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Abstract. This cross sectional country level study inspects how the relationship 
between national eHealth initiatives and level of health standards are contingent 
on culture, education and infrastructure. Resource complementary perspective 
based on Resource Based View (RBV) and literature on culture and eHealth 
outcomes are used as the theoretical lens. Publicly available retrospective data 
from more than 50 countries are utilized to explore the moderating effect. Stan-
dard of health was gauged using Life Expectancy Rate (LER) at birth. The re-
sults indicates that culture and education moderate the relationship between 
eHealth spending and health standard. Theoretical and practical implications of 
the findings and future research are discussed in this paper. 

Keywords: culture, eHealth, resource complementary perspective, life  
expectancy rate.  

1 Introduction 

Information Technology (IT) plays a significant role in healthcare outcomes as it 
allows introduction of high quality, low cost healthcare systems. According to Mithas 
et al. [1], IT expenditure would affect the overall life expectancy in a country.  Infor-
mation integration, workflow coordination and collaborative planning have been iden-
tified as the three main areas of health IT in that study and the authors have shown 
that, it is important to have a sound interactive system between users to achieve ex-
pected benefits of health IT, leading to better health standards measured using Life 
Expectancy Rate (LER). Though there are many country-level studies that have been 
carried out to recognize contribution of IT to economic growth [2], country level stu-
dies indicating the contribution of IT investments on better health standards are 
scarce.  While, most of these authors have paid attention to overall IT spending of a 
country, they have not focused on investments on IT relevant to health care. However, 
in evaluating the relationship between IT and health standards, it is vital to pay atten-
tion to the IT expenditure specifically on healthcare related activities of a country.  

Generally, IT initiatives are carried out within individual countries pertaining to 
their economic and technological capabilities. If a successful interaction between 
users and the eHealth system is to be maintained, it is important to consider the  
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cultural and other factors salient to that particular country in carrying out health IT 
initiatives [3]. Thus, studying the influence of moderating effect of culture, education 
and infrastructure can be considered as a key research gap to be answered in evaluat-
ing the relationship between health IT and health standards. With a high level of lite-
racy among the population and higher availability of access to technology, eHealth 
interactions in a country too will be improved accordingly. For example, level of mo-
bile health interactions is directly related to the facilities available and accessibility to 
such facilities (e.g. 3G). 

Teece’s [4] resource complementary perspective and literature on culture, IT and 
health standards are used as the theoretical framework in this study. Though there can 
be numerous factors affecting, we consider culture, education level and infrastructure 
as the key factors capable of affecting any development strategy and its standards in 
any country [5].  

RQ: How do a nation’s complementary assets (culture, education and infrastruc-
ture) interact with national health IT initiatives in predicting its health standards?  

The rest of the paper is organized as follows. First, we present the theoretical 
framework that underlies our rationalization for the relationship between eHealth 
initiatives and LER with set of hypotheses developed based on them. The hypothe-
sized model is tested using secondary data from 51 countries1. Finally, this paper 
includes a discussion of the findings, contribution of findings, limitations and future 
research directions. 

2 Theory and Hypotheses 

According to Teece’s [4] concept of complementary assets, to commercialize a new 
product profitably, an organization needs access to complementary assets in a favora-
ble manner [6]. Complementary assets could be included in manufacturing or distri-
bution facilities of the new product and they are resources or capabilities that enable 
an organization to get profits associated with a strategy, technology or innovation [7]. 
Even if a competitor duplicate and launch a similar product to the market, still they 
will not get a competitive edge if they do not have the competitive edge possessed by 
the primary producer. Resource Based View (RBV) discusses about having an expli-
cit collection of resources and capabilities that can be used to attain a competitive 
edge over others [8, 9]. The complementary assets can be categorized into two differ-
ent areas as resource co-presence view and resource channeling view based on RBV. 
Resource co-presence view (interaction perspective) clarifies that a resource can be 
considered to be a complementary asset if its presence increases the value or outcome 
of another resource. Resource channeling view clarifies that when resources are used 
in a mutually reinforcing manner, complementary assets are formed [10]. According-
ly, resource co-presence view can be applied in this study to understand why certain 
countries have better level of health standards compared to some other countries [11]. 
Complementary assets will assist in attaining high level of health standards from IS 
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innovations related to healthcare. Moderating variables (culture, education, ICT infra-
structure) used in this study will be complementary assets that will enhance the rela-
tionship between eHealth development and health outcomes.  

