accordingly, we include Population, Mobile subscribers, and E-

participation. These demand influences would also proxy for network

effects that can prove crucial in the adoption decisions related to

apps. In some cases, users themselves might also generate innovations

(van der Boor et al., 2014).

As mentioned above, the production of mobile apps can be

related to both scale (since initial fixed costs exceed marginal costs)

and scope economies. The use of mobile apps enables many firms to

increase their market share. These influences, along with the potential

for network externalities, can have market concentration implications

(Goel, 2009).

We employ standard capital and labor inputs, along with some

unique features of the internet/mobile phone markets to set up

our empirical models to determine drivers of mobile app produc-

tion. The estimated model takes the following general form

(observations in the underlying data at the country and year level—

see Table 1):

Mobile apps¼ f Mobile subscribers;Technology inputsj,
�

Non-technology inputsk, Foreign inflowsm,

Economic prosperity GDPgrowthð Þ,

Institutional quality Rule of Lawð Þ
�

ð1Þ

where j = Knowledge workers, Patents, Researchers; k = Capital for-

mation, Population; m = FDI inflows, ICT imports.

The dependent variable is mobile app downloads worldwide of

apps originating in a nation (Mobile apps). The use of the global

market is pertinent in this case, with the largely seamless transmission

of mobile technologies across national borders.

Arguably, the number of mobile subscribers would be a key

input driving the production of the mobile apps. It captures poten-

tial demand for apps, which is tied to the expected rewards for

the efforts involved in app production. Another dimension of the

influence of the internet on mobile app production is considered

by employing a broader index of internet participation,

E-participation.

We categorize inputs into technology-based and non-

technology-based inputs. Technology inputs are Knowledge workers,

Researchers, and Patents. Knowledge workers can be seen as a

somewhat broader dimension of researchers, whereas patents are

the output of the research process. Process patents might facilitate

other products and innovations, and product patents might be

stand-alone products that may be new to their markets. All these

factors likely facilitate the development of new apps to expand mar-

kets and the visibility of the other patent-related innovations (also

see Rayna & Striukova, 2021).6

Further, capital formation is tied to capital, while population

relates to labor.7 More capital and more labor would, ceteris paribus,

increase the production of mobile apps. However, different inputs

might be substitutes or complements in the production process and

this might vary across industries (Goel, 1990). The consideration of

alternative inputs would enable an evaluation of their relative mar-

ginal products, which would have implications for resource allocation

and input pricing.
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Foreign know-how might also play a role in mobile app produc-

tion in a country. Besides bringing new technology, know-how,

and funding, foreign interactions can bring linguistic/cultural spill-

overs that can lead to apps being broader in scope/applications

(Jiang et al., 2019). Accordingly, we use FDI inflows and ICT imports

to capture spillovers from foreign interactions. Finally, economic

prosperity, capturing institutional capacity and economic sentiment,

and an index of the rule of law are included. Economic prosperity is

also related to educational attainment in a nation (Wong

et al., 2012). The rule of law is related to intellectual property

protection, which is especially relevant in dictating/driving

resources spent on internet-related technologies (Asongu &

Nwachukwu, 2016; Goel, 2020; Goel & Nelson, 2009). The next

section discusses the data and the estimation strategy employed to

estimate equation 1.

3 | DATA AND ESTIMATION

3.1 | Data

The primary source of the data is the Global Innovation Index

(https://www.wipo.int/global_innovation_index/en/; GII hereafter).

This source provides comparable data on different potential determi-

nants of mobile apps production across a large sample of nations for

the years 2018 to 2020 (Table A1 lists countries in the data). The span

of our data is limited by the availability of some underlying variables

across the sample of nations considered.

