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Abstract 

Over the decades, educational systems around the globe evolved from simple 
to complex, with increase in its scope, spread, access and dynamic nature. 
This complex phenomenon needs simplified methods and models to ex-
plain/understand the systemic nature of cause and effect. This article pertains 
to exploring the dynamic educational context of Pakistan with focus on ope-
rationalizing SDG 4 and preparing children for a challenging future. System 
Thinking and System Analysis are used to map the main driving forces of the 
education system in Pakistan. Tools such as CLDs (Causal Loop Diagrams) 
illustrate the qualitative structure of the model. Variables such as educational 
access (number of enrolment at national level in primary to secondary level of 
education), inclusiveness budget (investment in education sector), GDP (ratio 
of GDP utilized on education), and equity (rate of gender per class), are ana-
lysed through loops to achieve SDG 4 targets. Both historically and currently, 
achieving Pakistan’s educational objectives has been challenging. It requires a 
holistic approach for achieving objectives for example access to primary edu-
cation. 
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1. Introduction 

The educational context of Pakistan is frequently discussed in reports, projects, 
programs and research articles (Hunter, 2020; Durrani & Halai, 2018; Ha-
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meed-ur-Rehman & Sadruddin Sewani, 2014; Tamim, 2014). The education sys-
tem in Pakistan is complex and dynamic in nature because of continuous 
changes, inconsistent policies, multi-scales (urban and rural), gender discrimi-
nation, economic inequality or high level of out-of-school rates (Roohi, 2007). 
These are some of the main obstacles children are facing in society. Preparing 
children for future challenges is a prerequisite for achieving a sustainable society. 
Comprehensively addressing these challenges requires a systemic approach to 
explore dynamics in education and their linkages with challenges associated with 
promoting peace, sustainability, and global citizenship (Mochizuki, 2019). The 
educational system faces many internal and external challenges. Policy, adminis-
tration, political interference and political influence need to be addressed in an 
effective way to improve its inputs and outputs/outcomes. The primary purpose 
of education for Pakistan is to achieve economic objectives (Afzal et al., 2010; 
Babar et al., 2008) as well as social development (Rasool Memon, 2007). To do 
so, Pakistan needs a transformation of its education strategies, so that it cannot 
only achieve the country’s priorities but also achieve the global climate objectives 
that the state has committed to during the Paris summit of 2015 (Arnold & 
Wade, 2015; Kakakhel, 2015; Sayed & Ahmed, 2015; McGrath & Powell, 2016). 
Following the Paris Agreement, a central sustainable development unit was es-
tablished to research, report, collect data and coordinate among government 
departments and regions to synchronize sustainable development efforts at na-
tional level. National level meetings, reports and data collection tools were mod-
ified and regional development projects, plans and programs were revised to 
achieve targets within a given time frame (Khushik & Diemer, 2018). One of 
them—Sustainable Development Goal 4 “Ensure inclusive and equitable quality 
education and promote lifelong learning opportunities for all”—is a global 
agenda for educational objectives set for the year 2030 (Cho et al., 2017). Its tar-
gets and indicators are widely spread all over the globe to achieve the global ob-
jective of education for maximum children (Unterhalter, 2019).  

However, historical results show a trend of inefficiency when it comes to 
achieving educational targets in Pakistan (Khushik & Diemer, 2018). The coun-
try remained far behind in achieving the targets of the Millennium Development 
Goals (MDGs), education for all and all its internally-set targets in each educa-
tional policy (Attaullah & Malik, 2015; Rizvi, Bhatti, Das & Bhutta, 2015). This is 
still the case with the Sustainable Development Goals (SDGs), where insufficient 
progress has been made for reaching SDG 4 targets (Ghaus et al., 2015; Seeme, 
2017). In its SDG 4 gap analysis report, the United Nations Education, Scientific 
and Cultural Organisation (UNESCO) mentions that “Pakistan faces severe 
challenges with regards to achieving SDG 4, 22.6 million children aged 5 - 16 
years are out of school” (UNESCO, 2020). These challenges concern poverty, 
accessibility, quality teaching, quality of curriculum, budget constraints, corrup-
tion, political interference, inequality, gender discrimination, geographic spread 
or different cultures, centralization and so on (Roohi, 2007).  

