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Abstract

This study focuses on the important national issue of sustainable development, andpuoyaticg

the conditions for digital transformatiaieveals the necessary and sufficient relationships that lead to
a high or low level of national sustainability. In order to deepen our knowledge pferequisites for
the desirable outcome (i.e. higher levels of sustainability), we proposed a catifigal model com-
bining the available national data on digitalization dimensions. To empiricaiBlyse related data
for 134 countries, we used Fuzast Qualitative Comparative Analysis and Necessary Condition
Analysis. Our findings suggest multiple asymmetric configumatthat justify the high and low levels
of the Sustainability Global Index Score as well as the significance of iigftah for achieing sus-
tainable development goals. The NCA and fsQCA solutions provide novel insights iimg sast
tainability levels across countries, and how 10 dimensions of digital tranafmm readiness con-
tribute to this. The results also highlight the roleskfils and business usage as core conditions for
sustainability solutions. This research theoretically enhances ouepton of asymmetric interac-
tions between national digital transformation and sustainability and can sepm@agmatic role in
steeringsustainability strategies and national digital transformation.

Keywords:Digital Transformation Sustainable Development Goaiational Development=sQCA,
NCA
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1 Introduction

The concept of sustainability contends that the national wealthtiohaashould be maintained for
future generationswhile countriesseekto meet the demands of their current generatiBaikyte et

al., 2010). The associated challenges have contributed to an international mobitiaatevelop a set
of broadly applicable sustainable development goadltiresshational problems, including disease
poverty and degradatido the environmenilo this engthe United Nations introduced 17 Sustainable
Development Goals (SDGs). Despite numerous internatinititives in developed and developing
countries, few United Nations member stdtave achieved the SDGSeele and Lock, 2017). In this
regard earlierstudies focusedn the game&hanging promise of national digital transformation and
digital technologies for sustainabilifgeele and Lock, 2017; Saahisal, 2019) Digital technologies
have transformed the relatiships of humans with each other and their natural environment such as
enhancinghe transparency and accountability of sustamgbl/ernancéBoyd and Crawford, 2012)

It is argued that digital transformation can help reduce the negativemmental effects of humans
and promote sustainabilifdamptonet al, 2013). In this study, we consider digital transformation
the nationallevel and by digital transformation, we meaa process that aims to improve an entity by
triggering significant changes to its properties through combinations of informationputiom,
communication, and connectivity technolodi€¥ial, 2019, p 1.).

Despite recent research illustrating the importance of wb@ital technologes and encouragindigi-
tal transformation to fulfil the SDGs, there are concerns aboutftbetsof digital tansformation on
sustainability(Seele and Lock, 2017Most countries promote digilization projects within their na-
tional boundaries to facilitate theiocial and economic development (Hanna, 20b6)rderto evalu-
ate progress towards national digital tfansation, it is therefore important to establish comparative
and reliable statistics on digital technologistilenkovic et al, 2016) The Networked Readiness In-
dex (NRI) was an international response to this need by assessing the abilimtoiesao leverage
ICTs and digital technologsto improvecompetitiveness and wedeing Sachst al, 2019) The key
purpose behind the development of the index is to illuminate ICT performances ducethe value of
ICT diffusion and usagtor national welbeing and prosperitylhe index provides a methodological
framework that defines the factors that allow countries ty highefit from ICT development{8aller

et al.,2016).

We includedthe NRI developed by the World Economic Forunagsess national readss for didfal
transformationThe index is one of the international approaches to miegsemerging national dis-
ruptions caused by digital technologi@aller, Dutta and Lanvin, 2016yhe NRI measures 1) the
overall national environment for technology use and creation, @pnretd readiass in terms of ICT
skills, affordability, and infrastructure, 3) technology adopaod usage, and 4) digital economy and
esociety The index aims to answer two major questions: 1) what level of ICT access a®d use
achievedwithin a country.2) What & the impact of digital technologies oreeountry accessed and
used the ICTBalleret al, 2016).

The goal of this paper is to examine twnbinatorialeffects of the national digital transformation in
order to achieve the 17 sustair@development goal¥Ve have integrated the complexity theory and
configuration modelling techniques of fuzzy set qualitativeagarative analysis (fsQCA) and Neces-
sary Condition Analysis (NCA) to provide a broader knowledge of the camglationships beveen
digital transformation readiness and sustainabilit%ccordingly, the current researdittemps to ad-
dress the following key question: under what configurations of digitaftsemationreadines$actors
havecountries le to high or low rates of stiainable developmentf this paper, we are developing a
model reflecting the 10 pdls of the NRI as a measure afuntries'readiness for digital transfor-
mation.

