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Abstract 
 

Using a socio economic metabolism (SEM) approach, the case of Norwegian 

kindergartens is studied in the wake of a contemporary challenge facing the system: 

shortage of qualified staff. Through the case study, the thesis aspires to demonstrate 

the utility of SEM based models in examining quality provision in the educational 

service, and for addressing the topic of resource requirements. A ‘dynamic stock driven 

time cohort type model’ is constructed that studies the Norwegian kindergarten system 

in terms of (i) children as demander stock (ii) teachers and assistants as provider 

stocks (iii) built area as resource stock and their associated flows.  The model 

developed for the thesis is a starting point for SEM studies to develop in the education 

sector. The model also demonstrates the alternative of modelling population as a 

dynamic time cohort type model providing an alternative to linear statistical models.  

The thesis shows that under a medium growth demographic scenario, between 2015 

and 2040 the net stock of children increases by 9.6%. Subsequently, stock of teachers 

and assistants in the system increases by 10.5% and 9.9% respectively. In 2015, 9.9% 

teachers and 57.9% assistants were without relevant background. The thesis shows 

that at least 0.93% of unqualified teachers and 5.58% of unqualified assistants will be 

present in the system by 2040, assuming that the newly recruited staff in the future 

have formal qualifications. Through scenario analysis, interventions for achieving 

target of ‘having all staff with formal background’ are studied.   
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1 Introduction  

Sustainable development involves meeting the needs of the present without 

compromising the ability of the future generation to meet their own needs. It is not a 

state of harmony but a process of change involving consistent alignment of our 

resources, direction of technological and economic developments and institutional 

change to work together (Butlin, 1989). In the agenda for sustainable development of 

the United Nations, 17 goals have been laid, keeping human needs at the heart of 

sustainable transition goals (Nino, 2015a). Ensuring inclusive and equitable quality 

education forms one of these goals. It is deemed that education is the key that will 

allow many other sustainable goals to be reached (Nino, 2015b).  Education is basic 

human need (Nino, 2015b) and education system is a service offered to a population 

to meet this need (Qiu, 2014).  

Equitable education systems are fair and inclusive and support their students to reach 

their learning potential without either formally or informally pre-setting barriers or 

lowering expectations (OECD, 2012). An equitable education system can redress the 

effect of broader social and economic inequalities. In the context of learning, it allows 

individuals to take full advantage of education and training irrespective of their 

background (Faubert, 2012; Field et al., 2007)  

One of the tensions that run through policy makers in ensuring equitable quality in 

educational institution, is maintaining the fundamental functions of the educational 

institution i.e. teaching, research and ensuring overall development of children, while 

being under the pressure of limited resources in terms of faculty, facilities and income 

(BALL, 1998; Barlas and Diker, 1996; OECD, 2012). Furthermore, the policies 

developed have to take into account changing boundary conditions like (i) numbers of 

students using the education system (ii) availability of staff (iii) Educational 

requirements of staff (iv) Infrastructural requirement. This makes the educational 

system, a complex dynamic system where cause and effect are not often together in 

time and space (Kim and Senge, 1994). This means that obvious interventions do not 

always produce obvious outcomes and that long time delays under changing boundary 

conditions makes it hard to judge the effectiveness of those actions (Ghosh, 2015; Kim 

and Senge, 1994; Sterman, 1994).  
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The problems faced in contemporary policy making in educational institutions have 

been studied at both macro and micro level by many researchers (Kennedy, 2011). 

While some studies describe the qualitative requirements to be considered (Bakken et 

al., 2017; Field et al., 2007; Kogan and Bauer, 2006), some others delve to quantitative 

target development (Barlas and Diker, 1996; Kennedy, 2011). However, most studies 

conducted to address problems in educational institutions do not have quantitative 

foundations. Also, some quantitative studies fail to describe the dynamic nature of the 

educational system (Barlas and Diker, 1996). Another challenge is to translate the 

qualitatively set goals into quantitative targets while still maintaining the context of the 

issue (Wolstenholme, 1999). 

Studies that aspire to quantitatively address policy making in education have the 

challenge of describing human and resource requirements together. Furthermore, 

most researches that describe human elements consider a linear statistical model to 

describe a population, undermining its dynamic nature (Harte, 2007). Also, linking 

qualitative attributes of human elements (for example educational background) to 

quantitative modelling is often a challenge. Hence, research is required to 

systematically study the educational sector under a framework that allows quantitative 

and realistic representation of the education system (Barlas and Diker, 1996).  

The models developed henceforth, should be able to simulate the dynamic 

interlinkages of humans and resources that make the education system. It should aid 

the policy makers in quantitatively studying education system by early recognition of 

problems, priority setting, to analyse and improve the effectiveness of measures and 

to design efficient resource management strategies. Socio economic metabolism 

(SEM) approach promises a potential in this regard (Hendriks et al., 2000).  

Using a socio economic metabolism (SEM) based model, the thesis addresses the 

quality provision and resource requirements of this service. It uses the conceptual 

framework of describing a service through SEM being developed at NTNU. The thesis 

describes the case study of Norwegian kindergartens to demonstrate the use of this 

model to address contemporary challenges in quality provision of the kindergarten 

services.   

Kindergartens are a part of the early childhood education and care (ECEC). The case 

study of kindergarten was chosen because of its prominence in the early years of one’s 
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life. Kindergartens are often the first step in a child’s educational journey (Starting 

Strong III, 2011). Research from a number of disciplines including psychology, 

medicine and education iterate the importance of early childhood education and care 

(Bakken et al., 2017; Reynolds et al., 1996). Developments in a child during the early 

years of life has significant long term outcomes (Bakken et al., 2017; Campbell and 

Ramey, 1994; Gorey, 2001). There is a widespread acknowledgement of the role of 

early childhood education and care to bring a wide range of benefits. These include 

better child well-being; stronger learning outcomes and foundation for lifelong learning; 

more equitable child outcomes and reduction of poverty; increased intergenerational 

social mobility; more female labour market participation; increased fertility rates; and 

better social and economic development for the society at large (Meisels and Shonkoff, 

2000).However, a conditional to achieve these outcomes is ensuring quality provision 

of the education service (Starting Strong III, 2011). 

2 Conceptual framework  
The conceptual framework used in this thesis is being developed at the Industrial 

Ecology faculty of NTNU. It uses the elements of service sciences and socio economic 

metabolism to provide a comprehensive framework to study education as a service 

and its interaction with nature, society and economy.  

Socio economic metabolism (SEM) is a paradigm for sustainability within Industrial 

Ecology (Pauliuk and Hertwich, 2015) that studies the human-nature nexus (Baccini 

and Brunner, 2012; Fischer-Kowalski, 1998; Fischer-Kowalski et al., 2014). Studies in 

socio-economic metabolism have so far been concerned with accumulation of 

resources, materials and energy; its quantifications and identification of patterns 

(Baynes and Müller, 2016). These type of studies have helped quantify the relationship 

between technological developments, economic developments and resource use 

(Fischer-Kowalski et al., 2014). 

Service science is a newly emerging field, that concerns itself towards the 

understanding of services - its role in business and economy (Bithas et al., 2015; 

Paulson, 2006; Qiu, 2014).It is a multidisciplinary field in itself that seeks to bring 

together knowledge from different areas like business, anthropology, engineering and 

economics to improve service industry’s operation, performance and innovation 

(Paulson, 2006). According to service sciences, the successful provision of a service 
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consists of five factors- (i) Resource, (ii) Provider (iii) Consumer (iv) Time and (v) 

Benefit. Factors (i-iv) make up the service elements. In SEM terms these service 

elements can be represented through flows and stocks of different nature – economic, 

material, energy, human, animal and time. To provide benefit is the goal of the service. 

However benefit itself is described as intangible. Here, stocks refer to a set of objects 

of interest (Pauliuk et al., 2016). It can be any objects that accumulates in the society 

such as infrastructure, buildings, vehicles, machines and other fixed capital, consumer 

products, human beings or livestocks (Baccini and Brunner, 2012; Fischer-Kowalski, 

1998; Pauliuk et al., 2016). Flows occur between the processes or stocks in order to 

build, maintain and operate these stocks (Brunner and Rechberger, 2003).  

Typically the consumer or demander of a service are individuals  (Maglio and Spohrer, 

2008). However, providers can be firms or governments. Although, since provision of 

the service ultimately requires specialized knowledge, skills and competences; 

ultimately they rely on individuals (Qiu, 2014). At a given point in time, the providers 

and demanders together use the resources to obtain the desired benefit or create value 

(Maglio and Spohrer, 2008).  

It is hypothesized that in order for a service to provide optimal benefit the service 

elements have to be aligned in certain proportion at a given time (Figure 1). A 

misalignment in this proportion can lead to non-optimal benefit of a service. Ultimately, 

the use of resources – material, energy and economic relies on the alignment of the 

service elements.  

 

Figure 1: Conceptual framework to describe service: The service elements are brought together by a need. The 

proportionate alignment decides the optimal benefit 

This conceptual frame work can be extended to the service of education. In this case, 

the service elements are made by the stakeholders of education. Demanders of this 

service are the children (between the ages of 0-6). Teachers, educators and related 
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personnel can be regarded as the providers. The resources in the case are the 

educational buildings, playgrounds and utilities like books, stationaries and internet. 

Hence, demanders, providers and the resources of kindergartens can be described in 

a given time as a system working together to obtain the benefit of educating students. 

The stocks and flows in the system are estimated by the principles of mass balance.   

3 The case of Norwegian Kindergartens  

3.1 Background  
Norway provides, and realises, a strong entitlement to universal early childhood 

education and care in the best interests of parent and children (Engel and Barnett, 

2015). The Norwegian term for institutions providing early childhood education and 

care for children in the age of 1-5 is barnehage. This directly translates to kindergarten 

in English  (Haug and Storø, 2015). In the past decades kindergarten has changed 

from being a place of play, to being a place of increased pedagogical importance (Haug 

and Storø, 2015). The purpose of the kindergartens in Norway is defined as ‘to ensure 

an overall development of children- by catering to their need for care and play and 

promoting learning and formation’ (Ministry of Education and Research, 2011a). The 

kindergarten system in Norway has exemplary strengths when it comes to having an 

efficient de-centralised governance structure, diversity and stability of pedagogical 

staff.  

The government has taken great efforts in the past to ensure appropriate access to all 

children. The government has drastically expanded the number of seats offered in 

kindergarten while making them affordable (Ministry of Education and Research, 

2013). These efforts have paid off and access to a kindergarten has increased greatly 

in recent years, reaching high levels of participation, including at very young ages 

(Engel and Barnett, 2015).  

A challenge facing the system currently is a persistent shortage of qualified staff. This 

has implications on the quality of kindergarten service provision. Also, the kindergarten 

staff lacks sufficient status, career and pay options. In order to address these 

challenges specialized training programs and competence building activities have 

been put in place. However, according to the recommendations of the recent 

evaluation of kindergartens by OECD committee (Engel and Barnett, 2015) it was 
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mentioned that short programs do good to raise the competencies but are not strictly 

enforced. Also, they are not enough to provide the staff with a formal background.  

The evaluation studies conducted on the kindergarten system do not provide a clear 

understanding of the occurrence of this problem (Engel and Barnett, 2015; Ministry of 

Education and Research, 2011a). According to Gunnes et al (Gunnes and Knudsen, 

2016) it is possible that when a qualified teacher is not available for a given position, a 

less qualified person fills the place. The kindergarten act gives the municipalities a 

power to grant such dispensations from educational requirement to address the 

shortages of qualified staff, in turn inviting unqualified staff into the system (Engel and 

Barnett, 2015). However, research that quantitatively measures the shortage and 

studies plausible solutions, needs to be conducted. Nonetheless, the recommendation 

of the OECD evaluation to handle this challenge is to introduce mandatory staff 

programs that provide a formal qualification. Also, it calls for a national strategy with 

quantitative targets (Engel and Barnett, 2015).  

3.2 Quality in Kindergartens  
Quality in kindergartens is multidimensional concept mainly covering two attributes: 

structural characteristics and process quality (NICHD, 2006; OECD, 2012) .  

Structural characteristics of quality (or structural quality) covers the aspects that are 

directly subject to regulation by policy and funding. These aspects include class or 

group size, teacher-child-ratios, formal staff qualification levels, built area requirements 

and materials provided (Engel and Barnett, 2015).  

Process quality is more of an intangible attribute that refers the pedagogical approach 

and interaction of children with teachers and with space and materials (Starting Strong 

III, 2011). Also, some approaches include the quality of interactions between staff and 

parents and aspects such as warm climate, spatial arrangements and child-appropriate 

behaviours (Lamb-Parker et al., 2001; Reynolds et al., 1996). Standardised 

approaches to quantify process quality is yet to be developed. It is conjectured that 

process quality has a direct effect on children while structural quality has an indirect 

effect through its influence on process quality (Pianta et al., 2012).  