One explanation for this situation is that educational challenges or targets are 
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tightly coupled with economic growth (Diemer, Khushik, & Ndiaye, 2020). The 
growth of the Gross Domestic Product (GDP) is a prerequisite to educate more 
people and set the country on the high-quality education pathway. Econometrics 
models (Jalil & Idrees, 2013) and Computable General Equilibrium Models (Sid-
diqui, 2006) used to study this correlation show the lack of efficiency of captur-
ing the structure of the educational system, together with its different feedback 
effects. The official UNESCO SDG 4 gap report highlights some measures to 
enhance pace of achieving targets by improving data collection quality with con-
sistency, regular monitoring with concrete indicators and evaluation of progress 
(Khushik & Diemer, 2020a). At the state level within Pakistan, a clear mapping 
has been done to roll out a policy or program for SDG 4 achievement (Khan & 
Ali, 2019). Within the country, different regions/provinces devolve the educa-
tion department from centre to provinces/regions therefore every region is now 
independent in policy, planning, implementation and outcome after the 18th 
constitutional amendment in 2010 (Sohoo et al., 2019). On one hand, decentra-
lization decreases tiers to manage but on the other it poses challenges of capacity 
(Davood, 2009). Country capacity and resources are also raising questions for 
not being able to achieve objectives. Primary and secondary education is under 
provincial domain except higher education in universities, which is managed 
and administered by the Higher Education Commission (Parveen et al., 2011). 
Regions/provinces have their own challenges apart from above-mentioned issues 
such as cultural barriers which hinders girls to go to school (Arai & Tabata, 
2006). The Planning commission of Pakistan took the lead in conceptualization 
of the national framework (Khemka & Kumar, 2020). All education sector short, 
medium and long term projects have been modified with special focus on access, 
quality and governance. Due to a significant portion of private schools’ enrol-
ment it is more complicated to mobilize private schools for incorporating na-
tional objectives and follow national policy (Sohoo et al., 2019). But “to achieve 
success on SDGs agenda a strong partnership between public and private sector 
and civil society is needed2”. 

The National SDGs framework proposed some targets regarding SDG 4. Tar-
get 4.1 stipulates that 100% (girls + Boys) will finish basic primary education by 
2030 as compared to the current 57% literacy rate. Target 4.5 stipulates an in-
crease of the current GPI from 0.87 now to 1 in 2030. With these nationalized 
targets, Pakistan is hoping to achieve some of SDG 4 targets on time (Umar & 
Asghar, 2018). Nevertheless, it will be extremely challenging for the state to 
achieve objectives within a given time frame till 2030 (Khushik & Diemer, 
2020b). With a fast-growing population, Pakistan is already the sixth most 
populous country in the world with 221 million people and this number is ex-
pected to reach 338 million by 2050 (UN Population Statistics 2020). At 
present, 63% of Pakistanis are under the age of 30 (UN Population Statistics, 
2020 https://www.un.org/en/sections/issues-depth/population/). Education will 

 

 

2SDGs Pakistan. 
https://www.sdgpakistan.pk/uploads/pub/National_SDGs_Framework_-_NEC_20182.pdf. 
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thus play a key role in the modernization of the country and the achievement of 
its SDG agenda through its positive (direct and indirect) impacts on economic 
and social development, from primary level (Iqbal & Zahid, 1998) and secondary 
level (Abbas & Foreman-Peck, 2008). Developing robust education strategies 
requires tools that can capture, analyse and quantify the interrelation between 
education and other sectors, particularly in the perspective of achieving the Sus-
tainable Development Goals (SDGs). This article reviews such a tool, namely 
system dynamics (SD) modelling, by examining the development of two wide-
ly-used development models: the T21 and the iSDG. A case study analysis on 
Pakistan is then carried out using literature review and Causal Loop Diagrams 
(CLD), followed by a discussion on the main dynamics that are central to the 
achievement of SDG 4 for the country.  

