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1. Background and context of the project 
 
Siemens believes that as a sustainable, ethical and responsible member of the 
community, it is necessary to understand society’s challenges and needs, and act in the 
best interest of coming generations with respect to the economy, the environment, and 
society. Siemens’ Corporate Citizenship activity aims to create sustained tangible and 
intangible benefits which impact on the company’s employees and wider communities. 
As a major UK employer, Siemens works to connect with the wider community to 
ensure the sustainable development of society through technologies, local presence and 
leadership, and continues to work with schools, communities, and individuals using a 
range of resources and skills to help develop a more sustainable future.  

A key focus for Siemens is the shortfall of people with the necessary skills in science, 
technology, engineering and maths (STEM) to support the engineering sector in the UK. 
Despite the increasing number of young people studying STEM subjects there remains a 
large skills gap with a shortage of about 30,000 British engineering graduates leaving 
university each year. Siemens is seeking to inspire the next generation of engineers 
through engaging with and inspiring young people. The Curiosity Project is a three-year 
engagement programme by Siemens to broaden existing investment to bring STEM to 
life in the UK, increase the number of people choosing to study STEM subjects, and 
develop enthusiasm, passion and expertise for careers in STEM. 

Siemens seeks to make a sustainable difference through its work as well as to maximise 
the positive impact of its investment. It is only possible to achieve these aims if the 
impact of Siemens’s investment is assessed and measured in a rigorous and consistent 
way. Measuring the social impact, or the impact on society, of Siemens’s investment has 
presented a challenge. Siemens approached Simetrica to develop a method to robustly 
measure the social impact of investment in STEM beginning with the Curiosity Project. 
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2. Evaluation of Siemens Curiosity Project 
 
2.1. Introduction 
 
We analyse the social impact of Siemens educational interventions related to STEM 
subjects. Given that the primary aim of these programmes is in educational attainment 
we focus on educational outcomes in this evaluation. 
 
The Curiosity Project is a three-year engagement programme aimed at broadening 
existing investment to bring to life science, technology, engineering and mathematics 
(STEM subjects) for young people. We have evaluated the following projects and events 
from the Curiosity Project: 
 
Long-term programmes within secondary schools 

 The Greenpower Educational Trust* 
 

Short-term events  
 British Science Festival (BSF)* 
 Edinburgh International Science Festival (EISF) & Cheshire Science Festival (CSF) 
 Manchester Science Festival (MSF) 
 Times Cheltenham Science Festival (TCSF) 
 Big Bang Young Scientists Fair 
 Sticksplosion Event, Congleton* 

 
2.2. Methodology 
 
The methodology applied to assessing these projects is dictated by the level and degree 
of data and information available for the projects. Impact data has been collected for a 
number of the projects, capturing a range of educational, knowledge and skills 
outcomes, including improvements in students’ achievement in STEM subject 
examinations, increased likelihood of studying STEM subjects further at secondary and 
university level, and increased enthusiasm for careers in engineering, science, and 
technology. The level and quality of data varies substantially across the different 
projects. Where data is sufficient we run an evaluation for that particular project (these 
are the core set of projects with an asterisk). Evaluation results for other projects are 
based on extrapolated figures from these core projects. Our approach, therefore, is to 
evaluate these more ‘data-rich’ projects and from these extrapolate the findings to other 
similar projects where possible. We note that even where data was sufficient enough to 
provide some analysis a number of important assumptions were necessarily made. We 
provide details of the analytical approaches as well as the assumptions on a project-by-
project basis below. Before that we set out a general introduction to the methodological 
approach used in the evaluation of these studies. 
 
2.3. General methodological approach 
 
We use the current best-practice approach to evaluation as set out by the UK 
Government in the form of the HM Treasury Green Book guidance.  The Green Book 
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sets out the evaluation guidelines for all central government departments in the UK and 
it aligns closely with best-practice guidelines issued by international organisations1 and 
many other OECD governments2. The Green Book recommends Cost-Benefit Analysis 
(CBA).  
 
2.3.1. Cost-benefit analysis 
 
In CBA all of the costs and benefits associated with a programme are monetised and 
compared. This allows organisations to compare costs against outcomes on the same 
metric. The effectiveness of an intervention is then assessed by calculating the net social 
value due to the intervention (total social benefits – total social costs). These costs 
and benefits are calculated over the full life and legacy of the intervention.  
 
In this study we use the Human Capital approach to CBA, which looks at impacts in 
terms of people’s future labour market conditions. This is described in detail in section 
2.3.2. As also discussed below we look at the impacts of participation in the Curiosity 
Project on an individual’s quality of life as well as on the public purse in the CBA study. 
Due to data restrictions we cannot estimate all costs and benefits of the Curiosity 
Project and we provide caveats throughout the paper where important outcomes may 
be missing. 
 
Within this CBA framework there are three critical steps. 
 
1. Determine the set of outcomes to be measured and for whom (the stakeholders). 
2. Measure the impact of the project on those outcomes.  
3. Valuation of the outcomes and costs for CBA. 
 
Within this project Step 1 (determination of outcomes and stakeholders) has in 
effect been processed prior to our evaluation, in that data on certain educational 
outcomes and from certain groups has already been collected. This study is therefore 
focused on Step 2 (measuring impact on outcomes) and Step 3 (valuation of 
outcomes). Following the principles of CBA we will value outcomes in monetary terms 
and compare them back to the costs of the projects to ascertain the overall net impact of 
the projects and the social value that they create.  
 
We note that other methods for social impact assessment and policy evaluation exist, of 
which two of the most common are Cost-Effectiveness Analysis (CEA) and Social 
Return on Investment (SROI). However, our preference is for CBA in line with current 
Green Book Guidelines in the UK, which state that CEA should only be used in situations 
where CBA cannot be used (such as when outcomes cannot be valued). SROI is not a 
recognised approach in any OECD government or international organisation guidelines 
and suffers for a number of major problems and disadvantages in relation to CBA (see 
Fujiwara (2015) for a full review and critique of SROI). 
 
2.3.2. Human Capital valuation  
                                                             
1 http://www.oecd.org/environment/tools-evaluation/36190261.pdf 
2 http://ec.europa.eu/regional_policy/sources/docgener/guides/cost/guide2008_en.pdf; 
http://www.evaluaciondeproyectos.es/EsWeb/Recursos/guias_acb/PDF/3.pdf 

http://ec.europa.eu/regional_policy/sources/docgener/guides/cost/guide2008_en.pdf
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The specific approach we take within the broad field of CBA is the Human Capital 
approach. Different policy areas have developed versions of CBA that are specific to 
that area (Boardman et al., 2011) and the human capital approach has become the 
typical or accepted method for valuing outcomes in interventions related to education 
and training. The human capital approach to outcomes (ie, benefit) valuation in CBA 
estimates monetary valuations by way of changes in individual earnings affected by the 
interventions in question. The approach is very flexible and can be (and has been) used 
in a wide variety of policy settings where earnings may be affected over the long term. It 
is an alternative valuation approach to stated preference and revealed preference 
methods.  
 
The human capital approach is particularly relevant where the interventions in 
question relate directly to impacts on educational attainment and job and earning 
prospects and hence the human capital approach is recognised in the HM Treasury 
Green Book (2011, p.14) as a key valuation method for interventions and programmes 
related to skills training and schooling. Therefore, the human capital approach is ideally 
suited to the task of valuing outcomes related to the Siemens STEM projects in CBA. 
   
2.3.3. Measuring impact  
 
Before we can assess the value of outcomes using the human capital approach we need 
to assess the level of outcomes produced by an intervention or programme. In statistics 
and other quantitative disciplines the ‘gold standard’ for measuring the impact of a 
project or policy is through an experiment where the project has been randomly 
assigned across two or more groups of people. The process of randomisation ensures 
that the intervention group (treatment group) and non-intervention groups (control 
group) are on average identical in all respects prior to the treatment and so any 
differences in outcomes across the groups after treatment can only be the result of the 
treatment.  
 
Since the projects under evaluation in this study have already taken place or are taking 
place it is out of the scope of this study to use an experiment to measure the outcomes 
associated with the Curiosity Project. Where experiments cannot be employed best-
practice dictates that a quasi-experimental method should be employed instead. Quasi-
experimental methods attempt to replicate as closely as possible the mechanics of an 
experiment but without the need for random assignment of the intervention. They can 
be used retrospectively and applied to projects that have already been completed. There 
are a large range of methods that sit within this category of methodology and there are 
different degrees of rigour involved. The commonality in quasi-experimental methods is 
the process of controlling for other factors. These methods try and control for (ie, 
exclude) all other influences that may be explaining any changes in outcomes that are 
observed. If all of the other potential influences can be controlled for then the quasi-
experiment will be robust. However, the ability to control for all other possible factors is 
rare and hence quasi-experimental methods tend to be at more risk of bias than 
experiments.  
 
The main potential source of bias in the current study will be that for some projects it is 
inevitable that children that were initially interested in STEM subjects and hence likely 
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to go onto further education or careers in STEM subjects anyway got involved in the 
projects. This means that any observed changes in educational attainment or 
statements about future career paths cannot be wholly attributed to the STEM projects 
themselves. This issue is known as selection bias and is a problem common to all 
quasi-experimental methods. It will typically result in overstatements of impact 
estimates. Mainly for this reason (but we shall also discuss other reasons as well) in this 
study we take conservative estimates and figures wherever possible. We discuss this in 
more detail throughout the paper. 
 
However, in nearly all cases quasi-experimental methods are more robust than the third 
and final category of method known as non-experimental methods. Non-experimental 
methods are methods that do not attempt to replicate the experimental setting or 
approach in anyway. That is, they make no attempt to control for (exclude) the influence 
of other factors. Therefore, they are susceptible to significant levels of bias and should 
not be used to infer cause and effect relationships. For example, a typical method in this 
category is the before and after study, which simply compares outcomes before and 
after an intervention without recognition that the observed trends in outcomes could 
have been due to many other factors than just the intervention itself. Another type of 
study is anecdotal evidence whereby participants report that the intervention has had a 
positive impact on them. Non-experimental studies such as these tend to overstate 
impact and hence are highly problematic for evaluation purposes. 
 
For these reasons, generally speaking public policy evaluation will use, as a minimum 
threshold, quasi-experimental methods, but wherever possible experimental methods 
are used. Non-experimental methods are generally avoided. Following this best-practice 
we employ a range of quasi-experimental methods or variants of quasi-experimental 
methods.  
 
In Figure 1 we set out a hypothetical graph showing the possible points of data 
collection in any study. In this setting we have a treatment and control group and data is 
collected from both groups before and after the intervention. There are further variants 
of this hypothetical case (eg, a number of pre-treatment data points could be made), but 
the current case can easily be modified to fit this and so it is a generalisable case. In this 
study the vertical axis refers to educational attainment and the horizontal axis is time.  
 
One of the most rigorous quasi-experimental methods is the difference-in-difference 
(DiD) approach. This uses the trend in the control group as the counterfactual for the 
trend in the treatment group after controlling for initial differences. The strength of this 
method comes from the fact that the approach exploits variation over two dimensions: 
changes over time and changes across groups in the outcome. DiD is our preferred 
quasi-experimental approach for any study where treatment has not been randomly 
assigned. 
 