International research has been focussed on developing reliable and valid instruments 

to measure preschool and kindergarten quality (Tayler et al., 2013). However, there is 
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need for instruments that can independently asses quality and provide feedback on 

the policies that can be put into practice (Engel and Barnett, 2015). 

3.3 Policies and Governance  
The first Kindergarten Act in Norway came into force in 1975. Later, in 2005 it was re 

written to provide clearer regulations for the content of kindergartens. Also, it provides 

descriptions of the roles and tasks of kindergartens and of kindergarten authorities. 

The Kindergarten Act of 2005 also adjusted the division of responsibilities between 

different levels of administration and importantly, reinforced the role of municipality as 

kindergarten authority supervised by the county governor (Ministry of Education and 

Research, 2011a). In addition, kindergartens were included in the portfolio of the 

Directorate for education and training (called Utdanningsdirektoratet) in addition to 

primary and secondary education.  The directorate is the executive wing of the ministry 

of education responsible for evaluation of the education system through the National 

Quality Assessment System (Engel and Barnett, 2015). 

In 2006, Norway integrated the responsibility of ECEC provision and schooling under 

the Ministry of Education and Research. Also, in 2006 clear regulations were laid down 

regulations providing a framework for the content and tasks of kindergarten. In 2009, 

the government introduced the legal right guaranteeing all children between ages of 1-

5, a place in kindergarten(Haug and Storø, 2015). This was done to ensure appropriate 

access, to provide social equality and importantly to secure a good start to all children 

(Engel and Barnett, 2015). 

3.4 Kindergarten workforce 

The workforce of a kindergarten is made of head teachers, pedagogical leaders and 

assistants. Two new positions called barnehagelærer and barne og ungdomsarbeider 

have been created in 2013 that is equivalent to a pedagogical leader and assistant 

respectively (Engel and Barnett, 2015; Ministry of Education and Research, 2013).  

Both head teachers and pedagogical leaders are involved in pedagogical interactions 

with children. However, head teachers are as managers, responsible for the whole 

kindergarten. To qualify for these positions, one has to have a three-year tertiary 

degree in kindergarten teacher education (called barnehagelærer utdanning), or 

equivalent pedagogical degree at tertiary level, with additional education focusing on 

working with children. This is mentioned in the sections 17 and 18 of the kindergarten 
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act (Ministry of Education and Research, 2011a) with clearer explanations in the 

regulatory framework (called forskrift) of the act (Ministry of Education and Research, 

2011b). 

The regulations for staffing as per the section 18 of the kindergarten act dictates that 

number of staff should be adequate to carry satisfactory pedagogical activity in 

kindergartens(Ministry of Education and Research, 2011a). In the majority of ordinary 

kindergartens, children are organized in separate groups for the 1–2 and 3–5 age 

cohorts. The regulatory framework (called forskrift) of this act further recommends that 

average of 14-18 children should have a minimum of pedagogical leader when the 

children are over three years and when the children are under three years of age one 

educational leader should be present. In all the cases the residence time of the child 

is over six hours (Ministry of Education and Research, 2011b).  

There no formal requirements laid out for the assistants in terms of staffing regulations 

or in qualification. However, they should preferably have completed a four-year 

vocational training programme at upper secondary level, consisting of two years of 

school-based training and a two-year apprenticeship (called barne og 

ungdomsarbeiderutdanning) (Ministry of Education and Research, 2011b).  

According to Pettersson (Pettersson, 2017), it was found that there was seldom any 

difference between assistants and teachers in terms of the interaction with children. 

Also, teachers were often involved in other administrative activities while assistants 

were involved in monitoring the children. This shows that the role of assistants in 

pedagogical development of children is quite significant. Hence, it is important that the 

assistants possess formal qualifications and competencies to fit into the role. 

Furthermore, in 2013 about 37.5% of the kindergarten workforce were qualified 

teachers (Engel and Barnett, 2015). This means that most of the pedagogical activity 

is being conducted by unqualified staff.  

3.5 Shortages of Qualified Staff 

In 2000, majority of the employees working as head teachers and pedagogical leaders 

came from a barnehagelærer utdanning educational background and assistants 

majorly from a barne og ungdoms arbeiders (BU) background. Barnehalærer 

utdanning is a 3 year bachelor programme that gives qualifications to work in the 

capacity of a head teachers, pedagogical leader or barnehagelærer. The name of this 
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program was changed from forskolelærer utdanning to barnehagelærer utdanning in 

2013. Additionally, a national curriculum was laid for the studies that defined clear 

learning outcomes (Ministry of Education, 2012).  

According to the statistical sources (SSB, 2017a); In 2015 there are 2% head teachers, 

3% pedagogical leaders and 48% assistants with other background in the system. This 

is already an improvement compared to the past levels, between 1997 and 2013, the 

percentage of head teachers or pedagogical leaders working on dispensation has 

decreased from 19% to 2.1% for head teachers and 13.2% for pedagogical leaders 

(Engel and Barnett, 2015). A clear accounting for assistants is harder for the past 

because of a change in the way assistants are accounted in the statistical sources. A 

new category called childcare and youth workers were reported separately. These 

were formerly included in the category for assistants. The statistics are not directly 

comparable with previous years (SSB, 2017b). 

There is a shortage of staff of both pedagogical leaders and assistants. The total 

shortage of pedagogical staff was approximately 4400 teachers in 2013 (Engel and 

Barnett, 2015). The number of graduates in 2013 was 2059, however not all of them 

would work in a kindergarten (Ministry of Education and Research, 2013). The 

shortage of teachers is expected to persist in the system in the coming period.  

3.6 Infrastructure and Resources 

According to the Kindergarten Act Chapter IV Section 10 (Ministry of Education and 

Research, 2011a), the indicative norm for children’s play area indoors is four square 

metres net per child over three years of age and approximately one third in addition 

per child under three years of age.  However, the outdoor area needs to be 

approximately six times as large as the play and living space indoors. Parking spaces, 

access roads etc. are not included in the outdoor area.  

Municipalities play a key role in ensuring availability of resources in Kindergartens. It 

supervises and monitors across all kindergartens to ensure that services are registered 

meeting necessary approvals and are subject to health and safety inspections. 

Necessary approvals include articulation of the clear purpose of the institutions (e.g. 

particular educational or religious purpose), opening hours and criteria for access and 

physical space (Ministry of Education and Research, 2013).  
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4 Strategies to foster staff quality  
In order to create a conducive pedagogical environment for children, it is important that 

the staff possesses necessary qualifications and competencies (Starting Strong III, 

2011). Efforts are constantly underway to ensure the availability of a qualified and 

competent staff (Ministry of Education and Research, 2013). However, development 

of a clear roadmap with  quantitative targets needs further effort (Engel and Barnett, 

2015).  

The Ministry of education has established additional places in the kindergarten teacher 

education to increase the number of qualified staff in kindergartens (Ministry of 

Education and Research, 2013). The new framework developed for barnehagelærer 

utdanning has been developed such that it aligns with the European Qualification 

Framework (EQF)(European Commission, 2008). Also, workplace based programs 

that involve the active cooperation and involvement of kindergarten owner/employers, 

students, staff and the university colleges/universities are being encouraged.  Since 

2009, a guided first year is also provided to all new employees (Ministry of Education 

and Research, 2013).  

Another strategy being discussed is cash for care scheme (Engel and Barnett, 2015). 

Under this scheme, families with children between 1 and 3 years who do not use a 

kindergarten receive a certain monthly sum from the state. This measure can reduce 

the number of children using the kindergarten, thereby demanding lesser staff. 

However, not all political parties are in favour of this measure making it a hotly debated 

topic (Haug and Storø, 2015).  

In order to raise the overall competencies in staff, strategies are underway. A series of 

strategies for improving the competence of kindergarten staff was presented in 2013 

by the Ministry of Education (Ministry of Education, 2013).  A project called GLØD was 

created with the ambition to raise the number of staff with competence in all positions 

(i.e., head teachers, kindergarten teachers and assistants).   

Competencies are acquired through initial training, on-the-job training and professional 

development programmes (Ministry of Education and Research, 2015). The strategies 

also propagate encouraging workplace based diploma for all staff without relevant 

background (Ministry of Education, 2013). For the teachers, a work-based, part-time 

bachelor-level programme (Arbeidsplassbasert barnehagelærerutdanning or 
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ABF/ABLU) has been developed comprising of 180ECTS and duration of 4 years. For 

the assistants a similar program at upper secondary level (Arbeidsplassbasert barne 

og ungomds arbeider utdanning) is being offered by many universities which 

comprises a duration of 3 years. Both the programs entail a study intensity of 50% 

(Utdanning.no, 2014). This means that the students of this course study 50% of the full 

time equivalents (FTEs or man years) and are essentially working in the kindergarten 

for up to 50% of a man year.  

The strategies being discussed do not provide any clear quantitative targets. 

Generally, quantitative target development in planning and strategy related to 

education and labour requirement are developed using the supply demand forecast 

developed by labour forecasting tools. However, development of such quantitative 

goals is a challenging task since it entails creating interventions in both kindergarten 

system and the labour market.  

4.1 Labour Forecasting tools  
The ministry of finance, the Norwegian parliament, other ministries and publically 

appointed committees use labour forecasting models to gain a supply demand 

understanding of their policies. To some extent private sector also uses these tools for 

internal planning (Boug and Dyvi, 2008).   

In Norway there are different models are in use. Some of these models are intended 

to understand the economy, some are intended to aid planning of budget and tax and 

others intended to generate understanding of employment and labour trends (SSB, 

2017c). Appendix I gives a detailed idea of the different tools currently in use.   

LÆRERMOD is the supply demand model of the education sector (SSB, 2016a). In 

this case, supply refers to the amount of teachers being graduated and demand refers 

to the number of teacher to be employed (Gunnes and Knudsen, 2016). The purpose 

of LÆRERMOD is to forecast the excess and deficit of teachers by different training 

areas at national level.  LÆRERMOD uses a combination of probabilistic and 

econometric approaches to obtain this understanding(Gunnes and Knudsen, 2015). It 

is mentioned in the LÆRERMOD reports (Gunnes and Knudsen, 2016, 2015) that it 

consists of three important pillars.  

 Distribution of teachers by employment areas. 
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 The ratio between numbers of teachers and number of users, called ‘teacher 

density’  

 Demographic development as basis for development of future users.  

 

Supply and demand in LÆRERMOD are independently calculated. According to 

(Gunnes and Knudsen, 2015) the supply of teachers is calculated by supplementing 

the inventory of employed teachers  by accounting for the new candidates and 

subtracting the teachers who go out of work activity because of age. However, this not 

modelled directly. It is mentioned that the share of people by age in the employed stock 

is reduced at retirement age to account for retirement (Gunnes and Knudsen, 2016). 

New teacher candidates are phased into the original stock of teachers based on 

student admission, length of study program and degree of completion. They are 

assigned the same characteristics as that of the already employed teachers in terms 

of employment rates and average number of years work per worker. Furthermore, the 

age and gender distribution of the stock is assumed to be constant during the period 

of projection(Gunnes and Knudsen, 2016). 

LÆRERMOD takes into account that teachers in all the training categories can work 

in different sectors (Gunnes and Knudsen, 2016, 2015). However, it does not look at 

whether these teachers are actually qualified to work in these sectors. Furthermore, it 

does not study and account the consequences of aging, recruitment and retirement 

flows and structural quality changes due to policy interventions. This creates a need 

for tools that can be integrated with LÆRERMOD to provide a comprehensive 

quantitative understanding of the labour, material and economic implications of policy 

development.  

5 Objective and Research Questions  
The objectives of the thesis is (i) to aid target setting and strategy development for 

increasing formal qualification of already existing staff without relevant qualifications in 

Norwegian Kindergartens (ii) Demonstrate the use of socio economic metabolism 

based models in examining quality provision and addressing the resource 

requirements of educational services through scenario analysis of Norwegian 

kindergarten services.  

The following thesis questions have been formulated in order to achieve these 

objectives:  
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(i) What is influence of development of the stock of children on structural quality 

of kindergartens?  

(ii) How can a goal of achieving ‘all staff with formal qualifications’ be reached 

through traditional diploma and workplace based diploma?  

(iii) What is the time frame for this transition given that different study programs 

are of different lengths, study intensities and teacher requirements?  

(iv) What are the impacts of the different transition paths for the teacher 

availability and demand for new teachers?  

(v) How can population and infrastructure be modelled together? What are the 

limitations of such models? How can they be improved further?  

(vi) What inferences can be drawn from this model for future SEM models in 

education services?   
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6 Methodology 

6.1 System Development  
In a SEM study, development of a system serves as a basis to physical and 

mathematical framework of the system. According to (Brunner and Rechberger, 2003), 

a system consists of a system boundary in which physical elements i.e. stocks, 

processes and flows between them are described.  Nonphysical elements i.e., 

parameters, drivers of the system are also described in addition. Figure 2  shows a 

system description of the Kindergarten system in Norway.  