2. Methodology and Research Design 

The overall theoretical framework of this article is Systems thinking, which en-
compasses “a large and fairly amorphous body of methods, tools and principles, 
all oriented to looking at the interrelatedness of forces, and seeing them as part 
of a common process” (Senge, 1990). A system is a perceived whole whose ele-
ments work together because they continually affect each other over time and 
operate toward common purpose. In Systems Thinking, the structure of the sys-
tem plays an important role. The structure is the pattern of interrelationships 
among key components of the system. That includes the hierarchy of the flows, 
attitudes and perceptions, the ways the decisions are made. For Senge (1990), 
systems thinking introduce four levels operating simultaneously: events, patterns 
of behavior (over time), systemic structure and mental models. Systems Think-
ing usually describes how the world works (mapping the system) by using Caus-
al Loops Diagram (CLD). CLDs define the qualitative structure of the model. It’s 
also possible to use Systems Thinking to imagine how the world could be (sce-
nario) (Figure 1). 

One application form of System Thinking (Goodman, 1997; Richmond, 2000; 
Richmond, 1997) has become particularly valuable as a language for describing 
how to achieve fruitful change in organizations. This application form is called  
 

 
Figure 1. Systems thinking and qualitative design of a model. Source: Diemer (2020, 2004). 
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System Dynamics (Forrester, 1961, 1969; Pruyt, 2013). System dynamics—via 
causal loop diagrams (CLD) and stock—flows diagrams (SFD)—is the study of 
dynamic feedback systems using computer simulation (using VENSIM, STELLA 
or POWERSIM software). It applies to dynamic problems occurring in complex 
social, management, economic or ecological systems—literally any dynamic sys-
tem is characterized by interdependence, mutual interaction, information feed-
back and circular causality.  

In order to assess the usefulness of SD modelling for policy design in achiev-
ing SDG 4, this paper is based on a case study review on the use of SD modelling 
in education, with a focus on two major SD models, the T21 and the iSDG, de-
veloped by the Millennium Institute (Qu, Barney, Symalla, & Martin, 1999). 
These models were chosen for two main reasons. First, because they have been 
applied in a number of developing countries around the world and so they con-
stitute an already tested policy-guiding tool. Second, because the iSDG is a re-
vised version of the T21 model, which allows an examination into the main evo-
lutionary changes that have occurred so far, while enabling an analysis of how 
the model can improve into the future to better respond to policy challenges. 
Causal Loop Diagrams will be used in the discussion part of this paper, where 
the implications of SD modelling of the Pakistani education sector, particularly 
through the T21 and iSDG, are examined. These diagrams lead us to see causali-
ty as an “ongoing process”, rather than a one-time event.  

The language of Systems Thinking is “links” and “loops”. From any element 
in a situation (variable), it’s possible to trace arrows (links) that represent influ-
ence on another element. These links may reveal cycles that repeat themselves, 
time after time. Links never exist in isolation, they always comprise a circle of 
causality—a feedback loop in which every element is both cause and conse-
quence. There are basically two representations of loops—reinforcing and ba-
lancing loops (Figure 6). Reinforcing loops (R) have a positive polarity (+), ge-
nerating exponential growth and collapse, which continues at an ever-increasing 
rate. Balancing loops (B) generate resistance’s force (which may limit the 
growth). Balancing loops have a negative polarity (−) and are found in situations 
which are self-correcting and self-regulating (Figure 2). 

Balancing and reinforcing loops often introduce time delays. Delays may have 
important consequences in a system, frequently accurating the impact of other 
forces. Loops and delays are part of the Causal Loops Diagram (CLD). CLDs 
help visualize the structure and behavior of a system, and to analyze the system 
in a qualitative way. This point is important because it reminds us that a model 
is above all qualitative (it must be based on hypotheses that need to be tested, 
this is the structural model). In addition, CLDs enable us to identify leverage 
points of intervention in the system and approximate the effectiveness of a cer-
tain policy intervention on the overall system (Meadows, 1999, Table 1). 

