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Abstract: The aim of the paper is to identify a set of the key performance indicators (KPIs) in order to
provide managers and employees from the healthcare system with recommendations for evaluating,
monitoring, and controlling the critical factors that influence the performance of the healthcare sector
in Algeria during a pandemic crisis. During February–August 2020, a cross-sectional survey design
was administrated to medical employees from hospitals situated in the northeastern part of Algeria.
Our findings proved that the four groups of KPIs correlate to each other, and during this period,
the triple relationship among human factor-technology-medication plays a decisive role in reducing
the pressure on the medical system and overcoming the crisis. In order to increase the efficiency of
the decision-making process, a hierarchy of KPIs is recommended in terms of their impact on the
performance of medical staff. The practical importance of our research consists in ranking KPIs on
four clusters that support managers to focus on both the human factor (clinical errors, infection rate,
and medication errors) and the technical elements of maximum importance (laboratory test time,
location of the facility, and sufficient air).
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1. Introduction

The recent crisis that the entire world is facing caused by COVID-19, a pandemic that
has forced all organizations, whether public or private, to rethink their mission and vision.
Thus, the efficacy of the healthcare sector depends greatly on the rapidity to adapt to the
new dramatic situation. Before the World Health Organisation (WHO) had declared the
COVID-19, a pandemic crisis, on 11 March 2020, Algeria had the situation under control,
although the first two cases were registered on 25 February 2020. The rapid evolution of
the pandemic coronavirus crisis requires that the common strategies should be oriented
toward ensuring the health of the population and a continuous assessment of the events to
give priority to future needs. The situation in Algeria is not far from the rest of the world,
with a total of 55,081 cases and 1880 deaths recorded until 22 October 2020, with a mortality
rate of 11.70% [1]. This high rate represents a threat to the national health situation of the
country that leads to making a study to understand how the healthcare sector is dealing
with this crisis and what are the available and efficient managerial tools to help managers
and healthcare staff to better control facilities [2].

The international statistics of WHO [3] place Algeria in the fourth position in Africa
(with 50,914 cases) after South Africa (with 669,498 cases), Ethiopia (with 72,700 cases), and
Uganda (with 7364 cases) with a total of 1,172,342 confirmed cases and 25,481 deaths in the
continent as the last update.

Watkins et al. [4] analysed the impact of the pandemic situation on SMEs from Aus-
tralia and they observed that only six per cent of Australian SMEs had a plan for avoiding
the pandemic crisis. Thus, the other 39 per cent consider that the pandemic has no impact
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on their business and over 60 percent called upon the need to prepare a viable strategy to
tackle a pandemic situation. As a result, in 2007, the Australian SMEs were not prepared
for a pandemic situation and 13 years later SMEs worldwide are in the same situation.

Watkins et al. [5] considered that a strategy for the pandemic situation among SMEs
depends on the perception of the risk level and the resources that are available to prepare
and frame the strategy.

Ivo Hristov and Antonio Chirico [6] identified the impact of key performance indica-
tors (KPIs) on company performance in the framework of sustainable strategies and they
arrived at the conclusion that existing literature does not provide ample evidence about
how to address the crises from managerial perspective.

At this moment, healthcare managers, officials, and policymakers are seeking to
answer the following questions:

How will we manage to streamline the healthcare sector in real-time to overcome this
pandemic generated by the novel coronavirus?

Can KPIs be used as a tool enabling a quick reaction of the healthcare sector’s facilities
to the adverse effects of COVID-19?

What is the possible set of KPIs that leaders in the healthcare sector are required to
check in order to deal with the consequences of the virus and re-establish “normality” in
the social and business environment?

The answers to these questions were found in the last months from many schol-
ars around the world from economic point of view, but not from the healthcare sector
perspective [7–10]

These analyses motivated us to approach this pandemic crisis from another perspective
based on KPIs as instruments of human competencies in the fight against this enemy.

The range of factors affecting sustainability performance is varied, from the small
details to the big issues in healthcare facilities. Thus, most of them are not obvious to
the decision makers (e.g., maintenance and building design) because of lack of technical
skills (e.g., attention towards the aspects of bioclimatic passive strategies and incorrect
architectural and flexible layouts, which often limit the clinical processes and causes the
decrease of performance and sustainability criteria) [11].

The use of KPIs as tools to improve the effect of public health measures and as indica-
tors of the measures that need to change in function of true morbidity and mortality rates.

2. Literature Review and Premises of Research

Mohamed Khalifa and Parwaiz Khalid [12] classified KPIs on three levels of perfor-
mance (operational, tactical, and strategic indicators), six levels of performance dimensions
(safety, effectiveness, efficiency, timeliness, patient-centeredness, and equity) and three
levels of system components (structure, processes, and outcomes). They have identified
fifty-eight KPIs, classified into ten categories.

According to the literature review and based on our preliminary research, considering
the particularities of the pandemic COVID-19, 41 indicators were selected for the KPI of
the healthcare system in Algeria. The structure of the KPI is the following: ten indicators
for social sustainability, eight indicators for economic sustainability, nine indicators for the
internal process and fourteen indicators for the technical domain.

2.1. Social Sustainability Indicators

Social sustainability indicators (SSI) for healthcare facilities facing a crisis can be
ambiguous to define and apply. Vallance et al. [13] (p. 342) affirm that SSI is “a concept
in chaos”. SSI have been organized under the broad categorical concerns of well-being,
values, agency, and inequality [14].

Some researchers consider that SSI can be used to measure the performance in a state
of overall well-being [15], and that KPIs should mainly contribute to improvement of the
people’s life [16].
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In consequence, we need to be very specific while setting the indicators for social
sustainability that helps track the critical metrics within a facility during a global pandemic
crisis. As a result, there have been many attempts to categorize the various approaches to
social sustainability indicators (Appendix A).

2.2. Economic Sustainability Indicators

The assessment of sustainability performance is assumed to be appropriate to the
healthcare industry. Many studies were carried out with the scope of identifying an initial
set of potential KPIs from an economic perspective [17] that could be used for sustainability
performance evaluation to keep facilities operating with the minimum regular conditions
of sustainability while facing the global pandemic (Appendix B).

A detailed explanation of ESI from a company point of view (Novo Nordisk A/S) was
realized by Morsing et al. [18] and they arrived at the conclusion that KPIs are related to
social and economic objectives, but are reflected on internal environment and also external
environment.

2.3. Indicators of Internal Process

The indicators of internal process (IIP) in healthcare facilities are a well-defined
performance measure used to monitor, analyse, and optimize all relevant processes and
practices of the facility’s staff to increase patient satisfaction and diminish any possible
errors or damages (Appendix C).

2.4. Technical Indicators

Because of the complex technical and architectural nature of healthcare facilities,
it requires a special set of indicators that suit the specific strategic objective’s action plan.
When facing a global pandemic such as COVID-19 every detail becomes important and
overlooking, even the thinnest element such as insulation or air quality may lead to losing
control over the crisis (Appendix D).

The KPI’s constitute a management control tool that is used for planning and priori-
tizing actions, for making decisions and responding to problems in real time [19,20]. Elmar
Hörner [21] arrived at the conclusion that one of the most important KPIs for measuring
the success of the areas that need improvements in the pharmaceutical domain (e.g., Merck
KGaA) is “Decision Making”. The continuous monitoring of KPIs makes possible to answer
the question of whether the objectives are achievable and, if yes, to what extent, which
constitutes the basis for evaluation of the performance of contemporary facilities.

As the main role of a KPIs’ system is tracking the performance and sustainability in
the healthcare facility for the interest’s spot; thus, it is fundamental to make an analysis
of the facility’s needs, strategy and goals. Therefore, in the case where the urgent need of
crisis management is the main strategy, KPIs should serve this objective.

According to Schmidt et al. [22] (p. 760): “In order to successfully create new KPIs, it
is crucial to analyse and understand the underlying cause and effect relationships as well
as interdependencies between processes, equipment, and energy efficiency”.

Recently, Daria Mikhailova [23] has chosen the KPIs to assess the performance of
Pharmaceutical Project Management Quality System Effectiveness and she arrived at the
conclusion that KPIs proved a practical support for both system monitoring and system
interventions. Moreover, David Parmenter [20] underlines the importance of KPIs selection
in the healthcare system and he advised us never underestimate the negative consequences
of the choice of an inadequate KPIs.

