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Abstract 

Background  The effects of the coronavirus disease 2019 (COVID-19) pandemic and subsequent policies in the Neth-
erlands extended beyond healthcare, impacting other societal systems such as education. This study aims to concep-
tualize a coupled education–healthcare system during a pandemic and identify key variables and relations that affect 
the accessibility of both systems. This is essential to address the interconnected nature of pandemic policymaking 
and design policies that account for possible unintended consequences that interventions in healthcare may have 
on education and vice versa. 

Methods  Group model building and in-depth interviews with actors from healthcare and education were used 
to develop a coupled causal loop diagram of healthcare and education accessibility in the Netherlands during a pan-
demic. The causal loop diagram is analysed with cross-impact analysis to identify key leverage points, monitoring 
variables, feedback loops and relations between healthcare and education.

Results  Six causal relations were identified between healthcare and education, indicating a relevant impact 
of healthcare on education during pandemics. Cross-impact analysis identified 24 leverage points, of which 10 were 
in healthcare, 11 in education and 4 in the contextual environment. During the COVID-19 pandemic in the Neth-
erlands, healthcare utilized all these leverage points, education utilized six and two were used not pertaining 
to healthcare or education but the contextual environment. Leverage points included the availability and wellbeing 
of personnel, number of patients, progress of pupils/students and resources. Seven monitoring variables included 
the availability of personnel, resources in education and progress of pupils/students, and were utilized in healthcare 
and education during the pandemic. Four feedback loops were found, of which three are reinforcing. One large 
balancing feedback loop is situated between the healthcare and education system, indicating mutual dependency 
to maintain staff for the accessibility of healthcare and education.
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Background
In the Netherlands, coronavirus disease 2019 (COVID-
19) decisions primarily focussed on maintaining acute 
healthcare accessibility, taking other systems into account 
at a later date [1]. It is becoming increasingly clear that a 
pandemic and measures taken during a pandemic such 
as COVID-19 not only affect the accessibility of (acute) 
healthcare, but also that of other systems, such as edu-
cation [2, 3]. Ensuring the accessibility of healthcare and 
education is an important goal, as is recognized in the 
European law stating the obligation to provide care and 
learning [4, 5]. However, maintaining accessibility is con-
sidered a complex problem for which there is no single 
optimal solution, especially not during a pandemic [6–8]. 
For example, during a lockdown, educators can increase 
accessibility by switching to digital education, but this at 
the same time increases inequality of opportunity, which 
ultimately negatively affects accessibility of the educa-
tional system [6, 9]. The effect of digital education on ine-
quality of opportunity is increased due to socioeconomic 
factors, such as outdated or lack of devices due to poverty 
in families, or less educated parents who cannot support 
their children [10–13]. This example suggests that policy 
decisions such as lockdowns do not only pertain to the 
healthcare system, thus requiring policymaking that con-
siders coupled systems.

Coupled systems can be classified as either tightly or 
loosely coupled [14]. Tightly coupled systems are not 
independent and are responsive to one another. In con-
trast, loosely coupled systems are autonomous systems 
that have individual goals, with the management typi-
cally focussed on realizing these goals, thus function-
ing independently, yet these systems are interconnected. 
These systems can influence one another “suddenly …, 
occasionally …, negligibly …, indirectly …, and eventually 
…” [14], which has implications for their management 
[15]. A change in one system, possibly due to manage-
ment decision, could lead to changes in the second sys-
tem whether intended or not [16]. External changes can 
catalyse local change, creating change that is unplanned 
and uncontrolled by upper management [17]. This sug-
gests that these systems can no longer be managed inde-
pendently and require communication to predict and 
avoid unwanted consequences. The coupled nature of 
the healthcare and educational system can therefore be 

characterized as loosely coupled systems. Several stud-
ies have focussed on loosely coupled systems, including 
educational organizations [18], police forces [19, 20] and 
healthcare asset management [21]. However, little atten-
tion has been paid to loosely coupled systems in times of 
turbulence or crisis.

Similarly, the effects of the pandemic and pandemic 
measures on the accessibility of the coupled healthcare 
and education system has yet to be uncovered [22–24]. 
Treating these systems separately, instead of highlight-
ing their complex and intertwined nature, could nega-
tively affect the accessibility of both systems in the short 
or long term, especially when introducing measures, for 
instance, aimed at addressing a pandemic. Uncovering 
the connected nature of the healthcare and educational 
systems could help decision-makers understand the sys-
tem dynamics, as well as inform decision-making whilst 
considering the coupled nature of these systems. For 
this reason, the aim of the present study is twofold. The 
first aim is to develop a conceptual understanding of the 
coupled nature of the education and healthcare systems 
when considering their accessibility during a pandemic. 
The second aim is to understand the key variables crucial 
to the functioning of the system and complex interac-
tions that affect the accessibility of both systems, particu-
larly during a pandemic.

The paper is structured as follows: Sect.  “Methods” 
outlines the research method, including a description of 
the case study and the methods applied for data collec-
tion and data analysis. Sect. “Results” presents the results 
from the study, which are discussed in Sect. “Discussion”. 
The paper concludes with final observations and conclu-
sions in Sect. “Conclusions”.

Methods
This study applied a mixed-methods system dynamics 
approach [25] to explore and conceptualize the inter-
relations between the Dutch education and healthcare 
systems during a pandemic, with a focus on their acces-
sibility. The methodology section below first outlines the 
system boundaries of the Dutch education and health-
care systems, followed by a definition of the study’s target 
variables and a description of the involved actors. This 
contextualization aims to specify the scope and focus 
of the study. Subsequently, the applied methodological 

Conclusions  Group model building, in-depth interviews and cross-impact analysis identified key variables, causal 
relations and feedback loops illustrating the coupled nature of healthcare and education during pandemics. This 
highlights the need for integrated policymaking that addresses and considers coupled systems to ensure accessibility 
to both healthcare and education. The finalized model can serve as a tool to support such integrated policymaking.

Keywords  Pandemic, Healthcare, Education, Coupled complex systems approach, Complex problem
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approach is presented in three stages. First, a group 
model building (GMB) process was used to develop 
causal loop diagrams (CLDs) that capture complex inter-
relations within and between both systems on the basis 
of the knowledge and experience of sector-specific 
actors. Second, in-depth interviews were conducted with 
selected participants to validate and refine the initial 
diagrams and to explore additional feedback loops and 
leverage points. Finally, a cross-impact analysis (CIA) 
[26–28] was performed to identify the most influential 
variables and relationships within the coupled system, 
with a focus on those affecting system accessibility dur-
ing a pandemic. This combination of methods was aimed 
at capturing and validating complex, real-world interac-
tions between healthcare and education systems during 
the COVID-19 pandemic.