According to literature it has been found that IT investments could affect LER [1]. 
However, they have used overall IT expenditure of a nation rather than considering 
the ICT expenditure specifically related to healthcare and has identified it as a limita-
tion in carrying out their research. They have demonstrated that use of ICT in the 
three mechanisms; namely, information integration, workflow coordination and colla-
borative planning can influence health outcomes. Therefore, sufficient investments on 
these three mechanisms and combined application of them (eHealth) will generate 
positive health outcomes [12]. It will be possible to meet the growing need of public 
for e-tools and e-services only if more and more investments are made to develop and 
sustain a quality ICT infrastructure in a country.  

2.1 Moderating Effect of Culture 

According to Geert Hofstede and others [13, 14], culture is the collective program-
ming of the mind distinguishing the members of one group or category of people from 
others. Hofstede’s national cultural dimensions (PDI-power distance index, IDV-
individualism, MAS-masculinity, UAI-uncertainty avoidance index) distinguish coun-
tries from each other. These national dimensions had indicated to influence how 
people accept and utilize ICT systems [15].PDI is the extent to which less powerful 
citizens accept and expect that power is distributed unequally. In high PDI, people 
will accept hierarchical level. Thus, they may prefer using eHealth systems due to 
existence of inequality. For example, mobile health had been successfully imple-
mented in high power distance nations [16]. IDV considers the preference for a loose-
ly-knit social structure where individuals are expected to look after themselves and 
their immediate families only. Thus, eHealth will be suitable under such contexts.  

MAS describes inclination in people for achievement, heroism, assertiveness and 
material reward for success.  That is people will be less caring for the weak and also 
for quality of life indicating the importance of having eHealth to manage and support 
personal health conditions. UAI explains the extent to which the people are uncom-
fortable with uncertainty.  For example, since members of the society want to avoid 
risk, they may look for personal health management systems to understand danger and 
interaction of certain medication or supplements. Thus, we postulate the following 
hypothesis: 

H1: The relationship between eHealth spending in a country and its Life Expectancy 
Rate is moderated by culture. The relationship becomes stronger when the cultural 
rating is high and becomes weaker when the cultural rating is low.  

2.2 Moderating Effect of Education 

With the public becoming more educated and knowledgeable, there will be an in-
creased tendency towards their health care and taking precautionary measures against 
health related risks. A higher level of healthcare standing among the population can 
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be achieved with better educated and trained citizens. The education level and know-
ledge of public depending on an eHealth system can be considered as a factor promot-
ing active engagement with eHealth activities. A higher level of education in general 
and a higher level of computer literacy in particular among the public will enhance 
the identification of web based healthcare systems and utilization of such systems in 
an advanced manner (e.g. group support systems, online discussion forums, e-
channeling) to manage their health and protect themselves from diseases. Further-
more, such an educated public will provide feedback to improve the functioning of 
the systems too [17, 18]. Implementation of various new modern eHealth initiatives 
could be easily carried out only if there are educated and trained citizens in the 
healthcare sector. Thus, we postulate the following hypothesis: 

H2: The relationship between eHealth spending in a country and its Life Expectancy 
Rate is moderated by education. The relationship becomes stronger when the level of 
education is high and becomes weaker when the level of education is low. 

2.3 Moderating Effect of ICT Infrastructure 

According to a United Nation’s study [19], availability of reliable ICT infrastructure 
will allow better e-participation (better web presence) among citizens. The public will 
be actively involved in eHealth activities (e.g. personal healthcare management) with 
better facilities (e.g. broadband, mobile networks). Thus, we postulate the following 
hypothesis: 

H3: The relationship between eHealth spending in a country and its Life Expectancy 
Rate is moderated by ICT infrastructure. The relationship becomes stronger when the 
level of ICT infrastructure is high and becomes weaker when the level of ICT  
infrastructure is low. 

3 Research Design 

To test the hypotheses a cross sectional analysis of 51 countries2 are used.  For de-
pendent variable, 2011 is used as the base year and values for all the other constructs 
are captured in previous years [1, 11]. Archived data are used as it is impossible to 
collect primary data within resource constraints. Moreover, archived data will allow 
reproducibility with ease and are generalizable [20]. As data are collected from vari-
ous sources, common method bias could be avoided [21]. The main data sources are 
(1) World Health Statistics 2011 [22];   (2) UN e-Government Survey report 2008 
[19]; (3) Digital Planet 2008 [23]; and (4) Hofstede’s cultural-dimensions [24]. These 
reports are considered to be reliable sources as these data collecting organizations 
follow rigorous procedures to maintain the reliability and validity of these data [25]. 
Also many authors have used these data in their research. For example, Digital Planet 
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Report is used by Mithas et al. [1], Ahangama and Poo [11] and Bankole et al. [12] to 
study the influence of IT spending on quality of healthcare system of a nation. Fur-
thermore, many researchers have used Global Competitiveness Report and  
e-Government Survey Report in various research areas [11, 26, 27]. 