 

 

Figure 2: The kindergarten system of Norway.  
Note: The colour coding is followed throughout the report 
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The Kindergarten system in Norway consists of three basic service elements: Children 

as Demanders; Employee as providers and the Infrastructure element. In time they 

come together to provide kindergarten services to the population. The stocks and flows 

associated with the system are studied. In order to provide further resolution of 

processes and stocks in the system, subsystems have been developed and presented 

in Appendix II.  

The purpose of the system is to first quantify the stocks and flows of the system and 

then to provide estimations about evolution of these stocks and flows; both historically 

and in the future. The system has the regional perimeter of Norway.  

A dynamic stock driven time cohort type model  (Sandberg et al., 2017; Vasquez et al., 

2016) is constructed based on the principles of SEM. Time and cohort together 

describe the ageing and evolution of the stocks in time. For simplicity, the model is 

described in terms of age instead of cohort. In children, type refers to different age 

groups and in employees it refers to different backgrounds. Every stock consists of an 

Inflow and an outflow described by the black arrows (Figure 2). The influence of the 

parameters to the stocks is shown by red arrows. Also, red arrows can be seen from 

the stock of children towards other stocks, this is to show that children are the drivers 

of the system. It should be noted that the background of the employees are also coded 

by colour hues. As the hue of the colour gets stronger, the employee can be seen to 

have more background. For example, assistants without background are described by 

light pink, relevant background by a medium pink and assistants with ‘barne og 

ungomds arbeider’ i.e. secondary level education background are described by a dark 

pink.  
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6.2 System Definitions  

The model developed to simulate the system is a stock driven dynamic time cohort 

type model. The model consists of a demander stock element, three provider stock 

elements and two Infrastructure elements.  Table 1 describes the stock elements of the 

system.  

Number Stocks  Symbol Unit  Nature Characterization 

1 Children in KG  C Capita Demander  Time, Age, Hours of 

attendance  

2 Teachers in KG T Capita Provider  Time, Background, 

Age 

3 Assistants in KG A Capita Provider  Time, Background, 

Age 

4 Other employees - Capita Provider  Not studied further  

5 Built Area B Area 

(m2) 

Infrastructure Time, Area 

6 Other 

Infrastructure 
- 

- Infrastructure Not Studied further 

Table 1: Stock elements of the system 

All the stock elements are studied between the years 2000 and 2040.The reference 

year used for the model development is 2015. There reference period for the reporting 

of stocks in 15.12.Year in the official statistics (SSB, 2017a, 2017d). It can be safely 

assumed that stocks are accounted for at the end of the calendar year.  Subsequently 

it is assumed that all the flows pertaining to the given year occur before the accounting 

of the stocks.  

The observed values of Children in kindergarten are collected at national levels (SSB, 

2017d). Children in kindergarten are reported by 7 age categories and hours of 

attendance ranging between 0-44 hours in 6 heterogeneous class intervals.   

There are two different tables presented for employees: (i) by sex (SSB, 2017e) (ii) by 

background (SSB, 2017a). The total employee stock is obtained by aggregating 

employees by sex (SSB, 2017e) .SSB reports the employees in kindergarten by 10 

different backgrounds(SSB, 2017a). For simplicity, they have been re categorized as 

teachers, assistants and others. The categorization is made as shown in Table 2. The 

rationale for such categorization is that pedagogical leaders and head teachers have similar 

pedagogical role in kindergartens.  Only Teachers and Assistants stocks are studied further. 
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Classification 
categories 

Teachers Assistants Others 

 
 
 
Reported  
categories 

Directors (Styrer; Head teachers) Assistants Office staff 

Directors assistants 
(Styrerassistent) 

Bilingual assistants Other educational 
personnel 

Early childhood educators or other 
employees with the same 

qualifications (barnehagelærer) 

Childcare and youth 
worker(barne og 

ungdoms arbeider) 

Other paid help 

Educational leaders (AKA 
pedagogical leaders) 

  

Table 2 : Classification of employees into teachers, assistants and others 

6.3 Model development 

6.3.1 Children 

The stock of children is children in kindergarten is calculated as the product of the 

population between the ages of 0-6 and coverage. Coverage gives the fraction of the 

total population of kindergarten going age that is a part of the kindergarten system. 

Inflow and Outflows of this system are calculated by making an assumption that 

children that enter kindergarten at any age only leave as 5 or 6 year olds. Also, children 

do not enter kindergarten as 5 or 6 year olds. The net stock change of children between 

0-5 years is assumed to be the total inflow and net stock change of children greater 

than 5 years is the total outflow for a given year.  

For every age category, the number of hours spent per week by children is multiplied. 

Then demander intensity  𝛼𝑡𝑐 is calculated as the man hours of kindergarten by the 

max possible man hours of kindergarten usage. Demander intensity indicates intensity 

of usage of kindergartens.  This is used as a parameter for the development of 

employee stocks. The maximum hours of kindergarten usage per week is reported to 

be between 41-44 hours by LÆRERMOD. In their model an average of 42.5 hours is 

considered to be the maximum hours of kindergarten usage per week (Gunnes and 

Knudsen, 2016) . This value is assumed to be the maximum hours of kindergarten 

usage per week in the model.   

6.3.2 Teachers and Assistants 

SSB reports employees by 11 different background categories (SSB, 2017a). These 

are classified into three main types: Barnehagelærer background for teachers and 

Barne og ungdoms arbeider background for assistants; other relevant background and 

other background. A detailed model description along with model equations are 

presented in Appendix II.  

Teachers and Assistants are described by background (b) and age (a) for a given time 

(t). Man years (M) of work is collected at an aggregate level.  The man year demand 
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(M) of both teachers and assistants comes from the model constrains (see 6.3.4) and 

is based on the stock of children. This is multiplied by the respective correction factors 

to obtain an actual man year demand. 

A parameter work intensity is introduced such that it describes the average work done 

by the employee in relation to the actual man years of work. Total stock of teachers 

and assistants for a given time is calculated as a product of actual man years of work 

and the inverse of work intensity.  

6.3.2.1 Characterization into Age and Background 

Age distribution is the fraction of people in the successive age categories in the total 

stock. Background distribution is the proportion of teachers and assistants from a given 

background in the teacher and assistant stock respectively. The teachers and 

assistants stocks are multiplied by age and background using age distribution and 

background distribution respectively to obtain the time age type matrices.  

This can be represented mathematically as  

 

 

Where T and A are stock of teachers and assistants respectively. B is the background 

distribution by background categories b.  Υ is the age distribution for each age category 

a. 

6.3.3 Built Area  

The observed values of the total built area of kindergartens is obtained from national 

statistical sources (SSB, 2017f). Due to lack of data on construction and demolition or 

lifetime of kindergarten buildings, they have not been modelled as a time cohort type 

matrix. However, a linear vector of built area by time is constructed. Furthermore, 

based on the regulations the model estimates only the demand for indoor area.  

6.3.4 Model Constraints 

The regulations for structural quality (see 3.3) is what defines the independence of the 

stocks.  

A parameter (ɛ) and demander intensity (α) in has been used to relate the children for 

each age group (a) to the employees and infrastructure. Mathematically, these model 

constraints are formulated as follows:  

𝐴𝑡𝑏𝑎 = 𝐴𝑡 × 𝐵𝑏 × 𝛶𝑎 

 

𝑇𝑡𝑏𝑎 = 𝑇𝑡 × 𝐵𝑏 × 𝛶𝑎 
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Total Man Year demand (M) of teachers for a year (t) is calculated as   

𝜀(𝑗)𝑡𝑒𝑎𝑐ℎ𝑒𝑟𝑠 = {

1

9.7
, 𝑎𝑔𝑒 < 3

1

16
, 𝑎𝑔𝑒 ≥ 3

 
𝑀𝑡 = ∑ 𝐶𝑡𝑐 × 𝛼𝑡,𝑎 ×

6

𝑎=0
𝜀(𝑎)𝑡𝑒𝑎𝑐ℎ𝑒𝑟𝑠 
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Total Man Year demand (Asst_M) of assistants for a year (t) is calculated as  

The built area demand (B) of indoor area of the kindergarten is calculated as 

The outflows in the teacher and assistant stocks is calculated using outflow rate. 

Outflow rate is the proportion of reduction per year of workforce due to retirement, 

dropouts, sickness and death.  

The outflow for a given year is calculated as the product of the outflow rate (µ) and the 

stock in the previous year. The outflow rate remains same for both assistants and 

teachers but changes for different background categories  

Where Teach.O and Asst.O is teacher and assistant outflow respectively.  

The total inflow for both teachers and assistants for a given year is calculated as the 

sum of the net addition to the stock and the total outflow in a given year.  The net 

addition to the stock responds to the change in children stock, work intensities and 

demander intensities. Mathematically this is shown as  

 

 

𝜀(𝑗)𝑎𝑠𝑠𝑖𝑠𝑡𝑎𝑛𝑡𝑠 = {

1

9.7
, 𝑎𝑔𝑒 < 3

1

16
, 𝑎𝑔𝑒 ≥ 3

 
𝐴𝑠𝑠𝑡_𝑀𝑡 = ∑ 𝐶𝑡𝑐 × 𝛼𝑡𝑐 × 𝜀(𝑎𝑔𝑒)𝑎𝑠𝑠𝑖𝑠𝑡𝑎𝑛𝑡𝑠

6

𝑎𝑔𝑒=0
 

𝐵𝑡 = ∑ 𝐶𝑡𝑎 × 𝜀(𝑗)𝑖𝑛𝑓𝑟𝑎𝑠𝑡𝑟𝑐𝑢𝑡𝑢𝑟𝑒

6

𝑎𝑔𝑒=0
 𝜀(𝑗)𝑖𝑛𝑓𝑟𝑎𝑠𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑒 = {

5.3, 𝑎𝑔𝑒 < 3
4 , 𝑎𝑔𝑒 ≥ 3

  

𝑇𝑒𝑎𝑐ℎ. 𝑂(𝑡)𝑏𝑎 = 𝑇(𝑡−1)𝑏𝑎 × 𝜇𝑏𝑎 

 

 

𝐴𝑠𝑠𝑡. 𝑂(𝑡)𝑏𝑎 = 𝐴(𝑡−1)𝑏𝑎 × 𝜇𝑏𝑎 

 

 

∆𝑇𝑡 = 𝑇𝑡 − 𝑇𝑡−1 

𝑇𝑒𝑎𝑐ℎ. 𝐼𝑡 = ∆𝑇𝑡 + 𝑂𝑡 

 

∆𝐴𝑡 = 𝐴𝑡 − 𝐴𝑡−1 

𝐴𝑠𝑠𝑡. 𝐼𝑡 = ∆𝐴𝑡 + 𝑂𝑡 
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Where Teach.I and Asst.I is teacher and assistant inflow respectively. The total Inflow 

for a given year is divided into the age categories using an Inflow age distribution 

(ϵ).Inflow is divided into age categories as 

6.4 Parameter estimation  

The model for children consists for coverage, total population aged between 0-6 years 

in 1 year age categories and maximum hours of kindergarten usage as the main 

parameters.  It is assumed that the coverage has reached a stable value and remains 

constant throughout the future (Figure 3). The total population of children in 

kindergarten going age is obtained from the national statistical sources (SSB, 2017g). 

The future values are obtained from the demographic projections (SSB, 2016b). Figure 

4 shows the total population of children in kindergarten going age. The future values 

of the demographic population represent the main alternative based on observed 

fertility and population values of 2014 (MMMM2014).  

 

The model for teachers and assistants of four parameters: Background Distribution (B), 

Age distribution (A), Outflow rate (µ), Inflow Age distribution, Work intensity (β) and 

User intensity (α). Figure shows the values of the parameters. All the parameters are 

assumed to remain constant in the future. 

Age Distribution is first calculated for the year 2015 using the data of stock by age as 

reported by LÆRERMOD (Gunnes and Knudsen, 2015). It reports the stock of 

𝑇𝑒𝑎𝑐ℎ. 𝐼𝑡𝑏𝑎 = 𝑇𝑒𝑎𝑐ℎ. 𝐼𝑡 × 𝜖𝑎 

 

 

𝐴𝑠𝑠𝑡. 𝐼𝑡𝑏𝑎 = 𝐴𝑠𝑠𝑡. 𝐼𝑡 × 𝜖𝑎 
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teachers by 1 year age groups between the ages 24-74. This implicitly sets the age of 

the working population to be in this range. It serves as the initial condition for the 

development of the model. Although this data has been reported for the year 2013; it 

is assumed that the age distribution in the reference year 2015 is the same. 

Furthermore, LÆRERMOD reports this data for both genders, male and female. This 

data is aggregated to derive the age distribution (Figure 5).  