The education and healthcare system in the Netherlands
System boundaries
The education system in the Netherlands spans primary, 
secondary and tertiary education. Primary or elementary 
education is offered from ages 4 to 12. Secondary educa-
tion, also referred to as high school, as of age 12, includes: 
(i) preparatory secondary vocational education (4 years), 
(ii) higher general secondary education (5 years) and (iii) 
preparatory scientific education (6 years). Lastly, tertiary 
education consists of (i) secondary vocational education, 
(ii) higher professional education and (iii) university edu-
cation [29].

The system boundary of the healthcare system in the 
Netherlands includes primary care, secondary care and 
tertiary care. Primary care includes directly accessible 
care for patients such as general practitioners, physi-
otherapists or psychologists. For secondary care, the 
patient needs a referral from a general practitioner to 
access care from a medical specialist or hospital care. 
Tertiary care involves complex and specialized treat-
ments and is provided in academic centres or special-
ized knowledge centres or clinics [30]. Long-term and 
community care cover intensive care for people with 
disabilities and mental illness as well as the frail elderly 
population [31, 32].

Target variables
The target variables of this study were the accessibility of 
the education system and the accessibility of the health-
care system in the Netherlands. Within both systems, 
“accessibility” serves a pivotal role for the functionality of 
the system [5, 33].

Regarding the education system, the Dutch education 
council describes accessibility as follows: “barrier-free 
availability of education for every pupil and student. 
Accessibility also relates to equality of opportunity’’ [34]. 

Access to education is further operationalized on the 
basis of four categories, namely “physical accessibility”, 
“digital accessibility”, “testing and examination accessibil-
ity” and “equal opportunity” [35, 36].

This study defined accessibility of the healthcare sys-
tem in the Netherlands on the basis of a report of the 
Dutch National Institute for Public Health and the Envi-
ronment, as follows: persons who need care have access 
to care services in a timely manner and without barriers 
[37].

Actors involved
Participants were selected using purposive and snow-
ball sampling on the basis of their roles in healthcare 
and education during the COVID-19 pandemic, aiming 
for diverse representation of actors across both systems. 
“Actors” refers to three categories: stakeholders, deci-
sion-makers and experts. The main difference between 
a stakeholder and a decision-maker is that the former is 
affected by the decisions made by the latter [38, 39]. In 
this context, decision-makers are the ones making pan-
demic-related decisions. An expert is a researcher, spe-
cialist or advisor in a specific market or industry. Initial 
invitations were sent via professional email addresses 
or through LinkedIn on the basis of publicly available 
contact details and professional affiliations. In addition, 
invitees were encouraged to recommend other partici-
pants for the study, broadening the network of potential 
participants across relevant domains.

The study was conducted with 31 actors: 21 actors 
from the healthcare system and 10 from education 
(Table 1). Whilst a wide range of experts in both systems 
was sought, overrepresentation may have caused limited 
perspectives on the system and issues. Specifically, in the 
case of healthcare, tertiary care had more than double the 
representation that secondary care did.

Not all participants participated in all group model 
building sessions of their system, with 19% of healthcare 
participants and 30% of education participants present at 
all GMB sessions (see "Applied methods and analysis" for 
methodology). Whilst encouraging participation through 
flexibility in attendance, this may have impacted the con-
tinuity and depth of discussions. The actors performed 
various functions in practice, categorized into the three 
groups mentioned earlier. Some actors performed multi-
ple functions. Finally, the participants represented differ-
ent functions of all sectors within both systems.

The applied methods excluded privacy-sensitive top-
ics, thus exempting it from ethical approval under the 
Dutch Medical Research Involving Human Subjects Act 
[40]. Participants were required to sign consent forms 
before participation, informing them about voluntary 



Page 4 of 18Hadjisotiriou et al. Health Research Policy and Systems           (2025) 23:89 

participation and withdrawal, confidentiality and ano-
nymity and data conservation protocols.

Applied methods and analysis
Whilst studies exist for different relationships amongst 
the healthcare and education systems, particularly on 
school closures and outbreak mitigation [41–43], no 
research has yet focussed on providing a comprehensive 
conceptual overview of their coupling with respect to 
their accessibility. We turn to the knowledge and insights 
of actors working in either healthcare or education in the 
Netherlands, as the interconnections of these systems 
have not previously been described for pandemics. As 
actors’ understanding may be implicit, it is important to 
use participative methodologies to elicit and discuss con-
trasting ideas.

Group model building and causal loop diagramming
To explore and understand the causal relations and inter-
actions between the education and healthcare system in 
the Netherlands during a pandemic from the perspec-
tive of real-world actors, a causal loop diagram (CLD) is 
developed using a stepwise group model building (GMB) 
approach. This CLD maps the causal and complex inter-
actions between the education and healthcare system in 
the Netherlands during a pandemic on the basis of actor 
knowledge, which has not been done before. GMB allows 
group interaction between participants of both systems 
to obtain more integrated information about these sys-
tems. Table  2 represents the steps taken and tools used 
throughout each GMB session.

CLDs visually represent complex and dynamic sys-
tems. A CLD consists of causal relations that are either 
positive (+) or negative (−) in nature and of reinforcing 

Table 1  Actors who participated in the study, grouped by system and function

System Function in relevant system Involved domains Number 
of actors

Healthcare Expert Primary, secondary, tertiary 5

Stakeholder Primary, tertiary 3

Stakeholder & expert Tertiary 2

Decision-maker Primary, secondary, tertiary 8

Decision-maker & stakeholder Tertiary 3

Education Decision-maker Primary, secondary, tertiary 4

Stakeholder Tertiary 3

Expert Secondary, tertiary 3

Table 2  Group model building process used

C, coupled system; E, education; H, healthcare
a Nominal group technique can be defined as a structured technique for group sessions that encourages individuals to come up with ideas in terms of variables 
related to a target variable [48]

Research activity Tools used Group model 
building 
sessions

1 2 3 4 5

H E H E C

1 Discuss definition of the target variable “accessibility” Present initial definition on the basis of literature. Next, asked 
actors in session 1 to review the definition and add com-
ments. On the basis of the comments, the definition is adjusted 
and presented in session 2

X X X X –

2 Identify variables affecting or affected by accessibility Nominal group techniquea X X X X –

3 Identify causal interactions Causal loop diagramming. The diagram is visualized using 
the software Vensim. Results from step 2 serve as input for steps 
3–4 and 6

X X X X X

4 Identify feedback loops X X X X X

5 Identify leverage points Nominal group techniquea with voting for most relevant lever-
age points

– – X X –

6 Identify variables from one system affecting or affected by vari-
ables of the other system – coupling of educational and health-
care system

Nominal group techniquea using the Mentimeter software. 
Discuss most frequently mentioned relation or factor

– – – – X
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(R) and balancing (B) feedback loops [44]. A causal 
relation is positive when a change in one variable leads 
to a change in the other variable in the same direction 
(increase in variable one leads to increase in variable 
two). Conversely, a causal relation is negative when a 
change in one variable leads to a change in the other 
variable in the opposite direction (increase in variable 
one leads to decrease in variable two). Feedback loops 
refer to a chain of connected variables, each influenc-
ing the other and in turn being influenced by others. A 
reinforcing loop represents system behaviours such as 
growth and decline at an ever-increasing rate, whilst a 
balancing loop generates stability [45].