If DiD is not possible or feasible there are other points of data that we can use under the 
broad quasi-experimental approach. The first option (in no particular order) would be 
to compare differences in the outcomes between the two groups at one point in time 
(after the intervention). Here we would compare the levels of the outcome represented 
by B (for the treatment group) against those represented by D (for the control group). 
Recognising that these groups are likely to have been different at baseline (because the 
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intervention was not randomised) we can control for differences in key factors and 
characteristics at baseline, such as age, gender, region, family income, type of schooling 
etc. For those variables that may change due to the intervention itself this requires data 
on these variables at baseline. This is known as a conditioned3 cross-sectional study.  
 
Another option would be to use the times series information embodied in the trend 
from point A to B for the treatment group. Acknowledging that an observed 
improvement in an outcome can be due to a whole host of factors other than the 
intervention itself (a problem known as history effects) and also that it may just be 
representative of a general trend in the data (a problem known as maturation effects 
and regression-to-the-mean effects), this type of before and after study is highly 
susceptible to biases. In a quasi-experimental setting these biases would be controlled 
for to the best degree as possible. We will call this a conditioned time series analysis.  
 
In the particular example in Figure 1 we see that there was also an improvement in the 
control group’s outcomes over time and so all of the change represented in the trend AB 
cannot be assigned to the intervention on its own. 
 
 Figure 1. Potential data available in relation to an intervention   

 
The data collected for the Curiosity Project do not allow for our first-best statistical 
approach (DiD) – that is none of the programmes had data for all four points (ABCD). 
We, therefore, use conditioned time series analysis and conditioned cross-sectional 

                                                             
3 ‘Conditioned’ refers to the fact that key factors are controlled for. 
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analysis in this evaluation. We note that other forms of data and assessment such as 
anecdotal evidence and opinions may exist for some of the projects but this data is not 
used in this study as it falls into the category of non-experimental evidence which, as 
discussed above, is highly problematic. 
 
2.3.4. Valuation 
 
There are two types of values that must be considered in CBA and when assessing social 
impact. The first, known as primary benefit values, concern values directly held by 
individuals. This is the value of the positive effect that the outcome has on people’s 
wellbeing directly. This could be an improvement in health, a reduction in crime or 
finding work, all of which will improve people’s wellbeing and quality of life (QoL).    
 
A second type of values are secondary benefit values. These refer to values to society 
more widely, which may indirectly benefit (and hence have value for) individuals. These 
are usually measured as impacts on public services and on the public purse 
(Exchequer). For instance, for a health improvement the secondary benefits will be a 
reduction in state health-related expenditure.  
 
Primary and secondary benefit values are accounted for in the human capital 
approach, which recognises that an improvement in job prospects and earnings due to 
training will improve the quality of people’s lives directly, and also will have impacts on 
the public purse in terms of, for example, increased income tax receipts and less 
unemployment benefit payments. Secondary benefit values are usually already 
measured in monetary or financial metrics and there are a number of UK databases that 
can be used to estimate them. The measurement of primary benefit values requires 
information on improvements in people’s wellbeing, which is a more substantial task.  
 
Both primary and secondary benefit values are crucial for measuring social value in a 
full holistic sense and both should be included in social impact measurement methods 
like cost-benefit analysis. This study will seek to measure both types of value to the 
greatest extent possible under the framework of the human capital approach to CBA. 
However, we note that to some degree the task will be limited by the data available for 
each project. The exact values that are estimated for each project are described on a 
project-by-project basis. 
 
2.3.4.1. Estimating primary benefits 
 
Using the framework of the human capital approach the primary benefits associated 
with the Curiosity Project are estimated through data on increased earnings 
associated with educational attainment in STEM subjects. The data for the projects 
allow us to assess this in two ways.  
 
i) Educational attainment 
In some cases the data allows us to predict the increased likelihood of the individual 
studying STEM subjects at GCSE or at A-level as a result of involvement in the 
Curiosity Project. We then map this onto estimates of enhanced earnings potential in 
later life associated with STEM qualifications. 
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We use research performed by London Economics (2015)4, which estimates returns to 
A-levels for individuals with 2+ STEM A-levels, 1 STEM A-level, and no STEM A-levels 
(relative to having only GCSE qualifications). Earnings information is provided by the 
British Cohort Study. Table 1 sets out the results from the main specification model 
(which controls for a wide range of personal characteristics, including test scores at the 
age of 10)5. Results are available for males and females. 
 
Table 1 Earnings premia for STEM A-levels 
Gender Quals 

  
Pay 
gap to 
GCSE 
(%) 

Pay gap to 
GCSE (£) 

Pay 
gap to 
no 
STEM 
A-level 
(%) 

Pay gap to 
no STEM 
A-level (£) 

Average 
annual 
wage 
premium 
(£) 

Average 
lifetime 
wage 
premium 
(£) 

All 2+ 
STEM A 
levels  

13.1 £2,547.77 8.3 £1,614.24 £1,313 £11,303.48 

Female 23.7 £4,609.33 13.5 £2,625.57 £2,135.90 £18,385.18 

Male 7.9 £1,536.44 8.4 £1,633.69 £1,329.01 £11,439.67 

All 
1 STEM 
A level  

5.9 £1,147.47 1.1 £213.94 £174.04 £1,498.05 

Female 8.8 £1,711.48 -1.4 -£272.28 -£221.50 -£1,906.61 

Male 3.3 £641.81 3.8 £739.05 £601.22 £5,175.09 

All No 
STEM A 
level  

4.8 £933.54 - -   

Female 10.2 £1,983.76 - -   

Male -0.5 -£97.24     

Source: London Economics (2015). The London Economics report uses 2014 prices. Monetary figures 
calculated using mean adult gross annual earnings for those educated to an A* to C grade GCSE (£19,000) 
(ONS 2013). We uprate this figure to 2014 prices (the most recent year for which inflation data is available) 
using the Bank of England inflation calculator (2.3% per year = £19,448.66). 
http://www.bankofengland.co.uk/education/Pages/resources/inflationtools/calculator/flash/default.aspx 
Lifetime wage premium calculated on the basis of 10 years working in the job. 

 
In all analysis we assume as a counterfactual that students would have gone on to study 
A-levels with or without the Curiosity Project intervention, but that none of these A-
levels would have been in STEM subjects. This means that the reference group against 
which we measure earnings premia is those individuals in possession of only non-STEM 
A-levels (three or more). We calculate these earnings premia by subtracting the earning 
premia for non STEM A-levels (the bottom section of Table 1) from earnings premia for 
2+ STEM A-levels and 1 STEM A-level. For males and females combined this provides an 
earning premium of 8.3% for possession of 2+ STEM A-levels compared to possession of 
non-STEM A levels (13.1%-4.8%), and 1.1% for possession of 1 STEM A-level (5.9%-

                                                             
4 http://londoneconomics.co.uk/wp-content/uploads/2015/03/London-Economics-Report-Returns-to-
GCE-A-Levels-Final-12-02-2015.pdf 
5 Regression analysis with controls for a wide range of personal characteristics, including test scores at 

the age of 10 is run on two models: those whose highest qualification is A- level, where the comparison 

group is formed of individuals holding ‘good’ GCSE/O levels as highest qualification (defined as ‘marginal 
effects’, as they capture the additional earning and employment returns of moving one step up in the 

National Qualification Framework); and all individuals with A-levels (whether held as their highest 

qualification or not) defined ‘average effects’, as they provide an estimate of the additional earning and 

employment returns to holding-A levels. We apply results of the average effect model, with full 
comprehensive controls. The reference group is all individuals with at least ‘good’ GCSE/O levels. 
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4.8%). 
 
We calculate monetary figures using mean adult gross annual earnings for those 
educated to an A* to C grade GCSE (£19,000) (ONS 2013). We uprate this figure to 2014 
prices (the most recent year for which inflation data is available) using the Bank of 
England inflation calculator, calculated at 2.3% per year (£19,448.66). These figures 
provide earning premia for educational attainment for a single year. The primary 
benefits of improved educational attainment in STEM subjects will be felt over the 
course of an individuals’ lifetime. However, other factors also affect an individual’s 
earning potential later in their career, including continued personal development and in 
work training. For this reason we estimate career benefits across ten year. We apply 
Green Book discounting rates to calculate net present value (NPV) at 3.5% cumulative 
per annum. 
 
The figures in Table 1 are applied to our estimates of how likely students are to go onto 
A-levels in STEM subjects based on the survey data from the Curiosity Project. We note 
that the London Economics research found that earnings premia from STEM subjects 
are larger for women than for men.  
 
In some cases data only exists on students’ GCSE grades, or on the likelihood of taking 
STEM subjects at GCSE. Here we extrapolate these results to A-levels since there are no 
reliable earnings premia data associated with GCSE grades (CERP, 2011).6 We apply 
estimates of progression rates from GCSE to A-levels provided by the Department for 
Education (DfE 2012)7. This provides estimates of the probability of progressing from 
GCSEs to A-levels by each grade in each STEM subject. We exclude BTEC grades from 
the analysis due to lack of data on returns to earnings for these qualifications. Where a 
subject is not included in the DfE table we apply the average across all subjects of 21.2% 
(Table 2). 
 
Table 2 Progression rates (%) from GCSE to A level by subject and grade 
Subject A* A B C A*-C 
Biology 47% 37% 19% 3% 29% 

Chemistry 54% 30% 11% 1% 26% 
Physics 38% 22% 8% 1% 19% 

Core and additional science 62% 46% 12% 3% 18% 
Maths 73% 34% 6% 0% 14% 

Average 54.8% 33.8% 11.2% 1.6% 21.2% 
Source: Department for Education: Subject progression from GCSE to AS Level and continuation to A Level 
Research Report DFE-RR195 (2012) 

 
ii) Engineering career 
Some of Siemens’ projects are focused on encouraging people to take up a career in 

engineering and collect data in this respect. Earnings estimates are taken from mean 

salaries for graduates working in engineering and technology in the UK within six 

months of graduating, provided by the Engineering UK report (2015). This figure is 

                                                             
6 https://cerp.aqa.org.uk/sites/default/files/pdf_upload/CERP-RP-LM-01062011_0.pdf 
7 https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/183942/DFE-RR195.pdf 
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estimated at £26,536. We calculate the wage premium associated with careers in 

engineering by comparing this figure to the mean salary for all UK graduates of £21,725, 

(within six months of graduating) as provided by the Office for National Statistics (ONS 

2012/2013). This gives an earnings premium for careers in engineering of £4,811 per 

year, or 22.14% (£26,536 - £21,725).  We uprate this figure to 2014 prices (the most 

recent year for which inflation data is available) using the Bank of England inflation 

calculator, calculated at 2.3% per year (£4,924.50). The average annual wage premium 

at the time of graduating is £4,006 (NPV). We estimate average lifetime earnings premia 

for jobs in engineering careers at £34,483.11 (Table 3). 