 

Figure 5 Parameters for modelling of teachers and assistants: Age distribution; Inflow Age distribution; Outflow rate 

Information about the teachers and assistants reported by background and 

employment position are used to create background distribution by calculating the 

fraction of staff from a given background by the total staff. This parameter is 

independently calculated for both teachers and assistants (Figure 6).  
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Figure 6 Parameters for teachers and assistants contd. Teacher intensity;Demander intensity;Bankground 
distribution 

Outflow rate remains the same for both sexes and is calculated using the information 

presented in Gulbrandsen (Gulbrandsen, 2015). In this article the stock of employees 

in 2007 and their evolution in 2012 by age is reported. This information is also reported 

for both employees with and without relevant backgrounds separately. Hence an 

outflow rate is calculated for each background category b and age category a.  

Information regarding inflow age distribution is obtained from Gulbrandsen 

(Gulbrandsen, 2015). It gives the age at the end of the exam for preschool teachers 

after the exam year and are reported in class intervals of varied age groups. It is 

assumed that graduates are present uniformly in the age groups. Although, in this 

report the graduates can be under the age of 24 (reported as age group 20-24), it is 

assumed that these are all 24 year olds because of the working age limits of the model. 

It is assumed that the age of the employees during their recruitment is the same as 

when they are graduating. 
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7 Scenario Development  
Scenario development is a tool used to understand the unfoldment of different 

strategies.  A scenario describes an alternative image of the future (Nakic´enovic´ et 

al., 2000). Here, scenarios describe storylines. Each storyline narratively describes the 

use of an alternate strategy and associated target.   

Scenarios are developed to study the goal of having ‘all teachers and assistants with 

formal background’ is explored. For this purpose existing teachers and assistants go 

through either a traditional diploma or a workplace based diploma. For teachers this 

program is offered at bachelor’s level and for assistants at upper secondary level.  

Training the teachers and assistants would involve provision of a new service. 

Demanders of this service are the teachers and assistants without background. New 

teachers would have to be sourced to be providers and infrastructure needs to be 

created.  

In system terms, a new system called ‘training system’ has to be created as shown in 

Figure 7. The purpose of this system is to train the employees already a part of the 

kindergarten education system and convert them into employees with relevant 

background. Teachers and Assistants without background being trained form the 

‘Teachers in Training’ and ‘Assistants in Training’ stocks respectively. Teachers 

required for Training the assistants without background are sourced from the existing 

Teachers with a Barnehagelærer background.  However, Teachers required to train 

teachers in training are not sourced from this stock. This is because a level 7 

 

Figure 7 : Development of a training system 
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qualification with training in pedagogy is needed to teach at this level (NOKUT, 2017). 

This is not essentially possessed by all teachers.   

The parameters for this system include teacher requirement for the training, initial 

number of seats offered, and increase in number of seats per year, study intensity of 

the program and duration of study.   This is described by developing an alternate 

system diagram, Figure 7.  

The new model constraint is introduced to the system such that the total inflow of 

teachers and assistants is the sum of the net change of the respective stock, the 

outflow in the year, and the respective flows to the training system. The outflow of the 

training system coming back to the stock is regarded as a part of the total inflow.  

Detailed description of model development is provided in the Appendix III.   

7.1 Scenarios  
Two forecasting scenarios and one back casting scenario are developed for the 

analysis.  

SC1: Teachers and Assistants without background undergo training through a 

traditional diploma. The duration of this training program is 2 years with a 100% study 

intensity. The associated teacher requirement is set to be low at 1:20 teacher per 

student. The training provision is slowly introduced with 200 seats for teachers and 

2000 seats for assistants and is built to increase over time. The increase of number of 

seats for both teachers and assistants is 20.  

SC2: Teachers and Assistants without background undergo training through a work 

place based diploma. The duration of this training program is 3 years with a 50% study 

intensity the associated teacher requirement is set to be high at 1:10 teacher per 

student. The training provision is drastically introduced and maintained at a constant 

level of 6000 assistants and 600 teachers.  

SC3: Ambitious targets are set to educate all teachers and assistants without 

background by 2025. By trial and error, the values of the parameter required to achieve 

this goals are found.  
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8 Results  

8.1 Children 
Figure 8 shows both the historic and future stock development in Children. Children in 

kindergarten have seen a drastic rise between the years 2000-2015. In this period the 

stock of children in kindergarten has increased by 95,996 children. However, the stock  

 

is not expected to increase further until 2020. On the contrary it reduces by 2896 

children.  Between the years 2020-2030, the stock is expected to increase further by 

25,388 children. The number of children in kindergarten reach a value of 313,841 in 

2040. The associated inflows and outflows have only been studied for the future as in 

Figure 9.   

Figure 8 Children in Kindergarten. The total children in kindergarten are cumulative of the individual age groups. Total 
POP here refers to the population in the age group of 0-6 
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Contrary to the stock, the inflow of the children is seen to be rising between the years 

2015-2020 and continues to reach a stable value of around 66,750 by 2030. The 

outflow of children increases between the years 2020-2030.  After 2030 the inflow 

exceeds the outflow by an average of 509 children until 2040.   

Figure 9 Inflows and Outflows of Children in kindergarten 
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8.2 Teachers 

In teachers, both man year demand and the number of teachers are seen to be 

increasing between the years 2000-2015 as shown in the Figure 10. The man year 

demand based on regulation (theoretical man year demand) follows a similar profile as 

that of demographic development of children. It increases from 10,185 in the year 2000 

to reach 19,303 in 2015. However, the actual man year demand is 34(±5) % more on 

an average than the theoretical man year demand in the same period. The number 

teachers has also increased from 16,378 teachers in 2015 to 34,196 teachers in 2020. 

This corresponds to actual student to teacher ratio 1:12.8 as of in 2015.   

 

Figure 10: Stock and man years of teachers 

In the future, the number of teachers stay relatively stable until 2020. Later the stock 

of teachers increases every year to reach a value of 34,753 in 2030. In 2040, the stock 

of teachers reaches a value of 35,316 teachers.  

The information about teachers by background is provided in Figure 11. The figure 

shows the accumulation of teachers without relevant background between  the years 

2000 and 2015. There has been a net increase of 666 teachers without background. 

Also, teachers with barnehagelærer background and other relavant background have 
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increased in the same period. A net addition of 15769 teachers with barnehagelærer 

background and 1056 with other relavant background is observed between this period.   

 

In the future the number of teachers without background naturally decrease. By 2040, 

there are 351 people in the stock without background.  

Figure 11 Teachers by background 
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The inflow of teachers is seen to be decreasing in the immediate future Figure 12. 

However, from 2017 a wave of increase in demand of new teachers is expected. The 

inflow of teachers reaches a maximum value of 2412 in the year 2023 and in 2030 it 

reaches a value 1,980 teachers. A small increase in inflow seen later. In the year 2040, 

an inflow of 2094 teachers is expected. In this period the outflow is steadily increasing. 

In 2016, an outflow of 1800 teachers and in 2040 the outflow is expected to be 1,994 

teachers.  

Figure 12: Inflow and Outflow of teachers 
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8.3 Assistants 

The observed man years is 9 % higher than the theoretical man year in 2000 Figure 

13. However in 2015, both attain the value of 37,132 man years. Correspondingly, 

43,818 assistants are present in 2015. The number of assistants is continues to 

increase in the future to reach values 43,801 47,725 and 48,487 in 2020, 2030 and 

2040 respectively.  

 

Figure 13: Stock and man years of assistants 

The information about the background of assistants is provided in the Figure 14. Here 

it can be seen that the assistants without background were introduced into the system 

only in 2013. A total of 30,549 assistants without background were introduced to the 

system. This corresponds to 68% of the total stock. In 2015, they amount to 57% of 

the stock. The number of assistants without background gradually reduce until 2040. 

In 2040, the total number of assistants without background is 2435 making up 6% of 

the stock. As no new assistants are added to system are without formal qualifications, 

the stock of assistants with background is seen to increase in the future. Between 2015 
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and 2040 a net increase of 30,817 is expected. This is the net inflow during this period. 

The inflows and outflows are shown in Figure 15 .  

 

Figure 14: Assistants by background 

Similar to teachers, the inflow of assistants is seen to be immediately decreasing in the 

future.  However, from 2017 the inflow begins to increase and reaches a peak of 3,225 

Figure 15: Inflow and Outflow of Assistants 
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assistants in 2023. Later the inflow of assistants gradually reduces. In 2040, the inflow 

of assistants is expected to be 2562. The outflow of assistants is seen to be steadily 

reducing. In 2016, the total outflow is 2,694   assistants. In the 2020, 2030 and 2040 it 

is 2,574; 2,451 and 2,431 respectively. 

8.4 Built Area 
The total stock for built area is given by the Figure 16. This is the indicative of the 

indoor area based on the regulations laid for minimum infrastructure (see chapter 3.6). 

In 2000, it is estimated that the 773,016 m2 of area was present. The stock is expected 

to increase due to rise in children, in 2015 it reaches a value of 1,201,933 m2. The 

observed value from the statistics reports the total area inclusive of playground and 

indoor areas. This value is found to be 1,574,133 m2. In the same year the estimated 

indoor area is 1,191,757 m2. This implies that the outdoor area in the corresponding 

year is 424,808 m2.  

In the future, the stock is expected to increase. In 2040, the estimated indoor area is 

1,320,685 m2. This corresponds to net addition of 118,751 m2 between 2015 and 2040.  

 

Figure 16 : Stock of built area 
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8.5 Aging   

The dynamics of the aging, the accumulation and the exit of teachers and assistants 

is shown in reference to the stock of children in Figure 18 and Figure 17. Together they 

show that as time passes by, these people age; some of them exit the stock and there 

will be new recruits entering the stock.   

In 2015, about 16.37% of the total teachers and assistants are in the age group of 24-

34. Most people in stock belong to the age group of 34-44 making 35% of the stock. In 

2020, it can be seen that a new younger share of population has entered the stock. 

The people in the age group 24-34 now make up to 18.24% of the stock in teachers 

and 25.32% in assistants. Most of the people in the both stocks range in the age group 

Figure 18 : Teachers and assistants by age: 2015 and 2020 

Figure 17: Teachers and Assistants by age contd.: 2030 and 2040 
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of 44-54. In the years 2030 and 2040, the number of children have increased relative 

to 2015. Correspondingly, the total stock has increased. The profile of the population 

pyramid has significantly changed since 2015. In 2030 44-54 age group consists of 

28% of the teachers and most assistants are aged 34-44 amounting to 29.6% of the 

stock. In 2040 the largest share of assistants is in the age group of 34-44 amounting 

to 31.9% of the stock while most teachers are aged 34-44 to make 32.4% of the stock.  

8.6 Scenario  
In the following sections, results of the scenario development are presented. First an 

overview of the stock by background is provided. Later results about the training 

system and corresponding flows are presented.   

Through SC1, assistants without background are educated by 2038 (Figure 19). In 

2020 and 2030, assistants without background make 38% and 11% of the stock 

respectively. All the teachers are trained 7 years before the assistants. In 2020, 

teachers without background make 8% of the stock. In the period where assistants and 

teachers are being trained, larger inflows are seen in the system relative to the baseline 

scenario. The maximum demand for new assistants is expected to be 3254 in 2023. In 

this year 300 personnel also finish training and are re recruited. Correspondingly, the 

total inflow is 3554.  

Through SC2, assistants are educated by 2028 (Figure 19). In 2020 and 2030, 

assistants without background make 36% and 2% of the stock respectively. In 2018, 

the first batch of assistants finish training. Drastic increases and decreases can be 

seen in the inflow of assistants during 2019 and 2031. In 2019, the total inflow is 3453 

(570 new assistants and 2000 re-recruited). It reaches a maximum of 3370 in 2023 

and in 2031 it reaches a value of 2483. In 2040, 3290 new assistants are estimated to 

enter the system. The associated outflows reach a maximum value of 3469 in the year 

2033.  

SC3 explores the back casting scenario of having a completely qualified stock by 2025. 

In order to achieve this target, parameters are set by trial and error. For assistants, it 

was found that the target can be reached by new training program with a duration of 2 

years with a study intensity of 70%. Initially 2000 seats would have to be created and 

the increase in number of seats should be set to be 200 seats per year. For teachers, 

the target was reached by the workplace based diploma (same as SC2), initially 100 
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seats would have to be created and increase in the number of seats per year should 

be 30.  Interesting to note that setting this target entails forcibly removing 3785 

assistants from the system. 

Figure 19: Scenario results- Overview of stock. 
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Figure 20 Scenario results: Training system and associated flows: Teachers 
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Figure 21 : Scenario results - Training system and associated flows: Assistants 
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9 Discussion 

9.1 Children and Structural quality 
Children are the drivers of the system (Figure 2). When the stock of children increases, 

more infrastructure and staff are consequently demanded by the system and vice 

versa. In order to maintain optimum structural quality in kindergartens, stocks and flows 

of children needs careful monitoring.  