In total, five in-person GMB sessions were held, each 
with a duration of 3 hours. Each session was held in 
Dutch to encourage smooth and uninhibited com-
munication between the actors. Each session was 
guided by a facilitator, with support of a modeller to 
visualize the CLD, and observers. Facilitators followed 
Scriptapedia guidelines [46] to develop a set of scripts 
designed to guide participants towards constructing 
a CLD of their own system, and later, of the coupled 
systems. An overview of the GMB process and scripts 
used is provided in Table  2. After each GMB session, 
actors were provided with a workbook. This workbook 
included an account of the sessions and questions in 
preparation for the next session.

In the first two GMB-sessions – session 1 for health-
care and session 2 for education – participants from 
the corresponding system developed a CLD of their 
respective system, focussing on the target variable 
“accessibility”. The defined target variables were used 
as a starting point, allowing adjustments to the defini-
tions when deemed necessary by the participants. For 
this, two sessions were organized for each system. In 
the second session of the separate groups, actors were 
asked to explore leverage points for their system. Lev-
erage points are points within a system that can create 
change within the system. Leverage points can there-
fore be leveraged and manipulated to create a change 
[47]. To explore leverage points, participants were 
asked which variable in their system they have influ-
ence on, and on which they could focus a solution. 
Through nominal group technique and voting, the 
most frequently suggested leverage points were identi-
fied and then discussed. Thereafter, a final (fifth) ses-
sion brought education and healthcare actors together 
to couple their systems. The systems were coupled by 
using nominal group technique and Mentimeter soft-
ware. The most commonly suggested relations or vari-
ables were discussed.

In‑depth interviews
To gain a deeper understanding of the various interac-
tions, feedback loops and leverage points, five actors 
(three education, two healthcare) who had participated 
in the GMB sessions were interviewed individually. 
Interviews were scheduled to last between 1.5  h and 
2.5  h, depending on the content to be discussed, and 
were conducted in Dutch at the participant’s workplace. 
Informed consent was obtained prior to each session, 
including consent to record the interview.  Interviews 
were concluded upon reaching a point of data satura-
tion, where no further relevant insights were provided.

The interviews were semistructured and focussed on 
validating and deepening insights into causal relation-
ships and leverage points identified during the GMB 
sessions. The combination of GMB and in-depth inter-
views for CLD development are useful in assisting 
researchers and actors to capture the complex inter-
actions amongst variable qualitatively and can form a 
basis for further quantitative systems analysis. An over-
view of the interview guide is provided in Table 3.

Each interview was conducted by two researchers, of 
which one served as the interviewer and the other as 
the modeller. During two interviews, the actors were 
asked to identify causal interactions between educa-
tion and healthcare and feedback loops that (in)directly 
affect the accessibility of the systems. In addition, in 
three interviews the interviewee was asked to identify 
leverage points that could enhance the accessibility 
of the coupled systems. The additional causal interac-
tions, feedback loops and leverage points identified by 
the various actors during the interviews were added by 
the modeller to the CLD that was developed during the 
GMB sessions. The additions from previous interviews 
to the model were explained to the interviewee in each 
interview. The interviewer asked the interviewee if they 
agreed with the additions. In the final interviews, par-
ticipants added or discussed few additional interactions 
or leverage points, suggesting that saturation had been 
reached.

Cross‑impact analysis (CIA)
CIA is a systematic method used to analyse relations 
between variables and identify the most critical variables 
within the CLD, namely key system variables [49]. CIA 
is intended to support decision-making by providing a 
more in-depth understanding of how different variables 
in a system interact and by identifying key variables. This 
is crucial in strategic planning, policy formulation, risk 
management and forecasting. Previously, CIA has been 
used in a variety of contexts, for example, in environmen-
tal impact assessments, tourism, technology assessment 
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and energy policy, but not in social systems within a cri-
sis setting such as a pandemic [26, 27, 50, 51].

On the basis of the CLD, we performed a CIA to iden-
tify the key causal and complex interactions that affect, 
and the leverage points that could enhance the accessibil-
ity of, the education and healthcare system in the Neth-
erlands. By analysing the number of variables that affect 
variable X, or how many variables variable X affects, key 
variables were identified. We used a CIA to understand 
the key variables and complex interactions that affect and 
potentially enhance the accessibility of both systems, in 
particularly during a pandemic, a deeper analysis of the 
coupled CLD (Fig. 1). Value 0 indicates that a given vari-
able has no effect on the other variable. Value 1 suggests 
that a given variable influences the other variable. Active 
sum (AS) sums up how many variables a variable influ-
ences, and thus represents the variables that influence 
many other variables in the system exhibiting more influ-
ence in the system. Passive sum (PS) measures how many 
variables influence one variable, meaning how strongly a 
variable is affected by other variables. Percentages for the 
AS are calculated by dividing the sum of a row with the 
largest AS. Subsequently, PS percentages are calculated 

by dividing the sum of a column with the largest PS. A 
cutoff point of 50% is used [28, 49, 52, 53]. When 50% 
is achieved, a variable has influence on, or is influenced 
by, half of the variables within the system. Variables with 
an AS value ≥ 50% have a potential to be translated into 
leverage points. Variables with a PS value ≥ 50% can be 
translated into indicators of system changes [52].

Results
Table  1 provides the structure of the process fol-
lowed for data collection in this study, conceptualiz-
ing a coupled education–healthcare system, in terms 
of causal interactions between the two systems and 
feedback loops, described in Sect.  “Conceptualization 
of a coupled complex education–healthcare system 
in the Netherlands during a pandemic”. Next, analy-
sis focussed on identifying the key variables (leverage 
points and monitoring variables), causal interactions 
and feedback loops in the coupled complex education–
healthcare system is discussed in Sect.  “Identification 
of key influencing variables, causal relations and feed-
back loops”.

