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England currently has a severe shortage of teachers, particularly in 
science. With the secondary-age pupil population forecast to grow 
by 19% in the decade to 2026, and an increase in pupils entering 
three single science GCSEs, the shortage is set to worsen.

Policymakers are experimenting with marketing campaigns 
to attract new science teachers and student loan subsidies to 
improve retention. Despite this, the number of physics and 
chemistry trainees has declined each year, for the last three years. 
Most senior leaders and Heads of Science cannot afford to wait 
for policymakers to solve this problem.

This paper sets out eight principles to inform schools and help 
science departments increase their teaching capacity, based on a 
thorough review of existing research. These eight principles cover 
a range of areas including, teacher deployment, development, 
pay and management. Implementation is briefly discussed and 
references to the underpinning research are provided.
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1. DEPLOYMENT: INCREASE SPECIALISATION

Teaching multiple subjects increases a teacher’s workload because they must 
master a wider range of content. It also means that they are teaching at least one 
subject outside of their degree specialism, which requires additional preparation. 
These additional demands have been shown to increase the chances that a teacher 
will leave their school (Donaldson & Johnson, 2010; Olmos, 2010; Sims, 2018). 

Teachers improve as they accumulate experience in a specific area and 
specialisation enables them to do this faster. Research shows that this makes 
teachers more effective, improving pupil attainment (Cook & Mansfield, 2016).

IMPLEMENTATION 
Many schools have science teachers working across biology, chemistry and physics. 
Decision makers within a school should consider increasing specialisation of science 
teachers by allotting a higher proportion of their lessons in one science, preferably 
the one in which they have a degree. Some scientists prefer teaching across all three 
subjects, and this should of course be taken into consideration. For many teachers 
however, particularly those in the early-career stage, this is unlikely to be ideal.

Achieving specialisation will be harder in science departments that already have 
shortages, particularly where they currently do not employ any physicists. In this 
case, offering a mostly-physics timetable could help recruit physics specialists.

REFERENCES
Cook, J. B., & Mansfield, R. K. (2016). Task-specific experience and task-specific 
talent: Decomposing the productivity of high school teachers. Journal of Public 
Economics, 140, 51-72.
Donaldson, M. L., & Johnson, S. M. (2010). The price of misassignment: The role of 
teaching assignments in Teach for America teachers’ exit from low-income schools 
and the teaching profession. Educational Evaluation and Policy Analysis, 32(2), 299-323.
Olmos, F. (2010). Square peg in a round hole: Out-of-field teaching and its impact on 
teacher attrition. University of California, Irvine and California State University, Los 
Angeles. Available from: https://search.proquest.com/openview/ee24378b85bb6f8b
3c49bef107d49e9b/1?pq-origsite=gscholar&cbl=18750&diss=y 
Sims, S. (2018). Modelling the relationships between working conditions, teacher 
job satisfaction and retention. Available from:  https://samsimseducation.files.
wordpress.com/2018/11/workingconditions_081118.pdf 

https://search.proquest.com/openview/ee24378b85bb6f8b3c49bef107d49e9b/1?pq-origsite=gscholar&cbl=18750&diss=y
https://search.proquest.com/openview/ee24378b85bb6f8b3c49bef107d49e9b/1?pq-origsite=gscholar&cbl=18750&diss=y
https://samsimseducation.files.wordpress.com/2018/11/workingconditions_081118.pdf
https://samsimseducation.files.wordpress.com/2018/11/workingconditions_081118.pdf
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2. DEPLOYMENT: PROVIDE STABLE TEACHING 
ASSIGNMENTS

As well as specialising in particular subjects, teachers can focus on teaching specific 
key stages or types of pupils. This is also likely to reduce workload because teachers 
are more likely to reteach lessons. Indeed, research has shown that teachers who 
specialise in specific year groups are more likely to remain in their school (Ost & 
Schiman, 2015).

Specialisation by year group also allows teachers to gain experience teaching 
specific content more quickly. This helps teachers become more effective 
(Atteberry, Loeb, & Wyckoff, 2017; Blazar, 2015; Ost, 2014; Wedenoja, 2018).

IMPLEMENTATION
Heads of Science should consider increasing the stability with which teachers 
are assigned to specific year groups. This may be particularly valuable in science 
departments that do not have enough staff to specialise across the three sciences. 

Assignment to specific key-stages is particularly important for early-career teachers, 
who are still gaining fluency in planning (Ost & Schiman, 2015). Where staffing 
pressures make it necessary to add new year groups to a teacher’s timetable, 
departments should provide additional support such as materials and mentoring.

