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Abstract

Objectives
To estimate and project the economic impact of HIV/AIDS on the supply of education in Zambia.

Design

The economic implications of HIV/AIDS for the education sector in sub-Saharan Africa have been highlighted, but no estimates of their magnitude exist. To assess the scale of the impact of HIV/AIDS on the finances of the Ministry of Education and donors in Zambia, an economic impact analysis was carried out.

Methods
A mathematical model was used to project the number of primary school teachers and their HIV status under current plans for teacher training and recruitment. Cost data was compiled from the Ministry of Education, the Teacher Education Department, Teacher Training Colleges and the donor consortium BESSIP. Multivariate sensitivity analyses were performed.

Results
The impact of HIV/AIDS on the supply of education resulted in opportunity costs estimated at between US$1.4 and $3.0 million in 1999, and projected at $12.5 – $41.4 million over the period 1999-2010. These costs include salaries paid to teachers absent due to HIV-associated illness (70%), additional training of teachers to cope with AIDS-related attrition (23%) and funeral costs contractually met by the Ministry of Education (7%). The annual cost of HIV/AIDS is a relatively small fraction of the overall Ministry of Education budget (2.5% in 1999), but has substantial implications for resource allocation to some functions. Expenditure on teacher training will need to increase by around 30% if Education for All targets are to be met in the face of AIDS.

Conclusions
HIV/AIDS has significant implications for resource allocation in the education sector in Zambia. 
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Introduction


AIDS is now the leading cause of death in sub-Saharan Africa. The magnitude of its impact in this region has shifted perceptions of the AIDS pandemic from being purely an issue for the health sector to a crisis of cross-sectoral importance [1]. This impact has been felt particularly in the education sector, where HIV/AIDS is affecting both the providers of education including teachers, and those seeking education and their families. In southern and eastern Africa, many countries are losing teachers to AIDS or facing HIV-associated teacher absenteeism on a scale that has a severe impact on the ability to provide education and to reach Education for All (EFA) targets [2, 3]. At the same time, many children are facing HIV related illness or death of parents or siblings, which can compromise their ability to attend school as they remain home to care for sick family members or find work to compensate for lost family revenues.  For example, in urban areas in Zambia 1 in 5 children aged 6-15 dropped out of school following an AIDS death in the family [4], whilst in Tanzania, adult AIDS deaths correlate with delayed enrolment of younger children in primary school [5]. In West Africa the impact of HIV/AIDS on education is just beginning to be felt as the HIV epidemic gains pace in this region. Tragically, it is precisely the education sector that can respond directly and effectively to the HIV pandemic, by providing both education to promote sexual behaviour change and the long-term perspectives and plans that are needed to motivate this behaviour change. 


In Zambia the magnitude of the impact of HIV/AIDS on the education sector began to be appreciated in the late 1990’s, when the numbers of teacher deaths reported by the Ministry of Education (MoE) began to rise steeply, from 2 per day in 1996 to more than four per day in 1998 [3]. These deaths and also HIV-associated illness of teachers have financial implications for the MoE even in the absence of an active response to the HIV epidemic. To capture these financial implications, an economic impact analysis was carried out focusing on the impact of HIV/AIDS on the supply of education. Future analyses that map the activities of the MoE and other governmental and non-governmental organisations that are responding to the impact of HIV/AIDS on children and their families demanding education will be useful. It is hoped the economic analysis presented here will be of use, not only to the Zambian government, but also to other HIV-affected countries, by advocating for a strong policy response in the education sector to the HIV pandemic.

Methods


A mathematical model to measure the impact of HIV/AIDS on the population of primary and secondary school teachers has already been developed as part of the Ed-SIDA initiative (Grassly in prep., [6]). This compartmental model captures the dynamics of the teacher population in terms of recruitment, retirement, leaving before retirement, HIV infection and death using difference equations based on yearly time steps (Appendix). Relevant education statistics on teacher numbers, their recruitment and rates of leaving before retirement age were entered into the model by education planners from the MoE. These statistics were made available by the Planning and Personnel Departments of the Ministry of Education and the Teachers Education Department (TED). In this study, because only primary school teachers working in government schools were considered, private and community school data are not included in these analyses.