Fernandes et al. [24] stated that all panellists finally accepted only eight KPIs. We allo-
cated the eight KPIs of Fernandes et al. to our KPIs classes (e.g., SSI: providing in-person
disease and medication education to patients; participating in interprofessional patient
care rounds; providing discharge patient medication education; ESI: performing discharge
medication reconciliation; and IIE: performing admission medication reconciliation (in-
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cluding best-possible medication history); completing pharmaceutical care plans; resolving
drug therapy problems; and providing bundled, proactive direct patient care activities).

Matsuoka and Hirai [25] used the KPIs for explaining the core principles of Society
5.0 based on three factors (structural transformation, technological innovation, and quality
of life). In addition, Re Cecconi et al. [26] used the KPIs to underline the importance of the
technical indicators as strategic tools for improving the decision-making process. Jiang
et al. [27] starting from the premise that performance measurement is of vital importance
for the healthcare systems, especially during crisis periods, they proposed a model based
on KPIs to help managers to make good decisions under time pressure. In the same line,
Niemi et al. [28] consider the mean lead-time (MLT) as one of the most important KPI.

Ramzi Shawahna [29], (p. 2) affirms that KPIs “are often developed for capturing
the performance of healthcare providers and the provision of services. These KPIs are
supposed to monitor if healthcare services were provided with consistency and efficiency”.

Based on both theoretical and practical arguments, we propose the following hypotheses:

Hypothesis 1. The economic sustainability indicators directly influence the indicators of internal
process.

Hypothesis 2. The social sustainability indicators directly influence the economic sustainability
indicators.

Hypothesis 3. The social sustainability indicators directly influence the indicators of internal
process.

Hypothesis 4. The technical indicators directly influence the economic sustainability indicators.

Hypothesis 5. The technical indicators directly influence the indicators of internal process.

Hypothesis 6. The technical indicators directly influence the social sustainability indicators.

3. Methodology

To select the KPIs, we have conducted in-depth interviews with four health manage-
ment experts and one assistant professor from the Faculty of Medicine of Constantine 3
Salah Boubnider University to discuss and identify a list from the extracted indicators of
literature review (185). The first set of indicators was developed from the literature review:
158 indicators were extracted from the discussions with the experts and were selected, then
62 indicators were divided into four main domains for sustainability assessment: social,
economic, technical, and internal processes. The selected indicators were used to design
the questionnaire for the first round of the Delphi method.

In the second stage, in consensus with Galanis [30], we employed the Delphi method
in two rounds. In the first round, 20 public hospitals and managers for each hospital have
been chosen to participate in the research, as they were involved in sustainability. The
questionnaires were distributed to managers to investigate the implication of KPI’s for
primary healthcare facilities’ sustainability performance.

In the second round, we distributed the questionnaires to the same hospitals’ man-
agers, and, in this stage, we eliminated the indicators with the lowest mean scores. After we
received the feedback from the managers, we reduced the number of KPIs (we eliminated
22 indicators) and 41 KPIs were included in the final setup of our research.

This quantitative study has been conducted from the first week of recording the first
three cases of COVID-19 disease in Algeria until the end of August 2020; investigation was
made in two main wilayas: El Taref and Constantine, including different type of facilities:
university hospital, public hospital centers, and neighbourhood’s healthcare facilities.

During February–August 2020, a total of 300 questionnaires were distributed to
Algerian hospitals that were identified as very important hospitals in the framework of
the pandemic coronavirus. In total, 210 completed responses (response rate of 70 percent)
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were collected from medical staff who are directly involved in the battle with this invisible
enemy. Respondents were required to evaluate the importance of every KPIs using a
five-point Likert scale (1—not important at all to 5—very important).

We chose to use the SmartPLS [31] method to analyse the data and we started the
research by assessing the measurement model to ensure that each construct’s KPIs are
reliable and valid.

3.1. Sample

The 88 respondents (41.9%) were from facilities situated in El Taref and 122 respon-
dents (58.1%) from facilities situated in Constantine. The gender of the respondents was
balanced with 96 females (45.7%) and 114 males (54.3%). The age of the respondents was
distributed as follows: 21.4% between ages of 25 and 35 years, 37.6% between ages of 36
and 45 years, 24.3 between ages of 46 and 55 years, and 16.7% between ages of 56 years
and over (M = 2.36; SD = 0.999).

A total of 109 respondents participated in the pilot study and at the final of this study
all 41 KPIs were retained because they registered a loading factor above the threshold of
0.70 (Appendix E), in consensus with Sarstedt et al. [32].

3.2. Measures

We started the research by assessing the measurement model to ensure that each
construct’s KPIs are reliable and valid.

Internal consistency of the research model was assessed by partial least squares struc-
tural equation modelling (PLS-SEM), we started by examining the indicator loadings [32],
ranging from 0.701 to 0.866 and indicating that the KPIs have a very good degree of
reliability (Appendix E).

Next, we calculated the “reliability indicators” and higher values indicate increased
levels of reliability. The main indicators exceed the minimum threshold of 0.7 [33] as
follows: Cronbach’s Alpha that measures internal consistency reliability ranged from 0.903
to 0.932 and represent good to very good reliability levels of KPIs, Dijkstra-Henseler’s
rho_A ranged from 0.907 to 0.934 [34] and composite reliability (CR) ranged from 0.920
to 0.940. Thus, all the values exceed the minimum threshold value of 0.7 for all variables
indicating that the measurement model has good reliability (Table 1).

Table 1. Descriptive Statistics, and Reliability and Validity of Measurement Model.

KPIs Mean Std.
Deviation

Cronbach’s
Alpha rho_A

Composite
Reliability

(CR)

Average
Variance

Extracted (AVE)

ESI 3.86 0.648 0.914 0.933 0.929 0.622
IIP 4.01 0.670 0.918 0.922 0.932 0.606
SSI 3.81 0.776 0.903 0.907 0.920 0.534
TI 3.83 0.673 0.932 0.934 0.940 0.530

Source: Authors’ own contribution based on SmartPLS.

The descriptive statistics indicate the values of the mean and we observe that a mean
value of 4.01 out of 5 suggests that most of the respondents mainly agreed that IIP is very
important KPIs for the healthcare system in a pandemic situation. Meanwhile, the SSI
registered the lowest value (3.86) and an explanation consists of the particularity of this
period and on pressure existing on medical personnel.

The pressure is reflected on value of loading factor of the IIP-C6 (Medical errors =
0.860), followed by IIP-C5 (Clinical errors = 0.847); IIP-C1 (Medication errors −0.822);
IIP-C3 (Mortality rate = 0.789); IIP-C4 (Infection rate = 0.770) and finally IIP-C9 (Laboratory
test time = 0.720).
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The standard deviation shows that there are no relevant differences among the KPIs
as the values are close to one another for ESI, IIP, and TI (ranged from 0.648 to 0.673); only
SSI registered a value above 0.770.

We evaluated the extent to which any selected construct differs from the others and
we tested the “convergent validity” and we used the average variance extracted values that
are greater than 0.5 (from 0.530 to 0.622) and validate the latent variables for our model
composition, in consensus with Hair et al. [35].

Average variance extracted (AVE) analysis was conducted for evaluating if we have a
good convergent discriminant validity and if each construct exceeds the threshold value of
0.50. The result proves that all KPIs are retained.

The results prove that the indicators of internal process have the highest value of
Cronbach alpha (0.918) which highlights the importance of this group of indicators in the
context of the current pandemic coronavirus crisis.

We continued to assess the “discriminant validity” by calculating the Fornell and
Larcker [36] criterion and for proving the relevance of the structural model. The highest
correlation was registered between ESI-ESI (0.788) and the lowest correlation was registered
between ESI-SSI (0.423).

In order to consolidate the assessment of the discriminant validity in variance-based
structural equation modelling we used Heterotrait–Monotrait ratio (HTMT), which is
considered superior to previous indicators [37] as Fornell–Larcker criterion and (partial)
cross-loadings (Table 2).

Table 2. Heterotrait–Monotrait Ratio (HTMT) Test.