REFERENCES
Atteberry, A., Loeb, S., & Wyckoff, J. (2017). Teacher churning: Reassignment 
rates and implications for student achievement. Educational Evaluation and Policy 
Analysis, 39(1), 3-30.
Blazar, D. (2015). Grade assignments and the teacher pipeline: A low-cost lever to 
improve student achievement?. Educational Researcher, 44(4), 213-227.
Ost, B. (2014). How do teachers improve? The relative importance of specific and 
general human capital. American Economic Journal: Applied Economics, 6(2), 127-51.
Ost, B., & Schiman, J. C. (2015). Grade-specific experience, grade reassignments, and 
teacher turnover. Economics of Education Review, 46, 112-126.
Wedenoja, L. (2018). Second Time’s the Charm? How Repeat Student-Teacher 
Matches contribute to Cognitive and Non-Cognitive Achievement. Brown 
University working paper. Available from: https://drive.google.com/file/d/1xcUYKJKIS
oy3zxJi1QViYmaagJQTzb6F/view 

https://drive.google.com/file/d/1xcUYKJKISoy3zxJi1QViYmaagJQTzb6F/view
https://drive.google.com/file/d/1xcUYKJKISoy3zxJi1QViYmaagJQTzb6F/view
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3. DEVELOPMENT: GIVE NEW SCIENCE TEACHERS 
ACCESS TO YOUR BEST SCIENCE TEACHERS

Teachers can learn and improve through watching, talking to, and selectively 
borrowing from other, more skilled teachers. Indeed, around a fifth of the skills 
of any one teacher has can be explained by the quality of teachers they have 
worked with in the past (Jackson & Bruegmann, 2009; Sun, Loeb, & Grissom, 
2017). The more a teacher seeks advice from a colleague, and the more effective 
that particular colleague is at their job, the more the teacher will learn (Penuel, 
Sun, Frank, & Gallagher, 2012; Sun et al., 2017).

IMPLEMENTATION
Early-career teachers learn the most from their colleagues (Sun et al., 2017) but 
they often do not know who to approach and lack the time to find out. School 
leaders play a critical role in establishing the connections and norms that enable 
expertise to move between classrooms (Supovitz, Sirinides, & May, 2010). Heads 
of Science should systematically identify the development needs of early-career 
teachers and provide time for them to work with other, more experienced science 
teachers who have strengths in the same areas (Papay, Taylor, Tyler, & Laski, 2016).

REFERENCES
Jackson, C. K., & Bruegmann, E. (2009). Teaching students and teaching each other: 
The importance of peer learning for teachers. American Economic Journal: Applied 
Economics, 1(4), 85-108.
Papay, J. P., Taylor, E. S., Tyler, J. H., & Laski, M. (2016). Learning job skills from colleagues 
at work: Evidence from a field experiment using teacher performance data (No. 
w21986). National Bureau of Economic Research.
Penuel, W. R., Sun, M., Frank, K. A., & Gallagher, H. A. (2012). Using social network 
analysis to study how collegial interactions can augment teacher learning from 
external professional development. American Journal of Education, 119(1), 103-136.
Sun, M., Loeb, S., & Grissom, J. A. (2017). Building teacher teams: Evidence of 
positive spillovers from more effective colleagues. Educational Evaluation and Policy 
Analysis, 39(1), 104-125.
Sun, M., Penuel, W. R., Frank, K. A., Gallagher, H. A., & Youngs, P. (2013). Shaping 
professional development to promote the diffusion of instructional expertise 
among teachers. Educational Evaluation and Policy Analysis, 35(3), 344-369.
Supovitz, J., Sirinides, P., & May, H. (2010). How principals and peers influence 
teaching and learning. Educational Administration Quarterly, 46(1), 31-56.
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4. DEVELOPMENT: PROVIDE SCIENCE-SPECIFIC 
PROFESSIONAL DEVELOPMENT

Professional development that increases science teachers’ subject knowledge, as 
well as their pedagogical skills, has been shown to improve retention (Allen & 
Sims, 2017). More specifically, National STEM Learning Network’s science-specific 
professional development courses, have been shown to increase science teacher 
retention. This improvement in retention is most likely due to the increased 
efficacy and job satisfaction among participating science teachers (Wolstenholme, 
Coldwell, & Stevens, 2012).