Our dependent variable of interest, Mobile apps, relates to mobile

apps downloads, by the origin of the developer/firm. The underlying

value (scaled by per billion PPP$ GDP), is converted to a 0–100 scale

by GII. For instance, in 2019, three nations (Cyprus, Finland and Israel)

TABLE 1a Variable definitions and data sources

Variable Definition Source

Mobile apps Global downloads of mobile apps (based on data from Google Play store and iOS App store in each

country in the calendar year), by origin of the headquarters of the developer/firm; per billion PPP$

GDP. This underlying value is converted by GII to a 0–100 scale that is comparable across nations.

GII [1]

Mobile subscribers Mobile subscribers, per 100 people. It refers to subscriptions, per 100 inhabitants, to mobile-

broadband services that allow access to the Internet via HTTP. These are typical smartphone-based

subscriptions; both pre-paid and pay-per-use subscriptions are considered.

ITU [2]

Knowledge workers Index related to knowledge-intensive employment; higher values, more knowledge workers GII [1]

Patents Number of resident patent applications filed at a given national or regional patent office; per billion

PPP$ GDP

Researchers Researchers in R&D; FTE, per million population. Researchers in R&D are professionals engaged in the

conception or creation of new knowledge, products, processes, methods, or systems and in the

management of the projects concerned. Postgraduate PhD students

engaged in R&D are included.

E-participation E-Participation Index, focuses on the government's use of online services in providing information to

its citizens or “e-information sharing”, interacting with stakeholders or “e-consultation” and
engaging in decision-making processes or “e-decision making.” (higher values, greater e-
participation)

ICT imports Telecommunications, computers, and information services imports; Telecommunications, computer

and information services as a percentage of total trade, according to OECD's Extended Balance of

Payments Services Classification EBOPS 2010, coded SI: Telecommunications, computer and

information services.

FDI inflows Foreign direct investment (FDI), net inflows; % of GDP (three-year average)

Capital formation Gross capital formation; % of GDP

Rule of Law Index that reflects perceptions of the extent to which agents have confidence in and abide by the

rules of society, and in particular the quality of contract enforcement, property rights, the police,

and the courts, as well as the likelihood of crime and violence; higher values, better outcomes

Population Population (in million), is the count of all residents regardless of legal status or citizenship. Based on

mid-year estimates

WDI [3]

GDP growth (lag) Previous year's GDP growth rate; in percentage

Democracy Dichotomous indicator of democracy based on a minimalist definition. A country is defined as

democratic, if elections were conducted, these were free and fair, and if there was a peaceful

turnover of legislative and executive offices following those elections.

Bjørnskov-Rode

regime data [4]

Island Indicator of whether the country is an island Wikipedia [5]

Note: All observations are by country and year, over the years 2018–2020.
Source: [1] Global Innovation Index: https://www.wipo.int/global_innovation_index/en/; [2] International Telecommunication Union: https://www.itu.int/

en/Pages/default.aspx; [3] World Development Indicators: https://databank.worldbank.org/source/world-development-indicators; [4] Bjørnskov and Rode

(2020) regime data: http://www.christianbjoernskov.com/bjoernskovrodedata/; [5] Wikipedia: https://en.wikipedia.org/wiki/List_of_island_countries.
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received a score of 100, while 10 nations received a score of zero in

that year (Kenya, Kazakhstan, Paraguay, Dominican Republic,

Azerbaijan, Algeria, El Salvador, Iran, Guatemala and Ethiopia), see

https://www.globalinnovationindex.org/analysis-indicator for details.

The data from GII are supplemented by data from the World

Bank's World Development Indicators (http://data.worldbank.org/

WDI hereafter) and the International Telecommunication Union

(https://www.itu.int/en/Pages/default.aspx; ITU hereafter). For

instance, data on Population and GDP growth come from the WDI,

and data on Mobile subscriptions come from ITU—while the rest of

potential determinants considered are available within GII. Table 1a

provides additional details about the variables employed.

Table 1b reports summary statistics for all variables considered.

