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ABSTRACT. The primary aim of the research is to estimate 

the relationship between healthcare indicators and 
economic indices in the selected OECD countries. The 
goal was met in three main procedures. Firstly, a cluster of 
the selected countries was identified, then a relationship 
analysis was realized on eight variables that determined 
satisfaction and economic indices (Global Innovation 
Index - GII, Human Development Index - HDI) and at 
the end, regression analysis which calculates the impact of 
innovation activity (GII) on healthcare satisfaction was 
used (the mean of 8 healthcare satisfaction variables – 
MeanHC) as well as the impact of this variable on maturity 
(HDI) in the selected OECD countries (the sample of 33 
countries). The cluster was estimated by using the method 
based on Euclidean distance, and the number of clusters 
was defined by Silhouette method. Two clusters were 

computed. Also, the coefficients such as Spearman ρ and 
Pearson r were used in analysis of this relationship. A 
significant relationship is not evident only in the variable 
that determined cost satisfaction. The differences between 
clusters in the individual satisfaction variables were 
confirmed by t-test, Welch test and Wilcoxon test. A 
significant difference between the clusters is in satisfaction 
with staff friendliness. Regression analysis was computed 
by means of using a method based on Least Trimmed 
Squares Robust Regression. Significant impact was 
reflected in both assumptions (GII to MeanHC and also 
MeanHC to HDI). 

JEL Classification: I14, I15 Keywords: quality of healthcare, patient satisfaction, OECD, global 
innovation index, human development index, relations analysis, 
cluster analysis. 

Introduction 

Health of population is an important determinant of economic development because  

healthy population always means higher productivity (World Health Organisation, 2005). The 

relationship between economy and public health was examined by quite many authors. Lange 

et al. (2017), Wang (2018), for example, drew attention to preventive care in the sphere of 

economy growth. If a country has healthy population, it will also have healthy economy.  
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For any meaningful decision being made in the healthcare sector, first of all, it would 

be necessary to define quality of healthcare. However, defining quality in the healthcare 

sector is not an easy task. According to Grant (1988), quality of medical care is the capacity 

of all elements of that care to achieve legitimate medical and non-medical goals. According to 

Mosadeghrad (2013), quality of healthcare may be defined as consistent patient satisfaction 

by providing efficacious, effective and efficient healthcare services according to the latest 

clinical guidelines and standards that meet the needs of patients and satisfy their providers. As 

we can see, definitions are mostly patient-oriented. Medical facilities should focus on patient 

satisfaction, but very often these facilities are primarily focused on other goals. In fact, 

patients' perceptions of physician consultations, provision of information to patients and the 

environment of delivering services, are the most important determinants of service quality in 

clinics (Abbasi-Moghaddam et al., 2019). Satisfaction is substantial and is closely related to 

goodwill (Fedorko et al., 2017). 

As mentioned above, there is a relationship between healthcare and economic maturity 

and quality of healthcare is affected by patient satisfaction. The main part of the research is 

focused on linking patient satisfaction with the quality of healthcare and the selected 

economic indicators. This intention will be implemented on the sample of OECD countries.  

Nowadays, many international organizations and institutions publish well recognized 

annual reports focusing on evaluating countries from different perspectives to create rankings 

of countries based on the effect of a range of various economic and non-economic factors 

(Kiselakova et al., 2019; Ivanová & Čepel, 2018; Kiselakova et al., 2018). 

The present study evaluates the selected indicators of patient satisfaction and 

economic indicators of the OECD countries. We have used indicators, such as the HDI and 

GII index. The importance of innovation is highlighted also by Sofrankova et al. (2018) in the 

context of the total R&D expenditure. Their results suggested that growth in R&D 

expenditures may significantly contribute to increasing countries' innovation activity level.  

To better understand the issue, the selected indicators were described. According to the 

Human Development Report 2016, the HDI index integrates three basic dimensions of human 

development: i - Life expectancy at birth reflects the ability to lead a long and healthy life, ii - 

Mean years of schooling and the expected years of schooling reflect the ability to acquire 

knowledge, and iii - Gross national income per capita reflects the ability to achieve decent 

standards of living (UNDP, 2017). The GII index captures the multidimensional aspects of 

innovation and provides the tools that may help in tailoring the policies to support long-term 

output growth, productivity improvements and job growth. The index consists of the 

following dimensions: i - Institutions, ii - Human capital & research, iii – Infrastructure, iv - 

Market sophistication, v - Business sophistication, vi - Knowledge & technology outputs, vii - 

Creative outputs (Cornell University, INSEAD, WIPO, 2018). 

1. Literature review 

Health diversity in OECD countries is a topic that is analyzed in several dimensions. 