KPIs
Heterotrait–Monotrait Ratio (HTMT) Fornell–Larcker Criterion

ESI IIP SSI TI ESI IIP SSI TI

ESI - - - - 0.788 - - -
IIP 0.511 - - - 0.496 0.778 - -
SSI 0.420 0.848 - - 0.423 0.784 0.731 -
TI 0.608 0.739 0.714 - 0.594 0.697 0.679 0.728

Source: Authors’ own contribution based on SmartPLS.

The results show that the values of HTMT were smaller than 0.90 (ranged from 0.420
to 0.848), which means that this ratio meets the requirements of the Henseler et al. [38].
In order to sum, the model assessments prove a good evidence of validity and reliability.

4. Results and Discussion

The correlation between KPIs was used for verifying the relationship between all
variables (Table 3).

The correlations between variables reveal to us that the age of respondents negatively
influences three KPIs (IIP, ESI, and TI) and prove that under pressure the experience of the
medical personnel is important for the decision-making process. The age of respondents is
positively correlated with patient satisfaction, because no matter their age, the healthcare
system employees are devoted to their job and to their patients.

The gender of respondents and the location directly and negatively influence two
KPI’s (ESI and TI) and directly and positively influence the other two KPIs (SSI and IIP).
These correlations prove that the practical KPIS as ESI and TI are perceived as having a
negative influence on decision-making process under pressure.
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Table 3. Correlations between KPIs.

Variables Correlations Age Gender Location SSI ESI IIP TI

Age
Pearson Correlation 1 0.050 0.192 ** 0.084 −0.069 −0.005 −0.059

Sig. (2-tailed) 0.467 0.005 0.226 0.320 0.948 0.392
N 210 210 210 210 210 210 210

Gender
Pearson Correlation 0.050 1 −0.189 ** 0.092 −0.065 0.001 −0.028

Sig. (2-tailed) 0.467 0.006 0.185 0.348 0.986 0.689
N 210 210 210 210 210 210 210

Location
Pearson Correlation 0.192 ** −0.189 ** 1 0.060 −0.101 0.063 −0.060

Sig. (2-tailed) 0.005 0.006 0.386 0.146 0.364 0.388
N 210 210 210 210 210 210 210

SSI
Pearson Correlation 0.084 0.092 0.060 1 0.392 ** 0.783 ** 0.666 **

Sig. (2-tailed) 0.226 0.185 0.386 0.000 0.000 0.000
N 210 210 210 210 210 210 210

ESI
Pearson Correlation −0.069 −0.065 −0.101 0.392 ** 1 0.475 ** 0.562 **

Sig. (2-tailed) 0.320 0.348 0.146 0.000 0.000 0.000
N 210 210 210 210 210 210 210

IIP
Pearson Correlation −0.005 0.001 0.063 0.783 ** 0.475 ** 1 0.685 **

Sig. (2-tailed) 0.948 0.986 0.364 0.000 0.000 0.000
N 210 210 210 210 210 210 210

TI
Pearson Correlation −0.059 −0.028 −0.060 0.666 ** 0.562 ** 0.685 ** 1

Sig. (2-tailed) 0.392 0.689 0.388 0.000 0.000 0.000
N 210 210 210 210 210 210 210

**. Correlation is significant at the 0.01 level (2-tailed); Source: Authors’ own contribution based on SmartPLS.

The location is an important variable, because the patients with COVID-19 are in some
regions and they are treated in hospitals specially designated for this disease. Algeria has a
public healthcare sector and it is accessible and free of charge for all citizens, financed by
the government, given Algeria’s young population. In close alignment with this long-term
strategy, the government maintains an intensive immunization program.

The correlations between IIP and the other three KPIs are positive and prove that
internal process is developed for the purpose of patient satisfaction (0.783) and considering
the consequences of the infection with COVID-19, IIP is related to facilities of the hospital
(0.685) in terms of qualitative and especially, quantitative KPIs.

We analyse the results and we first test the collinearity of the research model and
we observe that the variance inflation factor VIF values ranged from 1.897 (Hospital
readmission rate) to 3.852 (Indoor air quality) and is within the limits recommended by
Hair et al. [35].

The results prove that there is no collinearity problem interfering with our KPIs and
we continued to evaluate the research model by interpreting the coefficient of determination
(R2), f 2, and P. The coefficient of determination between 0.25 and 0.50 is considered good
and above 0.50 are considered very well. Figure 1 shows values of R2, ranged from 0.254 to
0.673. In conclusion, the predictive power of the model and R2.

We arrived at the conclusion that all the KPIs are valid and reliable and we assess the
research model and test the hypotheses (Table 4).
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Figure 1. The Path Coefficients of the research model for KPIs. Source: Authors’ contribution based on SmartPLS.

Table 4. Path Coefficients.

Relations
Original

Sample (O)
Sample

Mean (M)
Standard Devi-
ation (STDEV)

T Statistics
(|O/STDEV|) f 2 p-Values Confidence Intervals

Conclusion
2.5% 97.5%

ESI -> IIP 0.108 0.106 0.044 2.445 0.023 0.015 0.012 0.184 Supported

SSI -> ESI 0.036 0.040 0.073 0.491 0.001 0.623 −0.096 0.188 Not
Supported

SSI -> IIP 0.573 0.571 0.051 11.262 0.540 0.000 0.474 0.666 Supported
TI -> ESI 0.570 0.570 0.066 8.590 0.271 0.000 0.441 0.697 Supported
TI -> IIP 0.244 0.248 0.064 3.826 0.077 0.000 0.131 0.373 Supported
TI -> SSI 0.679 0.683 0.035 19.380 0.855 0.000 0.611 0.744 Supported

Source: Authors’ own contribution based on SmartPLS.

The resulting effect size value of each KPI in the model ranges from 0.001 to 0.855,
which are included in the category of very small to large [39]. The value of goodness
of fit that is generated through the standardized root mean squared residual (SRMR) is
equal to 0.08, which means that our model fits the empirical data [40]. We also tested our
hypotheses with the coefficient parameter and the significant value generated from the
95% bias-corrected confidence intervals of each KPI.

The path coefficients provide significant value (at the p 0.05 level), only the relationship
SSI -> ESI is not supported. Thus, the value of the coefficient (T) to the relationship SSI ->
ESI is 0.491 with a p-value < 0.623. In conclusion, all hypotheses are supported except for
the second hypothesis.

The particularities of our study due to the pandemic crisis do not allow us to affirm
that our results support previous studies, because not many studies related to KPIs were
developed during the pandemic crisis.
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We can link these results to the pandemic crisis when the communication process
and human factors are more important than economic and material factors. Hospital
performance is a reference to key performance indicators (KPIs), especially to IIP and TI
as promoters of ESI and SSI, because in this period quantitative assessments of hospitals
became an indicator of the capacity of them to achieve the new goals by making efficient
use of the limited resources available in the crisis period. This signifies that TI can be used
to improve SSI and the ESI have a positive effect on IIP.

Healthcare facilities all over the world are dealing with major challenges to keep
operating in a performing way during crisis time especially when it’s facing a world
pandemic such as Covid-19. This pandemic coronavirus took by surprise both the decision-
makers and the employees who faced an unpredictable enemy and impossible to be
controlled. The fact that many organizations, public or private, were forced to discontinue
their activity for an unspecified period of time has created a state of panic and uncertainty,
upsetting society at all levels.

Our findings proved that KPIs play an important role in increasing the performance of
healthcare systems, and, especially during the pandemic coronavirus crisis (Appendix F).

Figure 2 shows the four clusters of KPIs that can be a priority for hospital managers in
a crisis period and every cluster includes different KPIs ranked by importance.

Figure 2. The Clusters of the key performance indicators (KPIs) as a managerial decision support
during pandemic crisis. Source: Authors’ own contribution

The first cluster includes 10 KPIs, two KPIs of SSI (related to the average hospital stay
and on patient waiting time), five KPIs of IIP (related to clinical and medication errors,
infection rate, average length of stay in the emergency room, and laboratory test time),
and the other three KPIs are from TI as indoor air quality, sufficient air conditioning, and
location of the facility.

This cluster proves the importance of this indicator in a crisis because under pressure
and in very stressful conditions the decisions made by doctors concerning medical prescrip-
tions or dozes might be mistaken [41]. Clinical errors tracking and assessment appears to
be significant in crisis time and can affect the medical staff and equipment’s effectiveness.
The sufficient air conditioning allows checking the sufficiency of air out of the facility’s
HVAC system to ensure the well-being of staff and patients inside the healthcare facility.
This indicator is crucial for the patients because one of the causes of death is insufficiency
respiratory. Waiting time in the emergency room shows the value of assessing this metric
in order to set less waiting time targets in crisis time.
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These findings are in consensus with the findings of Mohamed Khalifa and Parwaiz
Khalid [12] who considered that patient safety and infection control rates are very important
indicators to gauge the quality of the healthcare system.