Demographic and epidemiologic requirements of the model were based on UN Population Division (UNPOP) and UNAIDS sentinel surveillance site data respectively. Since the early 1990s the prevalence of HIV among adults in Zambia has remained constant at close to 20%. We assume that in the absence of interventions this prevalence remains the same over the next decade. A sensitivity analysis explores different assumptions about the future prevalence of HIV by varying the relative incidence of infections among teachers. Mortality due to causes other than AIDS is based on a relational life-table using a Brass African standard, whilst the rate of progression from infection to death from AIDS is based on data from cohort studies in sub-Saharan Africa [7].


Financial data were collected from the MoE headquarters, teacher-training colleges, and the teacher education department in August 2001. Different sources of cost data were used to allow independent verification of unit costs. Average rather than marginal costs of training teachers were utilised since the capacity of teacher training colleges to train additional teachers was unclear. The perspective of the economic impact analysis is defined such that the opportunity costs of HIV/AIDS for the MoE and the Basic Education Sub-Sector Investment Programme (BESSIP – the Ministry’s formal programme that coordinates the financial and technical assistance of a consortium of donors) were considered. These organisations are the major contributors to the provision of primary level education in Zambia. Opportunity costs include both direct expenditure in response to HIV/AIDS and expenditure that has either reduced or zero return due to the impact of HIV/AIDS. All costs are presented in year 2001 US dollars, and discounted into the future to reflect time preferences at a rate of 3% [8]. We assume unit costs do not change in real terms over the period analysed. We therefore ignore the impact of HIV/AIDS on the ability of teacher training colleges to train teachers for instance.


A  multivariate sensitivity analysis was performed to present best and worst case scenarios for the cost of HIV/AIDS to the MoE/BESSIP with respect to different discount rates (0-7%), relative HIV incidence among teachers (half to double that of other adults) and cost estimates (for teacher training).

Results and Discussion


The number of teachers at the primary level in 1999 in Zambia was 37,117, approximately 10% of whom are officially ‘untrained’. These untrained teachers are included in this analysis since they incur salary costs, and must be replaced if they die from AIDS if enrolment and pupil: teacher ratios are to be maintained. If teachers are assumed to have the same risk of becoming infected with HIV as the adult population in Zambia, then of these teachers 7,963 are estimated to be HIV positive. This corresponds to a slightly higher prevalence of HIV (21.5%) than that seen in the adult population aged 15-49 (19.7%), since no teachers are in the age range 15-20 years, for which HIV prevalence tends to be lower than at older ages. The estimated number of primary school teachers in active service who died from AIDS in 1999 is 826, corresponding to 45% of all teachers trained that year. If the relative risk of a teacher becoming infected with HIV is half or double that of an average adult, then the estimated number of HIV positive teachers in 1999 varies between 5,809 and 10,830, and the number of deaths in 1999 between 588 and 1,158.


The recognition of the need to increase teacher recruitment in response to worsening primary level enrolment (net attendance rate was ~69% in 1996, falling to 66.2% in 1999 and 65.6% in 2000 [9, 10]) and heavy reliance on the use of untrained teachers, has led to a reformed Zambia Teacher Education Course (ZATEC) that aims to double annual primary level teacher training and recruitment by replacing the two year teacher training course with a one year course followed by an in-school year. The reformed ZATEC was piloted in 3 of the 10 primary teacher training colleges in 1996, and expanded to all colleges by 2001. Based on the assumption that the reformed ZATEC is operational from 2002, and using 1999 as a baseline, the number of teachers in 2010 is projected to be 49,009 in the presence of HIV/AIDS, compared to an expected 59,183 if there were no HIV or AIDS (Figure 1). This difference represents both AIDS mortality (9,295 teachers), and also loss of teachers who take up positions in the private sector vacated due to AIDS deaths (879 teachers). This latter figure is calculated in the Ed-SIDA model as a function of the number of deaths in the private sector, and the relative likelihood of a teacher versus another adult taking a vacated post. In the case of Zambia, this relative likelihood q is estimated at 1.0. Therefore, if 5% of private sector jobs were vacated due to AIDS deaths in a given year, and 10% of the adult population were employed in the private sector, then 0.5% of teachers would be expected to leave that year to occupy some of these posts. In some countries including South Africa, q will be greater than 1.0, since incentives to remain in the teaching profession are lacking and teachers regularly leave the profession to pursue alternative careers (Wendy Heard, pers. comm. 2001). In many West African countries the regular salary paid to teachers is a powerful incentive to remain in teaching, and q is likely to be close to zero. In Zambia, varying q between 0.5 and 2.0 gives a range for those leaving teaching due to AIDS deaths in other professions of between 444 and 1,720 for the period 1999 to 2010.