System Dynamics uses models to explore the link between system structure 
and time evolutionary behavior. The aim is twofold: 1) explain behavior by  
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Figure 2. An example of a Reinforcing (R) loop and a balancing 
(B) loop (B). Source: The authors. 

 
Table 1. Leverage points of Donella Meadows. Places to intervene in a system (in in-
creasing order of effectiveness). 

12) Constants, parameters, numbers (such  
as subsidies, taxes, standards) 

6) The structure of information flows  
(who does and does not have access to  
what kinds of information) 

11) The sizes of buffers and other stabilizing 
stocks, relative to their flows. 

5) The rules of the system (such as incentives, 
punishments, constraints) 

10) The structure of material stocks and  
flows (such as transport networks,  
population age structures) 

4) The power to add, change, evolve, or  
self-organize system structure 

9) The lengths of delays, relative to the  
rate of system change 

3) The goals of the system 

8) The strength of negative feedback  
loops, relative to the impacts they are trying  
to correct against 

2) The mindset or paradigm out of which  
the system—its goals, structure, rules,  
delays, parameters—arises 

7) The gain around driving positive  
feedback loops 

1) The power to transcend paradigms 

Source: Meadows (1999). 
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providing a causal theory; 2) use that theory as the basis for interventions into 
the system structure which then change the resulting behaviour mode. The con-
cept of feedback is at the heart of the System Dynamics approach. Information 
feedback loop diagrams and circular causality diagrams are tools for conceptua-
lizing the structure of a complex system and for communicating information 
based on models (also considering the time delays of feedback loops).  

The System Dynamics methodology involves the dominance and non-linearity 
of loops, the concept of endogenous change, a system structure (system bounda-
ries, feedback loops, levels and rates, objective, observed state, deviation, desired 
action), stocks (levels) and flows (rates) as essential components of the system 
structure, and behavior because of the structure. The transition to system dy-
namics allows the integration of qualitative and quantitative approaches to the 
model, which via computer simulation, allows long-term simulations (10 - 25 - 
50 - 100 years). This last point is crucial, as the model does not give forecasts but 
long-term trend evolutions. As such, it is a good decision-making tool (Figure 
3). 
 

 
Figure 3. Systems thinking, systems dynamic, models and simulation. Source: Diemer 
(2020, 2004). 
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3. iSDG Model 

In 2015, the General Assembly of the United Nations adopted the 2030 Agenda 
for Sustainable Development, consisting of 17 Sustainable Development Goals 
(SDGs) and related targets (A/RES/70/1). The resolution highlights that “the in-
terlinkages and integrated nature of the SDGs are of crucial importance” and 
that “the challenges and commitments identified… are interrelated and call for 
integrated solutions”. In order to address the need for planning tools in this 
framework, the Millennium Institute developed the iSDG (Integrated Sustaina-
ble Development Goals) model for medium- and long-term national planning 
towards the SDG. The iSDG model is the latest in the line of System Dynam-
ics-based T21 models developed by the Millennium Institute that have been 
adapted and applied to more than 30 countries around the world (Millennium 
Institute, 2007a, 2007b). System Dynamics deconstructs the relationships among 
many variables and is particularly relevant for studying complex socioeconomic 
environments (Sterman, 2000). The model could help with integrated deci-
sion-making for policy makers, provide insight into the interlinkages across 
SDGs and inform on budgeting and planning to improve Pakistan’s educational 
objectives. In this section, we describe the evolution of how Education has been 
represented in the iSDG and T21 models prior to this. 

