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A B S T R A C T   

This article examines policy innovation, emergence of innovative health technology and its implication for a 
health system. The complexity of policy innovation implementation resulting from mixing public health reso
lution and economic interest will trigger the emergence of innovative health technology, which implies a health 
system improvement. The findings revealed that: First, policy innovation based on a science-mix category created 
the complexity of policy enforcement, affected the scale and speed of COVID-19 transmissions, and triggered the 
emergence of health innovative technology. Second, despite policy innovation in early COVID-19, handling was 
relatively less successful due to restricting factors in policy implementation but provided a new market for the 
emergence of innovative health technology. Third, the emergence of innovative health technology has 
strengthened health system preparedness during the pandemic, and provide an opportunity to re-examine the 
strengths and deficiencies of an entire health system for better health care.   

1. Introduction 

1.1. Background 

COVID-19 has attacked almost all countries in the world. For coun
tries affected by this virus there is no choice but to unite against an 
invisible enemy. Each country has its own experience in conquering 
COVID-19. In Italy, where the pandemic turned into a disaster, a major 
contributing factor to COVID-19 disaster was the decision-making pro
cess at many levels of government [1]. China revealed that the most 
critical factors in stopping a pandemic were early recognition of infected 
individuals, carriers and contacts, and rapid implementation of quar
antine measures with an organized, pro-active and unified strategy at a 
national level. Delays resulted in significantly higher death tolls [2]. 
Vietnam was characterized by a rapid response, clear leadership, a 
multi-sectoral approach, and supported by clinical care and a public 
health response [3]. Thailand managed the COVID-19 pandemic by 
implementing real-time application technologies by using a bottom-up 
approach, resulting in people taking greater control of their own 
health, improving efficiency and reduction of demand on health re
sources [4]. Rapid response and high reliance on technology have been a 
common characteristic of countries that have successfully managed 

COVID-19 such as Israel, Singapore and Korea [5]. While, Indonesia 
faced governance challenges in dealing with the early COVID-19, which 
was exacerbated by political nuances in pandemic handling, ignorance 
of science, limited economic capacity, and an inadequate health service 
system [6]. 

Science and knowledge gained from these experiences produced a 
high level of confidence, and had applicability to specific places, times, 
society, and events. Those documented experiences in peer reviewed 
journals became knowledge sources to broaden insights in policy mak
ing. Beside documents, the main source of knowledge for policy making 
is people, including internal colleagues, external contacts, and their 
contacts. External contact comprises individuals who are scientific 
professional representatives or membership in professional organiza
tions [7]. In the case of COVID-19 handling, France valued the 
science-based evidence by appointing group of scientists as an advisory 
board to help manage the crisis. However, in situations where decision 
makers face radical uncertainty, sticking to conventional approaches 
might jeopardize the science-policy interface [8]. In handling 
COVID-19, Indonesian government did not fully put science first in early 
COVID-19 handling [9,10]. Indonesia used a “science-mix category” in 
designing its COVID-19 handling policy. 

The definition of a science-mix category in this study is public health 

* Corresponding author. 
E-mail addresses: aminullahe@yahoo.com, erman.aminullah@lipi.go.id (E. Aminullah).  

Contents lists available at ScienceDirect 

Technology in Society 

journal homepage: www.elsevier.com/locate/techsoc 

https://doi.org/10.1016/j.techsoc.2021.101682 
Received 1 April 2021; Received in revised form 6 June 2021; Accepted 15 July 2021   

mailto:aminullahe@yahoo.com
mailto:erman.aminullah@lipi.go.id
www.sciencedirect.com/science/journal/0160791X
https://www.elsevier.com/locate/techsoc
https://doi.org/10.1016/j.techsoc.2021.101682
https://doi.org/10.1016/j.techsoc.2021.101682
https://doi.org/10.1016/j.techsoc.2021.101682
http://crossmark.crossref.org/dialog/?doi=10.1016/j.techsoc.2021.101682&domain=pdf


Technology in Society 66 (2021) 101682

2

resolution mix with economic interests in designing the COVID-19 handling 
policy. The implementation of health protocols is balanced with the 
continuity of socio-economic activity, where the application of health 
protocol for all people (including washing hand, social distancing and 
wearing mask) is balanced with controlling people mobility and 
crowding in socio-economic activity. Indonesia government can be 
categorized as implementing policy innovation in early COVID-19 (see 
literature review), which was driven by the exponentially rising rates of 
COVID-19. The mixture of public health resolution mix with economic 
interests created the complexity of policy implementation without clear 
priorization, which caused an increasing rate of COVID-19 infection, 
and a higher level of concern to seek a quick solution. In short, the 
complexity of policy innovation implementation had an impact on 
emergence of innovative technology for a quick solution to the COVID-19 
pandemic. 

The Indonesian policy innovation that put into effect science-mix 
policy instruments distinct from the general policy measure (lock
down), was a Large Scale Social Restriction (LSSR). The LSSR is stricter 
than social distancing (SD) guidelines, but not lockdown, because it gave 
opportunity for people to move outside their home for fulfilling essential 
needs. The LSSR belongs to the authority of central government, which 
receives and approves regional administration (city, district and prov
ince) proposals for the LSSR. A LSSR proposal must be based on epide
miology, threat magnitude, effectiveness, supporting resources and 
operational, technical, political, economic, socio-cultural, defense and 
security considerations [11]. Indonesia applied SD from March, 15 to 
April 10, 2020, followed by LSSR from April 10 to May 31, 2020. We 
define this period as early COVID-19, since then Indonesia has entered a 
new normal phase from June 1, 2020 up to present. 