The impact of HIV/AIDS on the teaching population as estimated by the Ed-SIDA model allows the identification of three sources of opportunity cost faced by the MoE/BESSIP: 1) additional training of teachers to cope with AIDS-related attrition (or equally the loss of investment through AIDS-deaths of trained teachers), 2) salaries paid to teachers absent due to HIV-associated illness, and 3) funeral costs contractually met by the MoE (Table 1).


Current plans for the recruitment of teachers in Zambia do not explicitly take account of the impact of HIV/AIDS. In the theoretical absence of HIV/AIDS we would expect 59,183 teachers in 2010 under current recruitment plans. If we assume that this is a target for education policy to allow the provision of ‘Education for All’, then the additional annual recruitment necessary over the period 1999-2010 to achieve this same number of teachers in the face of HIV/AIDS would be 1120 (701 to 1765 if rate of infection in teachers is half or double that of other adults). This corresponds to a 30% increase over the planned output of 3700 from teacher training colleges if teachers are to have the relevant qualifications. Training these additional teachers is a direct financial cost to the MoE and BESSIP attributable to HIV/AIDS.


HIV positive teachers will suffer HIV-related illnesses and subsequently AIDS, which will prevent them from teaching. School authorities, parent-teacher associations and communities in Zambia recently reported a serious loss of teaching time due to prolonged illness or erratic attendance [11]. Much of this is likely to be attributable to HIV/AIDS. The median survival time for an adult infected with HIV in sub-Saharan Africa is around 10 years, with an expected 9-10 months living with AIDS [7]. Teachers in Zambia have previously been estimated to suffer 12-14 HIV-related sickness episodes before terminal illness [3]. Although morbidity associated with HIV will depend on the prevalence of opportunistic infections and local health services, this is in broad agreement with estimates from cohort studies in neighbouring countries [12, 13]. If each illness episode lasts on average 2 weeks, then a teacher who becomes infected with HIV is likely to lose 6 months of professional time over about 9 years prior to AIDS, and a subsequent 9 months before death. This is in agreement with other estimates for sub-Saharan Africa [14].


Teachers absent for up to 3 months due to illness are officially entitled to receive full salary, after which they receive half salary until the end of the sixth month. However, for compassionate reasons, it is usual for a teacher to continue receiving full salary until s/he dies or resigns. Currently, there is no formal system of supply teaching to cover absent teachers. Teachers or staff from the same school may cover for the teacher, or the class may remain without a teacher. 


If we assume a uniform distribution of teachers with regard to time since infection (valid if HIV prevalence is stable over the period of interest), then 7.5% of HIV positive teachers will have AIDS, and an HIV positive teacher will on average be absent 1.3 months in a year due to HIV-illness or AIDS. These months represent an opportunity cost to the MoE, since salaries are paid with no return. This is likely to be a conservative estimate of opportunity costs, since in some cases spouses of deceased teachers will continue to receive the teacher’s salary after his/her death due to delays in reporting deaths to MoE headquarters. 