Toth (2018) analyzed the systems of healthcare and how the network of healthcare providers 

is organized and confirms diversity in 24 OECD countries. Tambor et al. (2011) examined the 

diversity of health in a topic of patient payments between EU 27. Varabyova et al. (2013) 

pointed out the diversity of OECD countries based on technical efficiency. Aiken et al. (2012) 

conducted a study focused on varied substantially by selected OECD country in a topic of 

medical staff – nurses. Human resources are crucial for the success of any company (Gonos et 

al. 2018), which also applies to healthcare facilities. Kotulic (2013) also highlights the quality 

of the work force. Berman (2000) highlights the diversity in ambulatory personal health 

services. Relatively all these dimensions may be described from the patient's point of view as 
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satisfaction with healthcare (Krot & Rudawska, 2016). Assessment of quality and 

performance of healthcare based on structure and process do not overlap with the results of 

the patient evaluation. Therefore, it is also important to take into account patients' preferences, 

needs and expectations in order to ensure a high quality in the primary care system (Murante 

et al., 2017). Patient satisfaction is currently seen as an important indicator of health service 

outcomes; however, this professed utility is based on a number of implicit assumptions about 

the nature and meaning of ‘satisfaction’ (Williams, 1994). Monitoring the patient satisfaction 

is an integral part of monitoring the quality of healthcare (Bris et al., 2016). Patient 

satisfaction and related activity with this construct represents relatively complex concept. The 

patient's satisfaction with healthcare may be seen from several points of view. Ross et al. 

(1993) state that the idea that patients will be more satisfied with the healthcare services 

provided to meet their preferences is a central element of the healthcare marketing concept 

and this satisfaction may be determined in three areas i - interpersonal care, ii - technical 

quality, iii - access to care. Dagger et al. (2007) identified four primary dimensions that 

enhance the perception of service quality: i - interpersonal quality, ii - technical quality, iii - 

environment quality, and iv - administrative quality. As important areas of patient 

satisfaction, Jenkinson et al. (2002) classifies i - physical comfort, ii - emotional support, and 

iii - respect for patient preferences. Several studies highlight patients’ perception of how their 

care is provided and the positive patient experiences as an assessment of the quality of 

healthcare (Fernandes et al., 2019; Ahmed et al., 2014; Doyle et al., 2013; Price et al., 2014). 

Results by Ko et al. (2019) provide strong empirical evidence that operational healthcare 

inefficiency negatively influences patient satisfaction. Grytten (2009) states that there is a 

relationship between the level of production of general practitioners’ services and patient 

satisfaction with the waiting time for a consultation. Minimizing the time that patients wait 

for a provider visit may result in higher overall patient satisfaction scores, regardless of 

financial status (McMullen & Netland, 2013). Ursoiu (2018) described the elements of patient 

satisfaction in the dimension of marketing mix (product, place, price, promotions) and pointed 

out the principle - The patient is therefore placed at the center of the processes and his 

satisfaction is held in high regard, in order to ensure an optimal socio-economic development.  

The fact that health capital plays a significant role in a country’s economic growth 

from a long-term perspective was confirmed in several studies (Kim et al., 2019; Weil, 2007; 

Bloom et al., 2004; Hartwig, 2010; Gallardo-Albarran, 2018). Average life expectancy is a 

commonly used measure of health system efficiency, economic development, and a key 

indicator of people's well-being. Healthcare spending for countries has heterogeneous effects 

on life expectancy, due to differences in population characteristics and economic factors 

(Obrizan & Wehby, 2018.) Many studies (van Baal & Wong, 2012; Tobias & Yeh, 2009; 

Farag et al., 2013; Obrizan & Wehby, 2018) evaluated the variation in the impact of 

healthcare expenditure by using linear regression, and the results showed that increasing 

health spending in low life-long countries may produce significant returns on the life 

expectancy of the population, while reducing global inequalities in long-term care. Sharma 

(2018) conducted a study focusing on influence of population health outputs on their real 

income. A similar idea is presented in wider optics, the results reported by Boachie (2017) 

show a positive link between healthcare and economic growth. Gorgulu (2018) confirmed that 

health indicators have direct effects on countries' income and wealth, labor productivity, 

demographic structure, and human capital factors. Policy-makers should consider the 

international health indicators and take the right steps according to citizens' expectation and 

satisfaction of healthcare service to implement effective spending. Xesfingi et al. (2016) in 

their research confirmed the link between patient satisfaction and medical personal behavior. 