Policy innovation based on science mix category was designed and 
enforced by policy makers to conquer COVID-19. As a matter of fact 
COVID-19 case numbers were around twenty eight thousand in the 
period early COVID-19, then rose to around 1.5 million by the end of 
March 31, 2021, ten months later. To sum up the complexity of the 
pandemic, we cite the famous Steve Jobs’ quote:“You can not under
stand what happening today without understanding what came before”. 
In the context of acquiring a deep understanding of past events, we 
conducted the system dynamics modelling of early COVID-19 handling 
in Indonesia. The model explained the patterns of problematic behaviors 
caused primarily by the design of feedback structure inside the system, 
thus we understand how and why the system of early COVID-19 
handling really worked. This is the first model of system dynamics on 
early COVID-19 handling, while the most recent scientific work on 
COVID-19 modelling by Ref. [12] focused on a future scenario of 
COVID-19. 

Theoretically, this study had three contributory values: First, the 
original framework for seeing the whole picture of early COVID-19 
handling (Fig. 1), which was formulated into an original model of sys
tem dynamics (Fig. 2). Second, revealing the emergence of innovative 
health technology driven by complexity of crisis that needs quick solu
tions, will enrich the concept of [13] that technological emergence is a 
cyclic process in highly creative scientific networks. Third, understand
ing the reality of a policy innovation dynamic in the past contributed to 
enrich historically sensitive policy making model in policy science [14]. 

1.2. Objective of study 

The objectives of study are: i) to understand the events behind the 
dynamic curves in early COVID-19 handling, where the curves was 
drawn with computer simulation by using system dynamics modelling, 
and; ii) to carry out policy analysis with computer simulation to explain 
the policy innovation effectiveness during early COVID-19 handling. 
The key questions are: i) How effective were the early COVID-19 
handling policy instruments by social distancing (SD) and largescale 
social restriction (LSSR)?; ii). How science-mix category affected policy 
related events behind dynamic curves of early transmission of COVID- 

19?; iii) What were the impacts of policy innovation implementation 
on the emergence of innovative health technology?; and iv) What 
important lessons were learnt from model intervention by computer 
simulation for future epidemic/pandemic handling and health system 
improvement? 

1.3. Methodology 

1.3.1. System dynamics modelling 
Methodology of study was the application of system dynamics 

modelling for understanding past policy implementation and learning 
for future policy improvement [15]. The modelling in system dynamics 
are as follows: First, model building was enriched from the method of 
“from story to structure” [16]. The model was constructed from data/
evidence behaviour to be a original model or “from real data to model”. 
The evidence was documented [17]. Systematization of evidence was 
formulated into five dynamic patterns of events: i. the exponentially 
rapid increase of COVID-19’s cases; ii. gradual increase in government 
policy responses; iii. gradual expansion in the scope of LSSR enforce
ment; iv.gradual extension in the control of people mobility; and v. the 
gradual relaxation of prolonged LSSR enforcement. The structure of the 
model behind these dynamic patterns was constructed (section 3) based 
on conceptual framework (section 2). 

Second, computer simulation used Powersim software. The simulation 
results as graphical events behind the dynamics patterns are described in 
section 4. Policy analysis was conducted by computer simulation to find 
policy leverage and policy correction for solving the sources of policy 
failures, then discussion on simulation results were condensed into the 
lessons learnt from the success and failure of informing policy with 
science-mix category as revealed in section 5. 

1.3.2. Data types and sources 
Two types of data were used: first, quantitative data included number 

of positive cases, number of patients in treatment, number of patient 
deaths, number of recovered patients, and number of people tested by 
PCR. For documentation of data types (Appendix 3). Second, qualitative 
information related to: the story of early spatial distribution of COVID- 
19, changing patterns of government policy response to COVID-19, 
leadership attitude on early COVID-19, policy resistance to early 
COVID-19; and the difficulty of reaching consensus in early COVID-19. 

Data source of study were the daily statistics published by Infeksi 
EmerGing department, Official update information media on emerging 
infectious disease, Ministry of Health, Indonesia [18]. For qualitative 
data sources, the study used media mainstream news on early 

Fig. 1. Dynamic complexity and emergence of innovative health technology.  
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COVID-19, namely, the Jakarta Post, CNN Indonesia, Kompas, Media 
Indonesia and Antaranews. Data period for analysis was limited in the 
three months of early COVID-19 between day 1 (first case detected) to 
day 94 (closing of LSSR and entering the new normal phase). 

1.3.3. Validated model 
Validated model passed four orderly stages. The order of testing from 

one to four is decisive, if test fails at one stage then model construction 
must start from the beginning [19]. 

First, empirical structure test by comparing model equations against 
knowledge from the real system being modelled. The model was con
structed from real data/evidence through understanding the dynamics 
patterns of evidence, where the model structure (section 3) and equa
tions (appendix 2) was formulated from the dynamic patterns of 
evidence. 

Second, theoretical structure test by comparing model equations 
against generalized knowledge on the system, that exist in the literature. 
Theoretical structure of first loop is the interplay between infected 
people and people contact [20], and the second loop is interplay be
tween infected people and people mobility [21], (section 2.2.2). 

Third, stability of structure test by modifying model parameter, 
which generated similar patterns of model simulation behaviors against 
the patterns of real data behaviors. The stability of structure test was 
confirmed by similar patterns among the confirmed case (real data), 
positive case (simulation) and infected people (simulation) (Appendix 
1). 

Fourth, patterns of prediction behaviors test by policy testing, which 
produced a logical results or corresponded with the behaviors of the real 
system. Prediction behaviors was tested by Initial Policy Response (IPR) 
parameter (section 5.2). The simulation results were in correspondence 
with the empirical experience on the success of very rapid response in 
COVID-19’s handling, as proven by Vietnam and Taiwan (section 5.4 
and Appendix 1). 

1.3.4. How the model worked 
The model worked through computer simulation that mimics real 

systems. The model can explain how and why the patterns of non- 
linearity on system behaviors occur, caused primarily by the design of 

feedback structure inside the system [22]. In this study, the feedback 
structure was based on the policy innovation perspective, where 
different perspectives result in different designs of the feedback struc
ture and produce different patterns of system behaviors as well. 