Table 3  In-depth interview guide

E, education; H, healthcare

Interview topic Guiding questions In-depth interviews

1 2 3 4 5

E E H E H

1 Identify causal interactions between systems and feedback 
loops affecting accessibility

Which variables within your system are affected by the other 
system? Is this a positive (+) or negative (−) relation? 
And how does this affect the accessibility of your system?

X – X – –

What variables within your system affect the other system? Is 
this a positive (+) or negative (−) relation? And how does this 
affect the accessibility of the other system?

X – X – –

What variables within your system affect the other system? Is 
this a positive (+) or negative (−) relation? And how does this 
affect the accessibility of the other system?

X – X – –

Do you agree with the made causal interactions and feed-
back loops? Do you have additional suggestions?

– X X X X

2 Identify leverage points enhancing accessibility Which variables do you think form leverage points to ensure 
or improve the accessibility?

X X

Effect of variables #1 #2 #3 #4 AS %
Variable #1 #1 0 1 1 2 67%
Variable #2 #2 0 1 0 1 33%
Variable #3 #3 1 1 1 3 100%
Variable #4 #4 0 1 0 1 33%

PS 1 2 3 2
% 67% 67% 100% 67%

AS: active sum; PS: passive sum; ‘1’: variable influences other variable; ‘0’: variable does not influence other variable
Fig. 1  Illustration of cross-impact analysis of CLD methodology (adapted from Videira, Schneider [49]. AS, active sum; PS, passive sum; 1, variable 
influences other variable; 0, variable does not influence other variable
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Definitions of target variables
In the first session, participants were presented with the 
definitions of the target variables, namely accessibility 
of the education system and accessibility of the health-
care system in the Netherlands as specified previously 
in the methods section  “The education and healthcare 
system in the Netherlands”. As is customary in GMB, 
the participants were invited to adjust the definition 
after group discussion and when deemed necessary. 

The education participants chose to make minor 
changes to the definition, overall agreeing to the main 
elements. The healthcare group chose to change the 
definition and define accessibility on the basis of Lev-
esque and Harris [54]: “… we view access as the oppor-
tunity to identify healthcare needs, to seek healthcare 
services, to reach, to obtain or use health care ser-
vices, and to actually have a need for services fulfilled. 
We conceptualize five dimensions of accessibility: 1) 
Approachability; 2) Acceptability; 3) Availability and 
accommodation; 4) Affordability; 5) Appropriateness” 
[54].

Conceptualization of a coupled complex education–
healthcare system in the Netherlands during a pandemic
The final CLD based on the GMB sessions and the 
interviews is presented in Fig. 2, where several feedback 
loops are represented.

Causal relations between education and healthcare
The GMB sessions and in-depth interviews resulted in 
nine causal effects between education and healthcare 
(Table 4).

Overall, more positive than negative causal relations 
were found (6/9). Six causal relations (6/9) commence in 
the healthcare system, impacting the accessibility of the 
educational system indirectly through relations within 
the education system. Four of these relations are nega-
tive. This suggests that the healthcare system in the Neth-
erlands impacts the educational system through more 
causal relations than the other way around, primarily in 
a negative direction. Specifically, “wellbeing educational 
staff” is directly influenced by three separate healthcare 
variables, namely accessibility of the healthcare system, 
use of new preventive treatment methods and availability 
of medicines and aids. This indicates a strong influence 
of the healthcare system on the wellbeing of educational 
staff.

Of all the relations between these systems, six (6/9) 
influence the availability of personnel in healthcare or 
education, suggesting that availability of personnel is eas-
ily impacted by changes in the other system. Moreover, 
of the three relations of education influencing health-
care, two influence availability of healthcare personnel, in 
this case indicating that of the few influences education 
has on healthcare, it impacts the availability of person-
nel most. Additionally, “progress pupils and students” is 

Fig. 2  Causal loop diagram of coupled systems education and healthcare in the Netherlands containing variables and causal connections 
between these variables. The diagram consists of healthcare (blue), education (green) and the external environment (red). Bold arrows indicate 
causal relations between two systems, coupling healthcare and education. Feedback loops are indicated as circles with notation B1–B2 
for balancing loops, and R1–R11 for reinforcing loops, with larger loops visualized in colour when not overlapping (R11 in purple, B1 in orange, B2 
in pink). Variables identified as leverage points are underlined
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indirectly influenced by four causal relations (4/9), mak-
ing it sensitive to changes in the healthcare system.

Three causal relations (3/9) are connected through 
a mediating variable, “babysitting function/daycare” 
(causal relation 1) and the external variable “infection 

pressure” (causal relation 8 and 9). This suggests that the 
external environment connects the healthcare and edu-
cational systems.

One causal relation between “organizing capacity 
educational institutions” and “availability of healthcare 

Table 4  Causal relations between education and healthcare identified through GMB sessions and in-depth interviews

Causal relations between education and 
healthcare

Polarity causal 
relation

Effect on accessibility

1 Organising capacity educational 
institutions � babysitting function/ 
daycare (primary school pupils) �
availability healthcare personnel

+

2 Accessibility education system in the 
Netherlands � stagnation internships 
and refresher courses students and staff

-

3 System of testing and examination 
during pandemic � stagnation 
internships and refresher courses staff 
and students

+

4 Availability medicines and aids �
infection pressure � availability 
educational personnel

-

5 Accessibility healthcare system in the 
Netherlands � wellbeing educational 
staff

+

6 Use new preventive treatment methods 
� wellbeing educational staff

+
7 Availability medicines and aids �

Wellbeing educational staff
+

8 Availability healthcare personnel �
Investment wellbeing pupils and 
students

+

9 Availability medicines and aids �
infection pressure � progress pupils 
and students

-

Availability healthcare 
personnel (who have children 

in primary school)
Accessibility 

healthcare system

+

Wellbeing 
educational staff

Availability 
educational 
personnel

Progress pupils 
and students

Accessibility 
education system

+

+

+

+

Investment wellbeing 
pupils and students

Fit pupils and students 
with learning situation

Progress pupils 
and students

Accessibility 
education system

+

+

+

Progress pupils 
and student

Accessibility 
education system

Availability 
educational 
personnel

Organising capacity 
educational institutions

Progress pupils 
and students

Accessibility 
education system

+ +

++

+

Stagnation 
internships and 

refresher courses 

Availability 
healthcare
personnel

Quality of care

Accessibility 
education system

-

-

+

+
Accessibility 

healthcare system
+

+
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personnel” pertains to a specific group, namely pupils 
in primary school. This relation represents the role of 
schools in providing day care, enabling parents within 
the healthcare system to work. This relation was highly 
important during pandemic lockdowns and enables the 
functioning of the system in normal times.