The second cluster comprises the other 10 KPIs as follow: two KPIs of SSI that measure
the patient satisfaction and patient transfer rate to other facilities, three KPIs of ESI that
indicate average care costs of insured patients, cost of work-staff and current cost per
bed; two KPIs of IIP related to mortality rate and to medical errors, and three KPIs of TI
concerning natural light penetration, vertical circulation and degree of thermal comfort.
Patient satisfaction measures the degrees to which the medical service responds to patients’
expectations is a high priority for the management strategy in a pandemic crisis. Mortality
rate measures the rate of deaths while in a world pandemic and it is considered a structural
tool for decision-making and setting the facility’s strategy to deal with the crisis according
to the given number. The degree of thermal comfort could affect or be affected by other
technical and internal processes indicators related to the wellbeing inside the facility.

The third cluster includes 11 KPIs structured by categories as following: two KPIs of
SSI (related to hospital readmission rate and to waiting time in the emergency room); three
KPIs of ESI including average hospital expenses, cost of drugs, and equipment and also
average care costs; one KPI of IIP (waiting time for admission to the operating room), and
five KPIs of TI (waste management, energy and emissions control, quality of the building
envelope, artificial lighting, and water consumption).

The cost of drugs and equipment needs to be taken into consideration because of
the increasing of needed medicines, supplies, and special equipment as in a crisis, and to
be correlated to the patient waiting time in a crisis that is also important because every
patient needs medical care as soon as possible when he/she arrives at the facility to avoid
any complications could expose his/her lives to danger. Quality of the building envelope
plays a key role in the healthcare environment inside the facility as it controls directly other
technical indicators ranked.

The fourth cluster includes 10 KPIs as follows: four KPIs of SSI (patient safety, rate of
vacant patients in beds, patient complaint rate, and the number of new patients); two KPIs
of ESI concerning average maintenance costs and costs per payer; one KPI of IIP related
to bed occupancy rate and three KPIs of TI (acoustic insulation, distributions of medical
devices, and hierarchy of functional spaces). The rate of vacant patients in beds allows the
facility managers to set their priorities and to make decisions like patients transfer to other
departments or facilities. The number of new patients indicates the particularity of this
pandemic crisis because it is limited to receive more patients in the facility, because of the
virus, which needs to be followed to make sure that the facility is ready for offering care to
an expected number of patients. The hierarchy of functional spaces underlines every daily
movement of the staff between rooms, controlling, services, and departments. As a result,
such a metric gives more flexibility and performance in hard times where every second
counts inside the healthcare facility.

The respondents considered as very important two indicators: infection rate and
patient safety, because controlling infection rates and applying protocols in healthcare
facilities is considered a key practice when facing pandemics. In this situation, patient
complaint rate, like the patient’s satisfaction, is not a high priority for healthcare facilities
in a pandemic situation.

Waiting time for admission to the operating room gives the facility’s managers a clear
vision about the target time to set surgical operations to increase the internal processes
performance, going to cost of work-staff that is considered as a lower priority in these
circumstances.

Laboratory test time was not considered as a high priority indicator, and this might be
justified by the healthcare facilities protocols in case of a pandemic crisis as test samples
and results are oriented to the big test labs in the country such as Pasteur Institute.

Our results confirm the findings of McCance et al. [42] that analysed the eight KPIs
clustered within the person-centered processes domain of the framework, and these KPIs
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were related to patient satisfaction, confidence, and implication in the decision-making
process about his/her care.

To prepare action plans for in time strategies and to implement them successfully,
the healthcare facilities continue to look for appropriate strategy implementation tools.
Consequently, the measurement systems are used to evaluate the effects of the healthcare
facilities actions. The role of such system is to support the management process as well
as the process of implementation of the hospital’s strategy, which should include not
only solid technical and economic factors (particularly financial measures), but also the
requirements of the corporate social responsibility and sustainable development standards,
as well as the employee relations and value management requirements [43].

One solution is to use KPIs and keep controlling performance and sustainability
through dashboards and scorecards to make frequent and continuous evaluation for the
outputs to ensure a better crisis management for healthcare facilities and to make the
strategic objectives to be achieved clearer and more convenient. In the case of Algeria,
we did not find previous studies about KPIs for evaluation in healthcare facilities from
a managerial perspective. For this reason, we consider this study important and it can
add a real value to the research, because it helps the managers to evaluate sustainability
performance of healthcare facilities in crises.

5. Conclusions

Our findings prove the opportunity for healthcare system employees and not only
for hospital managers, to identify critical KPIs in a short period of time and with lower
costs. It is very important to consider that the IIP are situated in the first place, which
gives us an idea about the priorities of healthcare staff in a crisis. We recommend focal-
izing the improvements in the areas with high potential to propagate the factors of the
pandemic crisis.

In the framework of a pandemic crisis, the performance of healthcare systems is
related to its capacity to quickly respond to danger generated by COVID-19. In this period,
it is difficult to adapt to an existing model, because the variables are completely different,
and the weaknesses of hospitals are also different.

The practical implications are underlined by our model that provides hospitals’ man-
ager’s solutions for the decision making process under pressure indicating the ways of
improvements of quality of medical services by implementing suitable KPIs. Thus, these
clusters of KPIs can be used as tools for developing sustainable healthcare systems not
only in Algeria but also in developing countries that need financial material and human
support to overcome the pandemic crises.

Our study fills the gap in the literature concerning the correlations between KPIs
in the healthcare sector during a pandemic crisis. Moreover, the managers can establish
realistic goals by using KPIs taking into account their level of importance as early-warning
indicators that can point out forthcoming changes in the evolution of the crisis. Healthcare
managers can use the clusters KPIs to evaluate executive performance and to develop
strategies for saving lives.

In the last years, the KPIs were found as representative of overall healthcare systems
around the world [24]. Paradoxically, the qualitative differences between healthcare sys-
tems around the world are reduced by the particularities of the crisis, because a crisis is a
negative phenomenon at globally level and its repercussions are more or less evaluated
by KPIs [27]. Moreover, during a pandemic crisis, the information plays an important
role in reducing physiological and mental impact on the people [44] and for this reason,
it is necessary to use the KPIs clusters in a flexible way and to adapt them to healthcare
facilities [45].

The results could provide a guide to hospitals’ decision-makers in order to have under
control the situation of the Algerian healthcare system [46] and for the other countries
healthcare systems, because our findings are in consensus with the results of the other
researchers [47–49]
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The limitations of our study are related to the sample size, because, considering the
short period of analysis, we used a relatively small sample size, from Algerian hospitals
and the findings should be critically analysed by considering the specificity of Algeria.

This study only analysed the relationship between four groups of KPIs without testing
the direct impact of these KPIs on the performance of the Algerian hospitals.

Our Clusters of KPIs model can be adapted to healthcare systems from different
countries, but it is important that every healthcare facility choose its own KPIs taking into
account their human, financial and technical resources [50].

Future research should be oriented to testing the role of KPIs in the improvement
of the hospitals’ performance in relationship with the social responsibility and with the
improvements of the commitment of the healthcare systems employees.
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Appendix A

Table A1. Social Sustainability Indicators (SSI).

Indicators Definition

A1—Patient satisfaction It is an important indicator of healthcare performance [51], and it measures the degrees to which
the medical service responds to patients’ expectations [52].

A2—Average hospital stay
It shows how quickly medical staff can diagnose and prescribe treatment that does not require a

further stay. Moreover, helps the facility predict how many patients they can bring into the
facility during a specific period [53].

A3—Hospital readmission rate This indicator calculates the rate of patients who come back to the facility shortly after they were
seen. If high, it can indicate a lack of staff, experience, or attention during [53].

A4—Patient waiting time
It indicates the time a patient waits in a facility’s waiting room before being seen by one of the

medical staff. It measures the average length of time patients spend in the hospital, per
admission category [54].