2. Literature review and conceptual framework 

2.1. Literature review 

2.1.1. Policy innovation and dynamic complexity 
Policy innovation is policy change from status quo to innovation, 

where change can be on the aims of policy, the means of policy and both 
aims and means of policies [23]. Innovation in the goals of management 
not only inspire but also serve as the magnetic stone in managing the 
innovation program [24]. The extension of health policy goals from a 
public health aspect by the inclusion of socio-economic and political 
aspects, is a policy innovation. Implementing policy innovation by 
mixed policy instruments in early COVID-19 as a new experiment maybe 
less successful, because innovation failure increases when we seek to do 
something we have not been done before [25]. Factors that impact on 
the success of policy innovation and its development are: approach, 
method and tools of policy design [26]. 

Policy innovation for health is driven by the exponentially rising 
rates of chronic disease (and infectious disease such as COVID-19, added 
by authors), obesity, and mental health problems indicate that we need 
to shift course and apply a radically new mind-set to health and health 
policy [27]. Informing policy with science-mix category combining 
public health with socio-economic and political interests in policy 
making is collaborative policy making. The weakness of collaborative 
policy making is the failure to establish a common ground for public 
problem-solving [28]. Collaborative policy making by informing policy 
with science is related to science-policy interface, dealing with the 
relationship between scientists and other actors in the policy process, 
which allows for exchanges, co-evolution, and joint construction of 
knowledge with the aim of enriching decision-making [29]. On 
communicating science advice [30], stated that improving the 
science-policy interface through dialog by having conversations rather 
than talking at one-another; a two-way approach for better information 

Fig. 2. System dynamics model of policy design, socio-economic and public health.  
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sharing. In investigating the use of research results in policy making, it is 
important to understand the context and consider the political and 
economic drivers of decisions making [31]. Political and cultural forces 
are usually far more important for decision-making [32]. In short, we 
comprehend that policy innovation implies dynamic complexity in 
policy implementation. 

The dynamic complexity in policy implementation caused worsening 
COVID-19 transmission and triggered the emergence of innovative 
health technology. The theoretical relationship between complexity and 
creative emergence refer to the concepts of [33]. The dynamic 
complexity in policy implementation can be understood by using system 
thinking. In the context of pandemic crisis, as non-linear interactions 
between healthy and infected people, which is invisible and silent due to 
asymptomatic carriers of the virus, the unfolding crisis needs using 
complexity thinking or application of system thinking to complex sys
tems [34]. The systemically scientific methods of dealing with 
complexity of quantification and modeling at both a basic and more 
advanced level, and considering both theory and application, was 
explained by Ref. [35]. Quantitative modelling for understanding dy
namic complexity by using system dynamics method was used by the 
founder of system dynamics [15,36,37]. 

2.1.2. Emergence of innovative health technology and implication for health 
system 

Seven clusters of rapid-response COVID-19 innovations were cate
gorized [38]. The clusters of innovative technology are medical equip
ment and protectives innovations. Medical equipment describes 
innovations for equipment used in hospitals, mainly centering around 
the production of ventilators for intensive care units. Protectives de
scribes the production of protective gear such as face masks, hand san
itizers, and visors. For research on technological innovation in fighting 
COVID-19 [39], and health care innovation [40]. Health innovation 
through scientific research on COVID-19 was to create vaccines, health 
devices and innovative products, which are crucial for vaccination, 
disease prevention, early detection, as well as the patient-centered 
treatment [41]. Developing countries’ vaccine manufacturers’ network 
members (including Indonesia) were in progressing in the R&D of 
COVID-19 vaccines and their capacities in the manufacturing, fill-finish 
and distribution of vaccines. Currently, 19 network members engaged in 
the R&D of COVID-19 vaccines, using six principal technology platforms 
[42]. 

The success of policy implementation in detection, prevention and 
response of COVID-19 outbreaks are determined by the health system 
preparedness for emerging infectious diseases (EID) [43]. Ministry of 
Health provided technical guidance on health system preparedness for 
COVID-handling [44]. For the acceleration of COVID-19 handling, the 
health system preparedness in Indonesia was coordinated by task force 
for the acceleration of COVID-19 handling to prepare and strengthen 
health resource capacity in hospitals, laboratories, and other health fa
cilities. The task force coordinated and provided guidelines on the basic 
flow and mechanism of risk mitigation in the community and COVID-19 
handling in health facilities [45]. The health system preparedness de
pends on the availability and capacity of: i) material resources and 
structures elements including works force, infrastructure and medical 
supply, surveillance and communication mechanism, and ii) human and 
institutional elements including governance, and trust [42]. The health 
system preparedness is the key to execute a rapid response and suc
cessful managing COVID-19 [5]. 

COVID-19 caused massive changes to people’s lives but offered an 
opportunity to re-examine the strengths and deficiencies of our health 
care system. The emergence of innovative health technology relates to 
various contexts. In the context of COVID-19, the emergence of virtual 
innovations during the covid-19 pandemic is for a better tomorrow in 
health care [46], telemedicine set to transform healthcare in a 
post-COVID-19 world [47]. In the context of health management, 
transforming the health care prioritizing cost reduction and improved 

patient outcomes have altered medical device innovation and market 
regulations [48]. In the context of health governance, implementing 
evidence-based health innovations will inform health system planners 
and evaluators, especially on effective and sustainable implementing 
evidence-based health innovations for health reforms [49,50]. In the 
context of health administration, the dynamic processes of responding to 
the needs of health society will be critical [51]. In short, the emergence 
of innovative health technology has implications for health system 
management and governance. 

The summary of reviewed literature were the basis for the theoretical 
foundations for the construction of our framework and model structure 
(Section 2.2 and 3), which consists of: i) policy innovation in policy 
objectives including for health and economic goals is essentially 
collaborative policies by converging health resolution and economic 
interests, while the implementation of collaborative policies based on 
public health, economic and political considerations lead to dynamic 
complexity in realizing policy objective; and ii) the dynamic complexity 
in COVID-19 handling system under the less preparedness of health 
system drive the emergence of innovative health technology for quick 
solutions of urgent problems related to rapid rising COVID-19 infections. 