3.1. T21 Model Framework 

The iSDG model is the latest in a line of models called the T21 developed by the 
Millennium Institute. The original T21 models were based on a detailed review 
of the development modeling research, including from such sources as the 
World Bank, IMF, IPCC, the United States Department of Energy. This culmi-
nated in the publication of a book edited by Barney, Kreutzer and Garrentt 
(1991) that allowed the government and other decision-makers to plan for inte-
grated decision-making. Over time, the T21 has evolved, incorporating addi-
tional structures depending on needs and verified by academics and practition-
ers in the field through group model building and practical applications of the 
model.  

3.2. MI’s T21 Model 

1) Integrates three domains (economy, social and environment). Within each 
domain are sectors that interact with each other and with sectors in the other 
domains (Figure 4). The Economy domain (red) contains major production 
sectors (agriculture, industry, services) which are characterized by Cobb-Douglas 
production functions with inputs of resources, labor, capital and technology. 
Demand is based on population and per capita income and distributed among 
sub-sectors using Engle’s Curve. The Social domain (red) contains detailed pop-
ulation dynamics by sex and age cohort, health and education challenges and 
programs; basic infrastructure; employment; and poverty levels and income dis-
tribution. The Environment (green) tracks pollution created in the production  
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Figure 4. Framework of the T21 model. Source: Millennium Institute. 
 
processes and its impacts on health. It also estimates the consumption of natural 
resources (renewable and non-renewable) and can estimate the impact of the deple-
tion of these resources on production and other factors (Millennium Institute, 
2017). 

2) Represents the important elements of complexity that we find in the Sys-
tems Dynamics approach (feedback relationships, non-linearity, time delays).  

3) Is transparent in its structure (assumptions, equations, data requirement), 
so as to serve as a participatory tool in consensus building and policy discus-
sions.  

4) Is flexible to be customized to specific countries by training users based on 
country specific conditions (Bangladesh for Health care, nutrition and education 
in 1994; Tunisia for water and revisited fertility in 1996; Cambodia for effects of 
war in 1997; China for relative prices, transportation and Chinese interface in 
1999; Guyana for structural adjustment of sugar and bauxite industries in 2001; 
Mozambique for micro-credit, agricultural extension, new roads and Millen-
nium Development Goals in 2003, Mali for Cotton production and gold extrac-
tion in 2005; Jamaica for Crime, natural disasters, sugar cane production in 
2006).  

5) Simulates the short and the long-term consequences of alternative policies.  
6) Permits comparison to reference scenarios and supports advanced analyti-
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cal methods such as sensitivity analysis and optimization.  
The Threshold 21 was a generic structure that represented development me-

chanisms that can be found in most developing and industrialized countries. It 
covered a broad range of issues that countries all over the world face: poverty, 
environmental degradation, health, economic growth, demographic expansion 
or education. The boundaries of the system were defined by the status of the dif-
ferent variables (endogenous, exogenous and excluded variables), the level of 
aggregation (national level), the geographic limits (the country and the rest of 
the world) and the time horizon (long term development issues).  

T21 was a relatively large size model, composed of more than a thousand equ-
ations and included about 60 stocks variables and several thousand feedback 
loops. The complexity of the model is organized into modules, sectors and 
spheres.  

In the T21, the Education sector belongs to the social sphere and is composed 
of two modules: primary education and secondary education. The primary edu-
cation module represents the progression of children through primary school to 
becoming part of the literale population (Figure 5). The major output of the 
module was the adult literacy rate (male and female) which affected many other 
sectors including population and Production sectors. Major assumptions were: 
1) Entrance and dropout rates depend on income and government expenditure 
per school age child; 2) primary school lasts for 6 years; 3) Graduates from pri-
mary school at grade one; 4) the children in school have the same life expectancy 
as the children who do not go to school; 5) migration of children in school is not  

 

 
Figure 5. Primary education module. Source: Millennium Institute (2007a: p. 29). 
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Considered; 6) the literate population has the same life expectancy and migra-
tion behavior as the rest of the population. The primary Education module is 
presented as a Stock-Flow Diagram (SFD). Stocks are the implemented primary 
education expenditure, the primary students and the literate population. 