Starting with the dependent variable in the top row, the average num-

ber of Mobile apps is 19.08 and the sample has significant variation as

suggested by the sample standard deviation (23.04) and range (from

0 to 100). At the bottom of the distribution in the dependent variable

of Mobile apps we mostly observe African (e.g., Algeria and Kenya)

and Latin American countries (e.g., Bolivia and Guatemala), while in

the upper part of the distribution we have more developed economies

(e.g., Finland and Israel).

Summary statistics for the potential determinants of mobile apps

production are shown in the other rows in Table 1b. The key explana-

tory variable is Mobile subscribers, which has a sample average of

94.87 subscriptions per 100 inhabitants. The lowest rate of mobile

subscriptions is 17, while the highest subscriptions are at over

250 per 100 habitants.

Knowledge workers is an index capturing the extent of

knowledge-intensive services, the availability of formal firm-

sponsored training, R&D performed and funded by a business

enterprise, and the percentage of employed females with advanced

degrees.8 The average Knowledge workers index in the sample is

43.45, with Sweden, Denmark, South Korea, and China scoring the

highest, while Jordan, Mozambique, and Senegal rank lowest in the

index distribution.

Further, the E-participation index, capturing internet diffusion,

has a sample average of about 75.72 and ranges from 6.8 to

100, where higher values suggest more online resources to facilitate

the provision of information and public services by governments. For

example, Denmark and Finland have the highest E-participation

values, while Cambodia and Mali have the lowest values.

Average levels of FDI inflows and Capital formation, both mea-

sured as a percentage of GDP, are 4.52% and 23.52%, respectively.

The consideration of FDI and Capital formation enables a comparison

of the relative marginal products of foreign and domestic capital.

Furthermore, ICT imports capture telecommunications, com-

puters, and information services imports as a percent of total trade.

The sample average and standard deviation of ICT imports are 1.44

and 1.15, respectively. Lower values of ICT imports are predominantly

observed in the less advanced economies, while higher values are

more prevalent in advanced economies (e.g., OECD countries). Fur-

ther, ICT imports can be seen as a specific dimension of foreign

engagement (whereas FDI may be more general).

The variable Patents measures the relative number of resident

patents (patents-to-GDP ratio). The sample average is 4.95 patents

per bn GDP. Higher patenting activity seems more prevalent in

advanced and/or larger economies (e.g., China, Korea, Germany, and

Japan). Focusing on the variable Researchers, on average, there are

2496 full-time-equivalent (FTE) researchers per million people, with

notable differences across countries as suggested by the minimum

and maximum values of around 14 and 8342. Since patents and

researchers are often sequential parts of the process of technological

change, they are included in alternate models in the estimation.

The sample average values for Population and the lag of GDP

growth are, respectively, 57.03 million people and 3.121%. Finally, the

Rule of Law index averages 0.48 in the sample, with a range of �1.15

(Bolivia) to 2.08 (Finland). We turn to a discussion of the estimation

strategy next.

3.2 | Estimation

As discussed above, we have access to comparable data on different

potential determinants of mobile apps production across a large

sample of nations for the years 2018 to 2020.

We examine potential issues with collinearity between the deter-

minants of mobile apps production, employing standard procedures.

First, we calculated pairwise correlations between variables and only

found a few instances with high correlation coefficients. In particular,

the Rule of Law's correlations with Researchers and Knowledge

workers is high (0.84 and 0.79, respectively), and Knowledge workers

also has a high correlation with Researchers (0.85). Other than these,

all correlation coefficients are under 0.5 in absolute value.9 Second, in

TABLE 1b Summary statistics

Mean Std. dev. Min. Max.