2.2. Conceptual framework 

On the basis of the literature review we: i. formulated the core ideas 
or whole picture that the dynamic complexity of policy innovation lead to 
the emergence of innovative technology during early COVID-19 handling, 
which implied the improvement of the health system, and; ii. con
structed the framework of policy innovation effectiveness resulting from 
the interaction between public health resolution and economic interest 
during early COVID-19 handling (Fig. 1). 

The interaction among four key concepts are as follows: i. Policy 
innovation role. The policy innovation should function as determinant 
factors to drive both in balancing between public health resolution and 
economic interest, the balance between easing economic suppression at 
the cost of worsening COVID-19 and tightening public health resolution 
at the cost of more economic suppression; ii. Interplay between public 
health resolution and economic interest. The public health resolution is the 
prerequisite for economic activity, an increase in people infected by 
COVID-19 suppresses economic activity and social contact, the lower the 
economic activity suppressed by COVID-19, the more intense the search 
for public health resolution by invented innovative health technology; 
iii. Emergent innovative health technology from dynamic complexity. The 
emergence of innovative health technology is unplanned creativity in 
form of emergent technology innovation as a quick response to the 
serious public health problem triggered by COVID-19; and iv. Implication 
for health system. the emergence of innovative health technology implies 
not only to a strengthened health system preparedness during the covid- 
19, but also offers an important opportunity to re-examine the strengths 
and deficiencies of entire health system for a better health care. 

3. Model structure 

3.1. Model components 

The model structure has three components: policy design, socio- 
economy, and public health. 

3.1.1. Policy design 
Policy design and implementation were the use of policy instruments 

including social distancing and physical distancing (SD), and large scale 
social restriction (LSSR). Policy design implementation was mixing the 
interests from various policy stakeholders in health and social-economic 
sectors. The mixture of interests in governing public health problem led 
to policy action without clear priorization [52]. The government pri
ority is a balance between COVID-19 handling and economy recovery. 
Indonesia has been applying both brake and gas pedal for the balancing 
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between manageable health risk and continuous economic activities 
[53]. The policy action based on science-mix category created the 
complexity of early COVID-19 handling in Indonesia. 

3.1.2. Socio-economic components 
i. People contact was the intensity of close contact coming from 

people interaction which was controlled by SD and LSSR to stop the 
spread of infectious diseases; ii. People mobility was the intensity of 
people movement, which was controlled to stop the spread of infectious 
diseases and influenced by people’s social and economic condition; iii. 
Transmission scale was the magnitude of spreading infectious diseases 
depended on close contacts between people; iv. Transmission speed was 
the rate of spreading infectious diseases depended on people mobility; v. 
Transmission was the multiplication of transmission scale and speed as 
the potency of people infected by COVID-19 transmission; vi. New patient 
was the rate of newly positive COVID-19 cases; vii. New transmission was 
the rate of new people needed to be tested as COVID-19 suspects; viii. 
Tested people was the number of testing people (with polymerace chain 
reaction - PCR) whether infected or negative with COVID-19; and ix. 
Infected people was the number of people with positive COVID-19 or 
positivity rate. 

3.1.3. Public health components 
i. Patient in treatment was the number of positive COVID-19 under 

medical treatment; ii. Patient death was the number of patient deaths 
caused by positive COVID19; iii. was the number of patient recovered 
from positive COVID-19; and iv. Positive case was the sum of patient in 
treatment plus death patient and plus recovered patient, which was 
equal to infected people in the element of socio-economic component. 

3.2. Model structure 

Model structure is the interaction three components: policy, socio- 
economy, and public health. Dealing with the complexity of socio- 
economic components determined the success of an operating public 
health component. First, the social economic component consists of two 
main elements, namely the number of tested people and the number of 
infected people. These two elements were determined by policy imple
mentation on SD and LSSR, which were influenced by people’s socio- 
economic condition. Second, the public health component consisted of 
three patient elements, namely patient in treatment, recovered patient 
and dead patient. The sum of these three elements was called total 
number of positive cases. Third, the linkage between socio-economic and 
public health components is bridged by the number of new patients in 
treatment, where new patient was determined by COVID-19 trans
mission, which was defined as the multiplication between the trans
mission scale and the transmission speed (Fig. 2). 

The first loop is the interplay between infected people and people 
contact [20]. An increase in the number of infected people provided 
information on the increase of transmission scale. The increase of 
transmission scale contributed to the increase of COVID-19 trans
mission. It leads to increase the new transmission and it will again in
crease the number of tested people as COVID-19 suspects. Such a 
positive feedback loop process results in the exponential increase in the 
number of infected people. The second loop is the interplay between 
infected people and people mobility [21]. An increase in the number of 
infected people provided information on the increase of people mobility. 
The increase of people mobility leads to increased transmission speed. 
The increase of transmission speed contributed to the increase of 
COVID-19 transmission, which lead to increase the new transmission 
and again increase the number of tested people as COVID-19 suspects. 
Such a positive feedback loop process will force the first loop toward 
exponentially increase in the number of infected people. 

The two positive feedback loops can be changed into negative 
feedback loop by using control measures through policy implementa
tion. Consequently, the exponential increase in the number of infected 

people will shift into a parabolic curve. First, the control of transmission 
scale was done by minimizing people contact by applying SD and LSSR. 
The delay in the application of SD and LSSR will contribute to the in
crease of COVID-19 transmission. Second, the control of transmission 
speed is determined by managing people mobility, which is influenced 
by the socio-economic condition of the people. The difficulties of eco
nomic condition in urban areas due to the implementation of LSSR 
pushed people mobility back to their hometown in rural areas. Then, the 
social needs for family gathering in Ramadhan and Eid celebration also 
pulled the increase of people mobility back to their hometown in rural 
areas. 