The authors also described the finding that socio-economic variables, public health 

expenditure are largely and positively linked to patient satisfaction. On the other hand, there 
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are Acemoglu and Johnson’s (2007) findings that health improvements may have lowered the 

pace of economic growth. Yagudin et al. (2016) dealt with the role of health capital and 

innovation in human development, where as a dependent variable HDI is used. Findings by 

Babiarz et al. (2018) reveal that the health does not have the greatest impact on socio-

economic development represented by the customized HDI. 

Many health economists believe that technological change is the major factor driving 

the growth of the healthcare sector. Medical innovations have improved the treatment of 

many diseases, but simultaneously, they have raised healthcare expenditure. Whether quality 

has increased as well as expenditure is a central question of the study by Hult et al. (2018). 

Several authors dealt with health innovations and its impact on the quality of healthcare, for 

example Agha (2014) conducted research focused on health information technology and 

Mickan et al. (2013) identified the effectiveness of handheld computers in clinical practice. A 

significant part of achieving universal health coverage for patients is to ensure access to 

quality of healthcare for the whole population in many countries and to increase technological 

innovation. It is important to look at the field of profits made or advances in healthcare, where 

access to healthcare is crucial to managing decisions and strategies for future improvements 

in the quality of the health system (Doubova & Pérez-Cuevas, 2018).  On the other hand, the 

findings by Alhassan et al. (2019) suggest that increased efforts towards technical quality care 

alone will not necessarily translate into better client-perceived quality care and willingness to 

utilize health services. 

2. Methodological approach 

The goal was met in three main procedures. Firstly, the cluster of selected countries 

was determined, then the relationship analysis was realized and at the end, the regression 

analysis to calculate impact of innovations activity (GII) on satisfaction with healthcare was 

used (MeanHC). Also, impact of this variable on maturity (HDI) in selected OECD country 

was researched. 

The research sample included selected OECD countries. Asian countries (Japan, 

Korea) were not included in the analysis, these countries are different from others, as well. As 

Lithuania became a full member on 5 July 2018 after data collection, it was excluded from the 

analysis. A total of 33 countries were analyzed, including Australia (AUS) Austria (AUT), 

Belgium (BEL), Canada (CAN), Chile (CHL), Czech Republic (CZE), Denmark (DNK), 

Estonia (EST), Finland (FIN), France (FRA), Germany (DEU), Greece (GRC), Hungary 

(HUN), Iceland (ISL), Ireland (IRL), Italy (ITA), Israel (IRL), Latvia (LVA), Luxembourg 

(LUX), Mexico (MEX), Netherlands (NDL), New Zealand (NZL), Norway (NOR), Poland 

(POL), Portugal (POR), Slovak Republic (SVK), Slovenia (SVN), Spain (ESP), Sweden 

(SWE), Switzerland (SWZ), Turkey (TUR), United Kingdom (GBR), United States (USA). 

Relevant data were collected in 2018, variables described the perceptual value of satisfaction. 

All variables are on a percentage scale where higher output indicates better rating of the given 

variable. There are 8 variables (NUMBEO (2018)): i - Skill and competency of medical staff 

(skill), ii - Speed in completing examination and reports (speed), iii - Equipment for modern 

diagnosis and treatment (eqt), iv - Accuracy and completeness in filling out reports (reports), 

v - Friendliness and courtesy of the staff (staff FS), vi - Satisfaction with responsiveness 

(waitings) in medical institutions (answ_T), vii - Satisfaction with cost to you (cost), viii - 

Convenience of location for you (place).  

The analysis included also variables that express the country's maturity (HDI) and 

innovation activity (GII). These indices were selected based on their high informative value –

it was described in theoretical background. The HDI and GII were used for regression 

analysis that defines the impact on health (mean of selected health variable). All variables 
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may be graded on a percentage scale where higher output indicates better rating of the given 

variable. 

3. Conducting research and results 

Through the quantitative part of the research, the focus was on data collecting, 

processing, and analysis. A nine-level Likert scale was used to measure the perceptions and 

assessments of the respondents, on the dependent variable (transitional crisis), as well as the 

independent variables (heritage of socialism, geopolitics, nomenclature authorities, deficit of 

institutional changes, and neoliberal ideology), in a survey that was applied during the 

research. In measuring the dependent variable (transitional crisis), the scale marks were set 

from the lowest (1) to the highest (5). Regarding the independent variables, the negative 

impact was measured from the minimum negative (1) to the maximum (5) on the dependent 

variable. The survey included filling out 500 questionnaires for each country (Montenegro, 

Serbia, and Bosnia and Herzegovina), which made a total of 1.500 respondents. Collected 

data for this study were processed by SPSS software. According to the purpose defined in the 

hypothesis of work, descriptive statistics were used for the data analysis, correlation analysis, 

and multi-correlation. The multiple linear regression model was applied after (the method of 

least square), as well as hierarchical multiple regression model. 