The secondary education module is built on the same basic structure of the 
Primary Education module. It represents the process of students going through 
secondary school and eventually becoming a part of the population with a sec-
ondary degree (Figure 6). Students are disaggregated by both year and gender so 
that gender related education issues could be addressed. The major inputs of the 
module are total secondary graduates and secondary students enrolment (both 
sexes) which affect many other sectors, including the labor sector. 

The T21 Model has evolved over two decades as applications to individual 
countries. It has been continuously improved and redesigned to integrate effec-
tive strategies to achieve the SDGs. This model is a tool to support policy makers 
in establishing policy coherence and building an integrated view on develop-
ment strategies. 

3.3. General Characteristics of iSDG Model and Education Sector 

The iSDG model integrates in a single framework the economic, social, and en-
vironmental aspects of development, providing a comprehensive and long-term 
perspective on a country’s possible futures. The model simulates the fundamental  
 

 
Figure 6. Secondary education module. Source: Millennium Institute (2007a, 2007b: p. 33). 
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trends for SDGs until 2030 under a business-as-usual (BAU) scenario, and sup-
ports the analysis of alternative strategic scenarios. Cross-sector impacts of indi-
vidual policies can be traced and assessed, and synergies emerging from the in-
teraction of multiple policies can be identified, quantified and leveraged. iSDG 
models undergo a policy process of five stages or steps: 1˚ Agenda setting/ iden-
tification of issues; 2˚ Policy design/formulation/assessment; 3˚ Policy adoption; 
4˚ Policy implementation; 5˚ Policy assessment/monitoring/evaluation. However, 
its focus is more on stage 2 in supporting policy design of a complex sector of 
multiple stakeholders. It is generally believed as a participatory model in a sense 
that it integrates all three perspectives of SDGs: economic, social and environ-
mental.  

Model uses three customized indicators in a sense to analyse policy on mea-
suring a specific target of a goal for example in education goal 4 below targets 
have been used as indicators (Table 2). 

The core area of education iSDG is simulating the policy for the public educa-
tion sector of Pakistan. Broad scope and nature of the model covers a range of 
issues and problems. Another characteristic of the iSDG model is very much re-
levant is its data aggregation level. “iSDG is conceived as a national model and, 
from a geographic perspective, data are aggregated at the national level”3. Using 
the approach of iSDG model is also because it is centred on the internal long 
term issues of a country therefore it is very much suitable in the context of Pa-
kistan’s progress on sustainable issues. It also determines how an output of a 
problem relates to the world for example CO2 emission. The time horizon is 
1990 to 2030 in order to capture both historical perspectives and attainment to-
wards the 2030 agenda. 

In its structure, the iSDG model is complex and large in size. It consists of 
thousands of sticks, several feedback loops and sectors. In order to simplify the 
model, it is divided into smaller logical units labelled as sectors. Each sector has 
its internal mechanism that can be understood in isolation from the rest of the 
model. The 30 sectors composing iSDG include: 10 social sectors (Education, 
health population etc.), 10 economic sectors (Agriculture, industry services etc.),  
 
Table 2. SDG4 indicators. 

Goal Indicators 

 

4.1.1 Proportion of children and young people achieving at least a minimum 
proficiency in reading and mathematics, by sex 
4.3.1 Participation rate of youth and adults in formal and non-formal  
education and training in the previous 12 months, by sex 
4.5.1 Parity indices (female/male, rural/urban, bottom/top wealth quintile 
and others such as disability status, indigenous peoples and conflict affected 
as data become available) 
4.6.1 Percentage of population in a given age group achieving at least a fixed 
level of proficiency in functional (a) literacy and (b) numeracy skills, by sex 

Source: United Nations (2015). 

 

 

3“iSDG—Millennium Institute.” https://www.millennium-institute.org/isdg. Accessed 13 Aug. 2020. 
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and 10 environmental sectors (Land, soil, water etc.). The sectors interact with 
one another dynamically through a complex network of feedback loops. The se-
lection of the sectors is based on the desired ability of the model to properly 
track the SDGs and simulate relevant policies.  