Mobile apps 19.08 23.04 0.00 100.00

Mobile subscribers 94.87 36.13 16.53 250.04

Knowledge workers 43.45 17.69 0.00 81.80

Patents 4.95 10.47 0.00 84.50

Researchers 2495.83 2298.45 14.10 8341.70

E-participation 75.72 18.65 6.80 100.00

ICT imports 1.44 1.15 0.00 8.20

FDI inflows 4.52 7.44 �11.80 47.60

Capital formation 23.52 6.08 10.80 50.60

Population 57.03 158.37 0.30 1366.40

GDP growth (lag) 3.12 2.06 �6.78 9.03

Rule of Law 0.48 0.93 �1.15 2.08

VIF 2.73 1.16 6.02

Observations 283

Democracy 0.76 0.43 0 1

Island 0.13 0.34 0 1

Note: See Table 1 for variable details.

Abbreviation: Std. dev., standard deviation.
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the second to last row in Table 1b, we report the average VIF

(Variance Inflation Factor) of 2.49, and report that the highest VIF for

the specifications considered is 5.91, which suggests high collinearity

is not a significant issue, as this value is below the standard threshold

of 10.

Naturally, a potential candidate for analyzing this data would be

based on panel estimators. Standard econometric testing

(e.g., Hausman test) would favor panel fixed effects over the random

effects estimator in our application. It is well-known, however, that

such a specification test assumes that fixed effects estimation is valid.

It is also known that the panel fixed-effects estimator is less reliable

when the time dimension of the panel is limited (e.g., Nickell, 1981),

such as in our application. We fear that the bias that arises because of

the limited within-group time variation is exacerbated given the small

number of panels we have access to (i.e., 3 years). For this reason, and

given the wide variations across nations in the values of most vari-

ables employed, we rely on robust regression analysis of the pooled

sample rather than panel estimation techniques. A robust regression

controls for the (undue) influences of outlying values in the data (see

Berk, 1990 for related background).

Potential endogeneity issues with the variable mobile subscribers

are addressed by employing Instrumental Variables (IV) type estima-

tors. In this respect, we employ two-stage least squares, instrumenting

mobile subscribers with a couple of indicator variables: Island and

Democracy. In the sample, about 13% of the nations considered are

islands and about 76% of nations are considered a democracy, based

on the definition in Table 1a. Before discussing results based on the

two-stage least squares (2SLS) procedure, we first report results from

robust regression analysis for various specifications.

4 | RESULTS

4.1 | Baseline models

Estimation results for our baseline specification in Equation 1 are pre-

sented in the first column, labeled Model 2.1, in Table 2. Mobile sub-

scribers' estimated effect on mobile apps production is positive and

statistically significant at a 5% level. The estimated coefficient for

Knowledge workers is positive and statistically significant at standard

levels of confidence. FDI inflows estimated effect is positive and sta-

tistically significant, while the estimate attached to Capital formation

is negative and not statistically significant. The estimated effect of

population on mobile apps production is positive and statistically sig-

nificant. The latter estimate, however, implies that the effect of popu-

lation on mobile apps production is somewhat small. The estimated

effect of the previous year's GDP growth on mobile apps production

is positive but not statistically significant. The Rule of Law estimated

effect is also positive and not statistically significant, although its mag-

nitude is evidently larger.

To better gauge the relative importance of the estimated coeffi-

cients for the baseline specification in Equation 1, we calculate

standardized Beta coefficients.10 The estimated Beta coefficient for

Mobile subscribers is 0.129, implying that an increase of one standard

deviation in Mobile subscribers is associated with a statistically signifi-

cant increase of 0.129 standard deviation in mobile apps production.