IMPLEMENTATION
STEM Learning operates the National STEM Learning Network (NSLN). NSLN 
offers regional professional development activities, as well as residential multi-day 
courses at the national centre in York. These courses cover the full range of the 
science curriculum and bursaries are available, subsidised by public and charitable 
funds. You can find more information on their website here.  The Institute of Physics, 
Royal Society of Chemistry and Royal Society of Biology also run science-specific 
professional development for teachers.

If you have early-career science teachers who need to teach outside of their 
degree subject, due to staffing shortages, consider topping up their subject 
knowledge in these areas. 

REFERENCES
Allen, R., & Sims, S. (2017). Improving Science Teacher Retention. London:  
Wellcome Foundation.
Wolstenholme, C., Coldwell, M., & Stevens, A. (2012) The Impact of Science Learning 
Centre continuing professional development on teachers' retention and careers: final 
report. Sheffield: CEIR.

https://www.stem.org.uk/cpd/search?f%5b0%5d=field_subject:67
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5. DEVELOPMENT: PROVIDE INSTRUCTIONAL 
COACHING 

Instructional coaching involves an expert teacher working with another teacher in 
an individualised, classroom-based, observation-feedback-practice cycle. Crucially, 
instructional coaching involves revisiting the same specific skills several times, with 
focused, bite-sized bits of feedback specifying not just what but how the teacher 
needs to improve during each cycle. 

Research shows instructional coaching improves teachers’ ability to raise pupil 
attainment in science (Albornoz et al., 2017; Allen, Hafen, Gregory, Mikami, & Pianta, 
2015) and in other subjects (Kraft, Blazar, & Hogan, 2018). Moreover, the same CPD 
content has a bigger impact on pupil attainment when delivered through coaching, 
compared to other methods (Cilliers, Fleisch, Prinsloo, Reddy, & Taylor, 2018).

IMPLEMENTATION
Instructional coaching is a very specific form of professional development. If 
coaching sessions do not involve isolating specific skills, practising them in the 
classroom, and then reviewing progress in the following coaching session, it cannot 
be described as instructional coaching. 

Providing such coaching requires specific skills. There are a range of well-developed 
coaching models, one prominent example being the Six Step Model (Bambrick-
Santoyo, 2016). Organisations such as the Institute for Teaching, Ambition School 
Leadership, Chartered College of Teaching and Education Development Trust also 
provide instructional coaching programmes.

REFERENCES
Albornoz, F., Anauati, M. V., Furman, M., Luzuriaga, M., Podesta, M. E., & Tayor, I. (2017). 
Training to teach science: Experimental evidence from Argentina (CREDIT Research 
Paper No. 17/08). Available from: https://www.nottingham.ac.uk/credit/documents/
papers/2017/17-08.pdf 
Allen, J. P., Hafen, C. A., Gregory, A. C., Mikami, A. Y., & Pianta, R. (2015). Enhancing 
secondary school instruction and student achievement: Replication and extension 
of the My Teaching Partner-Secondary intervention. Journal of Research on 
Educational Effectiveness, 8(4), 475-489.
Bambrick-Santoyo, P. (2016). Get better faster : A 90-day plan for coaching new 
teachers. John Wiley & Sons.
Cilliers, J., Fleisch, B., Prinsloo, C., Reddy, V., Taylor, S. (2018). How to improve teaching 
practice? Experimental comparison of centralized training and in-classroom coaching 
(Working Paper).
Kraft, M. A., Blazar, D., & Hogan, D. (2018). The effect of teacher coaching on 
instruction and achievement: A meta-analysis of the causal evidence. Review of 
Educational Research, 88(4), 547-588.

https://www.nottingham.ac.uk/credit/documents/papers/2017/17-08.pdf
https://www.nottingham.ac.uk/credit/documents/papers/2017/17-08.pdf
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6. PAY: FLATTEN THE PAY GRADIENT

Younger teachers’ decisions to stay at their current school is much more sensitive 
to their pay than that of more experienced teachers. Indeed, new teachers’ are two 
to three times more sensitive to pay than a teacher with ten years of experience 
(Hendricks, 2014). Paying early-career science teachers slightly more money has 
been shown to increase retention in their current school and in the teaching 
profession overall (Bueno & Sass, 2018; Clotfelter, Glennie, Ladd, & Vigdor, 2008; 
Feng & Sass, 2018; Sims, 2017). 

IMPLEMENTATION
Schools have been able to set teachers’ pay levels, within their broad pay band, 
since 2014. However, schools are currently facing budgetary pressures and few 
have much additional money available for pay rises. Cost neutral ways of increasing 
pay for early-career teachers are therefore needed. One option is to flatten pay 
gradients, giving early-career teachers more pay initially, followed by slower pay 
rises thereafter. Because teachers’ stay/leave decisions are more sensitive to pay 
earlier in their careers, this should increase retention.