Under the collective agreement between the government of Zambia and the Primary School Teacher’s Union, a funeral grant plus the price of a coffin are payable to the spouse or family of a trained teacher when s/he dies (although this may be delayed in the cases of spouses who continue to collect the teacher’s salary after his/her death). These represent an additional cost of AIDS to the MoE, since the majority of those dying from AIDS would have retired prior to their death were they not to be infected and would not have been eligible for a funeral and coffin grant. Death benefits may also be paid by the Public Service Pensions Fund (PSPF) (who are also responsible for teacher pensions). However, we do not include costs and savings related to the payment of death benefits and non-payment of pensions by the PSPF, since the present analysis takes the perspective of the MoE and BESSIP only.


Expenditure on in-service training was excluded from the analysis since the new School Programme of In-service for the Term (SPRINT) is in the process of being scaled-up to all zones and associated costs remain unclear. 


Putting together the unit costs given in Table 1 and the results from the Ed-SIDA impact model, the economic impact of HIV/AIDS on the education system in Zambia can be estimated. Table 2 presents the expected cost to the MoE/BESSIP of HIV/AIDS over 1999, and over the period 1999-2010, if additional teachers were to be recruited to replace those lost, but no other activities are initiated in response to HIV (a ‘passive’ response). A range of costs is presented in brackets for each estimate to reflect the best and worst case scenarios examined in the multivariate sensitivity analysis. If additional teachers were not recruited, then the teacher training costs simply reflect lost investment (opportunity cost) rather than additional expense. This cost may be fractionally lower, since a small proportion of teachers (<10%) may never have received formal training. Teacher absenteeism and funeral costs would also be slightly lower (by about 10%), reflecting the smaller number of teachers.


The bulk of the economic impact of HIV/AIDS on the MoE/BESSIP over the next decade is likely to result from teacher absenteeism (70%), with most of the remaining impact due to the loss of trained teachers (23%). The total estimated cost of HIV/AIDS of $2,035,000 in 1999 represents only 2.5% of the total authorised MoE budget for that year ($80,755,000), the majority of this budget paying teacher and administration salaries. However, the impact of HIV/AIDS on teacher training represents 28% of the budget spent on primary level teacher training ($2,037,000 based on 2001 estimate that 74% of total teacher training budget is spent in the primary sector). This impact is significant, since teacher training is one of the key responses if the national target to provide education for all is to be achieved. Further, it should be stressed that only half the cost of training a teacher is met by the MoE/BESSIP, the remaining being met by student fees charged by teacher training colleges and other college-based fund raising. If the perspective of this analysis were to be widened to include costs incurred due to HIV/AIDS by teachers themselves, the cost of AIDS would rise steeply (and would include medical costs etc…).


This paper presents the economic implications of HIV/AIDS for the Zambian MoE and the donor consortium BESSIP. These are real costs that will have to be met over the coming years. Additional costs of HIV/AIDS relating to the provision of education that will need to be met by the MoE/BESSIP are harder to estimate, and may include loss of productivity of HIV positive teachers due to psychological trauma and stigmatisation, teacher absenteeism due an HIV illness or death in their families and teacher absenteeism for attendance of funerals of colleagues and friends. However, these remain intangible costs in the present analysis.


An active response to the HIV epidemic in Zambian schools, rather than the passive response considered here, will of course require further expenditure. Some appropriate responses might include voluntary counselling and testing for teachers, provision of antiretroviral drugs to HIV positive teachers, curriculum changes to include education about HIV/AIDS in the classroom, peer education programmes among school pupils, and provision of support for AIDS and other cause orphans. The financing, planning, and implementation of these responses would need to include not just the MoE but also the Ministry of Health, AIDS prevention organisations and civil society. Whilst the costs of these activities will be significant, their benefits will be large and wide-ranging. For example, reducing the incidence of HIV among teachers by half through education programmes promoting sexual behaviour change and condom distribution, would save the MoE and BESSIP alone around $10 million over the next decade. If the impact on teachers themselves, their quality of life, morale, the quality of education and social capital relating to basic education were to be considered, the common sense of an active response is inescapable.
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Table 1 Unit costs for the financial impact of HIV/AIDS on the MoE/BESSIP
	Cost item and source of costs data
	Source of funds
	Unit Cost1 (2001 US$)