Alternately, the elasticity of Mobile apps with respect to Mobile sub-

scribers in Model 2.1 is 0.41 (evaluated at the respective sample

means). The statistically significant effect of Knowledge workers is

the largest in relative magnitude, where a one standard deviation

TABLE 2 Mobile apps production determinants

Baseline specifications (dependent variable: Mobile apps)

Model 2.1 2.2 2.3 2.4 2.5 2.6

Mobile subscribers 0.083** (2.26) 0.070* (1.95) 0.098*** (2.63) 0.101** (2.44) 0.088** (2.36)

Knowledge workers 0.528*** (4.82) 0.552*** (5.85) 0.378*** (3.10) 0.542*** (5.32)

Patents 0.294*** (3.13)

Researchers 0.006*** (5.15)

E-participation 0.019 (0.29)

ICT Imports 6.773*** (3.74)

FDI inflows 0.801*** (3.58) 0.846*** (3.84) 0.730*** (2.62) 0.804*** (3.73) 0.898*** (3.72)

Capital formation �0.112 (0.96) �0.106 (0.89) �0.090 (0.77) �0.325*** (2.96) �0.384** (2.82)

Population 0.008*** (2.59) 0.007** (2.24) 0.003 (1.22) 0.005 (1.61) 0.004 (1.44) 0.010*** (3.51)

GDP growth (lag) 0.693 (1.34) 0.236 (0.50) 1.258** (2.49) 0.698 (1.55) 0.662 (1.27) 0.941 (1.59)

Rule of Law 1.445 (0.64) 0.888 (0.43) 0.676 (0.27) 2.822 (1.20) 7.134*** (4.24) �2.482 (1.05)

N 279 288 279 280 277 247

R2 0.39 0.38 0.40 0.36 0.34 0.45

Note: See Table 1a for variable details. All models include a constant term in these robust regressions. The numbers in parentheses are absolute robust

t-statistics.

*Significance at the 0.10 level.

**Significance at the 0.05 level.

***Significance at the 0.01 level.
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increase in this variable is associated with an increase of 0.394 stan-

dard deviation in mobile apps production. The second-largest Beta

coefficient is for FDI inflows, where a one standard deviation increase

in the variable is associated with a mobile apps production increase of

0.276 standard deviation. In the case of Capital formation, which was

not statistically significant in the baseline specification (see Model

2.1), a one standard deviation increase is associated with a decrease

of 0.034 standard deviation in mobile apps production. An increase of

one standard deviation in Population is associated with an increase of

0.049 standard deviation in Mobile apps production. A one standard

deviation increase in the lag of GDP growth and the Rule of Law is

associated with a 0.065 and 0.058 standard deviation increase in

Mobile apps production, respectively. As previously discussed, the last

two effects were not found to be statistically significant.

Focusing on Table 2 second column, in Model 2.2, we remove

Capital formation, which was reported to have the lowest relative

impact in the baseline specification (Model 2.1). For the most part, the

estimated magnitudes of all other coefficients remain similar after

removing Capital formation; however, the effect of Mobile subscribers

is now statistically significant at the 10% level. In Model 2.3, we

employ the same baseline specification (Model 2.1) but replace FDI

inflows with ICT imports. We note that the estimated impact of ICT

imports is positive and statistically significant, just as was the case with

FDI inflows under the baseline specification. The relative importance

of ICT imports in explaining variation in the production of mobile apps

is higher than that of FDI inflows based on a calculated standardized

coefficient of 0.320, which implies that a one standard deviation

increase in ICT imports is associated with a 0.320 standard deviation

increase in mobile apps production. This finding makes sense when

one thinks that ICT imports are relatively more specific, while FDI

inflows are more general (for instance, some FDI might be related to

land acquisitions or “sleeping” investments, with no direct bearings on

production). We also report that the magnitudes of the other esti-

mates are similar in most cases and that, other than Population, no

other estimate loses statistical significance after replacing FDI inflows.

In Model 2.4, we simply replace Mobile subscribers with E-

participation in the baseline specification (Model 2.1). The estimated

relation between E-participation and Mobile apps production is not

economically or statistically significant. The rest of the estimated mag-

nitudes in Model 2.4 remain largely comparable to those in Model 2.1.