From a theoretical perspective, this study extends current knowledge afiabisitsiard digital trans-
formation by examining how natione¢adiness fodigital transformatiorhelps explain the sustaina-
bility rate of a country. The study proposes the configurational effettgeen digital transformation
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readiness (conditions) and differeewvéls of sustainability (outcomes) by demonstrating the asym-
metry in the conditioroutcome relationship and the combination of national digital transformation
readiness that is necessary and/or sufficient to achieve sustainability.

From a methodological point of view, this paper expands the literah complexity theory by com-
bining thetheory with fsSQCA and NCA configuration modelling techniques. The objectite iilu-
minate the complex and asymmetric interactions between the causal factmisabtrdnsformation
preparedness and their impact on high or low levels of suskaidabelopment across coueft It is
argued that although the configuration analysis provides valuable insighttill almost arecog-
nized in the IS communit{Liu et al, 2017) Configuration Theory simulates complex relationships
between variables and considers a phenomenon tafterd of interrelated elemerfid Sawyet al,
2010).

In the next part of the paper, we will examine the theoretical backgrourttie@rdnceptual model of
the study and then explain the methodology and the results of the analysis. Thisnstpesafith the
discussion and the conclusion sections.

2 Theoretical background and conceptual model

2.1 Digital Transformation and Sustainability

Digital technologies have created new waves of national transformatidnsave disrupted tradition-
al thinking on economic and social issues such as prosperity antdewel(Tapscott, 1996). Some
scholars consider digital technologiasthe driving forceof competitiveness and welfa(Breene,
2016) Similarly, previous IS work urgenations to establistigitalizationto improve the welbeing
and sustainability of their sociesi€Groveret al, 2019) Such reports state that the use of technologi-
cal advances is one of the major prerequisites for sustaingbitiye and Tarverdyan, 2018)ike-
wise, some scholars argue that digital transformation through the dggitalf technologies can be a
powerful tool for promoting sustainability (Seele, 2016; Ma#tial, 2019)and supporting SDGs
(Sachset al, 2019) For instance, in one study the authors claim that ICT has potential in unven C
by promoting eparticipation and citizen mobilizatidile et al, 2017) Other reports also mention the
positive impacts of ICT on social sustainability, for example in reducingmayn(Bhattacherjee and
Shrivastava, 2018)r increasing happine¢&elotet al, 2015)

Prior research confirms that the relationships of variableh@émgmena like sustainabilifBalkyté

and Peleckis, 2010; Park and Saraf, 2016; Vial, 2@nd) digital transformatiofMajchrzaket al.,

2016) are not linearThe researchers also encouragieel development of new methodological ap-
proaches to model the asymmetrical relations of complex phend@eaaget al, 2012) As pre-
sentedin Table 1, most earlier studies focus on the linear gniretrical interactions between ICT
and digital technologie®revious studies also developed diverse and sometimes conflicting findings
(See Table 1).

On the other hand, most of the preceding studies incorporated oneeooftbe NRI indicators. For
instance, studies bf¥unis et al, 2012)focused on ICT usage, readiness, and environment; conclud-
ing that there is a stronger relationship between ICT and global camwetis in high readiness
countries than in loweadiness countries. In another study, the authors measured factors such as ICT
readiness and concluti¢hat an inverted Wshaped relationship exists between ICT and CO2 emis-
sions ( Higénet al, 2017).

2.2 Complexity theory and configurational modelling

The complexity theory attempts to quantify the nonlinearity and variabilitonnections and feed-
back loops in complex networks leading to persistent changes in the ¢@&t@miman, 2006)Multi-
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ple IS literature researdhtegrated complexity theory with fsSQCA to investigate the-livogarity of
phenomena such as mobile learning adoptiRappast al, 2017), personalized@mmmercgPappas

et al., 2019), or the adoption of-government servicedourouthanassist al, 2016). We could not
find any relevant studin the IS literaturghat integrates fSQCA with NCA tanalysethe dynamic
interaction between digital transformation atainability Some of the IS scholarhallengedhe
prejudice oftraditional regression or correlation approaches because these strategjigsepthe in-
teraction between variables is symmetrical and liflEaSawyet al, 2010; Liuet al, 2017)and can-
not model the complexity afomplicatedcombinationsAsymmetric interaction between a measurer
and the result variable means that a measurer may be unnecessary but is a requiremecrdsiali t
variable to occufWoodside, 2013)and the presence or the absence of one or more additional varia-
bles will affect the impact of a variable on the outcdEleSawyet al, 2010) Asymmetricmodelling
introduces different recipe®r combiningvariables, which is caltkthe configuration of variables
(Liu et al, 2017).

Overall our research offers a novel way of thinking about modelling and analysing a complex phe
nomenon,particularly regardingdigitalization and suainability interconnecté and nodinear rela-
tionships.The methods we used in this stuallow usto go beyond the traditional linear modsi

using a conjectural angsymmetrical approach, resultiirg different theorystructuresand practical
solutions The neeconfiguration approach therefore opens up a new direction and framework for both
theorizing and empirical study.

