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School systems often experience shortages of maths and science teachers, 

reflecting difficulties in both recruiting and retaining people qualified to teach these 

subjects. In England, teachers with maths and science degrees face a higher 

outside pay ratio than other teachers and also tend to leave the profession at higher 

rates. We evaluate a policy aimed at improving retention by providing targeted uplifts 

in pay worth 8% of gross salary for early-career maths and physics teachers. 

Leveraging variation in eligibility across time, regions and school subjects, we find 

that eligible teachers are 23% less likely to leave teaching in state funded schools 

in years they were eligible for payments. This implies a pay-elasticity-of-exit of -3, 

which is similar to results from evaluations of similar policies in the United States. 

Our analysis suggests that the cost per additional teacher retained through the 

policy is 32% lower than training an equivalent replacement teacher. Taken 

together, these results suggest that persistent shortages of maths and science 

teachers can be reduced through targeted pay supplement policies. 
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Highlights  
 

¶ Teacher shortages are a widespread problem in publicly funded school systems, 

especially among maths and science teachers.  

¶ One reason for low retention rates of maths and science teachers is the long-run 

decline in the competitiveness of their pay relative to other graduate occupations. 

¶ We use comprehensive administrative data on teachers in England to evaluate the 

effect of offering maths and physics teachers in the first five years of their careers an 

8% increase in pay on teacher retention. 

¶ We find that eligibility for these retention payments decrease the probability of 

attrition in a given year by 23%, which implies a pay-elasticity-of-exit of -3. 

¶ Contrary to existing research, we find no evidence that the effect of the policy varies 

based on whether a teacher has between one and five years of experience. 

¶ The cost per additional teacher retained by the policy is 32% lower than the cost of 

training an equivalent replacement teacher. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Why does this matter?  

Shortages of maths and science teachers are not 

inevitable. They can be mitigated through 

targeted pay supplement policies. 
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School systems often experience shortages of maths and science teachers, reflecting difficulties in 

both recruiting and retaining people qualified to teach these subjects. In England, teachers with 

maths and science degrees face a higher outside pay ratio than other teachers and also tend to 

leave the profession at higher rates. We evaluate a policy aimed at improving retention by 

providing targeted uplifts in pay worth 8% of gross salary for early-career maths and physics 

teachers. Leveraging variation in eligibility across time, regions and school subjects, we find that 

eligible teachers are 23% less likely to leave teaching in state funded schools in years they were 

eligible for payments. This implies a pay-elasticity-of-exit of -3, which is similar to results from 

evaluations of similar policies in the USA. Our cost effectiveness analysis suggests that the cost 

per additional teacher retained is 32% lower than the costs of training an equivalent replacement 

teacher. Taken together, these results suggest that persistent shortages of maths and science 

teachers can be reduced through targeted pay supplement policies. 
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INTRODUCTION  

Teacher shortages are a widespread problem in publicly funded school systems (Dolton, 

2020). In a recent 48-country survey, 21% of school principals cited shortages of qualified 

teachers as hindering the quality of instruction in their school (Jerrim & Sims, 2019). The 

problem is particularly acute among maths and science teachers, resulting in more pupils being 

taught by teachers lacking specialist knowledge in these subjects (Dee & Goldhaber, 2017; 

MAC, 2017). These shortages in part reflect high levels of attrition (leaving the profession) 

among early-career teachers (Sims, 2018). Such attrition also incurs additional costs, since 

departing teachers take with them valuable knowledge about their pupils and the school context, 

resulting in reduced pupil achievement (Gibbons et al., 2021; Ronfeldt et al., 2013). 

One reason for low retention rates amongst among early-career teachers is the long-run 

decline in the competitiveness of teachersô pay, relative to other graduate occupations (Chevalier 

et al., 2007; Dolton & Chung, 2004). This is particularly true for those with maths and science 

degrees, who face higher average pay outside of teaching than teachers with degrees in other 

subjects (Britton et al., 2016; LiVecchi, 2017; MAC, 2017). Teachersô probability of leaving the 

profession is related to the size of this outside pay ratio, particularly among early-career teachers 

(Gilpin, 2011; Hendricks, 2014; Marachand & Weber, 2020). 

 This begs the questions of whether such shortages could be reduced through policies that 

provide targeted increases in the pay of early-career science and maths teachers. In this paper, we 

provide empirical evidence on this by evaluating one such reform. More precisely, we use data 

on all teachers in England to evaluate the effects of offering maths and physics teachers in the 

first five years of their careers a £2,000 per annum increase in pay on whether or not they remain 

teaching in any state-funded school nationwide. To do so, we exploit variations in eligibility 

across regions, school subjects, and academic years in a triple-difference model. We also exploit 

plausibly exogenous variation in the experience levels of teachers at the time of eligibility to 

investigate heterogeneous effects of the policy. 