3.1 Operationalization of Constructs 

Health standard will be measured using LER obtained from World Health Statistics 
2011 [18]. The independent variable (IV) will be health IT expenditure (Digital Pla-
net) for 2008. Hofstede’s cultural-dimensions (power distance index, individualism, 
masculinity, uncertainty avoidance index) constitute the moderator culture. Education 
index is computed using adult literacy and gross enrolment and ICT infrastructure 
index is computed considering number of PCs, Internet users, main telephone lines, 
mobile phones and broadband users per 100 people. The education index and ICT 
infrastructure index are obtained from, UN e-Government Survey Report 2008. 

Three control variables taken from World Health Statistics Report 2010 are used to 
explain the variance of dependent variable considered [1]. We controlled number of 
hospital beds, physician density and, nurse and midwife personnel density as they are 
indicators of quality of healthcare infrastructure and service. The control values are 
per 10,000 of the population.  

4 Analysis and Results 

4.1 Descriptive Statistics 

According to descriptive statistics most correlations among variables are significant at 
p<0.053. The correlation among independent and moderating variables are less than 
the threshold value of 0.8 [28, 29], thus indicating the lack of multicollinearity issue. 
Nevertheless, we performed the diagnostic statistical collinearity tests to measure 
Variance Inflation Factor (VIF) [18, 30]. Since VIF is below 10, then it can be  
considered as an absence of serious multicollinearity issue. 

4.2 Hypothesis Testing 

To test interaction effect as shown in Table 1, moderated multiple regression [31, 32], 
is used considering 51 countries. Standardization (Z-scoring) [31] of continuous va-
riables is carried out to avoid the multicollinearity problem as if not IV and the  
moderators are highly correlated with the interaction terms [33, 34]. Furthermore, 
standardization makes it easy to use standard packages to compute moderation effects 
and to interpret the effect of interaction effects [34]. As indicated in Table 1, control 
variables, IV and the moderator variables and the product (interaction) terms are  
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entered into the equation in three steps (Hierarchical multiple regression equation). 
That is, ahead of interaction terms, all the individual variables used to create the inte-
raction term will be included in the model [31, 33].  

Table 1. Regression results  

Moderated Multiple Regression Steps 
  βb 

Step 1 Step 2 Step 3 
Controls 

Hospital_bedsa 0.110 -0.060 -0.073
Physicians_densitya  0.562* 0.389    0.465*
Nurses_densitya -0.012 -0.071 -0.055

Main Effect 
Health_ITa  -0.140 -0.231
Culture  0.030 -0.031
Education  0.430** 0.287
Infrastructure   0.239 0.332

Interaction Effect 
Health_IT* Culture 0.251*
Health_IT * Education -0.434*
Health_IT * Infrastructure 0.239
R2 0.424 0.616 0.684
Adjusted R2 0.387 0.554 0.605
F 11.528*** 9.866*** 8.663***
R2 Change - 0.192 0.068 
F Change - 5.390*** 2.863* 
a Log-transformed variables; b beta values reported are based on standardised coefficients, N=51 

*p<0.05    **p<0.01   ***p<0.001 (2-tailed) 

 
R2 value of 0.68 and adjusted R2 value of 0.61 (F=8.66, p<0.001) indicate that the 

overall model is useful in explaining the variance in LER. The change in R2 value 
between step 2 and 3 as shown in Table 1, is 0.07 (F=2.86, p<0.05). Thus, it is possi-
ble to interpret the outcome in testing the moderation effects. Though, there is no 
direct effect of eHealth development on LER, it can be noted that there is significant 
moderating effect and eHealth development interact with moderator variables to af-
fect LER. The relationship between eHealth development and LER is contingent on 
culture (β=0.25, p<0.05) and the direction of interaction pattern for eHealth develop-
ment and standard of health is consistent with the initial prediction. Thus, H1 is sup-
ported. The relationship between eHealth development and LER is contingent on 
education (β=-0.43, p<0.05). However, the direction of interaction pattern for eHealth 
development and LER is contrary to our prediction. Hence, we can conclude that H2 
is not supported. Then the relationship between eHealth development and LER is not 
contingent on ICT infrastructure (β=0.24, n.s.), hence, H3 is not supported. Although 
it was not anticipated, this interesting outcome will be discussed in greater aspect in 
the next section. 