Source Variables M ethodology Findings

This study political and regulatory environ- | Asymmetrical model-| Please visit the result sec-
ment, business and innovation enyiking (combining com-| tion

ronment, infrastructure and digital| plexty theory,
content, affordability, skills, indi- | fSQCA, and NCA)
vidual usage, business usage, goy-
ernment usage, economic impacts
and social impactsas conditional
factors, andsustainable develop-
ment goals|s outcome.

(Matei and Networked readiness, global com{ Symmetrical mode | There is a significant rela-
Savulescu, petitiveness and ICT sector shareliting Correlation tionship between ICT and
2012) national economies aralysis development of a sustainable

knowledge economy.
(Yuniset al, ICT usage, readiness, and enviror Structural equation | ICT has a significant rela-
2012) ment and global competitiveness | moddling (SEM) tionship with the global

competitiveness of coun-
tries, while there is a strong
er relationship in high readi;
ness countries than in low
readiness countries.

(Gouveaet al, | environmental sustainability, ICT, | Ordinaryleast ICT and human develop-
2018) and human development squares regression | ment has a positive and sigt
nificant effect on environ-
mental sustainability

(Pradharet al, | ICT diffusion, innovation diffusion,| vector er- In the long run, there is a
2019) venture capital investment, and | ror-correction model | significant relationship be-
economic growth tween venture capital in-

vestment, ICT diffusion, and
innovation diffusion with
economic growth in Europe

(Apaydinet al, | hyperconnectivity and socio canonical correlation| Affordability of techndogies
2018) economic sustainability analysis and high individual ICT
usage in the emerging courj
tries did not impact socio
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Sour ce

Variables

M ethodology

Findings

economic sustainability.

(Jetzeket al,
2019)

Open Government data and susta
able value

SEM

Open data, digital govern-
ance and digital infrastruc-

ture in a country have a posi

tive effect on the country’s
level of sustainable \ae.

(Dimaet al, Global Competitiveness Index Pearson coefficient | Both innovation and educa-
2018) (GCI), research and development| and panebata re- tion are crucial determinant
expenditure, percentage of popula-gression models of EU competitiveness and
tion with tertiary education, lifelong economic convergence.
learning, GDP per capita, and deht
to equity
(Parket al, Internetuse, financial developmen| Pooled mean group | Internet use has lowered th
2018) economic growth, and trade open¢ (PMG) estimator environmental quality in EU
ness and carbon dioxide (CO2) countries.
emissions
(Leeet al, ICT use and -@overnment devel- | A threestep analysis| A significant relationship
2018) opment (telecommunication infra-| of the mediating ef- | between egovernment user
structure, online service;e fects and a Sobel test levels, governance, govern-
participation) and government cort (empirical analysis) | ment regulation, and ge
ruption ernment corruption
(Higbnet al, ICT readiness, ICT use, ICT inten{ Linear OLS regres- | An inverted Ushaped rela-
2017) sity, GDP, Government effective- | sion tionship between ICT and

ness, rule of law, number of pas-
senger car, population density, oil
Kyoto ratification, education, in-

dustry share and CO2 emissions

CO2 emissions

Table 1 Examples of previous studies exploring the interaction of ICT and sustaynatibiss coun-
tries

221 Configurational model of this study

To understand the complex relationship between digital transformatoliness in national level (as
the causal conditions) and sustainable development(gsahe outcome of interestye incorporated
fsQCA and NCA to develop the configurational model. Therefore ppemrepresergthe asymmet-

rical relationship between NRI sulindexes including environment, readiness, usage, and impact con-
figurations torealizethe investigated outcome (sustainable development) (Figure 1).

We considered the World Economic Forum's 10 major pillars as conditionablesti and integrated

the SDGs into our configuration model as the existing index for measuritagnsinde development.
Since NRI pillars are different dimsions of digital transformatigoreparedness, we considered them

to be the conditions for our configuration model that could predict high and low lefvelistainalel
developmentTable 2 represents NRI Sub indexes, pillars and the focus of related variablels in eac
pillar.
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o N

National Digital Transformation readiness hY

/Emdmnment Cunﬁgtu‘aﬁn}( Readiness Cﬂnﬁgumﬁnm Usage Configuration Y Impact Cnn.ﬁgu.raﬁnn\

Infrastructhae
and Digial
Content

Individual
Usage

\ Business and
| Innovation
| Emarcnment
)

| Social

Economic -|
| Impacts

Impacts

o
Business |
Usage |

-

%

Figure 1The poposed configurational modef the study ans variables

NRI Sub Index| Pillars Focus

. Political and regula- | The national legal framework facilitating ICT penetration and a
Environment

tory environment safe development of business activities

(PRE)

Business and innova] The business framework conditions to bogrstrepreneurship in th
tion environment field of ICT

(BIE)

Infrastructure and The development of ICT infrastructure and the availability of dig

Readiness digital content (IDC) | tal content
Affordability (Af) The cost of accessing ICT
Skills (Sk) The educational ability cd society to make an effective use of IC
Usage Individual usage (IU)| The ICT penetration and diffusion at the individual level
Business usage (BU) The firm's technology absorption and innovation capacity
Government usage | The ICT policies andmine government services
(GU)
Impact Economic impacts T_he ef‘fe_c_t _of ICT on economy shift towards more knowledge in
(ED sive activities

Social impacts (SI) | The ICT impact on education and societpagticipation and gov-
ernment efficiency in ICT exploitiin.