A5—Patient safety
This indicator displays a healthcare facility’s ability to keep patients safe from contracting
infections, complications, and other issues by tracking it in a recorded period that helps to

recognize what areas are causing issues that can be improved [55].

A6—Waiting time in the emergency room It gauges the time that the patient stays waiting in the emergency room until he gets a care
service in the area [53].

A7—Number of new patients This indicator measures the number of unique individuals who were first-time patients during
the reporting period [53].

A8—Rate of vacant patients in beds It shows the average rate at which beds in the facility are vacant [53].

A9—The patient transfer rate to other facilities It tracks the number of patients being transferred to other healthcare facilities during the
reporting period.

A10—Patient complaint rate It logs the number of complaints filed by patients before, during, or after their period of care.
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Appendix B

Table A2. Economic Sustainability Indicators (ESI).

Indicators Definition

B1—Average care costs It is an image of the average out of pocket cost paid by the patient to the
healthcare facility.

B2—Costs per payer It reflects the averages of the cost that the patients pay for care services

B3—Average maintenance costs Measures the direct and indirect costs to maintain equipment throughout the facility.

B4—Current cost per bed Averages of the cost that the facility incurs for a patient’s entire stay.

B5—The cost of drugs and equipment The cost that the facility pays for the total of drugs, medicines, and medical equipment
during the reporting period.

B6—Average hospital expenses Records the overhead expenses for direct operations of the facility. They affect the
pricing of services.

B7—Cost of work-staff Assembles the total cost of salaries, wages, and employee benefits. It affects the price of
treatment for patients as well as the satisfaction of employees [53].

B8—Average care costs of
insured patients

Averages of the cost that the facility incurs for a patient’s care after the elimination of
costs % paid by insurant.

Appendix C

Table A3. Indicators of Internal Process (IIP).

Indicators Definition

C1—Medication errors It can be used to improve the medical process by reporting mistakes
made in the medication of inpatient and outpatient services [53].

C—2 Bed occupancy rate
Assesses the number of the occupied beds in the facility from all the
departments divided by the number of actually available beds by a

predefined number of days recorded [56].

C3—Mortality rate A critical indicator that measures the number of deaths by the actual
number of patients per the time of measuring the metric [57].

C4—Infection rate
It’s an indicator used in healthcare facilities to predict the probability

of being infected, it measures the frequency of occurrence of new
infection cases within patients during the recorded period [58].

C5—Clinical errors Measures the frequency of clinical mistakes in the facility, which
indicated the medical staff and equipment’s effectiveness [53].

C6—Medical errors Measures the frequency of making a mistake of medications or
dosage in prescribing medication within the facility [53].

C7—Waiting time for admission to the operating room Measures. The mean time from presentation to the emergency
department to the first surgical consultation [59].

C8—The average length of stay in the emergency room Measures the average time from the patients arrive at the ER until
discharge aftercare service in the facility [60].

C9—Laboratory test time Measures the average amount of time it takes to run a test in the
laboratory [53].
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Appendix D

Table A4. Technical Indicators (TI).

Indicators Definition

D1—Quality of the building envelope Measures the efficiency of the technical metrics with the purpose to improve the quality
of envelope indicator in a recording period [61].

D2—Natural light penetration Measures the amount and distribution of natural light needed for the good practices
inside the healthcare facility’s different spaces [62].

D3—Degree of thermal comfort
Measures the degree of satisfaction with the thermal environment inside the facility [63]
dissatisfaction may be caused by the thermal non-comfort of the body expressed by the
medical staff or the patients, which could be tracked with the PMV and PPD indices [64].

D4—Hierarchy of functional spaces
Measures the degree of movement’s flexibility of the medical staff inside the facility,

expresses the existence and the strength of direct and indirect needed relations between
the spaces and departments.

D5—Distributions of medical devices The metric assesses the availability and the distribution of the medical devices in the
facility during the recorded period.

D6—Sufficient air conditioning Measures the sufficiency of air out of an HVAC system compared to the standard norm
for the room volume and the general well-being of staff and patients inside the facility.

D7—Vertical circulation Assesses the availability and the distribution of automatic and non-automatic ways of
vertical circulation inside the healthcare facility.

D8—Water consumption
Measures the average individual water usage calculated on a daily basis, at the facility’s
level to provide an indication of the water consumption level and set the facility’s needs

and strategies [65].

D9—Artificial lighting
Measures the sufficiency and the distribution of the artificial lighting depending on
technical metrics: number of units, power per unit, and type of lamps used for each

space to meet the minimum requirements [66].

D10—Energy and emissions control Measuring the total energy consumption in the facility as well as the Greenhouse gas
emission (GHGs) by setting tracking counters in the facility [67].

D11—Waste management

Measures the amount of waste collected and/or recycled by the facility, estimated
intones. It takes into account any waste specific to the healthcare activities [68].

“Healthcare waste (HCW) is a by-product of healthcare that includes sharps, non-sharps,
blood, body parts, chemicals, pharmaceuticals, medical devices and radioactive

materials and toxic materials” [69] (p. 150).

D12—Location of the facility

Location is the physical geographical positioning of the facility; the indicator assesses
metrics of the distance between the facility and main residential places, availability of

public transportation to arrive at the facility, quality of the roads to be used by
ambulances, and accessibility [70].

D13—Indoor air quality
Measuring this indicator allows maintaining the optimum indoor air quality using

ventilation standards, Perceived Air Quality: (PIAQ) by having feedbacks from people’s
perceptions of indoor air quality and particle measurements: PM.

D14—Acoustic insulation

Measuring the ability of sound insulation % for the use of the rooms and spaces that
prevents unreasonable disturbances, for the Protection against disruptive noises has a
significant impact on the well-being and the good practices environment for patients

and staff.



Healthcare 2021, 9, 19 15 of 20

Appendix E

Table A5. Code, Factor Loading and Variance Inflation Factor of KPIs.

KPIs Code Factor Loading (FL) Variance Inflation Factor (VIF)

Social Sustainability Indicators

Patient satisfaction A1 0.762 2.488

Average hospital stay A2 0.713 2.353

Hospital readmission rate A3 0.710 1.897

Patient waiting time A4 0.773 2.291

Patient safety A5 0.736 1.907

Waiting time in the emergency room A6 0.731 2.152

Number of new patients A7 0.705 2.291

Rate of vacant patients in beds A8 0.719 2.229

Patient transfer rate to other facilities A9 0.738 2.103

Patient complaint rate A10 0.717 1.990

Economic Sustainability Indicators

Average care costs B1 0.771 2.651

Costs per payer B2 0.719 2.289

Average maintenance costs B3 0.736 2.356

Current cost per bed B4 0.866 3.627

The cost of drugs and equipment B5 0.756 2.063

Average hospital expenses B6 0.846 2.747

Cost of work-staff B7 0.749 2.391

Average care costs of insured patients B8 0.851 2.808

Indicators of Internal Process

Medication errors C1 0.822 2.885

Bed occupancy rate C2 0.727 1.900

Mortality rate C3 0.789 3.389

Infection rate C4 0.770 3.317

Clinical errors C5 0.847 3.808

Medical errors C6 0.860 3.608

Waiting time for admission to the operating room C7 0.730 2.232

Average length of stay in the emergency room C8 0.726 2.264

Laboratory test time C9 0.720 1.921

Technical Indicators

Quality of the building envelope D1 0.715 2.611

Natural light penetration D2 0.727 2.508

Degree of thermal comfort D3 0.717 2.581

Hierarchy of functional spaces D4 0.706 2.261

Distributions of medical devices D5 0.721 2.207

Sufficient air conditioning D6 0.749 2.565

Vertical circulation D7 0.763 2.393
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Table A5. Cont.

KPIs Code Factor Loading (FL) Variance Inflation Factor (VIF)

Technical Indicators

Water consumption D8 0.708 2.328

Artificial lighting D9 0.713 2.101

Energy and emissions control D10 0.703 2.477

Waste management D11 0.701 2.902

Location of the facility D12 0.757 3.112

Indoor air quality D13 0.798 3.852

Acoustic insulation D14 0.706 2.593

Appendix F

Table A6. The importance of KPIs in pandemic crisis.