 We find that eligibility for the retention payments (RP) decrease the probability of attrition in 

a given year by 23%. This result is robust to tests for various year and school subject placebo 

effects. The RP payments represent 8% or more of eligible teachersô gross annual pay, which 

implies a pay-elasticity-of-exit of -3. A simple simulation suggests that, taking into account 

deadweight loss, the policy costs around £63,000 for each additional teacher retained two years 

after initial qualification. Generating the same number of teachers through additional recruitment 

would cost approximately £92,000 per equivalent teacher. Taken together, our results suggest 

that, where policymakers are unable to recruit enough trainee teachers, targeted retention 

payments may be a cost-effective method of reducing shortages. 

 This paper contributes to the growing literature on the use of financial incentives to retain 

teachers. Feng & Sass (2018) study a similar policy in Florida in which early-career science, 

maths and foreign language teachers were awarded targeted pay increases and estimated a pay-

elasticity-of-exit between -2.5 and -3.3, depending on subject taught. Similarly, Bueno & Sass 

(2018) study a policy in Georgia in which early-career maths and science teachers were awarded 

targeted pay increases and estimated a pay-elasticity-of-exit of -3.4. Our paper shows that similar 

results pertain in England. Building on this, a unique contribution of our paper is to exploit 

plausibly exogenous variation in teacher experience to understand heterogeneous effects, which 

potentially has direct implications for the targeting of such policies in future. Contrary to 

Hendricks (2014) and Gilpin (2011) we are unable to detect any such heterogeneity, suggesting 

teachers within their first five years in the profession are similarly sensitive to additional pay.  

SETTING AND POLICY  

Education policy is England is determined by central government in London. Compulsory 

education is usually divided into two phases: primary school (ages 4-11) and secondary school 

(ages 11-16+). Teaching in England is a largely graduate profession, with the vast majority of 

teachers completing a three-year fee-paying undergraduate degree, followed by a one-year post-

graduate teaching qualification. The policy we evaluate in this paper is targeted at secondary 



teachers, of which there are currently 205,000 working in state-funded schools in England. 

Secondary teachers train to teach in a specific subject but are not required to have a degree in the 

subject in which they train to teach. On completion of their training year, they are awarded 

Qualified Teacher Status. Schools may employ teachers to teach in any subject, regardless of the 

subject in which they trained to teach.  

Once qualified, teachers must be paid above a minimum value, which is determined by 

central government. In 2018/19 this minimum was set at £23,720 for teachers outside London, 

which was around £2,000 lower than the average graduate starting salary at the time (STRB, 

2019). Subsequent pay progression for teachers is at the discretion of their headteacher 

(principal). However, headteachers have to cover all costs from their fixed school budget, which 

is determined by a formula set by central government. Teaching unions also publish advisory pay 

progression frameworks, setting out their recommended annual pay increases. Some schools stick 

to these annual pay increments, which makes teacher pay a function of experience. However, the 

majority of schools deviate from the union advisory pay progression frameworks in some way 

(Anders et al., 2019). 

The Retention Payment Reform 

The retention payment (RP) policy involves central government paying £2,000 after tax per 

annum directly to eligible qualified teachers. In 2018/19, this £2,000 payment was equivalent to 

8% of minimum gross teacher pay. Teachers were eligible for RP payments if they met all of the 

following criteria: they were teaching some maths or physics in a state funded schools in 

England; had any degree or a teaching qualification in maths or physics; received Qualified 

Teacher Status between the 2014/15 and 2019/20 academic years; were employed in a school in 

one of 42 target local authorities (out of a total of 343 local authorities in England). The 42 target 

local authorities are highlighted in Figure 1 below and were selected by policymakers because 

they had high levels of educational disadvantage.i The eligible areas therefore do not necessarily 

have higher rates of attrition than non-eligible areas. Eligible areas are comprised of two 



disadvantaged regions (the North East and Yorkshire & Humber), plus nine other areas chosen 

from a list of the 39 most educationally deprived local authorities in England. The policy was 

óonô in the 2019/20 and 2020/21 academic years and óoffô in all other academic years. To receive 

the RP payments, teachers had to apply online in each year in which they were eligible. The 

Department for Education estimates that take-up was above 90%. 

 

Figure 1. Local authorities eligible for Retention Payment 

 

 

 

Contemporaneous Reforms 

 Two other pay reforms were introduced at around the same time as the RP policy in response 

to the teacher shortages in England. The first is the Teacher Student Loan Reimbursement 

(TSLR) policy. Most undergraduate students in England pay for their undergraduate degree 