Table 2 Conditional variables representing national digitalization readinesshaidrhain focus

3 Research Methodology and Data

FsQCA and NCA as configurational analysis techniques were used in this stexntmme howthe
cumulative impacof sysematically interdependent digitalization factors as opposexblatedattrib-
utesshape sustainability. FSQCA concentrairghe ‘middle ground’ between varialeiented quan-
titative methods and caseientedqualitative method¢Ragin, 2009)and apprehends theree main
features of causal complexity, including conjunction, equifinality, anchamtry (Misangyi et al,
2017).Conjunction implies that conditional variables may not have an isolefjgalct on outcomes,
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but rather combine into multiple clusters that produce the outdéquéfinality means that more than
one combination of conditi@h variables can lead to an oame.Asymmetry means that the recipes
for the occurrence of an outcome are not necessarily the same dbsénce, and therefore each out-
come group requires separate theoretical and empirical considdatezkhamer, 2016)n our re-
search, we used fsQCA to analyse the conditions (digital transformationsjaaterlying the phe-
nomenon of interest (sustainability) given its strength in handling complexdmahsional interac-
tions.

In addition, we used NCA to explore the order in which the conditional factar$dearying degrees

of outcome (Dul, 2016)NCA soundlycomplements the results of fSQCA and, as a novel statistical
method, identifies the variables that are necessary but not guaranteesl dohigvement of the out-
come.Supplementing fsSQCA with NCArovides solutions that are more accurate or complete and can
deliver actionable knowledge that hasywpowerful policy implicationgRagin, 2009) The analysis

was carried out using fsQCA 3.0 and R 3.6.1 software with NCA package vei@ib(Dul 2018).

3.1 Data pre-processing

We used data from theRI dataset, sourced from WEB4d|ler et al.,2016)to measure digital trans-
formationreadines. We used the Sustainable Development Report dataset to obteadtaenability
Global Index 8ore (SGISYSachset al, 2019) The FsQCA analysidbegins bycarefully converting
data into measures of set membership based on empirical and/or da¢dmediwledge, a process
known ascalibration (Misangyi et al., 2017). Wapplied the direct method of calibration to transform
the measures into set memberships (e.g. Beynon 20a6; Greckhamer, 2016).

In computing the cubff point for crossoverfull and nommembership of the outcome variablee
followed Wanget al (2019).For more than 134 countries, the national SGIS average (67.5, crossover
point anchor) and the standard deviation (9.37) were calculated (with @dalblevfor all included
variables).Then the cubff points for full membership (mean plus one standard deviation) and non
menbership (mean minus one standard deviation) walculated

For calibrating conditional variables, we followBdynonet al. (2016) andused Probaility Density
Function (PDF) tacomputethe membership threshold&reckhameret al, 2018) The assessment
process for the qualitative anchors was based on the calculatiorre$pleetive 5th percentile (lower
threshold), 95th percentile (uppdreshold) and 50th percentile (crossover point) va{i&ynon,
Jones and Pickernell, 2016).

4 Analysis Results

Qualitative methods of comparative analysis such as fsQLC# tdetermine commonalities through
two types of analysis: necessity and sufficiency analf&ilsoux and Ragin, 20095ccordingly, we
first conducted a necessity analysis of all condition variables, and aftea thafficient anigsis was
carried out using Ragin's (2009) truth table algorithm to findrmatt¢asual relationships consistently
led to the outcome of interest.

4.1 Necessity Analysis Results

Preventing guaranteed failure and increasing the likelihood of successyarariponents of" neces-
sary but not sufficient{Dul, 2016)logic of necessity analysi#\' necessary' condition is defined as a
condition that must be present in order for an outcome to occur, but its grekmTnoguarantee

that an event occufRagin, 2009)We conducted a Necessary Condition Analyeiidentify the spe-

cific level of digitization factors that are essential fofatiént levels of sustainabiliypul, 2016) The

NCA method quantifies the qualitative statement of* X is necessaty'fand moves on to a more
specific relationship:" a specific level of X is necessary for a specific ¢dvél' (Dul, 2018) By
drawing a ceiling linethe NCA separates the “empty space” and the “full space” of the data set and
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highlights what level of conditionx{axis) is necessary for what level of outcomexis).A condition
is more necessary when the empty space above the ceiling lingeis thierefore, a higher coraint
is imposed on the outcome (Vis and Dul, 2016).