Based on the set goals, the hierarchical cluster analysis was used for data processing, a 

data-aggregation method, using the Between group in which the distance based on the 

Euclidean distance was defined. Optimal number of clusters was estimated using Silhouette 

method (Rousseeuw, 1987).The differences between clusters were compared where t-test 

(Welch test) was used. Normality was verified with Shapiro-Wilk´s test and homogeneity of 

variance with Levene test. The method of filling the secondary goal was the correlation 

analysis where the nonparametric Spearman's ρ or parametric method Perason r were used. 

This correlation coefficient was chosen based on multivariate normality outputs calculated by 

Henze-Zirkler's multivariate normality test and multivariate outliers’ detections quantile 

method based on Mahalanobis distance. The following section analyzed the impact of 

healthcare outputs on HDI and GII. This impact was analyzed using Least Trimmed Squares 

Robust Regression. Into analysis as independent variable entered variable represent average 

output of healthcare. This variable is de facto mean of selected healthcare outputs (skill, 

speed, eqt, reports, staff_FS, waitings, answ_T, cost, place). The procedure for calculating the 

arithmetic mean was chosen based on high multi-collinearity of the independent variables. 

Multi-collinearity was tested using the Variance inflation factor (VIF < 5 (10) – good 

collinearity is less than 5, acceptable rate is 10). The possibility of using the arithmetic mean 

is conditioned sufficient height reliability of more than 0.7 (minimum acceptable rate), for 

reliability analysis was used Cronbach's methods – coefficient α. On the basis of previous 

outputs, a panel regression analysis may be used, but output of F test for individual effects is 

recommended simple linear regression. Gauss-Markov theorem for BLUE (Best Linear 

Unbiased Estimate) in samples with many observations speaks within the bounds of a 

regression model mainly about the heteroscedasticity assumptions (big sample – generally, 

more than 30 observation). The main condition that was verified is the homoscedasticity 

(constant variability of residues) of the assumptions that were verified by the Breusch-Pagan 

test. Secondly, normality and outliers were processed with the help of the quantile plot and 

Bonferroni Outlier Test. All analytical procedure was made with help statistical language R.  

3.1. Application of Cluster Analysis 
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In cluster analysis is usually a problem to define optimal number of clusters. There 

was used Silhouette method to define optimal number of clusters, the output is presented 

below in Figure 1. 

 

 
Figure 1. Optimal number of clusters 

Source: own data 

 

Based on the previously Figure 1, the conclusion was that the optimal number of 

clusters is 2. As the essence of cluster analysis is known, it defines common groups of states 

based on the smallest variation within the group as possible and the biggest difference 

between groups. The following dendrogram (Figure 2) presents the outputs.   

 

 
Figure 2. Circle dendrogram using – Based on Euclidean distance. Source: own processing. 

Source: own data 

 

Previous outputs of Figure 2 visualize the similarity of countries based on the above 

variables. The cluster one (Cl. 1) is formed by countries such as Australia, Canada, Denmark, 

Finland, United Kingdom, Ireland, Israel, Italy, Mexico, Netherlands, Norway, New Zealand, 

Slovenia, Sweden and next cluster two (Cl. 2) is formed by countries such as Austria, 

Belgium, Czech Republic, Germany, Spain, Estonia, France, Greece, Hungary, Chile, Iceland, 
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Luxembourg, Latvia, Poland, Portugal, Slovak Republic, Switzerland, Turkey, United States. 

In general, it may be assumed that the "proximity" of the countries may be made up of their 

maturity. Previous outputs do not tell which cluster is better, or which cluster is getting better 

ratings, this information is provided by the following Table 1. 

 

Table 1. Evaluation of clusters – descriptive statistic 
 

 
  Skill Speed Eqt reports staff_FS Answ_T Cost Place 

Cl. 1 

M 73.18 63.56 83.68 71.49 73.83 51.68 73.34 78.30 

n 14 14 14 14 14 14 14 14 

SD. 7.03 9.47 7.47 6.55 6.15 12.07 10.73 5.35 

Cl. 2 

M 73.24 65.20 80.28 70.13 66.15 52.62 66.67 78.66 

n 19 19 19 19 19 19 19 19 

SD. 8.00 12.54 12.86 8.90 10.19 14.07 13.42 6.64 

Total 

M 73.22 64.50 81.72 70.71 69.41 52.22 69.50 78.51 

n 33 33 33 33 33 33 33 33 

SD. 7.49 11.21 10.89 7.91 9.42 13.07 12.62 6.04 

Source: own compilation 

 

Based on previous outputs, two clusters are the best solution for the research. As it is 

presented below, in many cases, there is not essential difference between clusters. The 

significance of the differences was verified by t-test. Normality was verified by Shapiro-Wilk 

test and homogeneity of variance with Levene test. 