In the past, the stock of the children has increased half fold between 2000 and 2015 

(Figure 8). This is mainly due to the efforts of the government to ensure appropriate 

access for all children. Also, more children have started using kindergarten, the 

increase is particularly high for children in the age of 1-5. Although, the mandatory 

access to kindergarten is only for children between 1-5, some children younger and 

some older children are found in the system naturally. Furthermore, the time spent by 

children in kindergarten has also increased (Figure 6). Furthermore, access to a 

kindergarten is one of the key strengths of Norwegian kindergarten system. Despite 

the cash for care scheme, the usage has increased. Since the coverage and user 

intensity are already close to maximum attainable values, the model assumes that they 

remain constant in the future. It is unlikely these parameters change drastically.  

The focus of the strategies regarding the children in future should be towards retention 

and sustaining the current levels of coverage and user intensity. These parameters 

could be used as benchmarks in order to monitor the system of children in future.  

In the future, it can be seen that the inflow is drastically increasing between the years 

2017-2023.  Policy makers need to deliberate on this before designing any strategies 

that could affect the availability of adequate availability of staff.  

9.2 Staff Qualifications 
In the past, the accumulation of the teachers without background in kindergartens is 

clearly seen (Figure 14). As more children were added to the system, the demand for 

new teachers increased. In the period of 2006-2014 the stock of teachers without 

background have accumulated in the system. This is the period where the children in 

kindergarten were also drastically increasing. Hence, teachers without background 

were recruited to ensure adequate number of teachers are available. This re iterates 

the importance for quantitative monitoring the stock of children as a measure for 

anticipation of challenges.  
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The reasons for the accumulation of the assistants without background is quite 

ambiguous (Figure 14). In 2013, assistants without background are suddenly 

introduced to the system. However, this does not create changes in the total stock size 

but only stock composition. This was due to a reporting or classification in the statistical 

sources. However, clearer explanations for the sudden accumulation assistants 

without background are yet to be obtained.  

The results of the baseline scenario (Figure 19) shows that the stock of teachers and 

assistants without a background reduces significantly by 2040. This is mainly because 

of the assumption that the new teachers recruited in the future possess formal 

qualification. 

9.3  Staff Training programs 
In order to achieve the goal of having ‘all staff with formal qualifications’ interventions 

will be necessary. The current measures being discussed for achieving this goal 

directly affects the demand for new staff and the stock composition in the future. 

Furthermore, since the number of teachers and assistants without background differ 

significantly, targeted measures for staff training need to be developed. However, the 

understanding obtained through the thesis is not sufficient to recommend clear 

quantitative targets for the program. This is because the supply of the new teachers in 

the future will be an important factor in this decision. The model does not provide this 

understanding.  

Information about the age composition, can be crucial in many cases. If the stock is 

already comprising mostly of an older age group; there might be inertia for drastic 

changes. For instance, introducing computer based teaching in classrooms where 

most teachers in the stock are in in the age group of above 50 is might be harder than 

when the teacher stock is younger. The policy makers should also deliberate on the 

age composition of the stock before taking drastic intervention measures.  

In order to achieve optimal benefits from the intervention, the re-educated staff should 

be retained for a certain period.  Policy makers would have to decide as to the optimum 

period the staff need to be retained in order to get optimum benefit from the intervention 

strategies. For example, most teachers and assistants are currently in age group of 

24-34years old. If a teacher 34 years old undergoes a work based training program of 

3 years, he/she will be 37 years old when finishing. Potentially, he/she can work for 37 
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years more as a teacher. Hence, on an average a teacher undergoing the training can 

be expected to work for 37 years after the training.  

9.3.1 Teacher Training 

The scenario analysis shows that in the baseline scenario existing stock of teachers 

without background would almost disappear by 2040. Furthermore, by 2030 they would 

only amount to about 5% of the total stock. It can be seen that in SC1, a higher 

reduction of teachers without background is achieved compared to SC2 despite the 

fact that number of seats created for training of teachers is higher in SC2. However, 

the duration of training in SC1 is lesser. Furthermore, SC3 and SC1, which have similar 

duration of training but different number of seats. Still, they achieve similar stock 

compositions throughout the projection period. This shows that the duration of the 

program is of higher importance. Any intervention strategy designed should encourage 

shorter training programs, and number of vacancies created mattered relatively less. 

Also, it can be seen in these results that any measure taken does not yield a substantial 

benefit by 2020. This shows the need for studying and developing more measures that 

can yield quick benefits.  

The demand for teachers in the scenarios increases because new teachers are 

required to (i) replace the teachers without background who are leaving the system for 

training (ii) to replace the teachers with background who are leaving for training the 

assistants.  

The demand for new teachers is naturally increasing in the future as seen by the 

baseline scenario. This shows that the government’s strategies to increase the number 

of seats for barnehagelærer education is a much necessary step for the preparation of 

future. However, as shown by the inflows of SC2 it can be seen that introducing a 

teacher training program with high seats can reduce the demand for new teachers in 

the future. This is because when the teachers without background finish their training, 

they need to be assured a place in kindergarten as a teacher. As more teachers without 

background finish their studies, the demand for new teachers reduce further. This 

shows the need for careful deliberation on quantitative target setting. Hence, the 

training system should have lesser seats but should effectively educate teachers 

through short courses.  
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9.3.2 Assistant Training 

In scenario analysis results (Figure 19), it can be seen that the goal of ‘having all 

assistants with formal background’ is not possible in the baseline scenario by 2040. 

The share of ‘assistants without background’ makes to about 8% of the stock in 2040 

in the baseline scenario. In the short term, a substantial benefit can be obtained by 

introducing training programs that have low duration, high intensity and more number 

of seats being offered. In the long term, the number of seats offered for training 

programs play a higher role. This by comparing results of SC1 and SC2. SC2 achieves 

a higher reduction of assistants without background compared to SC1. Furthermore, 

by 2030 SC2 and SC3 achieve similar stock composition (Figure 19; Figure 21).  

The demand for new assistants depends largely on the number of seats offered for 

training of existing assistants without background. Having 200 seats creates the 

situation of a steady increase in demand of new assistants but as more assistants gets 

trained the demand for new ones keep reducing. The counter option of having 6000 

seats for the training programs initially creates a high demand for new teachers. Later, 

as assistants finish their and return to the system, the demand for new assistants 

drastically reduces (Figure 21). However, it is unlikely that the replacements would be 

by new assistants with formal qualifications. However, in case the new assistants are 

coming without a formal background, it is possible that they are given temporary work 

until a new assistant who has finished a training program is available. However, there 

is still a risk of lock in of assistants without background. Such scenarios need to be 

further investigated through the model.  

In SC3 it can be seen that when the number of seats offered are more than 6000, some 

assistants need to be forcibly removed from the system, to ensure that the assistants 

who finished training are ensured a place. This should be a factor to consider when 

deciding number of seats to offer.  

In summary, the number of seats offered to assistant training factor is a key factor in 

achieving the goal. It number of seats have to be such that it is effective enough to 

educate more assistants but creating too many seats might result in excess of 

assistants. 

9.4 Built Area   

The stock of built area estimated by the model is only based on the regulations laid by 

the government. However, since the regulations laid describe the minimum area per 
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child. Hence, it can be safely concluded that the stock estimated by the model as 

shown in Figure 16, shows the stock of minimum indoor area that exists in the system.  

The observed value of the actual area is available for the year 2016 only. This is 

inclusive of both indoor and outdoor area associated with the kindergartens. 

Comparing the values of estimated and observed values for this year, it is deducted 

that 424,808 m2 of outdoor area exists in 2016. This is lesser than the indoor area 

estimated for the same year. However, as per the regulations for infrastructure (chapter 

3.6) this area is expected to be six times more than the indoor area.  Further research 

and data collection of infrastructure is required to validate the estimated data and make 

further comments on the availability of sufficient outdoor area. Regardless, since the 

regulation for infrastructure have been set on the basis of number of children, the 

demand for infrastructure responds to a change in stock of children. In the future, since 

the stock of children is seen to be increasing more infrastructure will need to be built 

to cater to the demand.  

9.5 Education sector and socio economic metabolism 
A key success of this project is the development of a model to systemically study 

education. According to Ghosh (Ghosh, 2015), a key use of such models is that they 

provide future decision makers with tools to take a more systemic view of the problems 

they face, thus greatly benefitting the society. Furthermore, the model contributes to 

SEM studies with a better way to model population. 

The model is a vital starting point for SEM studies to also develop into the education 

sector. This pushes forward our ability to describe social systems and services using 

the metaphors from our understanding of the physical world. This produces a simple, 

yet powerful outline to quantitatively describe of the participants of education. This way, 

population and infrastructure can be studied under one system.  

The thesis shows the possibility of modelling population as a dynamic type cohort time 

matrix. This provides opportunities to study population as different types and explore 

the dynamics of aging and accumulation of people.  This can help SEM studies to 

better understand the drivers of anthropogenic resource use.  

9.6 Uncertainties and Limitations 
Uncertainties in the model are a result of the systematic and random errors that occur 

in the model. Assumptions made during the model development can lead to systematic 
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errors. Random errors occur in the data sources inherently. Limitations in the model 

occur due to the assumptions made during system development.  

As shown in figure (Figure 2), stock of other employees, other infrastructure have not 

been studied. Also, migration and immigration flows have not been studied. 

Furthermore, it is assumed that there are no re-recruitment and re-education flows 

hitherto. In addition, due the interdependence of the service elements there is a risk of 

error propagation. Uncertainties and limitations pertaining to system are discussed by 

each stock in the system is discussed in the following sections.  

9.6.1 Children  

Stock of children is estimated using two parameters total population and coverage. 

Also assumptions have been made regarding the inflows and outflows of the system. 

Since children stock influence the employee and built area stocks, an uncertainty in 

estimation children of children has a higher risk of uncertainty propagation.  

Historical data on population is of low uncertainty as it is based on official statistics 

(SSB, 2017g). The future projections are based on main alternative population 

projection of 2015 (SSB, 2016b). Although it is reported by the national agency, it is 

based on assumptions about demographic parameters such as fertility, life 

expectancy, domestic migration and immigration. It is not possible to predict these 

parameters accurately, hence the projections include inherent uncertainties. According 

to SSB (SSB, 2017h) the uncertainties increase with time and vary by geographical 

regions. The percent wise error is greater for smaller municipalities.    

The parameter coverage has been calibrated with the observed values of children in 

kindergarten in the past. Children in kindergarten are reported by the official sources 

and contain low uncertainty. In the future coverage is assumed to be stable at the 

values of the reference year. This results in uncertainty in this parameter and 

subsequently in the estimation of the children stocks.  

Children stock has developed with an assumption that there are no dropouts in 

kindergartens, they leave naturally at the age of 5 or 6. This results in a systematic 

error and an uncertainty in the estimated inflows and outflows of children. 

9.6.2 Teachers 

In the teacher subsystem, uncertainties are due to the assumptions made during the 

estimation of the parameters. The estimation of the stock of teachers is sensitive to 
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changes in the parameters. Also, a discrepancy was found in the two data sources of 

reported staff (SSB, 2017e, 2017a). The total teachers reported by sex exceed the 

reported teachers by background by 7 % in 2015. In reality, this could be due to gaps 

in the data source regarding the information about background of teachers. 

Both Demander intensity and Work intensity influence the estimation of the total stock 

of teachers. Both the parameters have seen a clear rising trend in the past years. It is 

unlikely that that demander intensity increases further in the future. However work 

intensity is more sensitive to policy changes.  Hence, uncertainties can be expected 

due to this assumption.  

Age distribution was obtained from lærermod (Gunnes and Knudsen, 2015) which 

reported age distribution was for the year 2013. The report creates this data from 

population models (Aase et al., 2014). Hence an inherent uncertainty can be expected 

in this data. Also, it sets a range for employee age to be in between 24-74. While a 

person older that 74 is relatively unlikely, it is possible to that there is a higher share of 

younger people. Furthermore, it is assumed that the age profile of the stock in 2015 in 

our model is similar to that of age profile of lærermod in 2013. This results in a bias in 

the estimation of age of the stock. Also, since the outflows are dependent on age 

composition of the stock, error propagation in the employee stocks and flows can be 

expected.  

The inflow age distribution and outflow rate are both calculated from the Gulbrandsen 

(Gulbrandsen, 2015). Here data is obtained by surveys and official sources. However, 

assumptions are made in order to use this data into the model (Appendix II). In order 

to calculate the inflow rate it is assumed that the age profile of the graduates makes 

the inflow age distribution for the future (Appendix II). This creates an uncertainty in 

the age of people getting recruited. However, the author mentions that average age of 

people taking exams has increased since 1970s but since the 1990s the age of 

students taking the exams of preschool studies have the median age of around 25.  

In outflow rate, the information used is also collected by Gulbrandsen (Gulbrandsen, 

2015). In order to use this data in the model an outflow rate is calculated making an 

assumption that the outflow in the period of 2007-2012 is uniform (Appendix II). This 

introduces uncertainties in the system.  
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9.6.3 Assistants 

As there are no strict regulations for the requirement of assistants in kindergarten, the 

estimated demand is highly sensitive to the role of assistants in the future. 