School leaders can use the references provided below to make an evidence-based 
case for such changes.

REFERENCES
Bueno, C., & Sass, T. R. (2018). The Effects of Differential Pay on Teacher 
Recruitment, Retention and Quality (Working Paper). Available from: http://sites.gsu.
edu/cbueno1/files/2014/02/The-Effects-of-Differential-Pay-on-Teacher-Recruitment-
9b-plus-abstract-2bjl269.pdf 
Clotfelter, C., Glennie, E., Ladd, H., & Vigdor, J. (2008). Would higher salaries keep 
teachers in high-poverty schools? Evidence from a policy intervention in North 
Carolina. Journal of Public Economics, 92(5-6), 1352-1370.
Feng, L., & Sass, T. R. (2018). The Impact of Incentives to Recruit and Retain Teachers in 
“Hard-to-Staff ” Subjects. Journal of Policy Analysis and Management, 37(1), 112-135.
Hendricks, M. D. (2014). Does it pay to pay teachers more? Evidence from 
Texas. Journal of Public Economics, 109, 50-63.
Sims, S. (2018). What happens when you pay shortage subject teachers more money? 
Simulating the effect of early-career salary supplements on the supply of shortage-
subject teachers in England. London: Gatsby Foundation.

http://sites.gsu.edu/cbueno1/files/2014/02/The-Effects-of-Differential-Pay-on-Teacher-Recruitment-9b-plus-abstract-2bjl269.pdf
http://sites.gsu.edu/cbueno1/files/2014/02/The-Effects-of-Differential-Pay-on-Teacher-Recruitment-9b-plus-abstract-2bjl269.pdf
http://sites.gsu.edu/cbueno1/files/2014/02/The-Effects-of-Differential-Pay-on-Teacher-Recruitment-9b-plus-abstract-2bjl269.pdf
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7. PAY: SET SALARIES WITH REGARD TO OUTSIDE 
EARNINGS POTENTIAL

Science and engineering graduates earn more than arts and humanities graduates 
(Britton, Dearden, Shephard, & Vignoles, 2016). As a result, graduates with science 
degrees tend to earn more outside teaching than inside teaching, whereas those 
with arts and humanities degrees tend to earn more in teaching (Migration 
Advisory Committee, 2016).

The difference between teacher pay and non-teacher pay is an important 
determinant of whether people chose to teach (Ondrich, Pas, & Yinger, 2008). 
Moreover, early-career teachers (Gilpin, 2011) and STEM graduates (Rickman, 
Wang, & Winters, 2018) are particularly sensitive to this outside pay ratio. It is 
therefore unsurprising that science teachers leave the profession faster than other 
teachers (Allen & Sims, 2017). Being mindful of outside earning potential when 
setting teacher pay is therefore important for improving retention.

IMPLEMENTATION
Varying teacher pay by subject is not without controversy. Not least because this 
will involve differentiating pay within science departments, as well as between 
science and other departments. However, differentiation is likely to make a notable 
difference to STEM teacher shortages (Sims, 2018).

The path of least resistance for school leaders would be to begin by increasing 
the salaries of early-career STEM teachers who are new to the school. Indeed, 
some schools are already doing this (IDR, 2017). This will keep the costs of the 
changes down, while minimising disruption and investing scarce resources where 
they are likely to make the most difference. It should help with both recruitment 
and retention. 

School leaders can use the references provided below to make an evidence-based 
case for such changes.

REFERENCES
Allen, R., & Sims, S. (2017). Improving Science Teacher Retention. London: Wellcome 
Foundation.
Britton, J., Dearden, L., Shephard, N., & Vignoles, A. (2016). How English domiciled 
graduate earnings vary with gender, institution attended, subject and socio-economic 
background (IFS Working Paper No. W16/06). Available from: https://www.ifs.org.uk/
uploads/publications/wps/wp201606.pdf 
Gilpin, G. A. (2011). Re-evaluating the effect of non-teaching wages on teacher 
attrition. Economics of Education Review, 30(4), 598-616.
IDR [Incomes Data Research] (2017). Academies’ approaches to teachers’ pay. 
London: Office of Manpower Economics.
Migration Advisory Committee (2016). Partial review of the Shortage Occupation List. 
Available from: https://assets.publishing.service.gov.uk/government/uploads/system/
uploads/attachment_data/file/585998/2017_01_26_MAC_report_teachers_SOL.pdf 