Feedback loops within the coupled diagram
Actors identified 13 feedback loops. Table  5 presents 
the direct or indirect effect of the feedback loops on the 
accessibility of the education or healthcare system.

In total, 11 of the 13 feedback loops have a direct 
impact on the accessibility of healthcare or education. 
Moreover, only two feedback loops include both the 
accessibility of healthcare and education directly (B1 E 
and B2 E). The larger feedback loops (3/13) consist of 7–8 
variables, across both systems, of which two form balanc-
ing loops (B1 E and B2 E) and one reinforcing loop (R11 
H).

In B1 E and B2 E small variations of the loop are pos-
sible due to two clusters of variables. In the educational 
system “wellbeing educational personnel” influences 
two separate variables. In turn, three separate routes can 
influence “accessibility of education”. Similarly, in the 

healthcare system, “stagnation internships and refresher 
courses staff and students” can follow two routes towards 
“accessibility of healthcare”, either from “availability 
healthcare personnel” or “quality of care”. As such, one 
variation of these balancing loops (B1 E and B3 E) is ana-
lysed in Table 5. However, the number of indirect influ-
ences on accessibility by feedback loops varies, ranging 
from 1 to 21. This variation is largely due to the parallel 
routes created with “wellbeing educational personnel” 
and “stagnation internships and refresher courses staff 
and students” as described above in specific feedback 
loops.

Only one loop, R10 H, consists of three variables. Nine 
of the feedback loops (9/13) consist of two variables and 
are reinforcing. In some cases, these two-variable loops, 
such as R2 E, R3 E, R4 E, and R6H, R7H, have overlap-
ping variables. These overlapping loops can be com-
bined to form larger, more complex loops. These larger 
loops were not discussed with participants. The presence 
of many two-variable feedback loops may indicate that 
actors had insufficient time to incorporate intermediary 
variables or because the two variables overlap. Explaining 
the underlying reasoning of feedback loops could have 
helped participants to elaborate on this further.

Table 5  Feedback loops identified through GMB sessions and in-depth interviews and effects on accessibility

If a feedback loop contained system accessibility and had an indirect effect on it, we did not consider the indirect effect

E, education; H, healthcare

Feedback loop Number of effects of feedback loop on accessibility

Directly on 
education 
accessibility

Indirectly on 
education 
accessibility

Directly on 
healthcare 
accessibility

Indirectly on 
healthcare 
accessibility

R1 E 1 4, all via H – 3

R2 E 1 – – 2

R3 E 1 – – 2

R4 E – 1 – 2

R5 E 1 – – 2

R6 H – 4 1 –

R7 H – 4 1 –

R8 H – 4 – 3, of which 2 via E

R9 H – 4 1 2, both via E

R10 H – 19 2 21, 5 only via H

R11 H Accessibility H > wellbeing E staff > availability E person-
nel > organizing capacity E institutions > babysitting func-
tion/daycare > availability H personnel > accessibility H

– 4 1 –

B1 E Accessibility E > stagnation internships & refresher courses 
staff & students > availability H personnel > accessibility 
H > wellbeing E staff > availability E personnel > progress 
pupils & students > accessibility E

1 8 1 2

B2 E Accessibility E > stagnation internships & refresher courses 
staff & students > availability H personnel > investment well-
being pupils & students > fit pupils & students with learning 
situation > progress pupils & students > accessibility E

1 – 2 1
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Leverage points suggested by the actors
During the GMB sessions 12 leverage points (6 educa-
tion and 6 healthcare) were identified (Fig. 2, underlined 
variables). Participants were asked to prioritize the most 
important leverage points for discussion. The lever-
age points were further discussed during the in-depth 
interviews.

For education, availability of educational personnel was 
the prioritized leverage point during the GMB session. 
During the in-depth interviews, this variable and organ-
izing capacity of educational institutions was discussed. 
For healthcare, both the GMB session and the in-depth 
interviews identified and discussed availability of health-
care personnel as the main leverage point. This indicates 
that for both healthcare and education, having sufficient 
personnel is crucial but also a variable that can be uti-
lized to increase accessibility within the systems.

During the GMB session, other variables that were 
briefly discussed as possible leverage points were: for 
healthcare, work pressure and financial security health-
care institutions, use new preventive treatment meth-
ods, availability medicines and aids and crisis structure 
design. For education these were fit pupils and students 
with social situation, ratio distance and physical educa-
tion, organizing capacity educational institutions and fit 
pupils and students with learning situation.

Identification of key influencing variables, causal relations 
and feedback loops
In this step, an in-depth analysis of the CLD was con-
ducted by implementing CIA. This analysis yields new 
insights in the key variables, causal relations and feed-
back loops of the coupled education–healthcare system. 
“Key’’ refers to those variables affecting the accessibility 
of both systems, in particular during a pandemic. Varia-
bles with an AS or PS value ≥ 50% are considered relevant 
and discussed.

Key causal relations
The results from the CIA show seven key causal relations 
from the GMB sessions and interviews between educa-
tion and healthcare. Of these causal relations, two con-
sist of healthcare impacting the external system, which in 
turn affects the educational system.

Two causal relations have become invalid and removed 
due to the absence of an AS or PA value ≥ 50% for one or 
multiple variables (i.e. 1, 8, Table 3). The relation between 
organizing capacity of the educational system and 
babysitting function/daycare of primary school pupils 
has become invalid, as babysitting function has an AS 
of 25%. Similarly, “investment in wellbeing of pupils and 

students” had an AS or PS < 50%, thus removing the rela-
tion between “availability of healthcare personnel” and 
“investment in wellbeing of pupils and students”.

Key feedback loops
After CIA, 4 of the original 13 feedback loops remain 
in the CLD. Of the remaining feedback loops, three 
are small reinforcing loops, consisting of two variables 
(R2, R3 and R10), two of which are situated in educa-
tion and one in healthcare. One large feedback loop 
remains, B1, coupling the healthcare and educational 
system. This large feedback loop has four possible vari-
ations when moving through the education system. The 
four remaining feedback loops indicate that these may 
be relevant to intervene to achieve stability. As high-
lighted in Sect. “Conceptualization of a coupled complex 
education-healthcare system in the Netherlands during a 
pandemic”, managing these reinforcing loops is crucial to 
prevent potential ever-increasing or decreasing growth, 
which can lead to instability and ill-predictability in the 
system.

Reinforcing loops R2 and R3  In the educational system, 
two of the small reinforcing feedback loops can be fused 
into one larger reinforcing loop, namely R2 and R3. Here, 
the better the accessibility of the educational system, the 
better the progress, and the better the fit of the students 
with their social situation. In turn, the better the fit of the 
student with the social situation, the more progress this 
pupil or student will make, further increasing the acces-
sibility of the educational system. In loop R3, the hetero-
geneity included in the variable “fit of pupils and student 
with social situation” is distinctive, as every child has a 
different social context which influences how appropriate 
or suitable the offered educational context is.