Furthermore, data regarding assistants is yet to develop. This makes the validation of 

data harder, causing high uncertainties in the estimation.  

9.7 Model limitations and suggested improvements 

The model can be improved further by improving system definitions and parameters. 

In the children stock, categories of children can be also based on usage of resources 

can be included. Children who demand additional resources can be included in the 

model further. Also, children be can distinguished further by region and status of their 

families.  

In describing teacher and assistant stock, the model has several limitations. Age 

distribution, inflow age distribution and outflow rate for assistants is assumed to be the 

same as that of teachers. Further research is needed to check the validity of this 

assumption. Inflow age distribution is designed to map the age of the newly graduated 

teacher candidates. But, in case of assistants, they finish studies at an upper 

secondary level unlike teachers who obtain a tertiary level education. Hence, in reality 

inflow age distribution could contain a significant share of people younger than the 

lower age limit. Also, outflow rate is obtained from studies about teachers. Using this 

parameter for assistants creates uncertainty in the age profile of the assistants. Work 

intensity of the assistants has seen a clear increasing trend in the past. However, the 

model assumes it to stabilize at the current levels. A continuation of the increase can 

lead to overestimation of the total stock of assistants.  

The key improvement to be made to the model for teachers and assistants is by 

including the education systems that creates them. This is crucial in understanding the 

supply of new teachers and assistants. This understanding is essential to develop clear 

quantitative strategies. This type of modelling can also create opportunities to find out 

optimal solutions to handle shortages of the supply of teachers.  

Infrastructure models has not been adequately described using a type cohort approach 

in the model. The main reason for this is the lack of data on construction and demolition 

activities. Models in the future need to explore the infrastructure status of kindergartens 

and include a typology of the different buildings. Furthermore, creation of the training 
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system would also entitle its own infrastructure demand. This has not been included in 

the model.  

9.8 Limitations of the study 
The model does not address the challenge of shortage of supply of teachers and 

assistants. In order to develop strategies that can quantitatively set goals for this 

intervention, an understanding of the supply of teachers and assistants from secondary 

level education and upper secondary level education respectively will be needed. 

Furthermore, infrastructure has not been studied thoroughly in the study. Also, 

scenario developed only discuss formal qualifications. They do not include the 

competence building measures that already underway. Also there is possibility that 

assistants can obtain a certificate of apprenticeship without taking any courses, 

thereby granting them formal qualifications. This option has not been studied under the 

scenario.  

10 Conclusion  
The aim of the thesis is in providing a simple and effective framework to quantitatively 

study education as a system. The model developed for the thesis is a vital starting 

point for SEM studies to develop in the education sector. The model also demonstrates 

the alternative of modelling population as a dynamic type cohort type model providing 

an alternative to linear statistical models. Furthermore, the thesis has been successful 

in understanding the development of the stocks of the kindergarten system, demand 

for new teachers and assistants and changes in this demand due to invention 

strategies aimed at raising formal qualifications of the existing teachers and assistants 

without background.  

The contemporary challenge analysed in the thesis is the design of intervention 

strategies for teachers and assistants without relevant background in the system. This 

problem of teachers without qualified background was created between the years 

2000-2015, where a drastic increase in children stock was seen. The reasons for the 

accumulation of assistants is ambiguous due to a change in how assistants are 

accounted in the official statistics since 2013. Further investigation into the problem is 

necessary. Such accumulation could have occurred because; in order to cope with the 

rising number of children and shortage of supply of qualified staff, more people without 

qualified background were employed to work as teachers and assistants. Some of 

these might also be working in temporary positions. In the thesis it is expected that this 
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accumulation results in a lock in effect and persists in the future creating a need for 

intervention.  

The intervention measures studied through the thesis are: using (i) traditional and (ii) 

workplace based training programs to provide relevant qualifications. The duration of 

the training, teacher and infrastructure requirement for the training programs, the 

number of seats offered per year have to be designed to yield optimal benefit. The 

intervention strategies should take targeted measures for teachers and assistants to 

ensure that a goal of ‘having all staff in kindergartens with formal qualifications’ is 

reached. 

The duration of the program plays a larger role in training of teachers while the number 

of seats offered is more significant for assistants. The intervention directly affects the 

demand for new teachers and assistants in the future. Initially more staff would be 

required to replace the teachers and assistants who are undertaking training. As more 

people finish their training, the demand for new teachers correspondingly reduces. 

Also, the training programs should be developed keeping the current shortage of 

qualified staff and the rising demand for new staff in mind. 

The thesis shows the changes in the demand for new teachers and assistants in the 

future. The development of children stock plays a key role in the subsequent demand 

for teachers, assistants and infrastructure. It is important to monitor this stock and take 

measures aimed at ensuring current levels of participation in kindergarten so that 

usage is sustained. The demographic projections used in this thesis indicate a growth 

of children stock in the future. This growth is especially faster between the years 2017-

2023, where the new children stock entering the system is also high. The demand for 

new teachers, assistants and infrastructure is correspondingly increasing.  

The thesis does not provide optimal quantitative targets for the intervention strategies. 

This can be done by developing further models that estimate the supply of teachers in 

the future. The supply and demand for teachers and assistants need to be collectively 

understood to develop optimal targets.  
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11 Future work 
The thesis conducted is only a starting point for SEM studies in the field of education. 

The possibilities for future work are seemingly endless. An immediate requirement to 

comprehensive target development for kindergartens in Norway, the supply of new 

teachers and assistants needs to be included. This can be done by extending the 

model to include the respective upper secondary and secondary level education 

systems. A possibility for such an extension of the system is provided in Appendix II.  

The thesis also creates and opportunity to study the dynamics of children in 

kindergarten through high school. The journey of a child from being a demander of 

services to a provider can be chalked at different regional levels using this model. This 

type of understanding can clearly show the future supply demand in physical terms. 

This can be integrated with economic models to enhance their strengths and provide 

better physical understanding for development of economic policies.   

The conceptual framework used in the development of the thesis is a general theory 

that can be used to study any service.  Service sector itself is a large part of the 

economy that is yet to be understood in SEM studies. As theory and models develop, 

public sectors like health and private sectors like consultancies, NGOs, small business 

or large corporation in the service sector can be studied.  
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Appendix I – Forecasting tools  

Labour Demand Forecasting tools  
In Norway there are different models are in use. Some of these models are intended to 

understand the economy, some are intended to aid planning of budget and tax and 

others intended to generate understanding of employment and labour trends. A 

summary of the models in use is provided by table 

Sl.no Model  Description 

1 ADMOD Supply demand for education into the future 

2 REGARD Analytical apparatus to study labour market 
performance 

3 KOMMODE Study municipalities’ financial behaviour 

4 MAKKO Macro model of the municipal economy 

5 KVARTS Macro-economic model of Norway using quarterly 
data  

6 MSG General equilibrium model for Norwegian economy  

7 MODAG Macro-economic model of Norway using annual data 

8 LOTTE Central planning tool in preparation of tax policy  

9 MOSART Dynamic Microsimulation model for projections and 
analysis of future employment, education and social 
security  

 Source of information: https://www.ssb.no/forskning/beregningsmodeller 

The important models that deal with supply demand at macroeconomic level are 

MODAG, MOSART, and ADMOD. These tools are developed by the official statistics 

department, Statistiksentral burea SSB. In these models, demand refers to 

employment demand in the economic and supply refers to of consumption and 

supply means the educated personnel.  

MODAG and MOSART together form the macroeconomic supply demand models of 

SSB. Supply and demand are both individually projected but in a consistent manner. 

MODAG is a multi-sectoral macroeconomic model for the demand side while 

MOSART is the dynamic microsimulation model on the supply side.  

MODAG is a macro economic model for the Norwegian economy. The purpose of the 

model is to provide a simplified description of the economy. It is mainly used by the 

ministry of finance for medium term economic forecasts and policy analyses. 

Although the model is also used by SSB for internal analysis and publications. In 

some cases, national and local agencies also use the model. The model comprises 

of an inter industry matrix arranged together in a Leontief model. Demand for labour 

is modelled by five education groups for each industry. In addition, a sub model is 

developed that studies labour demand by 28 different educational fields.  
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MOSART is an acronym for "model of micro simulation of Schooling, employment 

and social security." It simulates the population in terms of immigration and 

emigration, births, deaths, household formation, education and impact on education, 

employment and labour income and transitions to long-term social security benefits. It 

uses probabilistic models to simulate a person’s choices regarding education, areas 

of employment. In addition, age of people and probability of completion are also 

simulated by 28 different fields of education. However, in the developed model the 

transition probabilities are kept constant. This implies that the labour force 

participation rates and the educational propensities do not vary during the projection 

period. The main purpose of the projections is been to analyse the consequences of 

different designs of the pension system; in addition to providing the supply side 

understanding.  

ADMOD is developed by integrating the MODAG and MOSART results to generate a 

supply demand model divided by education. Every three years, a new projection for 

MOSART and MODAG is generated. In the in between years ADMOD is used to put 

the results into supply demand context. There are different sub models in use. 

HELSEMOD is used to forecasting supply and demand of labour in health sector. 

LÆRERMOD is a sub model of ADMOD that is used in forecast of teachers. In the 

following section, LÆRERMOD is elaborated further.  

LÆRERMOD 

LÆRERMOD is the supply demand model of the education sector. In this case, supply 

refers to the amount of teachers being graduated and demand refers to the number of 

teacher to be employed. The purpose of LÆRERMOD is to forecast the excess and 

deficit of teachers by different training areas at national level.  LÆRERMOD uses a 

combination of probabilistic and econometric approaches to obtain this understanding. 

LÆRERMOD mentions that model consists of important three pillars. Like all other 

models, LÆRERMOD also consists of many assumptions. The authors mention that 

understanding these assumptions are the key to correct interpretations of the results.  

LÆRERMOD was established by SSB in 1998. A report projecting the availability of 

teachers is published once every three years by SSB ().It is used by the public 

administration, universities and colleges and the ministry of education.  Both supply 

and demand of teachers is reported by five categories: Kindergarten teachers, primary 

school teachers, subject specific teachers and other teachers, Teachers with practical 

pedagogical education for general subjects (PPU-A).Teachers with practical pedagogy 

education for vocational subjects (PPU-Y). Further information about Kindergarten 

teachers in LÆRERMOD is provided in _.  

Supply and demand in LÆRERMOD are independently calculated. According to (2012, 

LÆRERMOD) the supply of teachers is calculated by supplementing the inventory of 

employed teachers  by accounting for the new candidates and subtracting the teachers 

who go out of work activity because of age. However, this not modelled directly. In 

(lærermod, 2016) it is mentioned that the share of people by age in the employed stock 

is reduced at retirement age to account for retirement. New teacher candidates are 

phased into the original stock of teachers based on student admission, length of study 

program and degree of completion. They are assigned the same characteristics as that 
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of the already employed teachers in terms of employment rates and average number 

of years work per worker. Furthermore, the age and gender distribution of the stock is 

assumed to be constant during the period of projection. The demand of teachers is 

calculated by studying the trend in the future users of education by different 

employment areas.  

It is mentioned in the report () that LÆRERMOD consists of three important pillars.  

 Distribution of teachers by employment areas. 

 The ratio between numbers of teachers and number of users, called ‘teacher 

density’ () 

 Demographic development as basis for development of future users.  

 

LÆRERMOD takes into account that teachers in all the training categories can work 

in different sectors. Teachers can work in kindergartens, elementary school, upper 

secondary school, adult education or other education, universities and colleges or 

outside the sector. For example, not all teachers who acquire training to be a 

kindergarten teacher essentially work in a kindergarten. The model consists of 

distribution of teachers by employment areas that maps the requirement of the different 

types of training categories by different sectors. This is intended to show the mismatch 

in the labour market and the reserve strength of teachers trained for a given sector. It 

is assumed that this distribution stays constant over the projection period 

(LÆRERMOD, 2015, summary).  

The ratio between the number of teachers and number of users for a starting point for 

the calculations of demand (). Teacher density is derived for different employment 

areas based on the age group of the users. Table gives the user categories by age 

group. Teacher density is assumed to be a static element in the projections. However 

different user growth is assumed in different employment areas.  

Sl.no User Age groups  Employment area  

1  0-5 years Kindergarten and day care 

2 6-15 years Primary and lower secondary education 

3 15-99 years Upper secondary education  

4 19-49 years  Universities and colleges 

Derived from lærermod 2016 

Demographic projections are used to understand the development of the future users 

in the employment sectors. The demand for teachers is based on these developments. 

SSBs population projections are used for these purposes. Different scenarios of 

population projections are explored in the model.  
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Appendix II – Subsystems  

Subsystem: Children  
In order to further illustrate the dynamics of children a subsystem is developed. Figure 

shows the subsystem followed by modelling equations children and parameter 

considerations. This subsystem serves as the basis for the development of the 

mathematical model. 