4. Simulation results 

4.1. The effectiveness of policy instrument to control COVID-19 

The main policy instrument to control COVID-19 is LSSR. The 
effectiveness of LSSR policy to handle COVID-19 is explained by the way 
LSSR policy works. The LSSR policy was enforced on day 31 or one 
month after COVID-19’s outbreak. There were four events related to 
LSSR policy enforcement: prior to, during, prolong, and before closing 
LSSR implementation. 

The increase of positive COVID-19 or raising the number of new 
patient per day was caused by the following transmission events. First, 
prior to LSSR, the number of positive COVID-19 increased exponentially 
from day 2 to day 28. Such a rapid increase of new patient, which was 
caused by the increasing trend of transmission that reached the first peak 
at day 25. It reflected the restriction guidelines on social distancing and 
physical distancing were less effective. Second, during the preparation of 
LSSR implementation, the number of positive cases continued to in
crease from day 28 to day 38. Third, during the period of LSSR imple
mentation, the rapid increase of transmission occurred by fluctuating 
between day 38 and day 94. There were two peaks during this period, 
the first peak was at day 40 and the second peak at day 80. The 1st LSSR 
succeeded to suppress transmission between day 40 to day 52. The 
transmission continued increase during the prolonged enforcement of 
the 2nd and 3rd LSSR. The second peak at around one thousand new 
patients occurred at day 80. Fourth, before closing the 3rd LSSR, the 
transmission was slightly suppressed from day 80 to day 94. From day 
95, Indonesia had entered the phase of new normal or enforcing LSSR in 
transition (Fig. 3). 

The patterns of dynamic transmission were formed by two elements: 
transmission speed and transmission scale as shown by two interesting 
sets of evidence. 

Firstly, prior to LSSR enforcement there were two peaks. The first 
peak of rapid increase in transmission around day 10 was caused more 
by transmission speed rather than transmission scale. The very rapid 
increase of transmission speed occurred from day 2 to day 15. It was the 
golden time of Indonesian government of lost opportunity to stop the 
transmission speed. The second peak of rapid increase in transmission 
around day 40 was caused more by transmission scale rather than 
transmission speed. The very rapid increase of transmission scale 
occurred between days 35–40. It was the initial time of great efforts in 
fund and resources for LSSR preparation that must be spent to suppress 
the transmission scale. 

Secondly, during LSSR enforcement, the rapid increase of COVID-19 
transmission was caused by both rapid increase of transmission scale 
and transmission speed as well, where the fluctuating increase of 
transmission was caused more by transmission speed rather than 
transmission scale. It infers that Covid-19 transmission was caused by 
mutual enforcing between transmission speed and transmission scale, 
failure to stop the transmission speed at initial time of COVID-19 
outbreak led to transmission scale expansion to anywhere inside Indo
nesian territory (Fig. 4). 

Based on evidence of dynamic curves (Figs. 3 and 4), our findings 
revealed that the effectiveness of LSSR policy intervention to handle 
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COVID-19 depends on three factors: the rapidness of LSSR intervention 
time, strictly controlled transmission speed, and consistent control of 
transmission scale. The delay in LSSR intervention time, less control of 
transmission speed, and less consistent control of transmission scale had 
constrained the achievement of effective LSSR policy intervention to 
handle COVID-19. The discussion of why these happened is found in 
Section 6.1. 

4.2. Policy related events behind dynamic curve of COVID-19 
transmission 

The science-mix category converges interests from various policy 
stakeholders (in health and social-economic sector). Such processes in
fluence the ways of setting policy responses and affect the instruments 
for implementing policy decision. The science-mix category created 
policy dynamic at implementation stage that finally affects the COVID- 

19 transmission speed and the transmission scale as well. 

4.2.1. Transmission scale curve 
This study revealed that the adoption of science-mix category during 

pandemic outbreak delayed policy enforcement and affected the 
consistent control of transmission scale. The dynamic patterns are as 
follows: 

First, the transmission scale had increased exponentially from the day 
1 to day 28. The exponential increase of transmission scale was caused 
by: i) public campaign on social restriction including social and physical 
restrictions was less effective between day 15 to day 28; and ii) LSSR 
enacted at day 28 meant that policy delay for one month after day 1 
since COVID-19 was detected. Why this happened is elaborated in Sec
tion 5. The consequence of LSSR policy delay was greater effort to fund 
and resources to meet policy targets with the delayed response. 

Second, the transmission scale continued to increase rapidly during 

Fig. 3. Patterns of transmission and positive case in early COVID-19.  

Fig. 4. The transmission scale and speed in early COVID-19.  
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the period of LSSR preparedness between day 28 and day 38. The rapid 
increase was the co-incidence with mass traveling going back early to 
hometown prior to Ramadhan. Strict LSSR policy implementation suc
ceeded to initially suppress the transmission scale from day 40 to day 52, 
but it continued to increase afterwards. The re-increase of the trans
mission scale was caused by the mass traveling effect, which was related 
to three mobility factors: i) going out of economic pressure in urban 
areas for low income of daily workers; ii) social needs for family gath
ering in Ramadhan; and iii) local traveling and seasonal crowding before 
Eid celebration that caused citizens to disobey LSSR rules (Fig. 5). 

4.2.2. Transmission speed curve 
The application of science-mix category during pandemic outbreak 

caused a delay in policy enforcement and finally affecting COVID-19 
transmission speed. Between the first case identified, there was five 
days of delay time for transmission speed to spread. The transmission 
speed increased abruptly between day 7 to day 15 and determined that 
COVID-19 was allowed spreading extensively without significant gov
ernment intervention. In the next two weeks (days 15–30), the gov
ernment took steps to campaign for social distancing and physical 
distancing. Even though the campaigns of work from home (WFH) had 
reduced people mobility and transmission speed as well, the initial 
transmission speed of COVID-19 between day 7 to day15 had spread to 
several other areas, and the COVID-19 epicenter shifted to the dense 
population region of Jakarta Province. 