In the last two columns of Table 2, we replace the index of

Knowledge workers, employed in the baseline specification (Model

2.1), with Patents (Model 2.5) or Researchers (Model 2.6). The esti-

mated coefficient attached to Patents in Model 2.5 is positive and sta-

tistically significant, with an estimated standardized Beta coefficient

of 0.124, which is smaller than the one calculated for Knowledge

workers in Model 2.1. The estimated coefficient attached to

Researchers in Model 2.6 is also positive and statistically significant.

The relative importance of Researchers, based on the standardized

Beta coefficient of 0.559, is higher than the one calculated for

Knowledge workers in Model 2.1. The higher marginal product of

researchers makes sense, as many knowledge workers might not be

engaged in mobile app production or in innovation more generally.11

It could be the case that, given the various categories of mobile apps,

patents enhance the production of specific apps, while researchers

would have a more general, across-the-board, impact on mobile app

production.

Relative to Model 2.1, in Model 2.6, we also note changes in the

estimated magnitudes and statistical significance. For example, the

estimate for Capital formation is now statistically significant, and the

Rule of Law changed signs but remained not statistically significant.12

4.2 | Additional considerations: Addressing
endogeneity issues

In Table 3, we report estimates that control for the potential endogene-

ity of Mobile subscribers. Some apps might attract new subscribers, for

instance. The 2SLS estimates reported under Models 3.2 and 3.5 corre-

spond to Model 2.2, which excluded Capital formation from the baseline

specification. In the top panel, we report second-stage estimates, based

on two-stage least squares regression employing Democracy and/or

Island as IVs in the first stage. Models 3.1 and 3.4 correspond to the

baseline specification in Model 2.1; however, Mobile subscribers are

instrumented by Democracy, and Democracy and Island, respectively.

The estimated magnitudes are mostly comparable across the baseline

specification and the estimates based on 2SLS in Models 3.1 and 3.4.

Some noteworthy differences are: the estimate for Mobile subscribers is

larger but not statistically significant after being instrumented, the esti-

mate for the lag of GDP growth is larger and statistically significant when

instrumenting Mobile subscribers, and the Rule of Law estimate is now

negative but still insignificant.

The estimates from Models 3.2 and 3.5 are mostly similar in magni-

tudes, except for the estimates attached to Rule of Law, which are now

negative in the 2SLS versions of Model 2.2. The estimates for the instru-

mented variable Mobile subscribers are similar and lack statistical signifi-

cance in Models 3.2 and 3.5. In Models 3.3 and 3.6, we report 2SLS

estimates based on the same specification under Model 2.3, which

replaced FDI inflows with ICT imports. Similar to Model 2.3, which was

based on robust regression, the 2SLS estimates under Models 3.3 and

3.6 are indicative of the importance of ICT imports, Population, and

Knowledge workers in determining mobile apps production, that is, these

estimates are important in magnitude and are statistically significant. In

contrast to the rest of the models in Table 3, Mobile subscribers (2SLS

estimates) are larger and statistically significant under Models 3.3 and

3.6. At the bottom of Table 3, we report standard testing results to help

gauge the plausibility of our instrumental variable approach and the

validity of the instruments. We feel confident in our approach, judging

from the significance of the instrument(s) in the first stage and also from

testing for overidentifying restrictions.

In the last four columns of Table 3, we explore 2SLS specifica-

tions akin to Models 2.5 and 2.6, where the Knowledge workers vari-

able was replaced by Patents and Researchers, respectively. Under

Models 4.1 and 4.3, where Mobile subscribers are instrumented by

Democracy, and Democracy and Island, respectively, the estimated

coefficients for Patents are positive and statistically significant. The

latter result is consistent with the reported estimates under Model

2.5. In contrast to the estimates based on robust regression, the
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negative estimate for Capital formation is now statistically significant,

while the instrumented Mobile subscribers estimate is not statistically

significant. Under Models 4.2 and 4.4, we report that the estimated

relation between Researchers and Mobile apps is positive and statisti-

cally significant, a result that is consistent with our finding based on

Model 2.6. Relative to the findings under Model 2.6, the instrumented

Mobile subscribers estimate is not statistically significant, the negative

estimate for Capital formation is statistically significant, and the esti-

mate attached to the lag GDP growth is not statistically significant.