3.4. Endogenous, Exogenous and Excluded Variables 

“iSDG’s fundamental approach is to endogenously represent variables that are 
considered an essential part of the development mechanisms under analysis. For 
example, the Gross Domestic Product (GDP) and its main determinants, popu-
lation and its main determinants, and the demand and supply of natural re-
sources and their main determinants are endogenously calculated4”. Variables 
are determined by context and nature of endogeneity and exogeneity and then 
considered as strong or weak variables and factors impact on each other. In this 
context if some variables are out of scope of analysis, that has no quantifiable 
impact on issues analysed that are not explicitly represented. It does not mean 
that their effect is not considered but their effect is included in the parameters of 
the model. 

3.5. Education Module in iSDG 

The education module in the iSDG tracks the average enrolment rate by sex 
(female or male) and by education level (pre-primary, primary, secondary and 
tertiary). The enrolment rates are constrained by public school capacity and in-
creases if more students are in the private education system. School capacity is 
determined by education expenditure (UNESCO, 1984), which is ultimately af-
fected by overall government expenditure. Other factors that impact the enrol-
ment rate include access to electricity (Leipziger et al., 2003), governance (World 
Bank, 2012; Al-Samarrai, 2013; Rajkumar & Vinaya Swaroop, 2002), road infra-
structure (Calderón & Servén, 2004), health (Behrman, 1996), and income (Prit-
chett & Filmer, 1998). Additionally, cultural and economic factors may intro-
duce a gender bias in certain contexts (Shahidul & Zehadul Karim, 2015). Thus, 
the enrolment rate may be skewed towards one sex or another and dropout rates 
may increase. The model calculates the likelihood to drop out given these factors 
and capacity restrictions. If a child has not completed primary schooling, they 
cannot proceed to secondary schooling. 

The model considers the current enrolment levels to determine the school 
achievement of young adults. The model is calibrated to education data from 
Barro & Lee (2013), which includes seven levels of education, namely: no educa-
tion (E0), some primary education (E1), primary education completed (E2), 
some secondary education (E3), secondary education completed (E4), some ter-
tiary (E5), and tertiary education completed (E6). The distribution of education 
will feed into a population aging chain that captures the education levels of the 

 

 

4“iSDG—Integrated Sustainable Development Goals Model…” 
https://www.millennium-institute.org/isdg. 
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entire population, from which the overall population average years of schooling 
and literacy rates are calculated (Figure 7).  

In addition to mapping the key factors that determine the level of education, 
this structure takes into account the significant time that it takes to increase the 
level of education in the population. Not only does it take a significant amount 
of time to achieve literacy in school-aged children, adults already in the work-
force take significant time to age out of the workforce. 

4. Discussion  

The following causal loop diagram (Figure 8) demonstrates interrelationship 
between different socio-economic sectors that one sector positively affects 
another loop except the two highlighted in red. The detailed discussion about 
the diagram below is given however in general it indirectly demonstrates educa-
tional challenges. This model depicts the country context regarding education. 
There are some internal and external loops. Here internal means within the 
education sector such as availability of electricity and external for example gov-
ernment expenditure. Therefore, both types of factors are analysed and neces-
sary to study. 

This causal loops diagram shows the main socioeconomic drivers of education 
(access to electricity, transport infrastructure, average life expectancy, education 
infrastructure and average household income). If the school-aged population 
were lower, all else equal, education success would be higher, as per-capita  
 

 
Figure 7. Drivers of school achievement distribution of adult population. Source: The 
Authors. Simplified causal structure of the Education module with links to other modules 
(variables in grey), positively correlated relationships (blue), and significant delays 
marked (two dashes through the arrow). 
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Figure 8. Drivers of average adult literacy rate. Source: The authors. 

 
expenditure is greater. In this diagram, blue arrows represent a positive rela-
tionship between the two variables (i.e. if the first variable increases, the second 
increases as well, or if the first decreases, the second will also decrease). Red ar-
rows represent a negative relationship between the two variables (i.e. if the first 
variable increases, the second will decrease, or if the first decreases, the second 
increases). Arrows that contain slashes show potential significant sources of de-
lay. For example, although recent graduates may be better educated, it may take 
years or decades before the overall literacy rate of the population experiences 
significant changes, as the improved literacy is typically only in the younger 
population and must replace the population over time. 