 
Table 3 Earnings premia for engineering career 
 Pay gap (%) Pay gap (£ 

annual) 
Average annual 
wage premium 
(£) 

Average lifetime 
wage premium 
(£) 

Engineering 
career 

22.14 £4,924.50 £4,006 £34,483.11 

Notes: Lifetime wage premium calculated on the basis of 10 years working in the job. Mean salary for all UK 
graduates of £21,725 (ONS 2012/2013). We uprate the final figure to 2014 prices (the most recent year for 
which inflation data is available) using the Bank of England inflation calculator (2.3% per year). 
http://www.bankofengland.co.uk/education/Pages/resources/inflationtools/calculator/flash/default.aspx 

 
To estimate the earnings premia associated with the Curiosity Project here we need an 
estimate of the increase in likelihood of people going into engineering careers as a 
result of involvement in the Siemens projects. The data that we have is mainly in the 
form of post-project self-assessment or a teacher’s assessment of an increase in 
enthusiasm towards engineering caused by the project. In a few cases we also have this 
survey data collected over time before and after a project. There are two problems that 
need to be addressed in the analysis. Firstly, the data points generally relate to point B 
only or points AB and as discussed above these types of data on their own cannot 
provide us with robust estimates of impact. That is, from these data alone we cannot 
ascertain whether any observed increase in enthusiasm for careers in engineering was 
due to the projects. We will, therefore, need to apply some statistical fixes to these data 
to account for the counterfactual scenarios. Secondly, even when we get to the stage of 
having an estimate of the impact on enthusiasm for careers in engineering in which we 
can be reasonably confident, a simple increase in interest in engineering does not in any 
way mean that people will actually go on to obtain a career in the subject field. This will 
also need to be accounted for in the analysis.  
 
In order to get a better handle of the impact of the projects on enthusiasm for careers in 
engineering we identify a general population comparison group (which will represent 
point D in Figure 1). This is obtained from the OECD Education at a Glance (2012) 
report, which finds that 15% of 15 year olds surveyed in the UK intend a career in a 
STEM-related field.8 This comparison group figure of 15% will be an over-estimate of 
enthusiasm for engineering careers in the general population because not all of the 15% 
of 15 year olds who say they want to go into a STEM-related job will want to be an 
engineer. However, for the purposes of this analysis we assume that this figure 

                                                             
8 Chart A4.2, p.75: http://www.oecd.org/edu/EAG%202012_e-book_EN_200912.pdf 
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represents a proxy of enthusiasm for jobs in engineering in the general teenage 
population. All else equal using this figure as an estimate of deadweight will lead to 
conservative estimates of the impact of the Curiosity Project on enthusiasm for careers 
in engineering.  
  
This figure was higher for boys (12%) than girls (3%). Where possible we calculate 
earnings premia separately for males and females for greater accuracy in our 
estimations.  
 
To understand the impact we compare the percentage of students who reported that 
they were enthusiastic about a career in engineering when surveyed after the Siemens 
projects against the figure of 15% which we assume is the underlying level of 
enthusiasm in the general population for engineering jobs. In effect, we are using data 
points B and D, where D comes from the general population. We are unable to control 
for baseline factors such as previous grades in STEM subjects which may bias our 
estimates and to counter for this we are using a conservative estimation approach as 
described above. 
 
Turning to the second issue of extrapolating from the enthusiasm data to actual careers 
in engineering, we encounter a number of uncertainties and unobservables. Evidence 
shows that the correlation between intention and behaviour is low (less than 20%) 
(Fujiwara et al., 2015) and this is in instances where people are asked to state their 
intention concerning a specific activity in the near future. In our case people are not 
asked specifically about their intention to go into an engineering career, the actual 
behaviour is far into the future and there are considerable barriers to achieving this 
goal even if people do intend to carry out the behaviour (such as ability, labour market 
conditions and luck). Therefore, we expect an increase in enthusiasm to become an 
engineer to only be very marginally associated with actually becoming an engineer in 
later life (much lower than 20%); we assume the association between intention to 
pursue a career in engineering (stated enthusiasm) and progression to an actual career 
in engineering to be considerably lower than 20% (Fujiwara et al., 2015). In the absence 
of additional guidance from the literature we use a conservative estimate and assume 
that 1% of people who state that they are enthusiastic about pursuing a career in 
engineering in their teenage years actually go onto to obtain a career in engineering.  
 
Usually the data permit use of either approach (i) or (ii), but in cases where both 
approaches to primary benefit valuation are feasible (due to higher levels of data) we 
run both types of valuation analysis and take a final estimate based on both sets of 
results. 
 
Assumptions on deadweight, optimism bias and long term impacts 
 
In all of the analysis of the impacts on educational attainment and engineering career 

choice we account for two important factors. Firstly, we account for deadweight. This 

attempts to control for the counterfactual, or what would have happened anyway had 

the individuals not participated in the Curiosity Project.  Secondly, we control for 

optimism bias. There is a demonstrated, systematic tendency for people to be overly 

optimistic when predicting the benefits of a project. This is known as optimism bias and 

it usually affects capital development projects but can also be inherent to other forms of 
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programmes. In the current study students may be overly optimistic about their 

likelihood of going onto further education or careers in STEM subjects and hence 

optimism bias may become an issue wherever projections or forecasts on behalf of the 

beneficiaries or teachers are made. We therefore apply a reducing factor for optimism 

bias in all cases where forecasts are made in the data. This is a separate issue to 

deadweight and hence optimism bias calibration factors can be included in addition to 

deadweight calibration factors in the study of a project. For the optimism bias 

calibration factor we use a figure of 20% based on an average of figures used in Green 

Book Supplementary Guidance9.  

Our earnings premia results refer to annual values associated with the STEM projects. 

This represents the increase in earnings per year. The overall values are likely to cover 

multiple years since people will stay in the jobs for a number of years. We, therefore, 

make the assumption that people stay in their respective jobs for 10 years. For each 

project we present the following outputs: 

i. Average annual values per person. 
ii. Total annual value for the project (average annual value x number of 

participants). 
iii. Average lifetime values per person (over 10 years). 
iv. Total lifetime value for the project (average lifetime value x number of 

participants) 

The lifetime values are calculated on a net present value (NPV) term whereby future 

earnings are discounted to present values using the HM Treasury Green Book discount 

rate of 3.5% per annum. We make the assumption that individuals start earning the 

wages associated with our estimated earnings premia six years after their involvement 

in the STEM projects. 

 
2.3.4.2. Estimating secondary benefits 
 
Secondary benefits can be estimated in two ways using the data that we have on 
educational attainment and likelihood of pursuing a career in STEM (engineering).  
 
iii) Estimating Exchequer contributions from STEM A-levels 
Higher earnings lead to higher income tax and social contributions to the Exchequer. We 
take the wage premia associated with STEM A-levels to calculate income tax and social 
contributions using the OECD Benefits and Wages Tax-Benefit Calculator (2012).10 We 
uprate these figures to 2014 prices (the most recent year for which inflation data is 
available) using the Bank of England inflation calculator, calculated at 2.3% per year.11 

We compare these secondary Exchequer benefits to those gained from the average wage 
for people with no STEM A-levels, which we have assumed to be the counterfactual case 
here.  

                                                             
9https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/191507/Optimism_bias.pdf 
10 http://www.oecd.org/els/soc/benefitsandwagestax-benefitcalculator.htm 
11 
http://www.bankofengland.co.uk/education/Pages/resources/inflationtools/calculator/flash/default.as
px 

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/191507/Optimism_bias.pdf
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Compared to salaries associated with no STEM A-levels, total additional annual 
Exchequer contributions associated with 2+ Stem A-levels is calculated as £763.14, and 
for one STEM A-level as £391.97 (Table 4).  
 
To assess impact at the project level, we multiply these figures by the number of 
students for whom we estimate a positive impact through either improved grades in 
STEM subjects, or through a reported increased likelihood to take STEM subjects as a 
result of the Siemens programme. This gives us an estimate of total annual exchequer 
contributions from improved STEM educational attainment. 
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Table 4. Annual graduate starting salary, professional premium and Exchequer income for recent STEM graduates  
Number 
of STEM 
subjects 
at A-level  

Salary  Fiscal 
Calculation 
Base  

Income Tax Social Contributions Exchequer 
contributions 
(above no STEM 
average)  

Average 
annual 
exchequer 
contrb 

Average 
lifetime 
exchequer 
contrb  

Amount Difference to 
no STEM A-
levels  

Amount Difference to 
no STEM  

2 STEM £21,489 £21,624 £2,766.19 £678.25 £1,719.66 £259.84 £938.09 £763.14 £6,568.85 

1 STEM £20,121 £20,229 £2,480.78 £392.83 £1,548.82 £89.00 £481.83 £391.97 £3,373.97 
0 STEM £19,912 £19,645 £2,087.94 £0.00 £1,459.82 £0.00 £0.00   
Note: The London Economics report uses 2014 prices. Since the latest possible year in the OECD Tax-Benefit calculator is 2013, we use the latter to calculate the 
benefits. We uprate Exchequer contributions to 2014 prices (the most recent year for which inflation data is available) using the Bank of England inflation calculator 
(2.3% per year). http://www.bankofengland.co.uk/education/Pages/resources/inflationtools/calculator/flash/default.aspx Lifetime exchequer contribution calculated 
on the basis of 10 years working in the job.  
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iv) Estimating Exchequer contributions from engineering careers 

Using a similar methodology we estimate Exchequer benefits in income tax and social 
contributions for projects where we have data to estimate the impact on engineering 
careers. 
 
We compare the mean annual salary of graduates working in engineering and 
technology six months after graduating (£26,536, in 2013 prices, using figures from 
Engineering UK, 2015) to those gained from the national average graduate wage six 
months after graduating of £21,725 (ONS 2012/2013). Based on this difference in 
income we estimate that annual additional income tax contributions resulting from one 
student being encouraged to take up a career in engineering or technology (compared 
to the national average) amounts to £998.45, while the additional annual social 
contributions amount to £599.48, giving total annual Exchequer contributions of 
£1,597.93. The average annual Exchequer contributions at the time of graduating are 
£1,299.91 (NPV). We estimate average lifetime earnings premia for jobs in engineering 
careers at £11,189.25. All figures are uprated to 2014 prices using the Bank of England 
inflation calculator (Table 5). 
 