Balancing loop B1 coupling healthcare and  educa-
tion  In this loop the accessibility of the educational 
system decreases stagnation of internships and refresher 
courses, further increasing availability of healthcare per-
sonnel, which consequently increases the accessibility of 
the healthcare system. Moreover, the more accessible the 
healthcare system, the better the wellbeing of the educa-
tional staff, creating increased availability of educational 
personnel leading to increased accessibility of the educa-
tional system. Four iterations of this balancing feedback 
are possible, all with slight variations of the pathway of 
causal relations in the educational system. Wellbeing of 
educational staff can influence accessibility of the educa-
tional system either through availability of educational 
personnel or progress of pupils and students. Further-
more, the availability of educational personnel can influ-
ence organizing capacity of educational institutions or 
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progress of pupils and students, both of which also influ-
ence accessibility of education. In summary, wellbeing of 
educational personnel influences many variables, which 
in turn have an influence on the accessibility of the edu-
cational system.

Key variables/leverage points from CIA
According to the CIA – and in line with the actors’ sug-
gestions – the availability of medicines and aids (100%), 
availability of healthcare personnel (75%), availability of 
educational personnel (75%), organizing capacity edu-
cational institutions (75%) and availability of teachers 
(50%) are important leverage points (Table 6). Although 
these were mentioned as possible leverage points by the 
actors, availability of medicines and aids was not dis-
cussed further by the participants, although it shows to 
have high relevance through the CIA. Additionally, the 

CIA indicates two other leverage points to act on which 
were not suggested by the actors, namely number of pan-
demic patients (100%) and number of non-pandemic 
patients (75%). Furthermore, infection pressure (100%), 
situated in the external environment, also represents an 
important leverage point. This might seem obvious since 
the two systems are confronted with a pandemic, which 
has great impact on both systems. As this variable is situ-
ated in the external environment, actors of both health-
care and education have limited to no influence on it. 
This is also the case for the healthcare variables “number 
of pandemic patients” (AS = 100%, PS = 0%) and “number 
of non-pandemic patients” (AS = 75%, PS = 0%).

The CIA indicates seven variables as suitable to monitor 
change in the dynamics of both systems; two for health-
care: accessibility of the healthcare system (PS = 100%) 
and availability of healthcare personnel (PS = 78%), and 

Table 6  Key variables/leverage points and possible indicators

Grey cells indicate leverage points identified by participants
1 Influence value
2 Dependence value
3 PS value < 50%

System Cross-impact analysis

Variables with active sum or passive sum ≥ 50% Active sum1 (%) Passive 
sum2 
(%)

Education Availability teachers 50 67

Availability educational personnel 75 67

Progress pupils and students 50 89

Organizing capacity educational institution 75 100

Accessibility education system 75 56

Autonomy work 50 –3

Willingness to perform other tasks 50 –

Personal attention 50 –

Fit pupils and students with social situation 50 –

System of testing and examination during pandemic 50 –

Wellbeing educational staff 50 –

Contextual environment Duration pandemic virus 50 –

Ageing society 50 –

Societal trust 50 –

Infection pressure 100 –

Healthcare Use new preventive treatment methods 50 –

Availability medicines and aids 100 –

Number of pandemic patients 100 –

Accessibility healthcare system 75 100

Availability healthcare personnel 75 78

Stagnation internships and refresher courses 50 –

Wellbeing healthcare staff 50 –

Physical burden healthcare staff 50 –

Psychological burden healthcare staff 50 –

Number of non-pandemic patients 75 –
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five for education: organizing capacity of educational 
institutions (PS = 100%), progress of pupils and students 
(PS = 89%), availability of teachers (PS = 67%), availability 
of educational personnel (PS = 67%) and accessibility of 
the education system (PS = 56%).

The final CLD presented in Fig. 3 includes only the var-
iables that the CIA indicated to be relevant. This figure 
represents several feedback loops as well as the leverage 
points indicated by actors. The leverage points defined by 
the participants are underlined in the CLD.

Discussion
Principal findings
During the COVID-19 pandemic, governments used 
various models to aid policymaking and to try predict the 
outcomes of their decisions. In this approach pandemic 
policymaking mainly focussed on pandemic spread and 
the impact on the healthcare system without including 
other societal systems within the considered models. 
However, the pandemic showed us that policies made 
with a healthcare focus occasionally led to unintended 
(suboptimal) consequences for other societal systems due 
to the system dynamics of coupled systems. Developing 
future strategies that balance concerns for the healthcare 
system with other systems during a pandemic is crucial.

The participative methodology with GMB and in-depth 
interviews, later analysed with CIA applied in this study, 
allowed for (a) the conceptualization of the coupled com-
plex education–healthcare system in times of crisis in a 
participatory manner, drawing on knowledge of actors 
within the systems, and (b) the identification of key 

variables and complex relations affecting the accessibility 
of these systems during a pandemic. The CIA facilitated 
an in-depth analysis to distinguish key variables and 
causal relations between the healthcare and education 
systems. The result is a condensed CLD that contains the 
identified key variables and causal relations for the acces-
sibility of education and healthcare in the Netherlands. 
This enables the exploration of alternative policies.

Six key causal relations were identified between health-
care and education, revealing how these two systems 
interact. Healthcare impacts education via three separate 
causal pathways that impact the wellbeing of educational 
staff, namely the accessibility of the healthcare system 
directly, the use of new preventive treatment methods 
and the availability of medicines and aids. Moreover, the 
availability of medicines and aids impacts the infection 
pressure within society, which impacts the educational 
system through availability of educational personnel and 
the progress of pupils and students – forming the two last 
causal relations from healthcare to education. The last 
causal relation is the only relation of education impacting 
healthcare, which turns into the only large feedback loop 
identified between the systems.

As five of the cross-system relations point to actions 
in healthcare impacting education, this suggests that the 
healthcare system has more impact on the educational 
system in the Netherlands than vice versa during times 
of crisis such as a pandemic. Most importantly, our find-
ings indicate that the educational system is reliant upon 
the healthcare system to sustain the wellbeing of educa-
tional staff during pandemics, which is shown to have a 

Fig. 3  Causal loop diagram after cross-impact analysis of coupled systems education and healthcare
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large impact on the accessibility of education. This spe-
cifically suggests resource dependency of healthcare and 
education.