The transmission speed had been successfully reduced by LSSR pol
icy preparedness between day 28 and day 38. The LSSR policy pre
paredness caused economic difficulties for daily low-income people, 
which caused the wave of mass traveling out of Jakarta. The LSSR 
implementation between the day 38 and day 94 was co-incidental with 
returning to hometown earlier before Eid and doing Ramadhan’s fasting 
at hometown. Initially, the LSSR policy was successful, but later it 
became less successful because of increasing people mobility in several 
cities and districts of hometown destinations, mainly on Java Island. 
After Eid celebration, the transmission speed was suppressed by the 
strict control of people mobility and new normal preparation as well. In 
short, transmission speed followed people mobility (Fig. 6). 

5. Discussion 

5.1. Restricting factors 

The computer simulation results revealed the policy dynamic behind 
the dynamic curves. The Indonesian policy on COVID-19 handling, 
which was driven by a policy mix perspective, must be agreed by health, 
social economic and political stake holders. Moreover, policy on COVID- 
19 handling operates in complex environments, it was an abnormal 
situation in which many factors were also operating and tightly specified 
causal analysis of policy effects should be tested before implementing, 
was simply not possible to undertake [54]. The following explanation 
discusses the three restricting factors coming from that complex envi
ronment, namely: i) the perception of COVID-19 as an insignificant 
problem; ii) policy resistance; and iii) the difficulty of reaching 
consensus. 

First, dealing with COVID-19 was an attitude problem, the COVID-19 
was perceived as an insignificant problem and consequently that led to 
symptomatic solutions and caused fundamental problems. This attitude 
caused the lack of anticipation that resulted in less preparedness when 
COVID-19 was identified as having entered Indonesian territory. The 
overconfident attitude of the government was found in various state
ments of the government elite or state actors. Initially by discrediting the 
study results of a scientist from the Harvard T. H. Chan School of Public 
Health who said the presence of the corona virus in Indonesia was 
detected [55]. Furthermore, it became a high-level joke by a top Min
ister who said that Indonesia is the only major country in Asia that has 
not been touched by the corona case [56]. A government Minister 
expressed ‘jokingly’ by saying COVID-19 virus does not enter Indonesia 
because of ‘cats rice’ [57]. Meanwhile, the top decision maker said that 
wild horse milk can counter corona virus [58]. These denials of severe 
problems contribute to the failure of government policy innovation 
[59]. Moreover, the traditional knowledge cannot stand up against the 
scientific knowledge which is often ignored [32]. 

These government official’s statements of underestimating the 
presence of COVID-19, resulted in some delays in decision making. The 
delay of decision making to respond to COVID-19 was shown by the 
government’s first decision on the guidelines of Social Distancing two 
weeks after the first case identified on March 2, 2020. Furthermore, later 
on March 31, 2020, the government enacted the LSSR. For the regions, 
which implemented LSSR, they closed public facilities, transportation, 

Fig. 5. Policy related events behind transmission scale in early COVID-19.  
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markets, restaurants and access from both air and land, except for food 
supply and medicines. The delays of decision making resulted in the 
government’s less preparedness to face the spread of the virus raising 
exponentially with an unexpected speed and scale. The less prepared
ness of government had an impact on the limited supply of medical 
equipment at all levels, especially at the provincial and district levels. 
This condition made it difficult for medical workers to provide medical 
services when COVID-19 came to their regions. The medical workers’ 
difficulties emerged in many provinces as medical supplies become 
depleted [60]. 

Second, policy resistance arising from complex environmental re
sponses make matters worse [61]. Policy resistance can be seen from the 
community’s response to government guidelines for social restrictions. 
Government guidelines for applying social distance and physical dis
tance were ignored by most people. The ignorance of people made the 
situation worse, which was shown by the exponential increase in 
COVID-19 cases. The ignorance response by some public elements to 
government guidance happened in various socio-cultural activities such 
as mass preaching, mass prayer, weddings, which can increase the risk of 
COVID-19 transmission through social and physical relations among 
people who were gathered. The crowd appeared at various public fa
cilities, such as restaurants, markets, supermarkets, houses of worship, 
and wedding venues. The resistance was also inherent to: i) the social 
living consideration that requires the culture of high discipline for LSSR 
implementation, where such culture has not fully established in Indo
nesian society; and ii) people’s economic activities consideration, 
especially small to medium enterprises (SMEs), was greatly affected by 
the implementation of LSSR. Such socio-economic and cultural forces 
are more influential than health consideration and usually far more 
important for decision-making [32]. 

The first region implementing the LSSR was the Jakarta province on 
April 10, 2020. The Jakarta provincial government distributed social 
assistance to low-income people expecting them to stay at home during 
the LSSR period. However, the response of low-income people and street 
vendor in the informal sector preferred returning to the village rather 
than survive without income in the city. The exodus of going back to 
hometown coincided with the approaching of fasting and Eid moments, 
where family gatherings during Ramadhan fasting and Eid celebration 
are cultural traditions long rooted in society. Government efforts to 
control mass trips to hometown ranging from appealing to banning were 
less successful. It was estimated that around 500 thousand passenger 

cars left Jakarta in the context of Ramadhan and Eid [62]. As a result of 
mass trips to hometown, the spread of COVID-19 increased in various 
regions outside Jakarta province. The worsening problems due to un
expected social responses were difficult to be controlled by the gov
ernment. Increasing number of cases in the regions, due to the presence 
of back to hometown travelers, was expected to provide lessons for the 
public to comply with government regulations, but it was less successful. 