To assess impact at the project level, we multiply these figures by the number of 
students that we estimate went onto a career in engineering as a result of the Siemens 
programme. This gives us an estimate of total annual exchequer contributions from 
engineering career choices. 
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Table 5. Exchequer contributions from recent STEM Graduates  
Career Salary  Fiscal 

Calculatio
n Base 

Income Tax Social Contributions Total 
exchequer 
contributions  

Average annual 
exchequer 
contributions 

Average lifetime 
exchequer 
contributions  

Amount Difference to 
Average (£) 

Amount Difference to 
Average (£) 

Enginee
ring and 
Technol
ogy  

£26,536 £26,507 £3,764.64 £998.45 £2,319.14 £599.48 £1,597.93 £1,299.91 £11,189.25 

Average 
salary 

£21,725 £21,624 £2,766.19 £0.00 £1,719.66 £0.00 £0.00   

The OECD Tax-Benefit calculator allows calculations for fixed amounts only – we take the calculation base closest to the corresponding graduate starting salary and 
include a percentage difference between the two figures to indicate the deviation. 3. Income tax, social contributions and net income refer to a single person with no 
children since we assume that this would be the most common socio-demographic status of recent graduates. Additional Exchequer benefits provided by income from 
engineers salary is calculated against ONS 2012/2013 mean salary for graduates six months after graduating (£21,725). We uprate these figures to 2014 prices (the 
most recent year for which inflation data is available) using the Bank of England inflation calculator (2.3% per year). 
http://www.bankofengland.co.uk/education/Pages/resources/inflationtools/calculator/flash/default.aspx  Lifetime exchequer contributions calculated on the basis of 
10 years working in the job. 
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2.4. Summary and caveats to the analysis 
 
We apply the above human capital methods as the main general approaches to 
analysing the data collected for the Siemens programmes and events contained within 
the Curiosity Project. The type of the outcomes data available varies across each of the 
projects and so variants of the above methodologies are sometimes applied. We outline 
in each case the data available, the specific methods applied, and any additional analysis 
required. 
 
Where outcome data is not available for a particular project or event, we extrapolate 
results from the most comparable projects.  
 
We estimate aggregate impact figures across the whole project, and averaged across the 
total number of students involved in each project. In this way, we provide monetary 
impact figures for the primary and secondary benefits of a range of Siemens STEM 
activities. These results are then compared to the cost inputs on each project to estimate 
the overall cost-benefit ratios in CBA. This will provide an assessment of the overall 
social impact of the Curiosity Project and its various project elements. 
 
We note a number of important caveats in our study and approach. First, this study has 
been dictated to a large extent by the type of data that was originally collected during 
the different projects. As best as possible within the data we have accounted for the 
counterfactual so that we get a better estimate of the impact of the projects. However, 
none of the projects were assessed using an experiment, nor was any data collected in a 
way that permitted the use of a very rigorous quasi-experimental method such as the 
DiD approach in place of an experimental study. Therefore, the possibility that other 
factors may partly explain some of the observed changes or impacts must be 
acknowledged when reading and interpreting the results. In all likelihood these possible 
factors are likely to result in an upward bias since some of the students involved in the 
projects will have selected in to the project. Some individuals will have higher existing 
levels of 'science capital', in terms of knowledge, interest, scientific literacy and 
science/technology-related social contacts.12 In other words for some projects it is 
inevitable that children that were initially interested in STEM subjects and hence likely 
to go onto further education or careers in STEM subjects anyway got involved in the 
projects. This will result in our estimates being overstatements of the impact and social 
value of the Curiosity Project. It is mainly for this reason that we take conservative 
estimates wherever possible. 
 
Second, outcome variables as measured in a number of the Siemens-supported projects 
are evaluative (either self-reported or third party evaluations, eg teachers) statements 
of improved ability or increased likelihood of making educational or career choices 
towards STEM subjects. In such cases, there are a number of causal leaps to be made 
between such an assessment and the final achievement of a STEM career or education. 
In such cases, we have made predictions and estimations using best available data, 
including, for example, official progression rates from GCSE to A-level, and estimates of 
baseline general population enthusiasm for STEM careers. To account for uncertainties 

                                                             
12 http://www.sciencemuseum.org.uk/educators/special_projects/enterprising_science_project.aspx 
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related to projecting outcomes we have applied sensitivity analysis to the results. Our 
recommendation is to use the lower bound conservative estimates.  
 
Third, CBA (and indeed other methods of policy evaluation) requires that all of the 
impacts (both positive and negative) be accounted for in the evaluation. Our study has 
focussed on an important but narrow set of outcomes related to the Curiosity Project. 
Although progress into education and careers in STEM subjects are probably the key 
outcomes of interest, there may be other positive outcomes associated with the 
Curiosity Project, such as improved social relationships, improved general confidence 
and a heightened awareness and interest in education more generally. This could lead, 
for example, to some people going onto further education in a non-STEM subject rather 
than quitting school. Although this type of outcome would not result in more people in 
STEM-related careers, it will still be a positive benefit for society. These outcomes have 
not been assessed in this analysis since the necessary data on factors such as social 
relationships were not collected as part of the surveys or were not collected in a usable 
format. Since there are likely to be very few, if any, negative effects of the Curiosity 
Project, we believe that the outcomes captured in this study represent an important but 
partial assessment which, all else constant will produce conservative estimates of 
overall social value. This, however, is not such a problem here as the main outcomes 
have been assessed and because it helps to counterbalance the uncertainties and 
possible overstatements in the other parts of the analysis. 
 
In section 5 of this paper we discuss some of the implications of these points for how 
Siemens’ projects and community investments should be evaluated going forward. 
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3. Project analysis and results  
 
The evaluation focuses on STEM projects for which suitable levels of data have been 
collected to permit a robust evaluation of impact and social value. We focus on the 
following projects: 
 

 The Greenpower Educational Trust 
 British Science Festival (BSF) 
 Edinburgh International Science Festival (EISF) & Cheshire Science Festival 

(CSF) 
 Manchester Science Festival (MSF) 
 Times Cheltenham Science Festival (TCSF) 
 Big Bang Young Scientists Fair 
 Sticksplosion Event, Congleton 

 
Where possible we use the results from the evaluation of these projects to extrapolate 

impacts to other similar STEM projects undertaken by Siemens, for which sufficient data 

was lacking. In addition we explore the impact of local-level school interventions 

supported by Siemens, in particular the Sticksplosion events. The analysis of these 

projects permits an evaluation of the overall social value created by the Siemens STEM 

Projects. 

Total costs are provided for each project (see Appendix A1).  

The evaluation framework and methodologies developed and used here can be applied 
to other and future community work by Siemens to permit on-going social impact 
evaluations of CSR work at Siemens. Future evaluations should also be informed by the 
recommendations set out in section 5 below. 
 
3.1. The Greenpower Education Trust 
 
3.1.1. Background 
 
The Greenpower Education Trust aims to advance education in the subjects of 
sustainable engineering and technology to young people. This is achieved through a 
practical project to design, build and race an electric car. We evaluate the results from 
the Greenpower programme in 2012, which involved the participation of 8,400 
students.  
 
Total cost of the Greenpower project totalling £126,564.20 for the 2012-2013 

financial year. We uprate total costs to 2014 prices (the most recent year for 

which data is available) using the Bank of England inflation calculator. This 

produces total costs of £129,475.17. 

 
3.1.2. Data 
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3,822 students were involved in the IET Formula 24 teams, 834 students were involved 
in the IET Formula 24+ teams, and 3,744 students were involved in the IET Formula 
Goblin teams. 
 
Students were surveyed at the end of the Greenpower projects. Questions included: ‘Has 
Greenpower influenced your decision to take science, technology, engineering or maths 
(STEM) related subjects at GCSE level?’; and ‘Has Greenpower made you more likely to 
consider a career in a STEM field?’. The survey also collected data on students’ gender 
and their reasons for choosing the Greenpower team. Responses are outlined in Table 6. 
 
Table 6. Descriptive statistics: Greenpower Educational Trust 
 IET Formula 

24  
IET Formula 
24+ 

IET Formula Goblin 

Total sample size  3,822 834   3,744 
Female  1,185 

(31%) 
 225 
(27%) 

1,310 
(35%) 

Male  2,637 
(69%) 

 609 
(73%) 

 2434 
(65%) 

Participation influenced student 
decision to take STEM GCSE 

2,714 
(71%) 

759 
(91%) 

 
81% 

(Deadweight 20%) 56.8% 72.8% 64.8% 
(Deadweight 30%) 49.7% 63.7% 56.7% 
    
More confident to pursue an 
engineering career 

3,707 
(97%) 

834 
(100%) 

- 

Notes: Figures for the IET Formula Goblin stream are estimates based on an average across IET Formula 24 
and IET Formula 24+ streams. 
 

3.1.3. Methodology 
 
We focus our analysis on the questions of whether participation in Greenpower 
influenced student decisions to take STEM GCSE subjects, and whether the intervention 
made students more likely to consider a career in engineering. As discussed we use 
information gleaned from both of these survey questions to estimate the primary 
benefits (wage premia) associated with Greenpower.  
 
We use both the educational attainment wage premia methodology (i); and the 
engineering career wage premia methodology (ii). This allows us to compare the 
primary impacts estimated using the two methods and to check the level of 
comparability. 
 
3.1.3.1. STEM GCSEs 
 
Of the 3,822 students for which data was collected, 71% say that they are doing a STEM 
subject GCSE because of Greenpower. In effect this data covers points AB in Figure 1 
(showing the change in GCSE participation over time). As discussed trends over time 
can be explained by many factors other than the programme itself. To account for this 
we apply a deadweight figure to this 71%. The deadweight figure is taken from the 
Homes and Community Agency (HCA) Additionality Guide (HCA, 2014), which provides 
deadweight figures for a range of policy areas. The HCA guide forms supplementary 
guidance to the Green Book. The HCA deadweight associated with educational outcomes 
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is 19%, which we round up to 20%. This deadweight figure is a proxy of the deadweight 
estimate that we would have been able to measure if we had had all four data points 
(ABCD) for the GCSE participation data (see Figure 1, p.8). The deadweight figures from 
the HCA allow us to approximate a quasi-experimental study here. We apply sensitivity 
analysis using a second more conservative level of deadweight of 30% as well (see 
Table 6). 

We also make the conservative assumption that taking STEM subjects at GCSEs leads to 
one STEM A-level, leading to an earnings premium of 1.1%, against a reference group of 
those studying no STEM A-levels (London Economics, 2015 – see Table 2).  
 
We apply the average progression rate of 21.2% from STEM GCSEs to A-levels (see 
Table 2). 
 
3.1.3.2. Engineering career 
 
For the IET Formula 24 and 24+ programmes students report their enthusiasm for 
pursuing a career in engineering. Figures for the IET Formula Goblin stream are 
estimates based on average values across IET Formula 24 and IET Formula 24+ 
streams. We compare these figures to the general population levels of enthusiasm 
(OECD, 2012) (12% for boys and 3% for girls). We apply additional corrections to the 
data on students’ enthusiasm for engineering careers to capture optimism bias, 
whereby students are assumed to overstate their actual enthusiasm for a career in 
engineering because of the priming effect of recent experiences, such as involvement in 
the Greenpower project. We note that this optimism bias is less problematic in the 
educational attainment model because this is based on historical data about the choices 
that students have already made. 
 