Visual inspectiorof NCA plots (Figure 2) demonstratdsatthe criticality of digitalizaion conditions

for achieving sustainability is quantitatively differelmt addition, to aswerthe questionto what ex-
tent the conditioris a bottleneck for achieving thmutcome NCA defines the effect sizé as the size

of the constraint that the nesesy condition puts on the outconiaul (2016)proposed a general
guidelinefor the magnitude of an effect sigd) (0<d<0.1 “small effect”, 0.1<d<0.3 “medium effect”,
0.3<d<0.5 “large effect”, and>0.5 “very large effect). The results show thakills (0.39), affordabil-

ity (0.32), IU (0.3) BIE (0.27) andIDC (0.27)have wider empty spaces above the ceiling lines and
larger effect sizegherefore they are more essential for realizing the sustainability.

HNCA Plot : PRE - 8GIS NCA Plot : 1DC - SGIS MNCA Plat : BIE - SGIS
[T am = NEr =
& 2 _ »5E0g & s
P 4 :
PO LR - T R - A NG B [N i _'r; B -
-~ -~ - 89 T =~
@ w ? & B L]
] E @ o
? g 2 g v o8 e
g 44" sl ;
3 5 1 2 1 4 [ 7 25 30 35 ) 45 o5
PRE (3]s Bl
MNCA Pilot : Affordability - SGIS NCA Plot : Skills - 3GIS NCA Plot : IU - SGIS

B

SGIS
SGIS
SGIS
e

NCA Plot : BU - 5GIS NCA Plot : GU - 5GIS NCA Plot : El - 3GIS

]
o
} 80
@
B

SGIS
SGIS
SGIS

Figure2 NCA plots of NRI pillars

Note: PRE: Political and regulatory environmenBIE: Business and innovation environmeiC:
Infrastructureand digital contentlU: Individual usageBU: Business usage, GU: Govarant usage,
El: Economic impact.

Bottleneck Table (BY(Table 3) is used ithe NCA for a multivariate analysis to examine the level of
combination of conditioneecessary fothe various levels of the desired outcofiiul, 2018) In BT,
conditiors and outcome arpresentedis a percentage of the rarfgem the lowest to the highest ob-
served valuesThe BT is used to identify the order in which the diligation conditions are necessary

to achieve sustainabilitysince NN stands for not necessary, BT results indicate that very low levels of
SGIS (up to 30%) can be realized without the needlifgitalization endeavourskFrom the level of
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30% onwards, the existence of dijgation factors is important, which means that in thifeases,
reaching a certain level of SGIS can only be achieved if certain condibiod®italization have been
met. The presence of a supportive business and innovation enviroankgualitative skills are nec-
essary conditions at a level of 3084 the next level (40%), affordability, Individual usage, and infra-
structureand digital contents also become critical.the level of 50%, only political and regulatory
environment, and business usage are not necegdtay this level, all NRI pillars musbe present.
The results of BT point out that the dajization factors are critically different for different degrees of
sustainability.For instance NRI conditions are not critical in the low range of SGIS (< 30 per cent).
Only at the 30% level, some preliminary skills, a low business and an innoeaticonment are pre-
requisites.From the 60% level of SGIS, the BT proposes that the full presence of NRI pillars is re-
quired, and countries must have a higher readiness for digital transformagaita higher level of
sustainability.

SGIS PRE BIE IDC Af Sk U BU GU El Sl

0 NN NN NN NN NN NN NN NN NN NN
10 NN NN NN NN NN NN NN NN NN NN
20 NN NN NN NN NN NN NN NN NN NN
30 NN 7.5 NN NN 9.2 NN NN NN NN NN
40 NN 16.5 2.1 10 20.9 6.3 NN NN NN 7.4
50 NN 25.5 14.1 21.6 32.6 21.1 NN 4.3 5.1 18.1
60 5 34.5 21.9 33.2 44.3 35.9 14.4 13.6 18 28.7
70 23.8 43.4 41.8 44.9 55.9 50.8 29.7 23 30.8 39.4
80 42.5 52.4 61.6 56.5 67.6 65.6 44.9 32.3 43.6 50
90 61.2 61.4 81.4 68.1 79.3 80.4 60.1 41.6 56.5 60.7
100 80 70.4 96.8 79.8 91 95.3 75.3 51 69.3 71.3

Table 3 BT for multivariate examiniraf necessary conditiain each level of sustainability

Note: NN: Not necessanPRE: Political and regulatory environmenBIE: Business and innovation
environmentIDC: Infrastructure and digital contenfAf: Affordability, Sk: Skills, 1U: Individual us-
age, BU: Business usage, GU: Government usage, EI: Economic impact, Sl: i8paictl. i

4.2 Sufficiency Analysis Results

Relations can be subjected to fuzzy truth tabldyaimafter neessityexamination to produce solu-
tions regarding condidns and outcome configuratianEhe Truth Table is a key tool for determining
the configuration of the condition leading to an outcome of inteMist: calibrating datawe ran the
truth table algorithnby goplying a consistency benchmark of > 0.8 anda minimum acceptable fre-
guency of cases f@olutions of 2 to identify the recipes consistently linked to the outcdheeTruth
Table Analysis identifies the possible relationship betwine combination of the catidn variables
and the outcome (Wang et al. 2019).