As previously stated, at the bottom of Table 3, we report standard

testing to help gauge the plausibility of our instrumental variable

approach and the validity of the instruments for Models 4.1 to 4.4.

Based on these assessments, we feel confident in our IV approach.

The concluding section follows.

5 | CONCLUSIONS

As smartphones and internet access have diffused worldwide, mobile

apps (or applications) have been a useful complementary technology

that has lowered transaction costs and enabled consumers and pro-

ducers, while the resulting lower transaction costs have enhanced

commerce and in some cases even created new markets. Yet, little is

formally known about the economic drivers of mobile app production

globally and this paper makes initial inroads into this nascent

research area.

Nesting the empirical analysis in a model that accounts for differ-

ent inputs and institutions on mobile app production and using data

on a large sample of nations over the years 2018–2020, we estimate

the drivers of mobile app production. As expected, more mobile sub-

scribers (capturing demand-pull effects) increase mobile app produc-

tion. However, interestingly, overall E-participation fails to exert a

significant influence. This result makes sense when one thinks about

the fact that E-participation is a general index and includes dimensions

that might not impact mobile app production directly.

Both FDI inflows and ICT imports (alternately considered, and

capturing foreign spillovers) contribute to mobile app production, as

do the inputs and output of overall technological change (including

patents, researchers, and knowledge workers). The positive spillovers

from patents to mobile apps are noteworthy, given that many “soft”
technologies are not patentable. These results contrast with the

mostly insignificant results for capital formation and the rule of law.

The main findings are robust to considerations of bi-directional cau-

sality between mobile apps and mobile subscribers.

Turning to the questions posed in the Introduction, we are able to

provide these answers:

• What are the significant factors driving the production and diffu-

sion of mobile apps?

We find many significant drivers of mobile app production, including

the number of mobile subscribers, technology inputs, and foreign

inputs.

• Do ICT imports have a greater impact on mobile apps production

than general FDI?

Yes, the elasticity of mobile apps with respect to ICT imports (evalu-

ated at the sample means; Model 2.3) is more than double the corre-

sponding elasticity with respect to FDI (Model 2.1), (specifically, 0.51

and 0.19, respectively).

• What are the relative effects of patents and researchers on mobile

apps?

Researchers have a greater impact on mobile app production than

patents. The respective elasticity of mobile apps, evaluated at

respective means, is 0.08 for Patents (Model 2.5) and 0.79 for

Researchers (Model 2.6).13 The payoffs from increases in

researchers in terms of mobile app production are substantially

larger than those from patents. This makes sense when one thinks

about the fact many patents are related to non-digital

technologies.

Various stakeholders, especially firms (both producers and con-

sumers of mobile apps), consumers, mobile network operators (Wang

et al., 2016), distribution platforms (Roma & Vasi, 2019), and policy-

makers, would be interested in learning about the factors that signifi-

cantly drive mobile app production and this research provides some

new insights.

Beyond the potential increase in firms' market power via apps

and consumer privacy issues related to app usage, apps can prove

useful in governance and monitoring (Tang et al., 2021). A recent

example is apps related to vaccine passports to monitor infections

during the coronavirus pandemic (Goel & Jones, 2022). An under-

standing of mobile app production/diffusion can have longer-term

implications as users become innovators (Scotchmer, 1991; van der

Boor et al., 2014).