3.1.4. Analysis  
 
3.1.4.1. Primary benefits: STEM GCSEs 
 
71% of students said that participation in IET Formula 24 influenced their decision to 
take STEM-related subjects at GCSE level. Within IET Formula 24+ 91% of students said 
their involvement in Greenpower influenced their decisions to choose a STEM GCSE 
subject. For the Formula Goblin stream, where no impact information is available, we 
take average impact across the Formula 24 and Formula 24+ streams (81%).  
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Table 7. Greenpower: Estimated earnings premia from STEM GCSEs 
Project Total N Impact 

N (20%) 
Progressi
on STEM 
GCSE – A-
level 

Average 
annual 
earning 
premiu
m 

Total annual 
earning 
premium 

Average 
lifetime 
earning 
premium 

Total lifetime 
earning 
premium  

Impact 
N (30%) 

Progres
sion 
STEM 
GCSE – 
A-level 

Average 
annual 
earning 
premiu
m  

Average 
annual 
earning 
premium 
(30% 
deadweight) 

Average 
lifetime 
earning 
premium 

Average 
lifetime earning 
premium (30% 
deadweight) 

Formula 24               

Female 1,185 673.08 142.69 -£221.50 -£31,606.49 -£1,906.61 -£272,059.82 588.95 124.86 -£221.50 -£27,655.68 -£1,906.61 -£238,052.35 

Male 2,637 1497.82 317.54 £601.22 £190,909.59 £5,175.09 £1,643,282.51 1310.59 277.84 £601.22 £167,045.89 £5,175.09 £1,437,872.20 

Total 3,822 2170.90 460.23   £159,303.10   £1,371,222.69 1899.53 402.70   £139,390.21   £1,199,819.85 

Formula 
24+ 

             

Female 225 163.80 34.73 -£221.50 -£7,691.72 -£1,906.61 -£66,208.18 143.33 30.38 -£221.50 -£6,730.26 -£1,906.61 -£57,932.15 

Male 609 443.35 93.99 £601.22 £56,509.04 £5,175.09 £486,409.94 387.93 82.24 £601.22 £49,445.41 £5,175.09 £425,608.70 

Total 834 607.15 128.72   £48,817.32   £420,201.76 531.26 112.63   £42,715.16   £367,676.54 

Goblin              

Female 1,310 848.88 179.96 -£221.50 -£39,861.71 -£1,906.61 -£343,118.42 742.77 157.47 -£221.50 -£34,878.99 -£1,906.61 -£300,228.61 

Male 2,434 1577.23 334.37 £601.22 £201,031.85 £5,175.09 £1,730,411.32 1380.08 292.58 £601.22 £175,902.86 £5,175.09 £1,514,109.91 

Total 3,744 2426.11 514.34   £161,170.14   £1,387,292.90 2122.85 450.04   £141,023.87   £1,213,881.29 

Greenpower 
Total 

8,400 5204.16 1,103.28  £369,290.56  £3,178,717.35 4553.64 965.37  £323,129.24  £2,781,377.68 

Impact per person      £43.96   £378.42       £38.47   £331.12 

Note: Earning premium for selection of STEM subjects is calculated using London Economics (2015) figures for attainment of one STEM subject. Earning premia figures are uprated to 2014  prices using Bank of 

England inflation calculator (2.3%). Note that female earnings premia associated with one STEM A-level are negative compared to no STEM A-levels (see Table 1). We use average progression rates from GCSE 

to A-level for STEM subjects of 21.2% (recall Table 2). Lifetime wage premium calculated on the basis of 10 years working in the job 
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Total annual values calculated across all three Greenpower projects range between 
£369,290.56 (at 20% deadweight loss), and £323,129.24 (at the lower bound deduction 
of 30% deadweight loss).  
 
This equates to average annual values per person of £43.96 per student (20% 
deadweight loss), and £38.47 per person (30% deadweight loss) (Table 7). 
 
Total lifetime values calculated across all three Greenpower projects range between 
£3,178,717.35 (at 20% deadweight loss), and £2,781,377.68 (at the lower bound 
deduction of 30% deadweight loss). 
 
Our preference is for the lower-bound figures (total annual value = £323,129.24; 
total lifetime value = £2,781,377.68). 
 
3.1.4.2. Primary benefits: Engineering career 
 
In the IET Formula 24 project 97% of students indicated that involvement in 
Greenpower made them more confident to pursue an engineering career. In IET 
Formula 24+ 100% of students indicated that the project had made them more 
confident to pursue an engineering career. For the Formula Goblin stream, where no 
impact information is available, we take the average impact across the Premium 24 and 
Premium 24+ streams (99%). 
 
We calculate the change in enthusiasm for engineering using the engineering career 
wage premia methodology (ii). We assume a baseline enthusiasm level of 3% for 
female students and 12% for male students (column 3, Table 8) and subtract this figure 
from the recorded enthusiasm levels at the end of the Greenpower Programme to 
estimate the change in enthusiasm due to the Greenpower intervention. 
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Table 8. Greenpower: Estimated earnings premia associated with enhanced enthusiasm for engineering 
Beneficiary Total sample Enthusiasm: 

Baseline 
Enthusiasm: 
Outcome  

Enthusiasm: 
Outcome- 
optimism bias  

Change in 
enthusiasm from 
baseline 

1% 
behaviour 
change (N) 

Total annual 
wage 
premium (£) 

Total  lifetime 
earning 
premium (£) 

Formula 24          

Female 1,188 35.64 1,152 921.89 886.25 8.86 £35,503.09 £305,605.87 

Male 2,637 316.46 2,558 2,046.45 1,729.99 17.30 £69,303.32 £596,553.67 

Total 3,822 352.10 3,710 2,968.34 2,616.24 26.16 £104,806.41 £902,159.54 

Per person       £27.42 £236.04 

Formula 24+         

Female 225 6.75 218 174.60 167.85 1.68 £6,724.07 £57,879.90 

Male 608 73.06 590 472.45 399.39 3.99 £15,999.48 £137,721.40 

Total 834 79.81 808 647.05 567.24 5.67 £22,723.55 £195,601.30 

Per person       £27.25 £234.53 

Goblin         

Female 1,310 39.30 1,296 1,037.52 998.22 9.98 £39,988.69 £344,217.30 

Male 2,433 292.03 2,360 1,888.47 1,596.44 15.96 £63,953.47 £550,502.85 

Total 3,744 331.33 3,657 2,925.99  160,021.56 £103,942.16 £894,720.15 

Per student       £27.76 £238.97 

Greenpower total     

 

£231,472.13 £1,992,480.99 

Greenpower per student (n=8,400)     £27.56 £237.20 
 Note: We assume a baseline enthusiasm for STEM subjects of 3% for girls and 12% for boys. Earning premium for engineers is calculated against ONS 2012/2013 mean salary for graduates (£21,725). Note, 

optimism bias is set at 20%. Figures are taken from Table 4 for annual average engineering wage premia = £4,006; lifetime wage premia = £34,483.11 (2014 prices) 
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Total annual primary values calculated across all three Greenpower projects amount to 
£231,472.13. 
 
This equates to average annual primary values of £27.56 per person involved in the 
project £231,472.13/ 8,400 = £27.56). 
 
Total lifetime primary values calculated across all three Greenpower projects 
amount to £1,992,480.99. This can be compared to the total lifetime primary 
value calculated using the educational attainment method which was 
£2,781,377.68. 
 
3.1.4.3. Average primary benefits 
 
Remarkably, the figures for primary benefits from the educational attainment and 

engineering career models are very close in magnitude, which increases our confidence 

in the robustness of these assessment methods. To calculate the secondary benefits of 

the Greenpower project, in terms of Exchequer contributions from enhanced earnings 

potential, we calculate an average of the primary benefits figures calculated using the 

educational attainment (i) and engineering career (ii) wage models at the 

conservative lower bound estimations. 

This provides us with average annual earnings premia associated with involvement in 

the Greenpower project. We add these figures to the average national wage for 

graduates (£21,725) to give average annual salary per student associated with the 

Greenpower project (Table 9). 

Table 9. Average primary benefits: Greenpower project 
 Annual primary 

benefits 
Lifetime primary 
benefits 

(i) Education model  

Total £323,129.24 £2,781,377.68 

Per student £38.47 £331.12 

(ii) Engineering model  

Total £231,472.13 £1,992,480.99 

Per student £27.56 £237.20 

    

Average primary benefits (project) £277,300.69 £2,386,929.34 

Average primary benefits per 
student 

£33.02 £284.16 

Earning premia are calculated against ONS 2012/2013 mean salary for graduates 
(£21,725) 
 
 
3.1.4.4. Secondary benefits 
 
The secondary benefits model calculates income tax and social contributions to the 
Exchequer using the OECD Benefits and Wages Tax-Benefit Calculator (2012). This 
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requires calculation of differences in engineering career salary with average salaries 
from the UK as a whole. For this reason we use the engineering career model (iv), which 
is based on career salary rather than premia associated with educational attainment. 
 
Total annual secondary values calculated across all three Greenpower projects amount 
to £75,110.57. 
 
This equates to average annual secondary values per person of £8.94 per student 
involved in the project (£75,110.57/ 8,400 = £8.94). 
 
Total lifetime secondary values calculated across all three Greenpower projects amount 
to £646,530.08. This equates to average annual secondary values over the total lifetime 
of £76.97 per student involved in the project (£646,530.08/ 8,400 = £76.97). 
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Table 10.  Greenpower: Estimated exchequer contributions  
Beneficiary Total 

sample 
Enthusiasm: 
Baseline 

Enthusiasm: 
Outcome  

Enthusiasm: 
Outcome- 
optimism bias  

Change in 
enthusiasm from 
baseline 

1% 
behaviour 
change 

Total annual 
exchequer 
contr (£) 

Total lifetime 
exchequer 
contr (£) 

Formula 24         

Female 1,188 35.64 1,152.36 921.89 886.25 8.86 
£11,520.43 £99,164.50 

Male 2,637 316.46 2,558.06 2,046.45 1,729.99 17.30 
£22,488.29 £193,572.68 

Total 3,822 352.10 3,710.42 2,968.34 2,616.24 26.16 £34,008.71 £292,737.19 

Per person       £8.90 £76.59 

Formula 24+         

Female 225 6.75 218.25 174.60 167.85 1.68 £2,181.90 £18,781.16 

Male 608 73.06 590.56 472.45 399.39 3.99 £5,191.68 £44,688.52 

Total 834 79.81 808.81 647.05 567.24 5.67 £7,373.58 £63,469.68 

Per person       £8.84 £76.10 

Goblin         

Female 1,310 39.30 1,296.90 1,037.52 998.22 9.98 £12,975.96 £111,693.33 

Male 2,433 292.03 2,360.59 1,888.47 1,596.44 15.96 £20,752.31 £178,629.89 

Total 3,744 331.33 3,657.49 2,925.99  160,021.56 £33,728.27 £290,323.22 

Per student       £9.01 £77.54 

Greenpower total      £75,110.57 £646,530.08 

Greenpower per student (n=8,400)     £8.94 £76.97 

Note: We assume a baseline enthusiasm for STEM subjects of 3% for girls and 12% for boys. Earning premium for engineers is calculated against ONS 2012/2013 mean salary for graduates (£21,725). Note, 

optimism bias is set at 20%. Figures are taken from Table 5 for annual average engineering wage premia = £1,299.91; lifetime wage premia = £11,189.25 (2014 prices). 
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3.1.5. Total impacts 
 

Table 11. Cost & benefits: Greenpower project 
Project Annual benefits Lifetime benefits 
Greenpower 
 
Benefits 

   

Total primary benefits (project) £277,300.69 £2,386,929.34 

Average primary benefits (per student) £33.02 £284.16 

Total secondary benefits (project) £75,110.57 £646,530.08 

Average secondary benefits (per student) 
 
Costs 
Total project costs including opportunity costs 
 
Cost-benefit analysis (social) 
Net benefits of the project 
Benefit-cost ratio 
 

£8.94 
 

 
£139,833.18 
 
Annualised 
£137,467.51 
1.98 
  

£76.97 
 
 

 
 
Life-time 
£2,247,096.16 
17.07 

 
Cost-benefit analysis (Exchequer) 
Net benefits of the project 
Benefit-cost ratio 
 

 
Annualised 
-£64,722.61 
0.54 
  

 
Life-time 
£506,696.90 
4.62 

Note: Average opportunity costs for capital are commonly estimated at 8%, see Jenkins & Kuo (2007). Total 

benefits are calculated on conservative 30% dead weight loss figures. 