 

Children are divided by age groups (a) and hours of attendence (0).  Complete lists of 

models variables and paramters are given in the tables.  

Variable Nature Dimensions Symbol Unit 

Children in KG  Stock t,a,o C capita 

Inflow of children  Flow t,a  I capita 

Outflow of children Flow t,a, O capita 

KGhours System 

Variable 

t,a KGhrs Hours/week 

ManYr Demand of 

teachers 

System 

Variable 

t,a M ManYrs 

ManYr demand of 

assistants 

System 

Variable 

t,a Asst_M ManYrs 

Demander Intensity System 

variable 

t,a 𝛼 - 

Parameters     

Coverage dynamic  𝜔  

Maximum Hours per 

week  

constant  Max. Hrs 

Total children dynamic t,a TC  capita 
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System equations  

Model Approach equations 

The model approach equations are as shown as following. Later using the principle 

of mass balance consistency, the flows pertaining of children through the 

kindergarten are calculated.  

For a given t, 

Where C is the stock of children in kindergarten. Ota is called KG hours per week 

which gives the total man hours of the kindergartens used by the children. Demander 

intensity  𝛼𝑡𝑐 is calculated as the man hours of kindergarten by the max possible man 

hours of kindergarten usage. Demander intensity indicates intensity of kindergartens.   

Children in Kindergarten Ct = 𝑃𝑂𝑃𝑡𝑎   × 𝐶𝑜𝑣𝑒𝑟𝑎𝑔𝑒 𝜔𝑡𝑗 

1 

𝐾𝐺ℎ𝑜𝑢𝑟𝑠

𝑤𝑒𝑒𝑘
𝑂𝑡𝑎 =  𝐶𝑡𝑜 ×

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 ℎ𝑜𝑢𝑟𝑠𝑜𝑗 

𝑤𝑒𝑒𝑘
 

2 

𝐷𝑒𝑚𝑎𝑛𝑑𝑒𝑟 𝑖𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 𝛼𝑡𝑎 =  
𝑂𝑡𝑎

𝐶𝑡𝑎 × 𝑀𝑎𝑥.
ℎ𝑜𝑢𝑟𝑠
𝑤𝑒𝑒𝑘

 

3 

 

 



58 
 

Mass balance equations 

Mass balance consistency given by  

𝐶𝑡𝑗 = 𝐼𝑡𝑎 − 𝑂𝑡𝑎 

∆𝐶𝑡𝑎 = 𝐶𝑡𝑎 − 𝐶(𝑡−1)𝑎 

Where S is the stock of Children in KG; I is the inflow of children and O is the outflow. 

As seen in the figure, an important assumption made in order to proceed is that 

children that enter KG at any age only leave as 5 or 6 year olds. Also, children do not 

enter KG as 5 or 6 year olds. A rationale for this assumption is the unavailability of 

data regarding enrolments and dropouts which correspond to inflows and outflows in 

the system.  Mathematically: 

𝐹𝑜𝑟 𝑎 < 5 

 𝐼𝑡 𝑎 = ∆ 𝐶𝑡 𝑎 

𝑂𝑡 𝑎 = 0 

4 

 

𝐹𝑜𝑟 𝑎 = 5 

𝐼𝑡 𝑗 = 0 

𝑂𝑡 𝑎 = ∆𝐶𝑡 𝑎  

 

𝐹𝑜𝑟 𝑎 > 5 

𝐼𝑡 𝑎 = 0 

𝑂𝑡 𝑎 =  𝐶𝑡 𝑎 

 

 
𝑇ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒 , 

𝐼𝑡 = ∑ 𝐼𝑡 𝑎

4

𝑗=1
 

𝑂𝑡 = ∑ 𝑂𝑡 𝑎

6

𝑗=5
 

 

5 

6 
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Subsystem Teachers 

Teachers are classified into three types based on the background. SSB reports 

employees by 11 different background categories. These are classified into three 

main types: Barnehagelærer background, other relevant Background and other 

background. Table shows the classification approach 
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Classification 

categories 

Barnehagelærer 

background 

Other Relevant 

Background 

Other background 

 

 

 

 

 

Reported 

Categories 

Barnehagelærer 

(Pre-school 

teacher) 

Education that gives 

qualifications for 

working with children 

Other college 

education 

 

 Employees with in-

depth study module 

in toddlers pedagogy 

Child care and youth 

work 

 Kindergarten 

padagogy, further 

education 

Skilled worker 

training 

  Other background 

  Assistants/skilled 

worker with 15 credit 

points in child welfare 

related disciplines 

  Exempt from 

education 

requirements 

 

The subsystem of teachers describes the teachers in Kindergartens. Information 

regarding Figure shows the subsystem for teachers 

Teachers are described by background (b) and age (a) for a given time (t). Man years 

(M) of work is collected at an aggregate level.   

Barnehagehagelærer utdanning system described the system for preschool 

education in Norway. Although this system is not formally studied in this thesis. It is 

described to show the interdependency of education system and the labour market. 

Further research should include this system to understand the supply side.  
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The following table gives details about the variables and parameters of the system  

Variables Symbol Dimensions Unit  Value Literature 

source 

Teacher in KG  T t,a,b Capita   

Theoritical ManYr 

Demand of teachers 

M t ManYrs   

Corrected ManYr 

demand of teachers 

Act_M t ManYrs   

Inflow of teachers I t,a Capita   

Outflow of teachers O t,a,b Capita   

Stock Change of 

Teachers 

ΔT t Capita   

Paramters      

Age distribution  A a %    

Inflow Age distribution ϵ a %    

Outflow rate  𝜇 a,b  %    

Demander Intensity 𝛼 t %   

Work Intensity of 

Teacher  

𝛽 t %   

Correction factor CF t -   

Background 

distribution 

B b %   

Table 3 Parameters of Teachers Subsystem 

System equations 

The system consists of 6 variables calculated using the following mass balance and 

model approach equations.  
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Model approach equations 

 

Mass balance equations  

  

 

Corrected ManYr Demand (Act_M) is calculated as  

𝐴𝑐𝑡_𝑀𝑡 = 𝑀𝑡 × 𝐶𝐹𝑡    

Total Number of Teachers is then calculated as  

𝑇𝑡 = 𝐴𝑐𝑡_𝑀𝑡/𝛽𝑡 

Teachers are then formulated into a time background age model as  

𝑇𝑡𝑏𝑎 = 𝑇𝑡 × 𝐵𝑏 × 𝐴𝑎 

Outflow is calculated using the outflow rate  

𝑂(𝑡+1)𝑏𝑎 = 𝑇𝑡𝑏𝑎 × 𝜇𝑏𝑎 

Inflow is divided into age categories using Inflow Age distribution 

𝐼𝑡𝑎 = 𝐼𝑡 × 𝜖𝑎 

Mass balance consistency in the teachers is defined as  

∆𝑇𝑡 = 𝑇𝑡 − 𝑇𝑡−1 

𝐼𝑡 = ∆𝑇𝑡 + 𝑂𝑡 

Also, 

∑ 𝐼𝑡𝑎 = 𝐼𝑡

74

𝑎=24
 

∑ 𝑂𝑡𝑎 = 𝑂𝑡

74

𝑎=24
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Parameters 

The model consists of four parameters: Background Distribution (B), Age distribution 

(A), Attrition (µ) and Work intensity of teachers (β). These parameters are used in 

order to develop the teacher subsystem. These parameters are aggregated using 

different literature sources. Assumptions have made appropriately to use the data in 

development of the model. These assumptions along with the mathematical 

equations of calculations are shown subsequently.  

Age distribution is the fraction of people in the successive age and sex categories in 

the total stock of teachers. This parameter is first calculated for the year 2015 using 

the data of stock by age as reported by LÆRERMOD. It serves as the initial condition 

for the development of the model. Although this data has been reported for the year 

2013; it is assumed that the age distribution in the reference year 2015 is the same. 

Furthermore, LÆRERMOD reports this data for both genders, male and female. This 

data is aggregated to derive the Teacher age distribution. Equation 7 shows the 

calculation of age distribution as shown.   

Outflow rate is the proportion of reduction per year of workforce due to retirement, 

dropouts, sickness and death. This parameter remains the same for both sexes and 

is calculated as using the information presented in Gulbrandsen(). In this article 

Gulbrandsen reports the stock of employees in 2007 and their evolution in 2012 by 

age (). This information is also reported for both employees with and without relevant 

backgrounds separately.  

If τ2007a is the stock of teachers in 2007 by age and τ2007→2012a is the stock of teachers 

in 2012 who were present in 2007 by age as reported by Gulbrandsen. The outflow 

rate is calculated as  

Inflow Age distribution is used to categorize the Inflow into different age groups. 

Information regarding this parameter is obtained from Gulbrandsen. It gives the age 

at the end of the exam for preschool teachers after the exam year. It is assumed that 

the age of the employees during their recruitment is the same as when they are 

graduating. Figure shows the value of Inflow Age distribution by age. Highest 

percentage of people are shown to be a young audience of 24 years old. However, 

the parameter also shows that a fraction of people graduate while they are older. 

𝐴𝑎𝑚 =
𝑇𝑎𝑚 + 𝑇𝑎𝑓

∑ (𝑇𝑎𝑚 + 𝑇𝑎𝑓)74
𝑎=24

 

8 

 

𝜇𝑎 =

𝜏2007𝑎 − 𝜏(2007→2012)𝑎

5
∑ 𝜏2007𝑎𝑎
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Since the total number of teachers reported under both the sources report different 

numbers of total teachers, a background distribution is created that solves this 

discrepancy. Background distribution is the proportion of teachers from a given 

background in the teacher stock  

Teacher Intensity describes the average work output of a teacher in relation to a Man 

year of work. This parameter is found to be increasing in time followed by a drastic 

decrease. The total work intensity depends on the number of teachers working part 

time and full time. A decrease in work intensity means that more teachers are 

working part time in kindergartens It is assumed that this parameter stabilizes at 

current levels and remains constant in the future.  

 

  

  

𝐵𝑏𝑡 =
𝑇𝑏𝑡

∑ 𝑇𝑏𝑡𝑏
 

9 

 

𝛽𝑡 =
𝐴𝑐𝑡_𝑀𝑡

𝑇𝑡
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Subsystem: Assistants   

The assistant subsystem follows a similar outlook as that of the teachers. Assistants 

are classified into 3 backgrounds, Barne og ungdoms arbeider background, Other 

relevant background and Other background similar to teachers.  
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Reported employee categories are reclassified as shown by the table  

Classification 

categories 

Barne og 

ungdomsarbeider 

background 

Other Relevant 

Background 

Other background 

 

 

 

 

 

Reported 

Categories 

Barne og ungomds 

arbeider utdanning 

Pre-school teacher 

 

Other college 

education 

 

 Education that gives 

qualifications for 

working with 

children 

Exempt from 

education 

requirements 

 Relevant additional 

training 

Other background 

 Employees with in-

depth study module 

in toddlers 

pedagogy 

 

 Kindergarten 

pedagogy, further 

education 

 

   

The variables and parameters in the subsystem as listed by table  

Variables Symbol Dimensions Unit  Value Literature 

source 

Teacher in KG  A t,a,b Capita   

Theoritical ManYr 

Demand of assistants 

Asst.M t ManYrs   

Corrected ManYr 

demand of teachers 

Asst.Act_M t ManYrs   

Inflow of teachers Asst.I t,a Capita   

Outflow of teachers Asst.O t,a,b Capita   

Stock Change of 

Teachers 

ΔA t Capita   

Paramters      

Age distribution  A a %    

Inflow Age 

distribution 

ϵ a %    

Outflow rate  𝜇 a,b  %    

Demander Intensity 𝛼 t %   

Work Intensity of 

assistants  

𝛽 t %   
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Correction factor CF t -   

Background 

distribution 

B b %   

System equations 

The system consists of 6 variables calculated using the following mass balance and 

model approach equations.  