Third, the difficulty of reaching consensus in policy implementation. 
In the perspective of policy mix in health science plus social and eco
nomic aspects, the characteristics of policy needs to accommodate 
stakeholder interest, which were coming from health care, economic 
activities, social life of the community, pressure groups and others in 
and outside of government. Forrester [37] argued that “there are no 
decision makers with the power and courage to reverse ingrained pol
icies that would be directly contradicted to public expectations”. For 
example, in line with the LSSR implementation, the decision of the 
Jakarta administration closed the inter-city bus terminal, but it was then 
canceled by the transportation ministry. Finally, the closure was done 
again after the COVID-19 transmission increased rapidly. Furthermore, 
the decision to ban people returning to hometown was finally allowed 
by the reasons of easing transportation for emergency purposes and 
limited traveling for special sectors under LSSR regulation as well. The 
difficulty of reaching consensus also occurred in the implementation of 
economic policies that did not synergize with health policies to stop the 
spread of COVID-19 entering the Indonesian territory. For example, it 
was a wicked problem where the government was still opening interna
tional flight routes from China, encouraging foreign tourist visits, and 
even promoting ticket cutting to increase the attractiveness of the tourist 
industry; economic solution caused the health problem. 

Hudson, Hunter & Peckham [28] stated that the weakness of 
collaborative policy-making is the failure to establish a common ground 
for public problem-solving. The more consensual the design process the 
less the likelihood of disagreements at the implementation stages. Dif
ficulties in reaching consensus also occurred in the preparation of a new 
normal. Controversy arose over the timing of the new normal imple
mentation. The government’s desire to implement new normal at the 
beginning of June together when the curve of COVID-19 infections was 
not trending down. The government was faced with a policy priority 
between the interests of health, economics, and both. To combine these 
two options, the health protocol must be followed with discipline and 
the reopening of economic activity gradually launched depending on the 

Fig. 6. Policy related events behind transmission speed in early COVID-19.  
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success of the health protocols. The government’s suggestion to live 
“peaceful with the corona” was responded by a respectful community 
member who said “that the coronas do not want to make peace”. In order 
to start opening economic activities, the government simulated the 
easing of LSSR by reopening access to transportation, malls and markets 
under disciplined health protocol. The enforcement of discipline sup
ported by security measures to occur with full obedience to health 
protocols. The simulation of LSSR easing in the context new normal 
preparation was done before new normal implementation on June 5, 
2020. 

5.2. Counter intuitive policy response 

The first restricting factor was the attitude of overconfidence by 
thinking there was no virus, when the virus was out there. The attitude is 
basically under government control, but the debate between health 
science and economic interests delayed a fundamental solution, which 
finally came with a moderate solution (policy-mix with delay time). For 
our analysis, we called it a “compromised policy-mix”, intuitively agreed 
by policy makers but one year later this policy was recognized by a high 
government official as a careless step [63]. For the future of infectious 
disease handling policy, government needs to avoid overconfidence and 
making preparation to combat the coming wicked problem. A rapid 
initial response without delay on emerging diseases is just as vital as 
early detection to avoid a largescale pandemic [43]. Rapid initial 
response without delay will curtail the time of controlling a pandemic, 
and effective control will stop local transmission amplification. 

A computer simulation of “counter intuitive policy response” was 
based on the logic of system principles [15,36]. We found that effective 
and rapid policy response in controlling of emerging diseases were 
represented by initial value and initial time. The rapidly initial response 
without delay in our model was initial policy response (IPR). The 
simulation results (between day 1–94) showed that: i) the LSSR policy 
was enforced with one month IPR delay after COVID-19’s outbreak, the 
existing positive case was 28,000 infected people; ii) if the IPR delay is 
reduced by ten days or LSSR policy is implemented within 20 days of 
first case identified, the possibly positive case would be less than 10,000 
infected people; and iii) if the IPR delay is reduced by twenty days or 
LSSR policy is implemented within 10 days of first case identified, the 
possibly positive case would be less than 3000 infected people (Fig. 7). 

5.3. Residual policy instrument 

Two restricting factors, namely policy resistance and the difficulty of 
reaching consensus, both proven to be not easily controlled by govern
ment. The adoption of new normal life has been taking place when the 
curve on the addition of new cases of COVID-19 had not steadily 
decreased. The new normal life has been carrying out simultaneously for 
the benefit of health and economy, by enforcing highly disciplined 
health protocols, along with the gradual reopening of economic activ
ities. The policy analysis, through computer simulation, revealed that 
the effective enforcement of highly disciplined health protocols must be 
directed to lowering two restricting factors: policy resistance and diffi
culty of reaching consensus. If government succeed to enforce highly 
disciplined health protocols, there is an expectation to see a gradually 
drop in new cases of COVID-19 in the new normal period [64]. 

The success of enforcing a highly disciplined health protocol will be 
determined by the successful executing systemic control of policy 
implementation in all socio-economic activities. The comprehensive 
monitoring tool needs to be applied sustainably at all levels. The 
application of monitoring tools must be capable of correcting irregu
larities in enforcing highly disciplined health protocols. The participa
tion of all parties collectively was crucial, including public health, 
economic activities, social life, pressure groups and stakeholders inside 
and outside the government bureaucracy, religious leaders, and various 
levels of community leaders down to the grass roots level of society [64]. 
There will be uncertainty until the vaccination for all people has 
occurred, and difficult to maintain the same policy instrument (strict 
LSSR) causing a serious impact on social economic condition, except 
under the COVID-19 emergency risk. The remaining policy instrument, 
as a preventive measure by enforcing highly disciplined health protocols 
with sustainably comprehensive monitoring, is called a residual policy 
instrument for COVID-19 handling. 

5.4. Lessons learnt 

The important lessons learned from model intervention using com
puter simulation is a counter intuitive policy response, where rapid 
initial policy response is the point of leverage for the success of infectious 
disease handling policy. The shorter the delay, the greater the chance of 
success to reduce the number of infected people and the shorter the time 

Fig. 7. Counter intuitive policy effect to possible reduction of infected people.  
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of infectious disease handling. The empirical experience on the success 
of very rapid response in COVID-19’s handling was proven by Vietnam 
[3,65] and Taiwan [5]. By the end of March 2021, total cases in Vietnam 
were only 2591, and Taiwan only had 1022 cases of COVID-19, while 
Indonesia has reached 1.5 million cases (Source: [66]. 