The diagram shows multiple opportunities for reinforcing improvements in 
education. As better education is a driver of economic productivity (human cap-
ital), this can in turn increase tax revenues and government spending. This gov-
ernment spending can then be used towards improving electricity, transport, 
health and education infrastructure, which will all in turn increase the predicted 
average years of schooling for new adults. Additionally, improved literacy rates 
across the population will improve gender and income equality as larger propor-
tions of the population are educated and can access better economic opportuni-
ty. Along with improved economic production, governance tends to improve 
gender and income equality. With improved governance comes better economic 
production (stemming from improved processes for businesses, lower corrup-
tion), and higher effectiveness of government expenditure, as society has higher 
trust in government and it is more effective. This further reinforces the improve-
ments in economic production. Additionally, higher literacy rates typically  
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Table 3. Indicators of the drivers. 

Drivers 2019 

Government Expenditures (PKR in millions) 6,419,111 

Education Affairs and Services (PKR in millions) 97,155 

Government Expenditure on Education (% GDP) 2.8 

Expected years in schooling 8.5 

Expected years in schooling (male) 9.3 

Expected years in Schooling (female) 7.8 

Literacy rate, adult (% ages 15 and older) 57% 

Fertility rate (births/woman) 3.488 

Income inequality (Gini Coefficient) 33.5 

School Aged Population (5 - 16) (in millions) 51.8 

Out-of School children (in millions) 22.8 

Gender Inequality Index5 0.547 

Average household Income (PKR) 498,540,000 

Life expectancy at birth (years) 67.1 

Existing Public School buildings fallen into disrepair (%) 55 

Total Road Paved (kms) 156,000 (60%) 

Road Density6 (km/km2) 0.32 

Access to Electricity—All population—Urban—Rural (%) 71 - 100 - 54 

Source: Finance Government of Pakistan, UNDP, World Bank, ADB, UNICEF (2019). 
 

lead to lower fertility rates. With lower demand for schooling, the strain on 
school infrastructures will lessen, further improving schooling outcomes (Table 
3). 

5. Conclusion 

System dynamics models have become reliable tools in developing and accessing 
robust education policies, particularly through their capacity to capture and 
quantify complexity and cross-sectoral dynamics. In Pakistan, addressing the 
multi-faceted education sector has been a challenging task for policy-makers and 
the country has been underperforming in its progress to achieve SDG 4. By us-
ing SD models with a track-record of real-life application, such as the T21 and 
iSDG models reviewed in this paper, the country has the opportunity to advance 
a comprehensive development agenda and simultaneously evaluate and improve 
the efficiency of its implementation. Future research on the use of SD models for 
education in Pakistan that would address data inconsistencies, locally tailored 
methods for participatory approaches in the modelling process and conceptual 
frameworks on improved model structures (e.g. to the already existing education 

 

 

5Gender inequality Index (GII): A composite measure reflecting inequality in achievement between 
women and men in three dimensions: reproductive health, empowerment and the labour market. 
6Road density is 0.32 km/km2 which is low and compares unfavourably with other South Asian 
countries (Bangladesh-1.7 km/km2; Sri Lanka-1.5 km/km2 and India, 1.0 km/km2). 
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sectors in the iSDG) can contribute to the development of a valuable poli-
cy-guiding tool. Such efforts would not only enable Pakistan to move towards 
achieving its SDG 4 targets, but it would also allow policy synergies to help the 
country in implementing its overall SDG agenda. 
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