Social CBA 

The social CBA represents the overall cost-benefit results for society accounting for 
impacts on individuals and the exchequer. We calculate net benefits of the project 
(overall social benefits-costs). Within this calculation, secondary benefits are treated as 
transfers to avoid double counting. We calculate total costs as project costs, plus an 
additional opportunity cost of 8% (Jenkins and Kuo 2007). This is based on the average 
social discount rate used to calculate net present value of investment projects, which 
captures the potential profits that could have been made through an alternative use of 
funds (HM Treasury, 2011). We calculate the social benefit-cost ratio for the 
Greenpower project based on the overall social benefits for the project at the annualized 
and lifetime level. 

Net benefits of the Greenpower project are £137,467.51 annualised and £2,247,096.16 
over an individuals’ lifetime. The benefit-cost ratio is 1.98 annualised and 17.07 over an 
individuals’ lifetime. 

Exchequer CBA 

The Exchequer CBA represents the cost-benefit results for the public purse accounting 
for impacts on the Exchequer. We calculate the Exchequer benefit-cost ratio for the 
Greenpower project based on the secondary benefits for the project at the annualized 
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and lifetime level. We calculate total costs as project costs, plus an additional 
opportunity cost of 8% (Jenkins and Kuo 2007). We also calculate net secondary 
benefits of the project (overall Exchequer benefits-costs).  

Net secondary benefits of the Greenpower project are -£64,722.61 annualised and 
£506,696.90 over an individuals’ lifetime. The benefit-cost ratio is 0.54 annualised and 
4.62 over an individuals’ lifetime. 
 

3.2. British Science Festival 
 
3.2.1 Background 
 
The British Science Festival (BSF) was a six-day fair hosted by the city of Birmingham in 
2014. 2,909 school students attended the Festival. The students were split across key 
stage groups with a majority of students at the Festival being in key stage 4 and coming 
from 57 different schools, mainly throughout the local area. 

801 pupils were interviewed while attending the festival from a number of schools in 
the area. All of these students were in year 11 (15-16 year olds), meaning that they 
were at the point of making choices about A-levels. 
 
The total cost of the British Science Festival, totalling £189,846.29. We uprate 

total costs to 2014 prices (£194,212.75). 

3.2.2 Data 
 
The BSF survey asked students a number of questions about how the Festival affected 
their attitudes towards science. We focus our analysis on a set of pre- and post-event 
questions about students’ likelihood to study science before and after the festival. 
Students responded on a scale of 1-5, where 1 is ‘definitely not’, 5 is ‘absolutely’, and 3 is 
‘don’t know’ (Table 12). We focus on the latter question here as it is more directly 
linked to studying STEM subjects. 
 
Table 12. Descriptive statistics: British Science Festival 
Likely to study a 
STEM subject 

Pre BSF Post BSF 

1 – Definitely not 35 
(4%) 

12 
(1%) 

2 – Probably not 81 
(10%) 

34 
(4%) 

3 – Don’t know 157 
(20%) 

150 
(19%) 

4 - Probably 269 
(33%) 

292 
(36%) 

5 – Absolutely 261 
(33%) 

313 
(39%) 

N 803 801 
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3.2.3. Methodology 
 
We apply the educational attainment wage premia methodology (i) to the data in 
Table 12. The pre/post-BSF data represent data points AB in Figure 1. Where a student 
rated their post-event likelihood of studying STEM subjects as ‘Absolutely’ (5, on a scale 
of 1-5) we extrapolated that the student would go onto study 2+ STEM A-levels. 
Difference in pre and post-event likelihood was statistically significant at the 1% level 
using paired T-tests. Anyone reporting a level of 4 (‘Probably’) or under were assumed 
not to go on to studying STEM A-levels. 
 
We apply calibrating factors for optimism bias to stated likelihood of studying STEM 
subjects (at 20%) as well as the HCA deadweight figures (20% and 30%) to this data to 
account for the fact that other factors will also have been driving their decisions to 
study STEM subjects, such as the higher science capital of some students that we are 
unable to observe in the data. 
 
Due to the age of the respondents (15-16 year olds) it was not necessary to apply the 

progression rates from GCSE to A-level to this data, since we can assume that selection 

of STEM subjects applies to A-level choices at this age. We note that there is a gap 

between a student saying that they will study a STEM subject, and the final decision to 

do so. For this reason we only estimate primary benefits for those who indicated that 

they were absolutely likely to choose STEM subjects after the BSF. 

Finally, we were unable to divide analysis of the primary benefits of educational 
attainment between males and females because gender data was not provided for the 
impact data in the BSF. 
 
3.2.4. Analysis 
 
3.2.4.1. Primary benefits: Educational attainment 
 
To be conservative we analyse only the top category of students who stated that they 

were absolutely certain they would study STEM A-levels, which we feel we can more 

confidently link to educational attainment. 261 people said that they would absolutely 

study STEM subjects at the start of BSF. This increased to 313 people. The pre-post 

increase in the numbers of people saying they would absolutely study STEM subjects 

was 52. Applying the optimism bias and deadweight figures to this gives us impact 

estimates of 33.3 (at the 20% level), and 29.1 people (at the 30% level). We multiply 

these numbers by the STEM educational attainment earnings premia of £1,313 (see 

Table 1) for people with 2+ A-levels in STEM subjects to estimate total primary benefits 

associated with the BSF. We calculate primary benefits per student in our survey 

sample (n=801). In order to calculate total primary benefits we multiple this figure by 

the total number of attendees of secondary school age (n=2,909) recorded at the BSF 

(Table 13). Finally we calculate annual average primary benefits using lifetime earnings 

premia of £11,303.48 (see Table 1). 
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Table 13. British Science Festival: Primary benefits  
 Annual primary benefits Lifetime primary benefits 
 Deadweight 

(20%) 
Deadweight 
(30%) 

Deadweight 
(20%) 

Deadweight 
(30%) 

Impact  (survey sample) 
(N) 

33.28 29.12 33.28 29.12 

Impact  (survey sample) 
(£) 

£43,696.64 £38,234.56 £376,179.81 £329,157.34 

Impact per student (survey 
sample n=801) (£) 

£54.55 £47.73 £469.64 £410.93 

Total primary benefits 
(project) 

£158,693.54 £138,856.85 £1,366,176.13 £1,195,404.11 

Note: Earnings premia are calculated using estimates from London Economics (2015) on earnings returns to 
2+ STEM A-levels at 8.1 percentage points compared to possession of non-STEM A levels. Total impact is 
calculated by multiplying impact per student by the total number of attendees of secondary school age 
(n=2,909).  
Monetary impact for the survey sample is calculated by applying annual average STEM wage premia 
(£1,313) and lifetime wage premia (£11,303.48, 2014 prices) from Table 1, multiplied by the number of 
students positively impacted in the survey sample (N). 
Impact per student is the impact recorded in the survey sample, divided by the total number of students who 
were surveyed (801). 
Total primary benefits are the impact per student figure multiplied by the total number of school age 
attendees at the science fair (2,909). 

 
3.2.4.2. Secondary benefits  
 
We estimate the exchequer contributions using the educational attainment model 
(iii). Calculations are based on the secondary benefits associated with the wage 
premium for 2+ STEM subjects of £763.14 (Table 14). 
  
Table 14. British Science Festival: Secondary benefits 
 Annual secondary benefits Lifetime secondary benefits 
 Deadweight 

(20%) 
Deadweight 
(30%) 

Deadweight 
(20%) 

Deadweight 
(30%) 

Impact  (survey sample) (N) 
33.28 29.12 33.28 29.12 

Impact  (survey sample) (£) 
£23,443.66 £20,513.20 £218,611.33 £191,284.91 

Impact per student (survey 
sample) (£) £29.01 £25.39 £270.56 £236.74 

Total secondary benefits 
(project) 

£84,402.98 £73,852.61 £787,054.89 £688,673.03 

Note: Earnings premia are calculated using estimates from London Economics (2015) on earnings returns to 
2+ STEM A-levels at 8.1 percentage points compared to possession of non-STEM A levels.  
Monetary impact for the survey sample is calculated by applying annual average STEM Exchequer 
contributions (£763.14) and lifetime Exchequer contributions £6,568.85, 2014 prices) from Table 3, 
multiplied by the number of students positively impacted in the survey sample (N). 
Impact per student is the impact recorded in the survey sample, divided by the total number of students who 
were surveyed (801). 
Total secondary benefits are the impact per student figure multiplied by the total number of school age 
attendees at the science fair (2,909). 
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3.2.3. Total impacts 
 
Table 15. Total impacts: British Science Festival 
 Annual benefits Lifetime benefits 
 Deadweight 

(20%) 
Deadweight 
(30%) 

Deadweight 
(20%) 

Deadweight 
(30%) 

Primary benefits per 
student 

£54.55 £47.73 £469.64 £410.93 

Total primary benefits £158,693.54 £138,856.85 £1,366,176.13 £1,195,404.11 

Secondary benefits per 
student 

£29.01 £25.39 £270.56 £236.74 

Total secondary benefits £84,402.98 £73,852.61 £787,054.89 £688,673.03 

 

3.3. Other science fairs and festivals 
 

3.3.1. Methodology 
 
There are five science festivals for which no outcomes/limited impact data is available. 
For these festivals we extrapolate the results from the British Science Festival 
(Table 15), which is the most similar project for which data is available. Extrapolation is 
made based on attendee figures for the other science festivals. We take the per student 
primary and secondary impact estimates from the BSF analysis at 2014 prices and 
apply them to the total number of attendees of secondary school age at each of the other 
science festivals. This allows us to extrapolate the impact of improvements in 
educational attainment across a wide range of Siemens activities. We calculate 
extrapolated primary and secondary benefits at the more conservative 30% deadweight 
loss (Table 16). 
 
We note some important assumptions for the analysis here. We assume that the 
attendees are broadly similar. We restrict our analysis to attendees of secondary school 
age as this is the target impact population that we are evaluating.  
 
It is also necessary to factor in the fact that expenditure per head (attendee) is different 

across the science festivals, which would imply that the impact of the festivals differ. We 

have taken this into consideration by accounting for expenditure per head differences 

from the BSF. 