 

Table 2. Output of differences with assumptions testing 
 

Satisfaction Cluster 
Shapiro-Wilk  

p value 

Levene test  

p value 
Two Sample p value 

Skill 
1 0.0739 

0.4649 T-test 0.9807 
2 0.3671 

Speed 
1 0.9781 

0.3395 T-test 0.6863 
2 0.6304 

Eqt 
1 0.2126 

0.0405 Welch test 0.3478 
2 0.0451 

reports 
1 0.3939 

0.1953 T-test 0.6349 
2 0.2096 

staff_FS 
1 0.3881 

0.0481 Welch test 0.0117 
2 0.7332 

answ_T 
1 0.9170 

0.4018 T-test 0.8418 
2 0.7669 

cost 
1 0.0094 

x  Wilcoxon test 0.1418 
2 0.4509 

place 
1 0.0415 

x Wilcoxon test 0.6794 
2 0.2586 

Source: own compilation 

 

The use of the t-test is conditioned by meet of the assumptions, such as normality and 

homogeneity of variance. As it may be seen in the Table 2, the assumptions of approximately 

normality are met in the vast majority (p-value is more than 0.05), so the parametric 

differences test may be used. Normality is not met in two cases (p value is less than 0.05). In 

these two cases nonparametric Wilcoxon two samples test was used. The assumptions of 

homogeneity variances are not met in two cases (p-value is less than 0.05), so Welch test was 

used. As itmay be seen, there is a significant difference in only one case - staff_FS. The 

difference is shown in the following Figure 3. 
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Figure 3. Optimal number of clusters 

Source: own data 

 

Figure 3 indicates that cluster one reached better output than cluster two. Based on the 

results, hospital staff in countries, such as Australia, Canada, Denmark, Finland, United 

Kingdom, Ireland, Israel, Italy, Mexico, Netherlands, Norway, New Zealand, Slovenia or 

Sweden is more friendly then in other analyzed countries. In the following sections, there was 

an attempt to prove the dependence of the health and health outcomes of a given sample. 

3.2. Application of Correlation analysis 

As already mentioned, the following section focuses on verifying the relationship 

between country maturity, innovation activity, and health outcomes. The maturity of a given 

country was defined by using an aggregated variable the HDI index and innovation activity 

through the GII index. The optimal method to calculate the relationship was chosen based on 

the output of multivariate normality (MVN) and information about significant outliers. Thus, 

Henze-Zirkler's multivariate normality test (HZ) and quantile method based on Mahalanobis 

distance (outliers) were used. The results are shown in the following Table 3.  

 

Table 3. Assumptions testing 
 

  Index HZ p value MVN outliers Coef Index HZ p value MVN outliers Coef 

skill HDI 1.0245 1.29×10-2 NO YES ρ GII 0.7350 8.53×10-2 YES YES ρ 

speed HDI 0.7074 1.02×10-1 YES YES ρ GII 0.3444 7.23×10-1 YES NO r 

eqt HDI 1.6590 2.53×10-4 NO YES ρ GII 1.0895 8.45×10-3 NO YES ρ 

reports HDI 1.0628 1.00×10-2 NO YES ρ GII 0.6838 1.18×10-1 YES YES ρ 

staff_FS HDI 1.7331 1.65×10-4 NO YES ρ GII 0.6645 1.34×10-1 YES YES ρ 

answ_T HDI 0.8070 5.35×10-2 YES YES ρ GII 0.3813 6.29×10-1 YES NO r 

cost HDI 1.5351 5.26×10-4 NO YES ρ GII 1.3245 1.90×10-3 NO YES ρ 

place HDI 1.2258 3.53×10-3 NO YES ρ GII 0.6713 1.28×10-1 YES YES ρ 

Source: own compilation 

 

The assumptions of normality are not met when p-value of MVN is less than 0.05 and if 

there were any significant outliers, Spearman nonparametric coefficient ρ was used. In other 

cases, parametric coefficient Pearson r was used. The above coefficient is based on 

hypotheses: H0: ρ = 0; H1: ρ ≠ 0. 