In Tables4 and 5, we preserthe results of fsQCA sufficiency analysising (Ragin, 2009 Fiss,
2011) notation Using the QuineMcCluskey algorithm as a mimisation procedure for truttable
results, fsQCA presents three sets of condisied sufficient configuration paths (i.e. complex, par-
simonious and intermediate) for high and low SGIS levels.The exngoinfigurational paginclude
all possible combinations of conditiongthout employingany simplifying assumptioregardindogi-
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cal remainderg(i.e., combinations withoutases in the study sampl®ue to the large number of
combinations in a complex solution, their interpretation is difficult and evpractical, and therefore
experts recommend usirgymplifying assumptionso prodice parsimnious and intermediate solu-
tions. (Ragin, 2009; Pappas et al., 2019). The parsimonious solutions are basieaplifiying as-
sumptionsand present the most important conditions that mushdiaded in all configurationdn
developing mtermedige solutionsresearchers applimplifying assumptionshat are consistent with
empirical evidence and existirtheoreticalknowledgeconcerningsingle conditions thatonstitute
logical remainder§Greckhamer, 2016).

Following Greckhamer(2016), we useé combination of parsimonious and intermediate solutions.
For each configuration results in the outcome,differentiatedbetween core conditions which have
strongrelationshipswith the outcomégoccur in boththe parsimonious anthe intermediate solutin),

and thecomplementary conditiorthatindicatea weak linkto the outcoméonly part of intermediate
solutions but noparsimoniousones)(Pappaset al, 2016).Distinguishing the core and the comple-
mentary conditions allowed us tmcoverthe effectsof the condition(s) in each solution and to im-
prove understanding of the configurations of the diigition lead to high and low sustainability
(Mattke et al., 2018).The solution tables also include coverage and consisteagsfor each con-
figuration and the overall solutioonsistency reflects the degree to which cases sharing the configu-
ration of the conditions agree to display the outcome, while coverage measunesith the configu-
ration ' accounts for' the outcome and thetedmines its empiric relevan@®agin, 208). The formu-

la for the calculation of consistency (s < v;) =X(min(X,,¥;))/2Z(X;), and the coverage assessment

formulais(X; < ¥;) =¥ (min(X,, ¥,))/2(¥;) (Ragin, 2009)The results show an overall solution cov-
erage of 0.75 at high SGIS level and 0.71 at a low SGIS level, both suggesting that fivdehigh
and four lowlevel solutions can cover a substantial proportion of the outcbheeoverall consisten-
cy of solutions indicates that 88% of high SGIS and 87% oflémel SGIS cases can be reliably de-
scribed in the resulting configurations.

Conditional variables Solutions

S1H S2H S3H S4H S5H
Political & regulatory environment ° ° ® ® ®
Business & innovation environment [ ® ® °
Infrastructure & digital content ° ® [ °
Affordability ° ° ° °
Skills | o o o o
Individual usage ° ° ® ° °
Business usage ° ° ® ® ®
Government usage [ ® ® °
Economic impacts ° ° ® ® °
Social impacts ° ° ® ® °
Consistency 0.98 0.95 0.80 0.98 0.98
Raw coverage 0.52 0.59 0.28 0.27 0.27
Unigue coverage 0.01 0.08 0.05 0.02 0.02
Overall Solution consistency 0.88
Overall Solution Coverage 0.75

Table 4Configurations for high SGI®Black circles (¢) indicate the presence of a condition, @&d (
circles represent the absence of a condition; big circles = core conditiond; @rokes = comple-
mentary conditions; Blank spaces indicate ‘don't care’.
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. . Solutions
Conditional variables = SoL SaL SaL
Political & requlatory environment ® ® ®
Business & innovation environmen ® ® ® °
Infrastucture & digital content ® ® [ °
Affordability ® ° °
Skills ® ® ® &®
Individual usage ® ® ° °
Business Usage & ® &® &®
Government usage ® ® ® °
Economic impacts ® ® ® °
Social impacts ® ® ® °
Consistency 0.96 0.94 0.86 0.82
Raw coverage 0.52 0.59 0.25 0.27
Unigue coverage 0.05 0.07 0.01 0.06
Overall Solution consistency 0.87
Overall Solution Coverage 0.71

Table 5Configurations for low SGIS. Black circles (¢) indicate the presence of a mmdind ()
circles represent the absence of a condition; big circles = core conditemall circles = comple-
mentary conditions; Blank spaces indicate ‘don't care’.