	Teacher training
	
	

	
Total of costs to train a teacher over 2yrs
	MoE & BESSIP
	413-606

	
	
	

	
Year 1
	
	

	

Estimate 1: Teacher training colleges2
	MoE & BESSIP
	118

	




	
	

	

Estimate 2: MoE approved budget 2001 and BESSIP 




allowances
	MoE & BESSIP
	311

	



Personal emoluments
	
	126

	




Allowances, goods, services, training expenses
	
	185

	
Year 2

	
	

	

Allowances for student teachers and cost of monitoring
	BESSIP
	295

	
	
	

	
	
	

	Absenteeism
	
	

	
Average annual salary cost3


Average annual salary




Salary grade ES/5 (64% of teachers)




Salary grade ES/6 (36% of teachers)



Allowances
	MoE
	1548

1407

1423

1391

141

	
	
	

	Funerals
	
	

	
Average cost of single funeral to MoE
	MoE
	176

	

Funeral grant
	
	85

	

Coffin
	
	91


1All costs are in year 2001 US dollars, using an exchange rate of 3528 Zambian Kwacha to the dollar

2Based on declared receipts of money in 2000 from the MoE and BESSIP by teacher training colleges: Kasama, others? XXX (KD to follow up). These figures may be lower than that declared in the 2001 approved budget owing not only to an increase in commitment of resources but also to the discrepancy between budget allocation and disbursement. In 1998 and 1999 only 82% and 60% respectively of the approved budget was disbursed. 

3Based on July 2001 Collective Agreement between the government and the Primary School Teachers Union, which includes an 80% salary raise (source: MoE).

Table 2 Cost of HIV/AIDS to the Ministry of Education and BESSIP

	Cost item
	Cost in 1999 (2001 US$)
	Cost over 1999-2010 (2001 US$)

	Teacher training
	571,000 
[290,000 – 1,070,000]
	5,421,000 
[2,274,000 – 11,765,000]

	Teacher absenteeism
	1,335,000 
[974,000 – 1,816,000]
	16,164,000 
[9,374,000 – 26,907,000]

	Funerals
	129,000 
[93,000 – 182,000]
	1,595,000
[841,000 – 2,691,000]1

	Total
	2,035,000
[1,357,000 – 3,068,000]
	23,180,000
[12,489,000 – 41,363,000]


1The proportion of teacher over the period 1999-2010 who are untrained remains unclear, although the policy for their removal suggests on average they will represent <2% over this period. The range of funeral costs reflects this uncertainty, the lower estimate assumes the number of untrained teachers remain at their current level and the upper estimate assumes all teacher are trained.

Figure legends
Numbers of primary school teachers in Zambia and the number HIV positive from 1990 to 2010 estimated by the Ed-SIDA model, compared to actual numbers recorded for the period 1994-9 by the MoE planning department. The number of teachers from 1999 to 2010 is shown with and without the impact of HIV/AIDS on teacher mortality and rates of leaving. The difference between these projections represents the loss due to HIV/AIDS over this period. The decline in teacher numbers between 1997 and 1999 is a result of MoE policy not to renew contracts of untrained teachers over this period.
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Appendix: A mathematical model of the dynamics of teacher numbers and the impact of HIV/AIDS
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We assume that teachers are recruited from the general population according to specific age-profile of recruitment and that the teacher population is small compared to the total adult population size (
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The dynamics of the teacher population can be given by the following difference equations:
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= rate of leaving the teaching profession to take up posts in the private sector vacated by AIDS deaths. We currently assume the following relationship,
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where e is the rate of employment in the general population and s is the relative uptake of newly vacated jobs by teachers (s = 1 implies that a vacant post is equally likely to be filled by any member of the population, independent of occupation; s > 1 implies that teachers preferentially fill vacated posts).
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