Thus, there is no significant relationship of the given variables in the H0 hypothesis and, 

alternatively, the assumption of H1 is significant. The following Table 4 shows the test 

results. 
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Table 4. Relationship (correlation) of aggregate economic indicators (HDI, GII) and selected 

indicators of healthcare 
 

    Skill Speed Eqt reports staff_FS Answ_T Cost Place 

HDI 
Correlation 0.4205 0.3549 0.5059 0.4372 0.7263 0.3777 x 0.5110 

Sig. 1.55×10-2 4.33×10-2 2.67×10-3 1.16×10-2 3.90×10-6 3.10×10-2 4.34×10-1 2.69×10-3 

GII 
Correlation 0.4036 0.4060 * 0.6106 0.4648 0.6272 0.4513 * x 0.5166 

Sig. 1.99×10-2 1.91×10-2 1.61×10-4 6.43×10-3 9.37×10-5 8.38×10-3 1.47×10-1 2.09×10-3 

Source: own compilation 

 

The first row of the HDI or GII variables in Table 4 provides the information and 

magnitude of the correlation coefficient of the monotonic and rank order nonparametric 

relationship of Spearman ρ or parametric Pearson r. The second row shows the asymptotic 

significance, the p-value. In HDI, the p-value is higher than 0.05 only in the case of Cost 

variables (Satisfaction with the cost to you) and the p-value of GII variable is higher than 0.05 

in the same case - Cost. These cases indicate that the measured relationship is not statistically 

significant, so in these cases, the H0 hypothesis is not disputed. In all other cases, it is 

recommended not to reject the H1 hypothesis, meaning, a statistically significant relationship 

of given variables. Cases where the relationship is not significant may be due to the forms 

(systems) of financial aspects of particular countries (Łakomy-Zinowik & Horváthová, 2016). 

The value of correlations, when the relationship is significant, may be interpreted as moderate 

to strong relationship according to De Vaus (2002). 

The above results confirm the relationship between selected elements. In the case of 

the HDI variable, the strongest relationship was shown with the Friendliness and courtesy of 

the staff. Consequently, the more developed country, the friendlier medical staff. This 

relationship was defined by the p-value of 0.726, which was interpreted as a very strong 

dependence. The second highest rating was the variable - place with a p-value of 0.511, which 

was characterized as essential to strong dependence. Staff_FS also showed the highest p-value 

(0.627) in the case of the GII variable, which was expected. In this innovation indicator, a 

relatively high degree of dependence was also demonstrated by the variables Equipment for 

Modern Diagnosis and Treatment with a ρ-value 0.611, which is characterized by a high 

dependence. The more a country develops more innovative activities, the more it is reflected 

in the hospital technology, symbolized by the variable Equipment for modern diagnosis and 

treatment 

3.3. Application analysis of impact 

The following section determines the impact of healthcare satisfaction variables on the 

HDI and the GII indicators. The regression model was used where one or few assumptions of 

multi-collinearity existed. 

 

Table 5. Assumptions of multi-collinearity - Variance inflation factor 
 

 
Skill Speed Eqt reports staff_FS Answ_T Cost Place 

VIF 20.4577 14.2348 14.1250 34.1737 2.3046 11.0686 1.80983 6.9596 

Source: own compilation 

 

Based on the previous Table 5, the model may consist of only three variables of all the 

selected variables (staff_FS, Cost, Place). In the next step, the average of variables was 

applied and creating a new variable expressing overall satisfaction with the quality of 

healthcare - MeanHC. The possibility of using this procedure is demonstrated by the 
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Cronbach's Alpha reliability test. The output of this test is equal to 0.92 (Very good), which 

tells about the applicability of the above-mentioned procedure. The column - MeanHC in the 

following Table 7 provides an aggregated assessment of healthcare satisfactions for selected 

countries. The HDI and GII columns show the Human Development Index and the Global 

Innovation Index for each countries. 

 