Other important lessons learned from the findings are: i) raising the 
effectiveness of LSSR policy intervention to handle future epidemic or 
pandemic depends on strict control of both transmission speed and 
transmission scale; ii) designing and informing policy with a science-mix 
category should be formulated by consensus in advance and guarantee 
its consistent implementation for effectiveness of future LSSR policy 
intervention [67]. The strategy of policy formulation by consensus 
should be taken through dialog by having conversation rather than 
talking at one-another [30]; and. iii) The participation of all parties 
collectively were crucial until vaccination for all people completed 
because it will be difficult to maintain the main policy instrument 
(LSSR). The remaining policy instrument, as a preventive measure by 
enforcing highly disciplined health protocols, was the sustainable 
comprehensive monitoring at grassroot level. 

6. Emergence of innovative health technology and implication 
for health system 

The complexity of policy innovation implementation resulting from 
mixing between public health resolution and economic interest will 
trigger the emergence of innovative health technology, which implies 
health system improvement. 

Health technology innovation had been emerging during the period 
of LSSR implementation. Indonesia had been building innovation 
capability through scientific research, technology development and 
innovation solution to deal with COVID-19. It was initiated by the 
consortium of research and innovation on COVID-19. The consortium 
has produced 55 technology products, nine of which became superior 
innovative technology products [68]. There is one innovative technol
ogy product (the brand is Genose) has been widely used for COVID19 
detection. This superior Indonesian-made COVID-19 breath analyzer 
sensitivity is comparable to Rapid Test- Polymerase Chain Reaction or 
RT-PCR [69]. All products are the result of R&D cooperation between 
the government, academia and domestic industry. Indonesia also has 
been building innovation capability in basic research for vaccine in
vention to be used for curing COVID-19 by vaccination. It is hoped that 
the vaccine developed by the Eijkman Biomolecular Research Institute 
will be produced by the state-owned biomedical company Biofarma 
Indonesia in March 2021 [70]. Biofarma Indonesia is one of the global 
manufacturers engagements in the COVID-19 vaccine research, devel
opment and supply [71]. 

The emergence innovative health technology should not only 
strengthen health system preparedness during the covid-19, but more 
importantly it also offers an opportunity to re-examine the strengths and 
deficiencies of entire health system for better health care in future. The 
policy implication of those findings for health system and health inno
vation are: First, the rapid initial policy response as the point of leverage 
for the successful stopping of infectious disease outbreaks, it required 
the health system to function. Furthermore, the preparedness of health 
system elements to function well requires continuous upgrading of 
health material resources and structures as well as health human re
sources and institutional change. Second, in the context of enhancing 
innovation capability in health sector, emerging health innovations in 
medical supply equipment, devices, drug development and vaccine 
based on R&D investment needs to be consistently supported by the 
government. The national research and innovation priority should 
allocate sufficient resources, advanced facilities and funds for health 
technology research and bridging the innovation to be commercialized 
through mass production by the industrial sector. 

7. Conclusion 

The conclusion is the complexity of policy innovation implementa
tion resulting from mixing between public health resolution and eco
nomic interest will trigger the emergence of innovative health 
technology, which implies health system improvement. The findings 
revealed that: First, policy innovation based on a science-mix category 
created the complexity of policy enforcement, affected the scale and 
speed of COVID-19 transmissions, and triggered the emergence of 
innovative health technology (i. e. Genose). Second, despite policy 
innovation in early COVID-19 handling it was relatively less successful 
due to restricting factors in policy implementation but provided a new 
market for emergence of innovative health technology. Third, less 
effectivity of large-scale social restriction (LSSR) policy intervention to 
handle COVID-19 in Indonesia because of constraints to execute against: 
the rapidness of LSSR intervention time, strict control of transmission 
speed, and consistent control of transmission scale. 

Limitation of study was the methodology of system dynamics, which 
was intended to explain the patterns of problematic behaviors caused 
primarily by the design of feedback structure inside the system. In this 
study, the feedback structure was based on the perspective of policy 
innovation, where different perspectives lead to different designs of the 
feedback structure. Other system dynamic models based on different 
perspective (for further study) are possible so long as the models are 
designed to understand why the patterns of problematic behaviors 
occurred. 

Policy insight from the study revealed 

First, the rapidness of LSSR intervention time was the point of leverage 
to curtail the time of controlling pandemic, and effective control by 
enforcing counter intuitive policy response would stop local trans
mission amplification. This finding was in line with the empirical 
experience on the success of very rapid response in COVID-19’s 
handling, as proven by Vietnam and Taiwan. Second, the health system 
preparedness is the key to execute a rapid response and successful 
managing COVID-19. Third, the emergence of innovative health tech
nology had strengthened health system preparedness during the covid- 
19. But more importantly it should provide an opportunity to re- 
examine the strengths and deficiencies of entire health system for a 
better health care. 

Scientific contributions of this study were 

First, the original framework for seeing the whole picture of early 
COVID-19 handling, which was formulated into original model of sys
tem dynamics. Second, revealing the emergence of innovative health 
technology was driven by complexity of crisis which needed quick so
lutions and will enrich the concept of Burmaoglu, Sartenaer, & Porter 
[13] on technological emergence as a cyclic process in highly creative 
scientific networks. Third, understanding the reality of a policy inno
vation dynamic in the past contributed to enrich historically sensitive 
policy making model in policy science [14]. The practical contribution 
of the study was the feedback for policy makers to raise the effectivity of 
epidemic or pandemic handling in future, upgrade the health system, 
and increase in health technology innovation capability. 
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