https://www.ifs.org.uk/uploads/publications/wps/wp201606.pdf
https://www.ifs.org.uk/uploads/publications/wps/wp201606.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/585998/2017_01_26_MAC_report_teachers_SOL.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/585998/2017_01_26_MAC_report_teachers_SOL.pdf
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Ondrich, J., Pas, E., & Yinger, J. (2008). The determinants of teacher attrition in 
upstate New York. Public Finance Review, 36(1), 112-144.
Rickman, D. S., Wang, H., & Winters, J. V. (2017). Relative Teacher Salaries and the 
Decision to Teach. Contemporary Economic Policy, 35(3), 542-550.
Sims, S. (2018). What happens when you pay shortage subject teachers more money? 
Simulating the effect of early-career salary supplements on the supply of shortage-
subject teachers in England. London: Gatsby Foundation.
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8. LEADERSHIP: PROVIDE AUTONOMY-
SUPPORTIVE LEADERSHIP

An individual is autonomous if they endorse their own actions. It is important to 
note that this is not the same as being left to your own devices; if you fully endorse 
what somebody else asks you to do, you are still acting autonomously. Low levels of 
autonomy are associated with increased risk that teachers leave (Boyd et al., 2011; 
Skaalvik & Skaalvik, 2017; Weiss, 1999). 

School leaders have a strong influence on a teacher’s sense of autonomy. 
Leadership styles characterised by the monitoring of teacher performance, for 
example the collection of large amounts of performance data, are associated with 
an increased desire to leave (Eyal & Roth, 2011). By contrast, leadership styles 
which involve careful consultation to create buy-in for a clear vision, are associated 
with reduced desire to leave (Eyal & Roth, 2011; Sims, 2018). Research shows that 
managers can be trained to adopt a more autonomy-supportive leadership style, 
with staff being more engaged as a result (Hardre & Reeve, 2009).

IMPLEMENTATION
Autonomy supportive leaders aim to inculcate strong norms and a sense of shared 
mission in their staff, rather than managing by rules or numbers. They do this by 
developing connections between their teachers, discussing decisions with staff, 
taking account of views and carefully communicating the rationale for decisions 
(Stone, Deci & Ryan, 2009). 

Acute accountability pressure makes this difficult in some schools. However, 
science departments in good and outstanding schools looking to improve retention 
can benefit from investing in this sort of leadership. Emphasising that data and 
paperwork are kept to a minimum should also help attract experienced teachers.

REFERENCES
Boyd, D., Grossman, P., Ing, M., Lankford, H., Loeb, S., & Wyckoff, J. (2011). The 
influence of school administrators on teacher retention decisions. American 
Educational Research Journal, 48(2), 303-333.
Eyal, O., & Roth, G. (2011). Principals' leadership and teachers' motivation: Self-
determination theory analysis. Journal of Educational Administration, 49(3), 256-275.
Hardré, P. L., & Reeve, J. (2009). Training corporate managers to adopt a more 
autonomy-supportive motivating style toward employees: An intervention 
study. International Journal of Training and Development, 13(3), 165-184.
Sims, S. (2018). Modelling the relationships between working conditions, teacher 
job satisfaction and retention. Available from:  https://samsimseducation.files.
wordpress.com/2018/11/workingconditions_081118.pdf 
Skaalvik, E. M., & Skaalvik, S. (2017). Motivated for teaching? Associations with 
school goal structure, teacher self-efficacy, job satisfaction and emotional 
exhaustion. Teaching and Teacher Education, 67, 152-160.

https://samsimseducation.files.wordpress.com/2018/11/workingconditions_081118.pdf
https://samsimseducation.files.wordpress.com/2018/11/workingconditions_081118.pdf
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Stone, D. N., Deci, E. L., & Ryan, R. M. (2009). Beyond talk: Creating autonomous 
motivation through self-determination theory. Journal of General Management, 34(3), 
75-91. Available from: http://selfdeterminationtheory.org/SDT/documents/2009_
StoneDeciRyan_JGM.pdf 
Weiss, E. M. (1999). Perceived workplace conditions and first-year teachers’ morale, 
career choice commitment, and planned retention: A secondary analysis. Teaching 
and Teacher Education, 15(8), 861-879.

http://selfdeterminationtheory.org/SDT/documents/2009_StoneDeciRyan_JGM.pdf
http://selfdeterminationtheory.org/SDT/documents/2009_StoneDeciRyan_JGM.pdf
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