Table 6. Presentation of data entering into regression analysis 
 

Country  ID HDI GII MeanHC Country  ID HDI GII MeanHC 

Australia AUS 93.87 51.80 76.97 Latvia LVA 82.99 44.60 55.05 

Austria AUT 89.34 53.10 78.79 Luxembourg LUX 89.85 56.40 77.11 

Belgium BEL 89.55 49.90 81.26 Mexico MEX 76.17 35.80 68.77 

Canada CAN 92.03 53.70 69.36 Netherlands NDL 92.43 63.40 81.97 

Czech Republic CZE 87.78 51.00 74.16 New Zealand NZL 91.49 52.90 72.37 

Denmark DNK 92.46 58.70 75.15 Norway NOR 94.94 53.10 74.03 

Estonia EST 86.51 50.90 71.12 Poland POL 85.52 42.00 61.83 

Finland FIN 89.45 58.50 75.55 Portugal POR 84.27 46.10 69.29 

France FRA 89.74 54.20 77.66 Slovak Republic SVK 84.49 43.40 63.32 

Germany DEU 92.57 58.40 75.89 Slovenia SVN 89.03 45.80 63.22 

Greece GRC 86.59 38.80 53.83 Spain ESP 88.42 48.80 76.34 

Hungary HUN 83.62 41.70 49.81 Sweden SWE 91.27 63.80 69.29 

Chile CHL 84.66 38.70 63.98 Switzerland SWZ 93.91 67.70 75.34 

Iceland ISL 92.11 55.80 66.67 Turkey TUR 76.70 38.90 70.77 

Ireland IRL 92.27 58.10 54.21 United Kingdom GBR 90.95 60.90 73.14 

Israel ISR 89.89 53.90 74.14 United States USA 91.96 61.40 71.03 

Italy ITA 88.66 47.00 67.68   
Source: own compilation 

 

The previous Table 6 describes the variables that entered the regression analysis, but 

also completes the overall picture of the issue. At the end of the previous section, the 

relationship between individual health outcomes and outcomes of maturity and innovation 

activity was drawn.  

As it was already mentioned, the relationship was confirmed between several variables 

expressing the level of healthcare, in some cases it was weaker, in some stronger. The 

question remains, what is the strength of the relationship with a few times mentioned 

aggregated variable expressing the level of healthcare and the maturity or innovation activity 

of the country.  

For a proper impact assessment, it was necessary to choose a suitable model. It was 

decided between a simple regression model and a panel model. The clusters of countries that 

were described in section 3.1 – Cluster Analysis enter the panel model. 

Two regression models (OLS, fixed effect model) were compared to select the model 

correctly. To compare the OLS and fixed model, the F test for each effect was used. When 

testing the HDI as a dependent variable, the p-value for OLS and fixed model was 

approximately equal to 0.08504 (F = 3.172) and when was tested the GII the p-value was 

approximately equal to 0.5715 (F = 0.32728). Thus, the statistical hypothesis H0 (H0: non-

significant effects of factor (cluster) variable) may not be rejected, in both cases, the OLS 

model was accepted as better for use than Fixed effect model. 

Theoretically, two models were considered:  

Model 1: HDIi = α + β MeanHCi + εi 

Model 2: MeanHCi = α + β GIIi + εi 

for each of them the statistical hypothesis was assumed:  

H0: there is no impact predictor to dependent variable. 
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H1: there is impact predictor to dependent variable. 

The Gauss–Markov theorem for BLUE (Best Linear Unbiased Estimator) says that in simple 

linear regression models (including the used models), the assumptions of constant variability 

of residuals – heteroscedasticity should be met (in large sample data). The assumptions of 

homoscedasticity were verified by using the Breusch-Pagan test. Model 1 reached the output 

of BP statistic equal to 0.18401 and the p-value was equal to 0.6679. Model 2 reached the 

output of BP statistic equal to 0.34531 and the p-value was equal to 0.5568. The assumptions 

of constant residual variability were met in both cases. The p-value was less than 0.05 in both 

cases, therefore, H0 was not rejected (H0: residual variability is constant). For correctly 

estimated models, the outliers were analyzed. The following Figure 4 shows the quantile plot.   

 

 
Figure 4. Visualizations of outliers and normality  

Source: own data 

 

The previous Figure 4 shows normality (point of deviation from the line) on the one 

hand and the outliers on the other hand. The outliers are evident in the case of HDI. The 

significance of outliers was tested using the Bonferroni Outlier Test and in both cases the 

results show the significant outliers. One country in Model 1 (Mexico) and one country in 

Model 2 (Ireland). Based on this, the impact was estimated by using the Least Trimmed 

Squares Robust Regression. 

 

Table 7. Regression model output 
 

    Estimate Std. Error t value Pr(>|t|) 

Model 1 (HDI) 
(Intercept) 76.1504 4.2963 17.7250 2.00×10-16 

MeanHC 0.1916 0.0610 3.142 3.84×10-3 

Model 2 

(MeanHC) 

(Intercept) 40.9802 7.0387 5.822 2.29×10-6 

GII 0.5749 0.1356 4.240 1.96×10-4 

Source: own compilation 

 

Model 1 reached the F-statistic value of 9.874 and this model is demonstrably 

significant at the level of asymptotic significance of 0.003843. This model reached the value 

of coefficient of determination (R2) equal to 0.254; that was stated as not very high rate. 