Our method of extrapolation was restricted only to attendees of secondary school age. 
This is important, since the educational attainment model (i) applied to the BSF data 
applies only to those taking GCSEs or A-levels. It would be inappropriate to apply these 
figures to total attendance numbers. Therefore, in some cases, where attendance figures 
were not available, or did not provide information on numbers of secondary school age 
students, science fair events have been excluded from analysis (for example the 
Cheshire Science Fair).  
 
Below we outline the characteristics and attendee figures of the other science festivals 
involved in the Siemens Curiosity Project. 
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3.3.1.1. Edinburgh International Science Festival  
 
The Edinburgh International Science Festival (EISF) included projects such as the 
Gadget Factory and Mars Rover exhibition at the National Museum of Scotland. Around 
120,000 people visited the EISF, with 48,000 of these under the age of 19.  
 
Total cost of the Edinburgh International Science Festival, totalling £105,470.16. 

We uprate total costs to 2014 prices (£107,895.98). 

 
3.3.1.2. Manchester Science Festival  
 
The Manchester Science Festival (MSF) was attended by 98,424 visitors across all age 
groups. 43,571 of these visitors attended Siemens-sponsored programme events. In the 
absence of attendance data for secondary school age students, we extrapolate from the 
EISF, where 40% of attendees were under 19, giving a population of 17,428. Survey data 
on attendees pre and post-festival enthusiasm to learn about science was collected, but 
was only available for a very small number of attendees at the MSF they cannot be used 
here. 
 
Total cost of the MSF, totalling £168,752.26. We uprate total costs to 2014 prices 

(£172,633.56). 

 
3.3.1.3. The Times Cheltenham Science Festival 
 
The Times Cheltenham Science Festival (TCSF) was attended by around 30,000 people, 
with around 12,000 of these young people. Siemens-specific activities included the 
Siemens Curiosity Zone, with around 10,000 visitors across all age groups.  
 
Total cost of the TCSF, totalling £94,923.15. We uprate total costs to 2014 prices 

(£97,106.38). 

We assume that those who bought tickets for the Siemens-led activities were of 

secondary school age.13 This gives a total of 814 students who experienced the Siemens 

interventions at the TCSF. 

 
3.3.1.4. Big Bang Young Scientists Fair  
 
The Big Bang Young Scientists Fair had 68,000 visitors in 2015. 53% (N=36,040) of 
those who attended the fair were 11-14 years old.  
 
Total cost of the Big Bang Young Scientists Fair project, totalling £812,120.25. We 

uprate total costs to 2014 prices (£830,799.02). 

 

                                                             
13 304 tickets were issued for the main programme workshops in the Siemens Curiosity Zone, with 

510 issued in the Egg Lander workshops. 
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3.3.2. Extrapolated results: Primary benefits and secondary benefits 
 

Table 16. Primary and secondary benefits of science festivals 
Science Fair Attendees Total cost 

(including 
opportunity 
cost) 

Cost 
per 
attend
ee 

Cost 
magnitu
de 
relative 
to BSF 

Annual primary 
benefits 

Lifetime primary 
benefits 

Annual secondary 
benefits 

Lifetime secondary 
benefits 

 30% deadweight 30% deadweight 30% deadweight 30% deadweight 

Extrapolation source: 
BSF 

    £47.73 £410.93 £25.39 £236.74 

British Science Festival 2,909 £209,749.78 72.10  1 £138,856.85 £1,195,404.11 £73,852.61 £688,673.03 

Edinburgh International 
Science Festival 

48,000 £116,527.65 70.48  29.70 £77,136.98 £664,108.55 £41,033.06 £382,598.15 

Manchester Science 
Festival 

17,428 £186,444.25 2.43  6.74 £123,419.18 £1,062,573.68 £65,652.90 £612,157.04 

Times Cheltenham 
Science Festival 

814 £104,874.89 10.70  0.56 £69,423.29 £597,697.70 £36,929.76 £344,338.34 

Big Bang Young Scientists 
Fair 

36,040 £897,262.94 128.84  2.90 £593,954.78 £5,113,635.84 £315,954.58 £2,946,005.76 

Total 105,191 £1,724,609.28   £1,002,791.08 £8,633,419.88 £533,422.90 £4,973,772.32 

         
Notes: Figures calculated using results of the British Science Festival Primary and Secondary Benefits educational attainment model. Total benefits are calculated on conservative 30% dead weight loss figures. 
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3.3.3. Total impacts: Science fairs 

Table 17. Costs & benefits: Science Fairs 
Project Annual benefits Lifetime benefits 

Science Fairs 
 
Benefits 

   

Total primary benefits (project) £1,002,791.08 £8,633,419.88 

Total secondary benefits (project) £533,422.90 £4,973,772.32 

 
Costs 
Total project costs including opportunity costs 
 
Cost-benefit analysis (social) 
Net benefits of the project 
Benefit-cost ratio 
 

 
 
£1,724,609.28 
 
Annualised 
-£721,818.20 
0.58 
  

 
 
 
 
Life-time 
£6,908,810.60 
5.01 
 

 
Cost-benefit analysis (Exchequer) 
Net benefits of the project 
Benefit-cost ratio 
 

 
Annualised 
-£1,191,186.38 
0.31 
  

 
Life-time 
£3,249,163.04 
2.88 

Note: Average opportunity costs for capital are commonly estimated at 8%, see Jenkins & Kuo (2007). Total 

benefits are calculated on conservative 30% dead weight loss figures. 

Social CBA 

The social CBA represents the overall cost-benefit results for society accounting for 
impacts on individuals and the exchequer. We calculate net benefits of the project 
(overall social benefits-costs). Secondary benefits are treated as transfers to avoid 
double counting. We calculate total costs as project costs, plus an additional opportunity 
cost of 8% (Jenkins and Kuo 2007). We calculate the social benefit-cost ratio for the 
science fairs based on the overall social benefits at the annualized and lifetime level. 

Net benefits of all the science fairs analysed in this report are -£721,818.20 annualised 
and £6,947,584.80 over an individuals’ lifetime. The benefit-cost ratio is 0.58 annualised 
and 5.01 over an individuals’ lifetime. It is not surprising to find a negative annualised 
net benefit for a short-term intervention like a science fair, especially taking into 
consideration the different sizes of each festival, and the extent to which educational 
resources will be stretched across varying numbers of attendees (captured through the 
attendance-cost ratio). However, over the lifetime of the individual net benefits of 
attendance at science fairs are positive.   
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Exchequer CBA 

The Exchequer CBA represents the cost-benefit results for the public purse accounting 
for impacts on the exchequer. We calculate the Exchequer benefit-cost ratio for the 
science fairs based on secondary benefits at the annualized and lifetime level. We 
calculate total costs as project costs, plus an additional opportunity cost of 8% (Jenkins 
and Kuo 2007). We also calculate net secondary benefits (overall Exchequer benefits-
costs).  

Net secondary benefits of the science fairs are -£1,191,186.38 annualised and 

£3,249,163.04 over an individuals’ lifetime. The benefit-cost ratio is 0.31 annualised and 

2.88 over an individuals’ lifetime. 

 
3.4. Sticksplosion  
 

3.4.1. Background 
 
The Sticksplosion event in Congleton was aimed at encouraging young people, 
especially young women, to take up careers in engineering.  
 
Total cost of the Sticksplosion project, totalling £4,218.81. We uprate total costs 

to 2014 prices (£4,315.84). 

 
3.4.2. Data 
 
The survey elicited students’ enthusiasm for choosing an engineering career across a 
range of secondary school year groups at three Sticksplosion events in June 2014, 
October 2014 and January 2015. 31 female students attended the June 2014 
Sticksplosion event, 26 female students attended the October 2014 event, and a mix of 9 
female and 14 male students attended the January 2015 event (Table 18). 
 
Table 18. Descriptive statistics: Total number of males and females at 
Sticksplosion events 
Event Female Male Total 
June 2014 31 0 31 
Oct 2014 26 0 26 
Jan 2015 9 14 23 
 
3.4.3. Methodology 
 
We apply the engineering career wage premia methodology (ii) to female and male 
students attending the three Sticksplosion events. We apply a reduction for optimism 
bias to the data. 
 

3.4.4. Results 
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3.4.4.1. Primary benefits: Engineering career 
 
At the June 2014 Sticksplosion event 58% female attendees indicated that they were 
enthusiastic about choosing a career in engineering. At the October 2014 Sticksplosion 
event 96% of female attendees indicated that they were enthusiastic about choosing a 
career in engineering. At the January 2015 Sticksplosion event 67% of female students 
and 57% of male students indicated that they were enthusiastic about choosing a career 
in engineering. 
  
We use the engineering career wage premia methodology (ii).  
 
Total annual primary benefit values calculated across all three Sticksplosion events 

amount to £1,992.58. 

This equates to average annual primary benefit values of £24.91 per student involved in 

Sticksplosion £1,992.58/ 80 = £24.91). 

Total lifetime primary benefit values calculated across all three Sticksplosion events 

amount to £17,151.90. 

This equates to average lifetime primary benefit value of £214.40 per student involved 

in Sticksplosion £17,151.90/ 80 = £214.40) (Table 19). 
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Table 19. Sticksplosion events: Primary benefits  
Gender Event Total 

attendees 
Enthusiasm: 
Baseline 

Enthusiasm: 
Outcome  

Enthusias
m: 
Outcome- 
optimism 
bias  

Change in 
enthusias
m from 
baseline 

1% behaviour 
change 

Annual wage 
premium (£) 

Lifetime earning 
premium (£) 

Female Jun-14 31 0.93 18 14.40 13.47 0.13 £539.61 £4,644.87 

Per person            £17.41 £149.83 

Female Oct-14 26 0.78 25 20.00 24.22 0.24 £970.25 £8,351.81 

Per person            £37.32 £321.22 

Female Jan-15 9 0.27 6 4.80 5.73 0.06 £229.54 £1,975.88 

Male 14 1.68 8 6.40 6.32 0.06 £253.18 £2,179.33 

Per person 23          £20.99 £180.66 

Sticksplosion total       £1,992.58 £17,151.90 

Sticksplosion per student 
(n=80)  

         £24.91 £214.40 

Note: We assume a baseline enthusiasm for STEM subjects of 3% for girls and 12% for boys. Earning premium for engineers is calculated against ONS 2012/2013 mean salary for graduates (£21,725). Figures 
are taken from Table 3 for annual average engineering wage premia = £4,006; lifetime wage premia = £34,483.11 (2014 prices).   
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3.4.4.2. Secondary Benefits 

We apply the exchequer contributions from Engineering careers model (iv) to 

calculate income tax and social contributions associated with Sticksplosion.  

Annual secondary benefit values calculated across all three Sticksplosion events amount 
to £644.89. 
 
This equates to average annual secondary benefit values of £8.06 per student involved 
in Sticksplosion (£644.89/ 80 = £8.06). 
 
Lifetime secondary benefit values calculated across all three Sticksplosion events 
amount to £5,549.79. 
 