The presence of skills has been identified as a key condition in all sslfiohigh sustainability (see
Table 4).The first solution (S1H)proposeghe presence ddkills; along with other NRI pillars as
complementary conditionfor reachng a high level of SGIS, (government usage is “@on’t caré
condition). Themajority of cases in this configuration are ideal cases such as Denmark,rS\wade
land, France, or Austriayith very good technological readiness. Solution S2H is identical to the S1H
and indicates that countries with similar conditions to theipusvgroup but witta “don’t caré con-
dition of affordability canachievea high level of sustainable competitivendsg using digital technol-
ogies in government and providing online services to citiZEnis. configuration includes countries
such as Singapore, New Zealand, Canada, Iceland, Japan and BSR@ji{usolutions have achieved
high level of sustainability through highly skilled populations and tfeddbility of digital technolo-

gy to citizens and businessétkraine, thekyrgyz Republic, Bahrain, and Sri Lanka are the countries
of this class. The S4H (Serbia, Trinidad and Tobago, and Mongolia) path highghits the absence

of PRE, BIE,BU, GU, ElI, and Slit is possible to improve sustainability where there are four other
conditions Solution S5H, including Montenegro and Armenia, illustrates$ caseswithout effective

ICT laws and robust regulatory environments or weak use ofri@fie business domain can achieve
moderate sustainability by increasing readiness in the other eigins piil particular by improving the
quality of ICT skills and education.

With regardto the condition configurationthatled toalow level of sustainability, Table 5 highlights
four recipesthatareconsistently linked t@low level of SGIS. SolutionsS1L and 2L aresimilar and
very likely to happelin low sustainable cas€ghe onlydifference is thaPLE in the S1L solutioand
affordability in the second solutioare 'don’t care conditiohsCountries withthe lowestlevels of sus-
tainability such as Chad, Congo, Nigeria, Liberia, Haiti, Niger, and Afghanisstaamong the cases

in these two groups. The absencekifls and business usagscore conditions and the absence of the
rest of the conditions as complementary conditimake sustainability weak in these countritise

S3L solution points out that countries such as Pakistan, India, the UAE and Candesgite having
good conditions in IDCaffordability and individual use, have low SGIS skills because of poor condi-
tions in kills andbusiness usaggore conditions) and the absence of the other five factors (compli-
mertary conditions) Finally, the S4L solution (in countries like Saudi Arabia, KuwaitT erkmeni-
stan) demonstrates thatith the absence okgls andbusiness usages core reasoremdlack of sup-
portive political and regulatory environment, even whle presence b other digitalization pillars
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countries wouldachievea low level of SGIS Overall, the significant impacts of lack quality skills
andthe lack ofbusiness usage, aere conditionsare indisputable in all low sustainability solutions.

5 Discussion

Digitalization and sustainability are two key concerns on thiemal development agenda. While ex-
isting literature has explored the relationship between digitalizationustairsability(Apaydinet al,

2018; Jetzelet al, 2019) an important gap in sustainability literature remains to be understood as to
how different factors of digital transformation influensustainable developntegoals( Higén et al,

2017; Pradhaet al, 2019).To fill this gap,we have developed a model representing interdependent
configurations of key digglization preparedness factors to explore how sustainability can be achieved
through the interactions of these factddsing quantitative datahis paper adds tthe digital trans-
formation and sustainabilititerature by developinga configurational solutions£omprisingdigital
transformatiorfactorslead to sustainabilityOur study results show that a high level of SGIS can be
achieved through thsuperior capability of countries to leverage digital technologieséoeased
competitiveness and wdbeing.On the contrary, the results show that a delay in the growth oéldigit
ization capability will lead to a low level of sustainability thatnsiment in the least developed coun-
tries.

The NCA results show that digital transformation factors are not criacellow level of SGIS, yet
their roles are more crucial to a moderate and high level of sustaindbflign countriesvith low
level of SGIS decideto upgrade their sustainability to higher levdlsey need toimprove their af-
fordability, Individual usage, infrastructure and digital contebésidesdusiness and innovation envi-
ronmentanddigital skills. In order to increase their sustaifdpito the highest level, countries with
mid-range SGIS require a large amount of investment to enhance their ssadindigital transfor-
mation, in particular by improving thegolitical and regulatory environment and businesages