To maintain system stability and prevent scenarios of 
uncontrolled growth or decline, it is crucial to manage 
the feedback loops. Four were identified in our study, of 
which three are reinforcing. By doing so, we can create 
more resilient systems, capable of adapting to crisis situ-
ations. The large balancing loop shows how decline in 
accessibility of the educational system leads to a stagna-
tion of internships and refresher courses for healthcare 
personnel, leading to a decline in available healthcare 
personnel and thus healthcare accessibility. In turn, 
healthcare accessibility impacts the wellbeing of educa-
tional personnel, which impacts the accessibility of the 
educational system. This suggests that both systems can 
be made more resilient when maintaining staff towards 
accessible education and accessible healthcare. Remark-
ably, both the healthcare and educational systems in the 
Netherlands currently have a shortage of personnel [55, 
56]. This removes the buffer that these systems possess, 
decreasing the functional redundancy within the sys-
tems and the ability to scale up through available person-
nel when necessary [57]. This illustrates clearly how the 
shortage of personnel in both healthcare and education 
in the Netherlands makes them less resilient towards cri-
ses. The three smaller, reinforcing feedback loops indi-
cate that maintaining or increasing the fit of the learning 
situation with the student’s social situation, and the pro-
gress of pupils and students, would increase the accessi-
bility of the educational system, therefore making it more 
resilient to crises. Likewise, maintaining the availability 
of medicines and aids and containing the number of pan-
demic patients help increase the resilience of an accessi-
ble healthcare system.

Additionally, CIA of coupled systems healthcare and 
education identified 24 leverage points. These form 
important places to intervene and create change within 
the systems. In the case of leverage points in the exter-
nal environment, such as infection pressure, we could 
consider these as influential variables, as healthcare and 
education have limited impact on these. Compared with 
the implemented COVID-19 policies in the Netherlands, 
we observe that the policies were accurate in targeting 
the identified leverage points. All 10 healthcare leverage 
points were targeted with either major or minor inter-
ventions aimed at maintaining accessibility of the health-
care system [1]. To the best of our knowledge, education 
intervened in 6 out of the 11 leverage points, including 
personnel, student progress and testing and examination 
[58]. The five remaining education leverage points, on a 
more personal level of personnel and students/pupils, 
were monitored to varying degrees in institutions [58]. 

Four leverage points were identified within the contex-
tual environment. Of these, two variables were possible 
candidates for short-term intervention or within the 
influence of the government, namely societal trust and 
infection pressure [1]. Investigating the external environ-
ment could give more insight into how these may be used 
as leverage points during a pandemic.

The CIA also indicated seven variables to monitor 
change within the systems, which can be used to inform 
and adapt policies according to new developments. Of 
these monitoring variables, five relate to education and 
two to healthcare. During the COVID-19 pandemic, 
the Dutch Corona dashboard was used, which primarily 
focussed on the number of pandemic infections, repro-
duction numbers and hospital admissions [59]. Accord-
ing to CIA, monitoring the accessibility of the system 
and the availability of healthcare personnel are relevant 
to detect change in the healthcare system. Both these 
variables were used as indicators of change in healthcare 
during the COVID-19 pandemic. Although surveillance 
of the educational system was less prominent and readily 
available to the public during the pandemic, again all the 
monitoring variables indicated in this study were moni-
tored [10].

It can therefore be stated that during the COVID-19 
pandemic in the Netherlands, the indicated leverage 
points were used in policymaking to facilitate change in 
the systems, and the seven monitoring variables were 
used to observe changes within the system as early warn-
ing signals, enabling monitoring of long-term gradual 
change. Although our results show that Dutch policy-
making during the pandemic focussed on meaningful lev-
erage points and monitoring variables, these could be 
targeted more directly, as some of the interventions were 
of a minor impact. Moreover, policies more targeted on 
the coupled nature of these systems might have been 
beneficial towards societal outcomes.

Ultimately, three GMB sessions and in-depth inter-
views enabled us to identify preliminary relations 
between healthcare and education, solidifying our origi-
nal hypothesis of a coupled healthcare and education 
system. This approach, coupled with CIA, helped iden-
tify key variables, causal relations and feedback loops rel-
evant for the understanding and management of coupled 
systems during pandemics and could prevent unintended 
negative consequences to policy measures. According to 
our findings, the accessibility of healthcare influences the 
wellbeing of educational staff, which in turn affects the 
accessibility of the educational system. This demonstrates 
the need for pandemic policies that consider coupled 
systems. Furthermore, our study highlights the power of 
GMB as a managerial intervention, facilitating a shared 
model of coupled systems amongst system actors and 
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collaborative development of policy options through lev-
erage points. As such, GMB could be a powerful method 
for crisis decision-making to help policymakers under-
stand coupled system dynamics and inform policy devel-
opment. In future pandemics, system actors could be 
gathered to adjust the current model on the basis of new 
insights and developments, as an exogenous trigger such 
as a crisis can change the system structure and thus alter 
the interactions between healthcare and education.

These findings have implications for governance and 
future pandemic preparedness. First, the identified inter-
dependencies highlight the need for integrated, cross-
sectoral policy responses that explicitly consider the 
coupled nature of healthcare and education systems. The 
use of GMB as a participatory modelling approach may 
support system actors and policymakers in developing a 
shared understanding of complex system dynamics and in 
identifying leverage points for intervention. Furthermore, 
the monitoring variables and leverage points identified 
in this study can inform the development of integrated 
monitoring systems and targeted crisis response strate-
gies. Finally, by recognizing feedback loops and resource 
dependencies between sectors, governance structures 
can become more resilient to shocks by implement-
ing preventive policies, for instance, by ensuring buffer 
capacity, cross-sector collaboration and adaptive policy 
planning under conditions of deep uncertainty.

Limitations
Although the CIA enables the identification of leverage 
points and monitoring variables, the analysis only con-
siders the number of causal pathways present. In this 
it overlooks the strength of a causal pathway, as well as 
the strength of feedback loops. For example, a variable 
may have a minimal impact on several other variables, 
yet these impacts could be negligible when considering 
this variable as a leverage point. The CIA considers this 
a relevant variable that can be used as a leverage point. 
Similarly, a variable that affects only one other variable 
could have a significant impact on this variable, poten-
tially making it relevant as a leverage point. In addition, 
a feedback loop consists of variables that reinforce or bal-
ance each other, making it a stronger causal pathway that 
is not captured in the CIA. Accounting for the strength 
in the causal pathways and feedback loops when defining 
leverage points and key causal relations between systems 
remains relevant to investigate in further research.