KPIs Code Coefficient Rank1 Rank2

Social Sustainability Indicators

Patient satisfaction A1 0.964 3 14

Average hospital stay A2 0.980 1 4

Hospital readmission rate A3 0.894 5 23

Patient waiting time A4 0.977 2 7

Patient safety A5 0.828 7 32

Waiting time in the emergency room A6 0.894 5 23

Number of new patients A7 0.728 10 38

Rate of vacant patients in beds A8 0.815 8 33

Patient transfer rate to other facilities A9 0.930 4 18

Patient complaint rate A10 0.746 9 37

Economic Sustainability Indicators

Average care costs B1 0.841 6 30

Costs per payer B2 0.695 8 40

Average maintenance costs B3 0.793 7 34

Current cost per bed B4 0.948 3 17

The cost of drugs and equipment B5 0.885 5 27

Average hospital expenses B6 0.901 4 22

Cost of work-staff B7 0.959 2 15

Average care costs of insured patients B8 0.966 1 12
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Table A6. Cont.

KPIs Code Coefficient Rank1 Rank2

Indicators of Internal Process

Medication errors C1 0.967 5 10

Bed occupancy rate C2 0.785 9 35

Mortality rate C3 0.922 6 19

Infection rate C4 0.984 3 3

Clinical errors C5 0.993 1 1

Medical errors C6 0.913 7 20

Waiting time for admission to the operating room C7 0.891 8 26

Average length of stay in the emergency room C8 0.987 2 2

Laboratory test time C9 0.980 4 4

Technical Indicators

Quality of the building envelope D1 0.893 8 25

Natural light penetration D2 0.967 4 11

Degree of thermal comfort D3 0.958 6 16

Hierarchy of functional spaces D4 0.650 14 41

Distributions of medical devices D5 0.711 13 39

Sufficient air conditioning D6 0.969 2 8

Vertical circulation D7 0.966 5 13

Water consumption D8 0.878 10 29

Artificial lighting D9 0.881 9 28

Energy and emissions control D10 0.841 11 30

Waste management D11 0.902 7 21

Location of the facility D12 0.969 2 8

Indoor air quality D13 0.980 1 4

Acoustic insulation D14 0.754 12 36

References
1. Worldometer. Statistics. 2020. Available online: https://www.worldometers.info/coronavirus/ (accessed on 1 October 2020).
2. The Algerian News Agency (TANA). Des Hopitaux de Reanimation et des Appareils de Respiration Artificielle en Cours

D’acquisition, Mars 19. 2020. Available online: http://www.aps.dz/sante-science-technologie/103207-des-hopitaux-de-
reanimation-et-des-appareils-de-respiration-artificielle-en-cours-d-acquisition (accessed on 11 April 2020).

3. World Health Organisation (WHO). 2020. Available online: https://www.who.int/docs/default-source/coronaviruse/situation-
reports/20200928-weekly-epi-update.pdf?sfvrsn=9e354665_6 (accessed on 1 October 2020).

4. Watkins, R.E.; Cooke, F.C.; Donovan, R.J.; MacIntyre, R.; Itzwerth, R.; Plant, A.J. Influenza Pandemic Preparedness: Motivation
for Protection Among Small and Medium Businesses in Australia. 2007. Available online: http://www.biomedcentral.com/1471
-2458/7/157 (accessed on 1 May 2020).

5. Watkins, R.E.; Cooke, F.C.; Donovan, R.J.; MacIntyre, R.; Itzwerth, R.; Plant, A.J. Tackle the problem when it gets here: Pandemic
preparedness among small and medium businesses. Qual. Health Res. 2008, 18, 902–912. [CrossRef] [PubMed]

6. Hristov, I.; Chirico, A. The role of sustainability key performance indicators (KPIs) in implementing sustainable strategies.
Sustainability 2019, 11, 5742. [CrossRef]

7. Bouey, J. Assessment of COVID-19’s Impact on Small and Medium-Sized Enterprises. Implications from China. Testimony
Presented Before the House, Small Business Committee on March 10, 2020. Available online: https://www.rand.org/pubs/
testimonies/CT524.html (accessed on 2 May 2020).

8. Dai, R.; Hu, J.; Zhang, X. The Impact of Coronavirus on China’s SMEs: Findings from the Enterprise Survey for Innovation
and Entrepreneurship in China. 2020. Available online: https://www.cgdev.org/publication/impact-coronavirus-chinas-smes-
findings-from-esiec (accessed on 3 May 2020).

https://www.worldometers.info/coronavirus/
http://www.aps.dz/sante-science-technologie/103207-des-hopitaux-de-reanimation-et-des-appareils-de-respiration-artificielle-en-cours-d-acquisition
http://www.aps.dz/sante-science-technologie/103207-des-hopitaux-de-reanimation-et-des-appareils-de-respiration-artificielle-en-cours-d-acquisition
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200928-weekly-epi-update.pdf?sfvrsn=9e354665_6
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200928-weekly-epi-update.pdf?sfvrsn=9e354665_6
http://www.biomedcentral.com/1471-2458/7/157
http://www.biomedcentral.com/1471-2458/7/157
http://dx.doi.org/10.1177/1049732308318032
http://www.ncbi.nlm.nih.gov/pubmed/18552317
http://dx.doi.org/10.3390/su11205742
https://www.rand.org/pubs/testimonies/CT524.html
https://www.rand.org/pubs/testimonies/CT524.html
https://www.cgdev.org/publication/impact-coronavirus-chinas-smes-findings-from-esiec
https://www.cgdev.org/publication/impact-coronavirus-chinas-smes-findings-from-esiec


Healthcare 2021, 9, 19 18 of 20

9. Fernandes, N. Economic Effects of Coronavirus Outbreak (COVID-19) on the World Economy. 2020. Available online: https:
//papers.ssrn.com/sol3/papers.cfm?abstract_id=3557504 (accessed on 3 May 2020).

10. Jandoc, K.; Mendoza, A.; Luz Quimboet, S. Vulnerable to the Virus: Globally-Oriented Manufacturing Firms at Risk from the Spread of
COVID-19; UP School of Economics, University of the Philippines: Quezon City, Philippines, 2020.

11. Palma-Heredia, D.; Poch, M.; Cugueró-Escofet, M.À. Implementation of a decision support system for sewage sludge management.
Sustainability 2020, 12, 9089. [CrossRef]

12. Khalifa, M.; Khalid, P. Developing strategic health care key performance indicators: A case study on a tertiary care hospital. In
Proceedings of the 5th International Conference on Current and Future Trends of Information and Communication Technologies
in Healthcare (ICTH 2015), Procedia Computer Science, Berlin, Germany, 27–30 September 2015; Volume 63, pp. 459–466.

13. Vallance, S.; Dixon, E.J.; Perkins, C.H. What Is Social Sustainability? Clarif. Concepts Geoform. 2011, 42, 342–348. [CrossRef]
14. Hale, J.; Legun, K.; Campbell, H.; Carolan, M. Social sustainability indicators as performance. Geoforum 2019, 103, 47–55.

[CrossRef]
15. Jackson, T.K. Economy of mutuality: Equipping the executive mindset for sustainable business. In Managing Sustainable Business.

An Executive Education Case and Textbook; Lenssen, G.G., Smith, N.C., Eds.; Springer: New York, NY, USA, 2019.
16. Lawrence, J.; Rasche, A.; Kenny, K. Sustainability as opportunity: Unilever’s sustainable living plan. In Managing Sustainable

Business. An Executive Education Case and Textbook; Lenssen, G.G., Smith, N.C., Eds.; Springer: New York, NY, USA, 2019.
17. Wong, K.L.; Chong, K.E.; Chew, B.C.; Tay, C.C.; Mohamed, S.B. Key performance indicators for measuring sustainability in health

care industry in Malaysia. J. Fundam. Appl. Sci. AJOL 2018, 10, 646–657.
18. Morsing, M.; Oswald, D.; Stormer, S. The ongoing dynamics of integrating sustainability into business practice: The case of

novo nordisk, A/S. In Managing Sustainable Business. An Executive Education Case and Textbook; Lenssen, G.G., Smith, N.C., Eds.;
Springer: New York, NY, USA, 2019.

19. Buffoli, M.; Alfonsi, E.; Capolongo, S. Evidence based design and healthcare: An unconventional approach to hospital design.
Ann. Ig. 2014, 26, 137–143.

20. Parmenter, D. A Key Performance Indicators. Developing, Implementing and Using Winning KPIs, 4th ed.; Wiley: Hoboken, NJ,
USA, 2019.