The results of th FSQCA identify multiple configurations that explain the high and I@\SSevels

and emphasize the importance of dilifation in achieving sustainable development objectiVes.
illustrate the configurational nature of the impact of digitalizatiorsustainability some solutions
(S1H, S2H, S1L, and2R) support the conventional logic, which believes that all digitalizgfactors
should be present to achieve high levels of sustainability, whereas some ratiofigunderlinedif-
ferentnew pathdo the outcomeFor example, S3H, S4H and S5H solutions together with the results
of the bottleneck table show that a country with less digital readiaesstill achieve sustainability by
improving certain combinations of diglization factorsln all the sifficient solutions at the high and
low levels of SGIS, the skills condition is a key one, confirmimgresults of previous studiéBima

et al., 2018Pradharet al, 2019). This finding emphasizes the importance of increasing digital litera-
cy in today's digital economy. In today's increasingly -dabtzen world,the development of digital
education and training programs ahé enhancement of digital skills are key factors determiniag th
pace of sustainability growth. Nevertheless, recent academic and globes$ staow that the gap in
access to skilled workefsetween successful countries and others is rapidly widgeirggWorld
Economic Forum2018;James, 2020 FourthIndustrial Revolution, rapid advances in artificial intel-
ligence, robotics and other emerging technologleag withother socieeconomic ad demographic
factorsare transformingnany industries,resulting insignificant changes to labor markéhdilano,
2019).The World Economic Forum states that by 2022, although 75 million jobs may be displaced by
a shift in the division of labour betwednmans and machinasore than 133 million new roles may
emerge due to the adaptations ofrikbevdivision of labour between humans, machines and algorithms
(World Economic Forum, 2018).

Another core conditioidentifiedin the configurations folow SGISlevelis theabsence of business
usage factor. Whiléhe new digital economy is takimgace, many businessparticularly in less sus-
tainable economiegre acting passively or unabte move in line with this pace amdeadoping dig-
ital technologiesd capture their part in sustainability landscape. In recent years, the digdhltion,
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including big data, artificial intelligence, Internet of Things, and viraral augmented reality, has
entered public discourse in many counti(€8vI2050, 2019) However, an increasing number of in-
novative digital products and services are mainly developed and provided hiyalyetanall number
of companiegBaller et al, 2016) Businesses need to adapid integratadigital technologiesnto
their primary operations to absaie capacities afligital solutionsand to enable them to drive busi-
ness innovation

The recipes explored by fsQCA and NCA in this stpdypose that countries ought to apply various
improvements in their digitalization efforts to reaghraperlevel of sustainabilityFor instance, when

a country has a low SGIS level, to reach a moderate level of sustainable oere|dmetter afforda-
bility, improvements in infrastructures, and better indivichaaess tohe Internet and mobilgervices
canmake significant progres@nalysis of the findings also shows that significant development of dig-
itization is important in the most advanced cases of sustainable compessy&0 per cent SGIS and
higher).Achieving this level and beyond needs further advances in policy anldt@y frameworks,
better governance and major improvements in government use of ICT famothsion of online ser-
vices and the development of e-participation.

6 Conclusion

In contrast to the most recent studies on digitalization and sustainabiligh @mply explored the
direct effects of symmetrical modelling / thinking, tvesent study developed and examined complex
configurational solutions to shed light on the association between digiatizatd sustainabilityJs-

ing quantitative data from 134 countries and drawing on the theory of comphhigtystudy adds to
the literature on sustainabilityy developinga model representing the pillars of digital transformation
as interdependent conditions for exploring how the combination of these factods aebigve sus-
tainable development goalBur researclis one ofthe firstendeavoursn the IS literaturghat com-
binesthe NCA and fsQCA methods to examitige complexinterrelationshipdvetween model varia-
bles.By utilizing the ceiling lines and theoktleneck table, NCA has enabled us to examine the vari-
ous levels of constraints imposky digital transformation factorat different levels of sustainability
Additionally, the fsQCA truth table, consistency and coverage setimyged us to rigorouslgnalyse
cases to find sufficientonfigurationsdue to the analytal strength of the set theor@ollectively,
these methods provide a deeper understanding of how complex combinations of digftahtetiosn
factors affect sustainability and how asymoetelationshipexistbetween themrhe revealed solu-
tions offer different sustainability prescriptions; however, redaliicate that some variables are more
important at some SGIS levelor instance, if a country has low levelsS831S policymakersshould
take initiatives for developing infrastructureacreasing affordabilityand exceptionally enhancing
digital literacy. The results also underline the critical role of ICT's digital skilld business use in
achieving sustainable development goal

The present study attempted to examine the impacts of the pillars of readindgstél transfor-
mation on sustainability using available data from 134 counffigsire studies can extend thealy-

sisto include more countries, and consider varialniesach pillar The casual relationships ofgitiali-

zation variables with digérent 17 sustainable development goals can also be explored by additional
studies.Finally, longitudinal study can help to deepen our knowledge of the impacts aflidédion
factors on sustainabilityt would be alsa valuable researdwenueto ted the robustness of the re-
sultsby replicatingthe analysis modéhto new dataes.
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