Model approach equations 

 

Theoritical ManYr M demand is calculated as shown in __  

Corrected ManYr Demand (Act_M) is calculated as  

𝐴𝑐𝑡_𝑀𝑡 = 𝑀𝑡 × 𝐶𝐹𝑡    

Total Number of assistants is then calculated as  

𝐴𝑡 = 𝐴𝑐𝑡_𝑀𝑡/𝛽𝑡 

Assistants are then formulated into a time background age model as  

𝐴𝑡𝑏𝑎 = 𝐴𝑡 × 𝐵𝑏 × 𝐴𝑎 

Outflow is calculated using the outflow rate  

𝐴𝑠𝑠𝑡. 𝑂(𝑡+1)𝑏𝑎 = 𝐴𝑡𝑏𝑎 × 𝜇𝑏𝑎 

Inflow is divided into age categories using Inflow Age distribution 

𝐴𝑠𝑠𝑡. 𝐼𝑡𝑎 = 𝐴𝑠𝑠𝑡. 𝐼𝑡 × 𝜖𝑎 

Assistants in the future are estimated as  

𝐴(𝑡+1)𝑎𝑏 = 𝐴𝑡𝑎𝑏 − 𝐴𝑠𝑠𝑡. 𝑂(𝑡+1)𝑏𝑎 + 𝐴𝑠𝑠𝑡. 𝐼(𝑡+1)𝑎 
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Mass balance equations  

  

Mass balance consistency in the teachers is defined as  

∆𝐴𝑡 = 𝐴𝑡 − 𝐴𝑡−1 

𝐼𝑡 = ∆𝐴𝑡 + 𝑂𝑡 

Also, 

∑ 𝐼𝑡𝑎 = 𝐼𝑡

74

𝑎=24
 

∑ 𝑂𝑡𝑎 = 𝑂𝑡

74

𝑎=24
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Paramters  

Information regarding assistants is relatively sparse in the literature. Parameters work 

intensity of assistants and background distribution are unique for assistants are 

unique for assistants but the parameters Age distribution, Inflow age distribution, 

outflow age distribution and demander intensity are assumed to be same as that of 

teachers 

Background Distribution is defined similar to that of teachers as the proportion of 

teachers from a given background to that of the total teachers.  
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Appendix III – Scenario development  
The training system developed henceforth consists of 4 stocks, 8 flows and 5 parameters. 

Summary of the stocks and parameters are presented in the following tables. Later model 

approach equations and mass balance equations are presented. The interdependence of this 

system with the teacher and assistant systems is shown subsequently  

Variables Symbol Dimensio
ns 

Teachers in Training Teach_InTr t,a 

Assistants in Training Asst_InTr t,a 

Teachers for Assistant Training  Teach_FTr(Asst) t,a 

Teachers for Teacher Training Teach_FTr(Teach) t,a 

Inflow of teachers in training T.Inflow_Tr t,a 

Outflow of teachers in training T.Outflow_Tr t,a 

Stock Change of Teachers in training  ΔTeach_InTr t 

Inflow of assistants in training A.Inflow_Tr t,a 

Outflow of assistants in training A.Outflow_Tr t,a 

Stock Change of assistants in training  ΔAsst_InTr t 

Inflow of teachers for Teacher Training  FTr.Inflow_Tr(Teach) t,a 

Outflow of teachers for Teacher training FTr.Outflow_Tr(Tea

ch) 
t,a 

Stock change of teachers for Teacher training ΔTeach_FTr(Teach) t,a 
Inflow of teachers for Assistant Training  FTr.Inflow_Tr(Asst) t,a 
Outflow of teachers for Assistant training FTr.Outflow_Tr(Asst

) 
t,a 

Stock change of teachers for Assistant training ΔTeach_FTr(Asst) T 

Parameters Symbol unit 

Staffing requirement  ɛ Teacher/student 

Increase in number of seats per year I Capita/year 

Duration of study  σ Years 

Initial number of seats K Capita 

Study intensity ϴ  % 
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System equations  

Mass balance equations  

Model approach equations  

  

∆𝑇𝑒𝑎𝑐ℎ_𝐼𝑛𝑇𝑟𝑡 = 𝑇𝑒𝑎𝑐ℎ_𝐼𝑛𝑇𝑟𝑡 − 𝑇𝑒𝑎𝑐ℎ_𝐼𝑛𝑇𝑟𝑡−1 

∆𝐴𝑠𝑠𝑡_𝐼𝑛𝑇𝑟𝑡 = 𝐴𝑠𝑠𝑡_𝐼𝑛𝑇𝑟𝑡 − 𝐴𝑠𝑠𝑡_𝐼𝑛𝑇𝑟𝑡−1 

∆𝑇𝑒𝑎𝑐ℎ_𝐹𝑇𝑟𝑇𝑒𝑎𝑐ℎ𝑡
= 𝑇𝑒𝑎𝑐ℎ_𝐹𝑇𝑟𝑇𝑒𝑎𝑐ℎ𝑡

− 𝑇𝑒𝑎𝑐ℎ_𝐹𝑇𝑟𝑇𝑒𝑎𝑐ℎ𝑡−1
 

∆𝑇𝑒𝑎𝑐ℎ_𝐹𝑇𝑟𝐴𝑠𝑠𝑡𝑡
= 𝑇𝑒𝑎𝑐ℎ_𝐹𝑇𝑟𝐴𝑠𝑠𝑡𝑡

− 𝑇𝑒𝑎𝑐ℎ_𝐹𝑇𝑟𝐴𝑠𝑠𝑡𝑡−1
 

𝐴. 𝐼𝑛𝑓𝑙𝑜𝑤_𝑇𝑟𝑡 = ∆𝑇𝑒𝑎𝑐ℎ_𝐹𝑇𝑟𝐴𝑠𝑠𝑡𝑡 + 𝐴. 𝑂𝑢𝑡𝑓𝑙𝑜𝑤_𝑇𝑟𝑡−1 

𝑇. 𝐼𝑛𝑓𝑙𝑜𝑤_𝑇𝑟𝑡 = ∆𝑇𝑒𝑎𝑐ℎ_𝐹𝑇𝑟𝑇𝑒𝑎𝑐ℎ𝑡 + 𝑇. 𝑂𝑢𝑡𝑓𝑙𝑜𝑤_𝑇𝑟𝑡−1 

𝐹𝑇𝑟. 𝐼𝑛𝑓𝑙𝑜𝑤_𝑇𝑟𝐴𝑠𝑠𝑡𝑡
= ∆𝑇𝑒𝑎𝑐ℎ_𝐹𝑇𝑟𝐴𝑠𝑠𝑡𝑡 + 𝐹𝑇𝑟. 𝑂𝑢𝑡𝑓𝑙𝑜𝑤_𝑇𝑟𝐴𝑠𝑠𝑡𝑡

 

𝐹𝑇𝑟. 𝐼𝑛𝑓𝑙𝑜𝑤_𝑇𝑟𝑇𝑒𝑎𝑐ℎ𝑡
= ∆𝑇𝑒𝑎𝑐ℎ_𝐹𝑇𝑟𝑇𝑒𝑎𝑐ℎ𝑡 + 𝐹𝑇𝑟. 𝑂𝑢𝑡𝑓𝑙𝑜𝑤_𝑇𝑟𝑇𝑒𝑎𝑐ℎ𝑡

 

 

 

 

 

 𝑇𝑒𝑎𝑐ℎ_𝐼𝑛𝑇𝑟2017 = 𝐾𝑇𝑒𝑎𝑐ℎ 

𝑇𝑒𝑎𝑐ℎ_𝐼𝑛𝑇𝑟𝑡+1 = 𝑇𝑒𝑎𝑐ℎ_𝐼𝑛𝑇𝑟𝑡 + 𝐼 

𝐴𝑠𝑠𝑡_𝐼𝑛𝑇𝑟2017 = 𝐾𝐴𝑠𝑠𝑡 

𝐴𝑠𝑠𝑡_𝐼𝑛𝑇𝑟𝑡+1 = 𝐴𝑠𝑠𝑡_𝐼𝑛𝑇𝑟𝑡 + 𝐼 

𝑇𝑒𝑎𝑐ℎ_𝐹𝑇𝑟𝑇𝑒𝑎𝑐ℎ𝑡
=  𝑇𝑒𝑎𝑐ℎ_𝐼𝑛𝑇𝑟𝑡 ×  ɛ 

𝑇𝑒𝑎𝑐ℎ_𝐹𝑇𝑟𝐴𝑠𝑠𝑡𝑡
=  𝐴𝑠𝑠𝑡_𝐼𝑛𝑇𝑟𝑡 ×  ɛ 

𝐹𝑇𝑟. 𝑂𝑢𝑡𝑓𝑙𝑜𝑤_𝑇𝑟𝑇𝑒𝑎𝑐ℎ𝑡
= 𝐹𝑇𝑟. 𝐼𝑛𝑓𝑙𝑜𝑤_𝑇𝑟𝑇𝑒𝑎𝑐ℎ𝑡

+ 𝜎 

𝐹𝑇𝑟. 𝑂𝑢𝑡𝑓𝑙𝑜𝑤_𝑇𝑟𝐴𝑠𝑠𝑡𝑡
= 𝐹𝑇𝑟. 𝐼𝑛𝑓𝑙𝑜𝑤_𝑇𝑟𝐴𝑠𝑠𝑡𝑡

+ 𝜎 

 



72 
 

 

Model Constraints  

  

The interdependence of the training system with the teacher training system with the teacher and assistant 

subsystems is modelled by introducing the following model constraints to the Teacher and Assistant 

subsystems   

𝐴𝑠𝑠𝑡. 𝐼𝑡 =  ∆𝐴𝑡 + 𝐴𝑠𝑠𝑡. 𝑂𝑡 + (𝛳)𝐴. 𝐼𝑛𝑓𝑙𝑜𝑤_𝑇𝑟𝑡 −(1+ ϴ) 𝐴. 𝑂𝑢𝑡𝑓𝑙𝑜𝑤_𝑇𝑟𝑡  

𝑇𝑒𝑎𝑐ℎ. 𝐼𝑡 =  ∆𝑇𝑡 + 𝑇𝑒𝑎𝑐ℎ. 𝑂𝑡 + (𝛳)𝑇. 𝐼𝑛𝑓𝑙𝑜𝑤𝑇𝑟𝑡
− (1 + 𝛳)𝑇. 𝑂𝑢𝑡𝑓𝑙𝑜𝑤_𝑇𝑟𝑡 + 𝐹𝑇𝑟. 𝐼𝑛𝑓𝑙𝑜𝑤𝑇𝑟 𝑇𝑒𝑎𝑐ℎ𝑡

− 𝐹𝑇𝑟. 𝑂𝑢𝑡𝑓𝑙𝑜𝑤_𝑇𝑟𝑇𝑒𝑎𝑐ℎ𝑡
 

𝐴(𝑡)𝑎(𝑜𝑡ℎ𝑒𝑟𝑏𝑎𝑐𝑘) =  𝐴(𝑡−1)𝑎(𝑜𝑡ℎ𝑒𝑟𝑏𝑎𝑐𝑘) − 𝐴𝑠𝑠𝑡. 𝑂(𝑡)𝑎𝑏 − (𝛳)𝐴. 𝐼𝑛𝑓𝑙𝑜𝑤𝑇𝑟(𝑡) 

𝐴(𝑡)𝑎(𝐵𝑈) =  𝐴(𝑡−1)𝑎(𝑜𝑡ℎ𝑒𝑟𝑏𝑎𝑐𝑘) − 𝐴𝑠𝑠𝑡. 𝑂(𝑡)𝑎𝑏 + 𝐴𝑠𝑠𝑡. 𝐼(𝑡) + (1 + 𝛳)𝐴. 𝑂𝑢𝑡𝑓𝑙𝑜𝑤𝑇𝑟(𝑡)
 

𝑇𝑡𝑎(𝑜𝑡ℎ𝑒𝑟𝑏𝑎𝑐𝑘) =  𝑇𝑡𝑎(𝑜𝑡ℎ𝑒𝑟𝑏𝑎𝑐𝑘) − 𝑇𝑒𝑎𝑐ℎ. 𝑂(𝑡+1)𝑎𝑏 − (𝛳)𝑇. 𝐼𝑛𝑓𝑙𝑜𝑤𝑇𝑟(𝑡+1) 

𝑇𝑡𝑎(𝐵𝑈) =  𝑇(𝑡−1)𝑎(𝑜𝑡ℎ𝑒𝑟𝑏𝑎𝑐𝑘) − 𝑇𝑒𝑎𝑐ℎ. 𝑂(𝑡)𝑎𝑏 + 𝑇𝑒𝑎𝑐ℎ. 𝐼(𝑡)𝑎 + (1 + 𝛳)𝑇. 𝑂𝑢𝑡𝑓𝑙𝑜𝑤𝑇𝑟(𝑡)𝑎 + 𝐹𝑇𝑟. 𝐼𝑛𝑓𝑙𝑜𝑤𝑇𝑟 𝑇𝑒𝑎𝑐ℎ𝑡𝑎
− 𝐹𝑇𝑟. 𝑂𝑢𝑡𝑓𝑙𝑜𝑤_𝑇𝑟𝑇𝑒𝑎𝑐ℎ𝑡𝑎
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11.2 Scenario summary  
Two forecasting scenarios and one backcasting scenario are developed for the analysis 

Table summarises the same. 

  
Parameters Symbol unit SC1  SC2 

Staffing requirement  ɛ Teacher/student 1/20 1/10 

Increase  I Capita 20 0 

Duration of study assistants σ Years 2 3 

Duration of study teachers σ Years 3 4 

Initial Stock assistants K Capita 200 2000 

Initial Stock teachers K capita 20 200 

ECTS/course   180 180 

Study intensity ϴ % 100% 50% 
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Thank you !  

 

 

 

 