21. Hörner, E. Alliance management at merck: Establishing an operational 100-day plan for alliance launches and management.
In Advances in Pharma Business Management and Research; Schweizer, L., Dingermann, T., Russe, O.O., Jansen, C., Eds.; Springer:
Cham, Switzerland, 2020.

22. Schmidt, C.; Li, W.; Thiede, S.; Kornfeld, B.; Kara, S.; Herrmann, C. Implementing key performance indicators for energy efficiency
in manufacturing. In Proceedings of the 49th CIRP Conference on Manufacturing Systems (CIRP-CMS 2016), Stuttgart, Germany,
25–27 May 2016; pp. 758–763.

23. Mikhailova, D. Quality management system for R&D project and portfolio management in pharmaceutical company. In Advances
in Pharma Business Management and Research; Schweizer, L., Dingermann, T., Russe, O.O., Jansen, C., Eds.; Springer: Cham,
Switzerland, 2020.

24. Fernandes, O.; Gorman, S.K.; Slavik, R.S.; Semchuk, W.M.; Shalansky, S.; Bussières, J.-F.; Doucette, D.; Bannerman, H.; Lo, J.;
Shukla, S.; et al. Development of clinical pharmacy key performance indicators for hospital pharmacists using a modified Delphi
approach. Ann. Pharmacother. 2015, 49, 656–669. [CrossRef]

25. Matsuoka, H.; Hirai, C. Habitat Innovation. In Society 5.0 A People-Centric Super-Smart Society; Hitachi-UTokyo Laboratory, Ed.;
Springer: Berlin, Germany, 2020.

26. Re Cecconi, F.; Dejaco, M.C.; Moretti, N.; Mannino, A.; Blanco Cadena, J.D. Digital Asset Management. In Digital Transformation
of the Design, Construction and Management Processes of the Built Environment; Daniotti, B., Gianinetto, M., Della Torre, S., Eds.;
Springer: Berlin, Germany, 2020.

27. Jiang, S.; Shi, H.; Lin, W.; Liu, H.-C. A large group linguistic Z-DEMATEL approach for identifying key performance indicators in
hospital performance management. Appl. Soft Comput. 2020, 86. [CrossRef]

28. Niemi, T.; Gallay, O.; Hameri, A.-P. Technical note: Mean lead-time as a real-time key performance indicator. Decis. Sci. 2020.
[CrossRef]

29. Shawahna, R. Development of key performance indicators for capturing impact of pharmaceutical care in Palestinian integrative
healthcare facilities: A delphi consensus study, evidence-based complementary and alternative medicine. Hindawai 2020, 2020.
[CrossRef]

30. Galanis, P. The Delphi method. Arch. Hell. Med. 2018, 35, 564–570.
31. Ringle, C.M.; Wende, S.; Becker, J.-M. SmartPLS 3. Boenningstedt: SmartPLS GmbH. 2015. Available online: http://www.

smartpls.com (accessed on 25 December 2020).
32. Sarstedt, M.; Ringle, C.M.; Hair, J.F. Partial least squares structural equation modeling. In Handbook of Market Research; Springer

International Publishing: Cham, Switzerland, 2017; pp. 1–40.
33. Henseler, J.; Ringle, C.M.; Sarstedt, M. A new criterion for assessing discriminant validity in variance-based structural equation

modelling. J. Acad. Market. Sci. 2015, 43, 115–135. [CrossRef]
34. Dijkstra, T.K.; Henseler, J. Consistent partial least squares path modeling. MIS Q. 2015, 39, 297–316. [CrossRef]
35. Hair, J.F.; Hult, G.T.M.; Ringle, C.; Sarstedt, M. A Primer on Partial Least Squares Structural Equation Modeling (PLS-SEM), 2nd ed.;

SAGE Publications, Inc.: Thousand Oaks, CA, USA, 2007.

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3557504
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3557504
http://dx.doi.org/10.3390/su12219089
http://dx.doi.org/10.1016/j.geoforum.2011.01.002
http://dx.doi.org/10.1016/j.geoforum.2019.03.008
http://dx.doi.org/10.1177/1060028015577445
http://dx.doi.org/10.1016/j.asoc.2019.105900
http://dx.doi.org/10.1111/deci.12450
http://dx.doi.org/10.1155/2020/7527543
http://www.smartpls.com
http://www.smartpls.com
http://dx.doi.org/10.1007/s11747-014-0403-8
http://dx.doi.org/10.25300/MISQ/2015/39.2.02


Healthcare 2021, 9, 19 19 of 20

36. Fornel, C.; Larcker, D. Evaluating structural equation models with unobservable variables and measurement error. J. Market.
1981, 18, 39–50. [CrossRef]

37. Henseler, J. Partial least squares path modelling. In International Series in Quantitative Marketing: Advanced Methods for Modeling
Markets; Leeflang, P.S.H., Jaap, E., Wieringa, T.H.A., Bijmolt, K.H., Eds.; Pauwels Springer International Publishing AG: Cham,
Switzerland, 2017; pp. 361–381.

38. Henseler, J.; Ringle, C.M.; Sarstedt, M. Testing measurement invariance of composites using partial least squares. Intern. Market.
Rev. 2016, 33, 405–431. [CrossRef]

39. Sawilowsky, S. New effect size rules of thumb. J. Mod. Appl. Stat. Methods 2009, 8, 26. [CrossRef]
40. Shi, D.; Maydeu-Olivares, A.; DiStefano, C. The relationship between the standardized root mean square residual and model

misspecification in factor analysis models. Multivar. Behav. Res. 2018. [CrossRef]
41. Fache, W.J.P. Integrating strategic and operational decision making using data-driven dashboards: The case of St. Joseph mercy

Oakland hospital. J. Healthcare Manag. 2015, 60, 319–330.
42. McCance, T.; Lynch, M.B.; Boomer, C.; Brown, D.; Nugent, C.; Ennis, A.; Garcia-Constantino, M.; Clelland, I.; Edgars, D.; Radbron,

E.; et al. Implementing and measuring person-centredness using an APP for knowledge transfer: The iMPAKT app. Intern. J.
Qual. Health Care 2020, 32, 251–258. [CrossRef] [PubMed]

43. Bluszcz, A.; Kijewska, A. Selected global indicators for the assessment of sustainable development. In SGEM. Book 5, Proceedings
of the 16th International Multidisciplinary Scientific GeoConference, Albena, Bulgaria, 30 June–6 July 2016; Curran Associates, Inc.:
New York, NY, USA, 2016; Volume 3, pp. 523–530.

44. Yu, S.-C.; Chen, H.-R.; Liu, A.-C.; Lee, H.-Y. Toward COVID-19 information: Infodemic or fear of missing out? Healthcare 2020,
8, 550. [CrossRef] [PubMed]

45. Bhagavathula, A.S.; Aldhaleei, W.A.; Rahmani, J.; Mahabadi, M.A.; Bandari, D.K. Knowledge and perceptions of COVID-19
among health care workers: Cross-sectional study. JMIR Publ. Health Surveill. 2020, 6, e19160. [CrossRef] [PubMed]

46. Boisseguin, H. Corona Virus: Suivez L’évolution de L’épidémie en Algérie. Le Parisien. Mars 27, 2020. Available on-
line: http://www.leparisien.fr/international/coronavirus-suivez-levolution-de-lepidemie-en-algerie-27-03-2020ZBHLQB3
YQNC73B6KLCYFL7JCGI.php (accessed on 29 March 2020).