To find out whether the significant interactions verify to the proposed direction of in-
teractions as hypothesized, we plotted interaction effects (Figure 1-a, b). To determine 
whether the gradient varies from zero, a slope analysis is done [31, 34]. Figure 1(a) 
presents the disordinal (crossover) interaction of culture on the relationship between 
LER and eHealth spending. When a simple slope analysis is performed on the effect 
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of culture on the relationship of LER with eHealth spending, it revealed that when the 
culture is high the relationship of LER and eHealth spending was not significant 
(slope=0.01, t=1.39, n.s.). When the culture is low, the relationship is negative and 
significant (slope=-0.02, t=-7.6, p<0.001). Figure 1(b) presents the crossover interac-
tion of education on the relationship between LER and eHealth spending. According 
to slope analysis when the education is high the relationship of LER and eHealth 
spending was negative and significant (slope=-0.03, t=-10.6, p<0.001). When the 
education is low, the relationship is positive and significant (slope=0.02, t=11.3, 
p<0.001). 

 

 
 

Fig. 1. Moderating influence of (a) culture and (b) education on relationship between eHealth 
spending and LER 

5 Discussion 

Through this study it was expected to understand the environmental factors that im-
pact the relationship between eHealth spending and LER. Through the analysis  
performed, it is found that culture plays a significant role in improving LER in the 
presence of eHealth. Thus, a country having a high cultural index compared to anoth-
er country will allow attaining better health standards. However, eHealth development 
may not affect LER, at higher levels of education (moderated in the negative direc-
tion).  This may be due to the fact that there may not be a necessity for further in-
creased investments on eHealth in such countries where a good health care system 
already exists [35].  Further in such countries people may be adequately knowledgea-
ble in proper maintenance of their good health. However, the positive relationship 
found between the expenditure on eHealth and a low level of education on health 
outcomes, indicates that there is a necessity to increase the investment on a sound 
eHealth system in order to assist the less educated public.  [16]. May be that, people 
with a lower level of education are not much concerned about their health specifically 
relevant to the adoption of preventive or precautionary measures.  However, in the 
event that the governments initiate such systems with easy access even for the less 
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educated public, due to the lack of knowledge, they may not be concerned much 
about possible security and privacy breach in eHealth and they may depend on such 
systems for their health improvement activities without any hesitancy [11].  Accord-
ing to this study, the effect of eHealth spending on health development is not  
contingent on ICT infrastructure.  This could be due to the fact that the effect of infra-
structure may have been masked by stronger predictors (culture and education) [27]. 

6 Conclusion 

6.1 Limitations 

Dependence on secondary data obtained from various sources can be considered as a 
limitation in carrying out this research.  Due to the resource constraints, it was not 
feasible to collect primary data from more than 50 countries. However there is no 
question about the validity and reliability of this data, since the data used are collected 
from reputable organizations such as WHO, WEF, UN who collect such data using 
stringent measures and statistical methods. Moreover, several researchers had used 
similar data for their studies [10, 20]. Only the countries having data for all the con-
structs were used in retrieving data for this study. Hence, in this cross sectional study 
we had to limit ourselves to only 51 countries. For instance, many African countries 
had to be ignored for this reason. In this study, 4 IVs (including mediator) were used 
and a sample size of 40 is adequate to detect fairly small R2 values at a significant 
level of 0.05 [30]. 

6.2 Implications and Future Research 

Theoretical contribution of this study are (1) Contribution made to theoretical dis-
course of RBV’s resource complementary perspective. In previous studies, it is consi-
dered that IS innovation and deployment have direct effect on outcomes. However, 
our study maintains that having a specific resource can improve the outcome rather 
than having only the predictors (application of IS). (2) Contribution made to the 
knowledge base of IT-healthcare standard in assessing the influence of national level 
environmental factors on the relationship between eHealth spending and health  
standards (LER).     

As practical contribution, this study assists practitioners, policy makers and admin-
istrators to understand the factors leading to various levels of health outcomes and to 
use these findings in policy planning and in management of complementary assets. In 
situations where negative interaction effects are indicated administrators are bound to 
pay more attention on these complementary resources and to avoid repeating the mis-
takes made.  

As implications of our findings for future research, we would like to indicate the 
following. First; while we show that culture has an interaction effect on eHealth 
spending and LER, new complementary assets could be introduced to the model.  
For example, moderation effect of technological readiness and technological  
innovation can be examined. Second; panel dataset could be used to examine the  
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effect of leads and lags between predictors, moderators and dependent variables. 
Third; rather than using only LER to measure the health outcome, new combined 
measures could be introduced. 

In conclusion, it is important to understand the influence of overall culture, educa-
tion and infrastructure of a country when launching eHealth applications [35]. Based 
on individual countries' approach for health IT, different mechanisms may need to be 
introduced to attract and maintain stakeholders within the system. 
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