A constraint of this study is the overrepresentation of 
healthcare in comparison with education in the sample, 
with 21 healthcare and 10 education participants. This 
difference was of particular importance during the cou-
pled GMB session, where the greater presence of health-
care participants could overshadow the smaller education 

group. Through careful facilitation allowing each sys-
tem in turn, and in-depth interviews, we addressed this 
imbalance to guide a more balanced discussion includ-
ing the perspectives of education actors. Moreover, the 
imbalanced attendance and slight skew in representation 
could have influenced the study’s findings, as it may have 
impacted the present perspectives. Consequently, this 
might have affected the validity and reliability of our find-
ings. It is recommended that future research aims for a 
balanced system representation to ensure a diverse range 
of perspectives.

Additionally, whilst including a larger group of par-
ticipants could theoretically strengthen the group model 
building (GMB) approach, the method is not aimed at 
formulating absolutes. GMB is fundamentally about 
facilitating dialogue amongst a group of participants to 
create and capture a collective mental model of a spe-
cific context. GMB aims to capture a collective mental 
model from the perspectives of a specific group of actors 
rather than to exhaustively represent all possible system 
perspectives [60, 61]. Methods such as parallel group 
sessions or comparative modelling have been applied 
to broaden and refine input. Such approaches generate 
qualitative models that form a foundation for further 
analysis rather than comprehensive representations. 
Moreover, expanding the number of participants intro-
duces practical challenges related to group facilitation 
and model coherence. Although these approaches result 
in qualitative models that can serve as a foundation for 
further analysis, they remain inherently partial and con-
text-specific. This underlines the importance of focussing 
on the perspectives of defined stakeholder groups within 
GMB processes.

In this study, the GMB sessions were intended to sur-
face key dynamics and perceived leverage points in the 
Dutch healthcare and education systems during a pan-
demic on the basis of the experiences of a targeted group 
of actors. The resulting model provides a useful con-
ceptual baseline, but its generalizability may be limited. 
Future studies are encouraged to replicate and expand 
upon these findings.

Future developments
On the basis of our study, we have developed initial 
causal relations, key variables and leverage points of the 
healthcare and education coupled system in the Nether-
lands. This research can help develop response strategies 
during pandemics that consider system dynamics and 
coupled systems. It is crucial to pay attention to criti-
cal systems, as well as the resilience, interdependencies 
and short- and long-term effects during pandemics [62]. 
The knowledge acquired in this study enable targeted 
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monitoring and a new focus on leverage points to aid 
informed decision-making.

To strengthen the findings of this research, it may be 
necessary to replicate the findings or establish face valid-
ity with more actors. Further establishing the relations of 
these two systems, key variables, feedback loops and lev-
erage points could reinforce insights into these systems 
and impacts on policymaking during pandemics. Apply-
ing different methods could corroborate the findings of 
this study. However, the current data and analysis lack 
information on the time scales and delays, which indi-
cate how quickly change occurs, the scale of effects and 
cross-scale effects, which are significant as they can cause 
miscommunications and further delays. Given the critical 
role of these additional elements in evaluating different 
interventions, this is of high importance for pandemic 
policy making, making research in this direction highly 
relevant. For this, network analysis is a possible method 
to analyse these complex social structures, identify 
underlying mechanisms and gain new insights into the 
relations through different analyses [63]. Like CIA, net-
work analysis has outdegree and indegree, which corre-
spond to the active sum and passive sum in CIA. Whilst 
network analysis is an option, it has theoretical conflicts 
with CLD, whereto applying betweenness and closeness 
centrality on a CLD could give false results [64].

Another method, the matrix of cross-impact mul-
tiplications applied to classification (MICMAC) or a 
cross-impact matrix, can be used to rate each relation 
on a scale (e.g. no, weak, moderate or strong influence), 
accounting for the strength of a causal relation [53, 65]. 
MICMAC and cross-impact matrix places variables in 
a matrix categorized into four quadrants on the basis of 
their AS, PS and impact strength: autonomous, depend-
ent, linking, or driving variables. Interventions should 
focus on linking and driving variables, as these influence 
other variables or are both influenced by other variables 
and influence other variables. Through this analysis, key 
feedback loops and root causes of issues are identified 
[28]. Subsequently, cross time matrix, cross delay matrix 
and cross effect matrix are analyses that can be applied 
to analyse time, delay and effects, each giving different 
insights for complex decision-making [53].

Pandemics confront policymaking with deep uncer-
tainty. Deep uncertainty is characterized as an inability 
of stakeholders and actors to agree upon the external 
environment of the system, system structure, objectives 
and desired outcomes, making it extremely difficult to 
navigate when making policy decision [66]. A first step 
towards recognizing deep uncertainty is by gaining an 
understanding of the coupled systems and the rela-
tions, as was the focus of this paper. Future research 
should stress test and explore policies with the model to 

acknowledge the different types of deep uncertainty of 
the healthcare and educational systems towards future 
pandemics. With this, decision-making under deep 
uncertainty approaches can be used to evaluate policies 
and create adaptive plans to create policies that can adapt 
to changing circumstances by considering different types 
of uncertainties [67].

A natural next step would be to develop a computa-
tional model. Computational models aid a more detailed 
understanding of systems, as they are data-driven and are 
no longer solely qualitative in nature. In turn, this enables 
policymakers to experiment with scenarios and interven-
tions in a numerical way, serving as a useful decision-
support tool [68].

Quantifying the model is a necessary step towards 
developing a computational model. A computational 
model can aid in understanding the dynamics in greater 
detail, enabling policy and scenario experimentation. In 
this sense, a computational model could serve as a useful 
decision-support tool.

Lastly, similar dynamics are likely to exist in other 
countries. Conducting comparative analyses across dif-
ferent contexts could provide valuable insights into dif-
ferent system responses and approaches to manage 
interdependencies during crisis conditions. Longitudinal 
studies could track the evolution of these interdependen-
cies over time.

Conclusions
Our study, examining the coupled system dynamics of 
the education and healthcare systems in the Netherlands 
during the COVID-19 pandemic, highlights the impor-
tance of understanding and managing coupled systems 
during pandemics. Through group model building, in-
depth interviews and cross-impact analysis, we identi-
fied key variables, causal relations and feedback loops. 
These results illustrate the coupled nature of healthcare 
and education during pandemics and the need for poli-
cies that address or consider multiple systems simultane-
ously. The finalized model can serve as decision-support 
tool. Future research should validate these findings with 
more actors, consider the weight or importance of the 
relations and explore the effects of delays and cross-scale 
effects with methods such as network analysis and matrix 
of cross-impact multiplications (MICMAC). Recognizing 
the deep uncertainty of pandemics with decision-making 
under deep uncertainty methods could support assess-
ment and development of adaptive plans in pandem-
ics. Additionally, developing computational models and 
defining quantitative indicators for leverage points could 
serve as a further decision-support tool. 
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