47. Shawahna, R. Quality indicators of pharmaceutical care in Palestinian integrative healthcare facilities: Findings of a qualitative
study among stakeholders, evidence-based complementary and alternative medicine. Hindawai 2020, 2020, 4520769. [CrossRef]

48. Shrestha, R.; Shrestha, S.; Khanal, P.; Kc, B. Nepal’s first case of COVID-19 and public health response. J. Travel Med. 2020, 27.
[CrossRef]

49. Upadhyaya, D.P.; Paudel, R.; Acharya, D.; Khoshnood, K.; Lee, K.; Park, J.-H.; Yoo, S.-J.; Shrestha, A.; BC, B.; Bhandari, S.; et al.
Frontline healthcare workers’ knowledge and perception of COVID-19, and willingness to work during the pandemic in Nepal.
Healthcare 2020, 8, 554. [CrossRef]

50. Lystad, R.P.; Brown, B.T.; Swain, M.S.; Engel, R.M. Impact of the COVID-19 pandemic on manual therapy service utilization
within the Australian private healthcare setting. Healthcare 2020, 8, 558. [CrossRef]

51. Prakash, B.-J. Patient satisfaction. J. Cutan Aesthet Surg. 2010, 9, 151–155. [CrossRef]
52. Rosdia, A. KPI of the Day–Healthcare: % Patient Satisfaction. 8 June, Performance Magazine, 2017. Available online: https:

//www.performancemagazine.org/kpi-day-healthcare-patient-satisfaction/ (accessed on 28 February 2020).
53. Miyake, D. Clear point strategy, 115 Healthcare KPIs & Scorecard Measures Guide. 2020. Available online: https://offer.

clearpointstrategy.com/healthcare-kpi-library (accessed on 12 January 2020).
54. Oche, M.O.; Adamu, H. Determinants of patient waiting time in the general outpatient department of a tertiary health institution

in North Western Nigeria. Ann. Med. Health Sci. Res. 2013, 3, 588–592.
55. Collins, A.S. Patient Safety and Quality: An Evidence-Based Handbook for Nurses, Hughes RG; Agency for Healthcare Research and

Quality: Rockville, MD, USA, 2008; Volume 1, p. 20.
56. World Health Organization (WHO). European Health Information Gateway 2008, Bed Occupancy Rate (%), Acute Care Hospitals

Only. 2008. Available online: https://gateway.euro.who.int/en/indicators/hfa_542-6210-bed-occupancy-rate-acute-care-
hospitals-only/ (accessed on 10 April 2020).

57. Porta, M. Mortality Rate, Morbidity rate; Death rate; Cumulative death rate; Case fatality rate. In A Dictionary of Epidemiology, 5th
ed.; Oxford University Press: Oxford, UK, 2014; p. 60.

58. Utah Department of Health (UDH). Calculation of Infection Rates. 2017. Available online: http://health.utah.gov/epi/diseases/
HAI/resources/Cal_Inf_Rates.pdf (accessed on 21 February 2020).

59. Acharya, S.; Dharel, D.; Upadhyaya, S.; Khanal, N.; Dahal, S.; Dahal, S.; Aryal, K. Study of factors associated with waiting time
for patients undergoing emergency surgery in a tertiary care centre in Nepal. J. Soc. Anesthesiolog. Nepal 2015, 1, 7–12. [CrossRef]

60. Sreekala, P.; Arpita, D.; Varghese, M.E. Patient waiting time in emergency department. Int. J. Sci. Res. Publ. 2015, 5.
61. Cronhjor, Y. Criteria to evaluate the quality of building envelope retrofits. Archit. Res. Finl. 2018, 2, 152164.
62. Gherri, B. Natural Light and Daylight Assessment, a New Framework for Enclosed Space Evaluation. 2020. Available online:

http://thedaylightsite.com/natural-light-and-daylight-assessment/ (accessed on 31 March 2020).
63. Amasuomo, T.T.; Amasuomo, J.O. Perceived thermal discomfort and stress behaviours affecting students’ learning in lecture

theatres in the humid tropics. Buildings 2016, 6, 18. [CrossRef]

http://dx.doi.org/10.1177/002224378101800104
http://dx.doi.org/10.1108/IMR-09-2014-0304
http://dx.doi.org/10.22237/jmasm/1257035100
http://dx.doi.org/10.1080/00273171.2018.1476221
http://dx.doi.org/10.1093/intqhc/mzaa018
http://www.ncbi.nlm.nih.gov/pubmed/32211855
http://dx.doi.org/10.3390/healthcare8040550
http://www.ncbi.nlm.nih.gov/pubmed/33321949
http://dx.doi.org/10.2196/19160
http://www.ncbi.nlm.nih.gov/pubmed/32320381
http://www.leparisien.fr/international/coronavirus-suivez-levolution-de-lepidemie-en-algerie-27-03-2020 ZBHLQB3YQNC73B6KLCYFL7JCGI.php
http://www.leparisien.fr/international/coronavirus-suivez-levolution-de-lepidemie-en-algerie-27-03-2020 ZBHLQB3YQNC73B6KLCYFL7JCGI.php
http://dx.doi.org/10.1155/2020/4520769
http://dx.doi.org/10.1093/jtm/taaa024
http://dx.doi.org/10.3390/healthcare8040554
http://dx.doi.org/10.3390/healthcare8040558
http://dx.doi.org/10.4103/0974-2077.74491
https://www.performancemagazine.org/kpi-day-healthcare-patient-satisfaction/
https://www.performancemagazine.org/kpi-day-healthcare-patient-satisfaction/
https://offer.clearpointstrategy.com/healthcare-kpi-library
https://offer.clearpointstrategy.com/healthcare-kpi-library
https://gateway.euro.who.int/en/indicators/hfa_542-6210-bed-occupancy-rate-acute-care-hospitals-only/
https://gateway.euro.who.int/en/indicators/hfa_542-6210-bed-occupancy-rate-acute-care-hospitals-only/
http://health.utah.gov/epi/diseases/HAI/resources/Cal_Inf_Rates.pdf
http://health.utah.gov/epi/diseases/HAI/resources/Cal_Inf_Rates.pdf
http://dx.doi.org/10.3126/jsan.v1i1.13582
http://thedaylightsite.com/natural-light-and-daylight-assessment/
http://dx.doi.org/10.3390/buildings6020018


Healthcare 2021, 9, 19 20 of 20

64. Olesen, B.W.; Hagström, K. Industrial Ventilation Design Guidebook. 2001. Available online: https://www.sciencedirect.com/
book/9780122896767/industrial-ventilation-design-guidebook#book-description (accessed on 26 March 2020).

65. World Health Organization (WHO). Domestic Water Quantity, Service, Level and Health. 2003. Available online: https:
//www.who.int/water_sanitation_health/diseases/WSH0302.pdf (accessed on 18 February 2020).

66. Balaras, C.A.; Dascalaki, E.G.; Droutsa, K.G.; Kontoyiannidi, S.; Guruz, R.; Gudnason, G. Energy and other key performance
indicators for buildings–Examples for hellenic buildings. Glob. J. Energy Technol. Res. Updates 2014, 1, 71. [CrossRef]

67. Environmental Key Performance Indicators (EKPIs). Reporting Guidelines for UK Business. 2006. Available online:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/69281/pb11321
-envkpi-guidelines-060121.pdf (accessed on 11 January 2020).

68. World Health Organization (WHO). Management of Solid Health-Care Waste at Primary Health-Care Centres A Decision-Making
Guide. 2005. Available online: https://www.who.int/water_sanitation_health/medicalwaste/decisionmguide_rev_oct06.pdf
(accessed on 16 March 2020).

69. Nwachukwu, N.C.; Anayo Orji, F.; Ugbogu, O.C. Health Care Waste Management–Public Health Benefits, and the Need for Effective
Environmental Regulatory Surveillance in Federal Republic of Nigeria; IntechOpen: London, UK, 2013; pp. 150–177.

70. Soava, G.; Mehedintu, A.; Burlea-Schiopoiu, A. Innovative Technologies, the Premises of Big Data in Ehealth. In Proceedings of
the 29th IBIMA Conference, Vienna, Austria, 2–4 May 2017.

https://www.sciencedirect.com/book/9780122896767/industrial-ventilation-design-guidebook#book-description
https://www.sciencedirect.com/book/9780122896767/industrial-ventilation-design-guidebook#book-description
https://www.who.int/water_sanitation_health/diseases/WSH0302.pdf
https://www.who.int/water_sanitation_health/diseases/WSH0302.pdf
http://dx.doi.org/10.15377/2409-5818.2014.01.02.2
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/69281/pb11321-envkpi-guidelines-060121.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/69281/pb11321-envkpi-guidelines-060121.pdf
https://www.who.int/water_sanitation_health/medicalwaste/decisionmguide_rev_oct06.pdf

	Introduction 
	Literature Review and Premises of Research 
	Social Sustainability Indicators 
	Economic Sustainability Indicators 
	Indicators of Internal Process 
	Technical Indicators 

	Methodology 
	Sample 
	Measures 

	Results and Discussion 
	Conclusions 
	
	
	
	
	
	
	References