Model 2 reached the F-statistic value of 17.98 and this model is demonstrably significant at 

level of asymptotic significance of 0.0001965. This model reached the value of coefficient of 

determination (R2) equal to 0.3464. This rate is enough to acceptance it. Both models are 

significant, because p-value is less than 0.05, so the alternative statistical hypothesis H1 was 

not rejected (H1: there is impact predictor to dependent variable). Based on the above, the 

opinion that the satisfaction of quality of healthcare significantly affects the maturity (HDI) 

and the innovations (GII) of selected countries was accepted. 
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Figure 5. Relations between the HDI index and mean of selected indicators of healthcare 

(MeanHC). 

Source: own data 

 

 
Figure 6. Relations between the mean of selected indicators of healthcare (MeanHC) and GII 

index.  

Source: own data 

 

The previous Figures 5 and 6 illustrate the links between the average of selected 

healthcare outcomes evaluations and selected economic outcomes. These figures are the 

visual output of Model 1 and Model 2. 

Discussion and conclusions 

Healthcare may be seen as an important and often very "painful" element of the 

economy. The primary aim of the research is to estimate the relationship between healthcare 

indicators and economic indices in selected OECD (33) countries. The goal was met in three 

main procedures. At first, a cluster of selected countries was determined, then a relationship 

analysis was realized and at the end, the regression analysis was used to calculate the impact 

of innovation activity (GII) on the satisfaction with healthcare (MeanHC), and also the impact 

of this variable on maturity (HDI) in selected OECD countries. Output of the cluster analysis 

(selected indicators of healthcare satisfaction) determined two clusters. The first cluster 

consists of countries, such as Australia, Canada, Denmark, Finland, United Kingdom, Ireland, 

Israel, Italy, Mexico, Netherlands, Norway, New Zealand, Slovenia, Sweden and the second 

cluster includes countries, such as Austria, Belgium, Czech Republic, Germany, Spain, 

Estonia, France, Greece, Hungary, Chile, Iceland, Luxembourg, Latvia, Poland, Portugal, 

Slovak Republic, Switzerland, Turkey, United States. This may be seen in Figure 2. 
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Difference test of selected indicators was applied between clusters in the next step. A 

significant difference was only in variable represented by the staff friendliness, when the 

better output was in cluster one. Output of test may be seen in Table 2 and Figure 3. Aiken et 

al. (2012) talks about the importance of hospital staff (nurses) friendliness and this importance 

was confirmed, too. It may be stated that the more developed countries have better output in 

staff friendliness. However, presented difference could be caused by many other effects based 

on the specificities of countries, e.g. funding system, culture etc. In the next part of analysis, a 

bivariate correlation between the GII and HDI was done on the one hand, and selected 

indicators of healthcare satisfaction on the other hand. The relationship (moderate to strong) 

was significant in most cases, the insignificant relationship was indicated in only one case – 

cost. This may be seen in Table 4. There are many reasons to explain this outcome, however, 

the main reason for the difference is the type of funding and financial system of healthcare. 

According to the primary aim, the analysis of impact was used in the last step where two 

models were created. One model is the impact of innovation (GII) on satisfaction with 

healthcare and the other is the impact of healthcare satisfaction on maturity (HDI). Both 

models showed a significant positive impact. This outcome is in line with the assumption of 

Boachie (2017) who confirmed the positive link between healthcare and economic growth. 

This output may be seen in Table 6 and Figures 4 and 5. Thus, in OECD countries with high 

innovation activities, it is possible to expect high rate of healthcare satisfaction and vice versa. 

In OECD countries with high healthcare satisfaction, high maturity may be expected and 

obviously, vice versa. 

Babiarz et al. talks about not very strong relations between health and maturity of 

economy. In the outcomes of analyzes, the strength of the relationship is questionable, but 

there are evident significant relations. Output of the analysis secondary confirm ideas about 

importance of innovations in healthcare, which was presented Mickan et al. (2013) and Agha 

(2014).  

From the point of view of research, the primary topic of staff friendliness was 

highlighted. This part is very important for many elements of healthcare. As already 

mentioned, hospital staff friendliness is positively linked to health and, in general, healthcare 

satisfaction. The results also show a strong relationship to economic output. At this point, the 

importance of innovative activities that have an impact on health care satisfaction and 

healthcare satisfaction has an impact on the maturity of economy needs to be emphasized. 

Finally, the innovations in health care that are close to the maturity of economy are important. 

The limitation of the statistical view is primarily in the effect size, which is not high. 

This limitation is due to sample size. In the small sample size, the tests which were used had a 

tendency to confirm the statistical hypothesis H0 (do not confirm the difference, relationship, 

impact etc.). However, in the results, many cases of relation have been confirmed. In the case 

of a larger sample, stronger relations may be expected. The sample is limited in selection of 

countries – the output may be generalized to OECD countries. In the future, focus will be put 

on research with larger sample and different countries. 
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