In closing, we suggest some directions for future research. Given

appropriate data, one could consider and compare the production of

specific app types (e.g., entertainment vs. productivity apps), and also

consider the impacts of other input types (e.g., design vs. utility

patents).
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ENDNOTES
1 A mobile app may be defined as “A mobile app is a software application

developed specifically for use on small, wireless computing devices,

such as smartphones and tablets, rather than desktop or laptop

computers”, https://www.techtarget.com/whatis/definition/mobile-

app#:�:text=A%20mobile%20app%20is%20a,than%20desktop%20or

%20laptop%20computers. For a history of the mobile apps, see

https://inventionland.com/blog/the-history-of-mobile-apps/; and vari-

ous computer languages are used for mobile app development: https://

www.fingent.com/blog/top-technologies-used-to-develop-mobile-app/

.
2 The role of intermediaries, in this case mobile network operators, might

also be relevant (see Wang et al. (2016)). Further, the distribution plat-

form (e.g., Google Play and Apple's App Store) and its structure

(whether a closed or open platform) (Roma and Vasi (2019)), might

influence mobile producers' market power.
3 An interesting study by Teklemariam (2021) groups countries by stages

(timing) of mobile app adoption. In contrast, we are focusing on the pro-

duction of mobile apps.
4 Users are only slowly becoming aware of privacy issues and the possi-

bilities of identity theft.
5 Also see downsides: https://techcrunch.com/2022/04/23/this-week-

in-apps-google-bans-call-recording-apps-snaps-q1-and-bereal-hype/

and https://www.forbes.com/sites/daveywinder/2022/04/09/these-

6-dangerous-phone-apps-need-to-be-deleted-immediately/?sh=

2bfa71204263.
6 Unfortunately, the detail in the underlying data does not enable us to

distinguish between product and process patents.
7 Population could also be seen as capturing the potential market,

although given the nature of internet technologies, global demand is

likely what the producers are considering.
8 The use of a broad index enables us to capture different input dimen-

sions that impact mobile app production. We also, alternately, consider

specific components such as the number of researchers and patents.
9 Pairwise correlations are not reported in Table 1b to avoid clutter.

These calculations are available from the authors upon request.
10 Standardized Beta coefficients are obtained after running the baseline

regression with standardized variables. For instance, letting yi represent

the dependent variable of Mobile apps, the standardized value is yi�yð Þ
sy

,

where y and sy are, respectively, the sample average and standard devi-

ation (reported in Table 1b). All independent variables are standardized

in a similar fashion.
11 Please note from Table 1a that the units of measurement of

Researchers and Knowledge workers are not the same. So appropriate

caution should be used in interpreting the respective coefficients.
12 The results from Table 2 are nearly identical to the results from a Tobit

analysis. These results are available from the authors on request. The

2SLS results in Table 3 come from OLS for ease of interpretation.
13 Appropriate caution should be used in interpreting the elasticities, given

that the dependent variable is scaled (see Table 1a).
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APPENDIX A

TABLE A1 List of countries in the sample

Algeria Greece Pakistan

Argentina Guatemala Panama

Armenia Honduras Paraguay

Australia Hong Kong Peru

Austria Hungary Philippines

Azerbaijan Iceland Poland

Bahrain India Portugal

Bangladesh Indonesia Republic of Korea

Belarus Iran Republic of Moldova

Belgium Ireland Romania

Bolivia Israel Russian Federation

Bosnia and Herzegovina Italy Saudi Arabia

Brazil Japan Serbia

Bulgaria Jordan Singapore

Cambodia Kazakhstan Slovakia

Canada Kenya Slovenia

Chile Kuwait South Africa

Colombia Kyrgyzstan Spain

Costa Rica Latvia Sri Lanka

Croatia Lithuania Sweden

Cyprus Luxembourg Switzerland

Czech Republic Malaysia Thailand

Denmark Malta Tunisia

Dominican Republic Mexico Turkey

Ecuador Mongolia Ukraine

Egypt Morocco United Arab Emirates

El Salvador Nepal United Kingdom

Estonia Netherlands United States of America

Ethiopia New Zealand Uruguay

Finland Niger Uzbekistan

France Nigeria Viet Nam

Georgia Norway Yemen

Germany Oman
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