This equates to average lifetime secondary benefit values of £69.37 per student 
involved in Sticksplosion (Table 20). 
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Table 20. Sticksplosion events: Secondary benefits  
Gender Event Total 

attendees 
Enthusiasm: 
Baseline 

Enthusiasm: 
Outcome  

Enthusias
m: 
Outcome- 
optimism 
bias  

Change in 
enthusias
m from 
baseline 

1% behaviour 
change 

Annual 
exchequer 
benefits 

Lifetime exchequer 
benefits  

Female Jun-14 31 0.93 18 14.40 13.47 0.13 £175.14 £1,507.24 

Per 
person 

           £5.65 £48.62 

Female Oct-14 26 0.78 25 20.00 24.22 0.24 £314.92 £2,710.11 

Per 
person 

           £12.11 £104.24 

Female Jan-15 9 0.27 6 4.80 5.73 0.06 £74.50 £641.16 

Male 14 1.68 8 6.40 6.32 0.06 £80.33 £691.28 

Per 
person 

23          £6.73 £57.93 

Sticksplosion 
total 

80      £644.89 £5,549.79 

Sticksplosion per 
student 

           £8.06 £69.37 

Note: We assume a baseline enthusiasm for STEM subjects of 3% for girls and 12% for boys. Earning premium for engineers is calculated against ONS 2012/2013 mean salary for graduates (£21,725). The OECD 
Tax-Benefit calculator allows calculations for fixed amounts only – we take the calculation base closest to the corresponding graduate starting salary and include a percentage difference between the two figures 
to indicate the deviation. 3. Income tax, social contributions and net income refer to a single person with no children since we assume that this would be the most common socio-demographic status of recent 
graduates. Sources:  OECD Benefits and Wages: Tax-Benefit Calculator, 2012; The Complete University Guide, 2015; Average wage for engineering and technology provided by Engineering UK (2015). Additional 
Exchequer benefits provides by income from engineers salary is calculated against ONS 2012/2013 mean salary for graduates (£21,725). Figures are taken from Table 6 for annual average engineering wage 
premia = £1,299.91; lifetime wage premia = £11,189.25 (2014 prices).
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3.4.4.3. Total impacts 
 

Table 21. Cost & benefits: Sticksplosion 
Project Annual benefits Lifetime benefits 
Sticksplosion 
 
Benefits 

   

Total primary benefits (project) £1,992.58 £17,151.90 

Average primary benefits (per student) £24.91 £214.40 

Total secondary benefits (project) £644.89 £5,549.79 

Average secondary benefits (per student) 
 
Costs 
Total project costs including opportunity costs 
 
Cost-benefit analysis (social) 
Net benefits of the project 
Benefit-cost ratio 
 

£8.06 
 
 
£4,661.11 
 
Annualised 
-£2,668.53 
0.43 
  

£69.37 
 
 
 
 
Life-time 
£12,490.79 
3.68 

 
Cost-benefit analysis (Exchequer) 
Net benefits of the project 
Benefit-cost ratio 
 

 
Annualised 
-£4,016.22 
0.14 
  

 
Life-time 
£888.68 
1.19 

Note: Average opportunity costs for capital are commonly estimated at 8%, see Jenkins & Kuo (2007). Total benefits are calculated on conservative 30% dead weight 

loss figures. 

Social CBA 

The social CBA represents the overall cost-benefit results for society accounting for impacts on individuals and the exchequer. We 
calculate net benefits of the project (overall social benefits-costs). Secondary benefits are treated as transfers to avoid double counting. 
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We calculate total costs as project costs, plus an additional opportunity cost of 8% (Jenkins and Kuo 2007). We calculate the social 
benefit-cost ratio for the Sticksplosion project based on the overall social benefits for the project at the annualized and lifetime level. 

Net benefits of the Sticksplosion project are -£2,668.53 annualised and £12,490.79 over an individuals’ lifetime. The benefit-cost ratio is 

0.43 annualised and 3.68 over an individuals’ lifetime. As noted in the science fair analysis, it is not surprising to find a negative 

annualised net benefit for short-term interventions like Sticksplosion. However, over the lifetime of the individual net benefits of the 

science fairs are positive (Table 22).   

Exchequer CBA 

The Exchequer CBA represents the cost-benefit results for the public purse accounting for impacts on the exchequer. We calculate the 
Exchequer benefit-cost ratio for the Sticksplosion project based on the secondary benefits for the project at the annualized and lifetime 
level. We calculate total costs as project costs, plus an additional opportunity cost of 8% (Jenkins and Kuo 2007). We also calculate net 
secondary benefits of the project (overall Exchequer benefits-costs).  

Net secondary benefits of the Sticksplosion project are -£4,016.22 annualised and £888.68 over an individuals’ lifetime. The benefit-cost 

ratio is 0.14 annualised and 1.19 over an individuals’ lifetime. 
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4. Social impact results for the Siemens Curiosity Project  
 

Table 22. Full impact results: Siemens Curiosity Project 
  Individual Project 

Project Attendees Annual 

primary 
benefits 

Lifetime 

primary 
benefits 

Annual 

secondary 
benefits 

Lifetime 

secondary 
benefits 

Annual primary 

benefits 

Lifetime primary 

benefits 

Annual 

secondary 
benefits 

Lifetime 

secondary 
benefits 

Greenpower 8,400 £33.02 £284.16 £8.94 £76.97 £277,300.69 £2,386,929.34 £75,110.57 £646,530.08 

           

Science Fairs 105,191 £9.53 £82.07 £5.07 £47.28 £1,002,791.08 £8,633,419.88 £533,422.90 £4,973,772.32 

          

Sticksplosion 80 £24.91 £214.40 £8.06 £69.37 £1,992.58 £17,151.90 £644.89 £5,549.79 

          

Total 113,671     £1,282,084.35 £11,037,501.12 £609,178.36 £5,625,852.19 

Note: All benefits are calculated at the conservative 30% deadweight level. Note that due to rounding individual values multiplied by attendee numbers may not produce the exact project level values. 

Table 23. Full CBA results: Siemens Curiosity Project 
Project Attendees Total costs including 

opportunity cost 

Net social benefits (benefit-cost ratio 

in parenthesis) 

Net secondary benefits (benefit-cost 

ratio in parenthesis) 

Annualised  Lifetime  Annualised  Lifetime  

Greenpower 8,400 £139,833.18 £137,467.51 £2,247,096.16 -£64,722.61 £506,696.90 

     (1.98) (17.07) (0.54) (4.62) 

Science Fairs 105,191 £1,724,609.28 -£721,818.20 £6,908,810.60 -£1,191,186.38 £3,249,163.04 

   (0.58) (5.01) (0.31) (2.88) 

Sticksplosion 80 £4,661.11 -£2,668.53 £12,490.79 -£4,016.22 £888.68 

   (0.43) (3.68) (0.14) (1.19) 

Total 113,671 £1,869,103.57 -£587,019.22 
(0.69)  

£9,168,397.55 

(5.91)  

-£1,259,925.21 
(0.33)  

£3,756,748.62 
(3.01)  
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In this section we show all of the CBA results for our impact assessments of the 
Curiosity Project. We report full impacts across all Curiosity Project interventions at the 
individual and project level (Table 22). We also provide full CBA results for net benefits 
and net secondary benefits (Table 23). 
 
The social CBA calculations show the overall impact on society of the Curiosity Project 

and its constituent parts. This is the key result. The main results to use are the lifetime 

figures since they capture the full legacy of the projects. Net positive benefits (and a 

benefit-cost ratio of greater than 1) show that there are overall benefits to society. We 

calculate that the lifetime net social benefits of the Curiosity Project are 

£9,168,397.55.14 This is a return on investment of 5.91. 

 

We also provide CBA calculations for the impact on the exchequer. This shows the 
benefit-cost calculations of the Curiosity Project in relation to the impact on the public 
purse. We calculate that there is an overall lifetime positive impact on the 
exchequer of £5,625,852.19 from the Curiosity Project. In terms of exchequer 
impacts after deducting costs of the project there is a net impact on society of 
£3,756,748.62.15 

 
  

                                                             
14,15 In calculating the distribution of benefits across individuals and the exchequer we deduct the costs of the 
programme from the individuals in society since it is individuals overall who miss out on the opportunities that 
this investment could have produced elsewhere (and hence it is a cost for them). 
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5. Future research 
 
For a number of projects and programmes data was sufficient enough to derive first 

order estimates of the social value created by the Siemens. However, in numerous 

places our producing an estimate of social value was dependent on a number of 

assumptions regarding the data and impact. Throughout the study we have made these 

assumptions and conducted the research in line with best-practice guidelines and 

methodology set out by the HM Treasury Green Book and therefore we believe that the 

study has made the best possible use of the available data for the Curiosity Project.  

Going forward there are three key areas of research to develop and improve the 

evaluation framework. 

i. Programme outcomes 

Future surveys should capture a wider range of outcomes for the Curiosity Project and 

outcomes that are amenable to monetary valuation. This will provide a more holistic 

assessment of the social value of the Curiosity Project and a more rigorous and 

informative CBA study. 

ii. Impact measurement 

Data collection techniques can be improved to maximise our ability to measure cause 

and effect relationships (ie, impact) in a rigorous way. Firstly, the potential and 

feasibility of running some experiments should be assessed. Here different 

interventions or different parts of an intervention can be assigned randomly across a 

sample of students to test the true causal effect on outcomes. Experiments are becoming 

increasingly cheaper to administer and also a number of methods have been developed 

to address and solve for the well-known ethical issues that may arise in some study 

settings.  

Secondly, where experiments cannot be undertaken future analysis should replicate the 

study here by focussing on quasi-experimental methods. In this case future surveys 

should be aimed at collecting data over time and for different groups (ie, points ABCD in 

Figure 1) and for good sample sizes that have been chosen at random (random 

sampling) if not all of the participants are included in the survey. This will permit a 

much higher level of rigour in the impact analysis through use of methods such as DiD 

analysis allowing us to much better understand causal impacts over time. 

iii. Valuation  

The collection of a wider range of outcomes will permit a fuller assessment of social 

value because it will permit the inclusion of a wider range of benefits in the CBA 

calculation. For example, future surveys should include measures and questions on 

social relationships and friendships developed as a part of the Curiosity Project. These 

outcomes can be valued separately and incorporated into the CBA study alongside the 

earnings premia benefits that have been calculated here.  
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The methodologies applied here and those suggested for future research can be applied 

to all areas of community investment within Siemens and thus future research could 

also focus on using these methods in other Siemens projects.  
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6. Siemens Social Value Calculator 
 
We have performed detailed analysis of Siemens’ data to calculate values for a range of 

outcomes associated with different elements of the Curiosity Project. To ensure these 

values are practically applied and to ultimately inform decision-making we have 

produced a ‘Siemens Value Calculator’ model. This is a spreadsheet model containing 

the values creating a user-friendly tool to measure social impact. The model can be used 

with different assumptions (such as attendance figures) to see how impact and social 

value changes. It can also be used to provide initial estimates of the social value 

generated by new projects with similar outcomes by changing the input assumptions to 

match the new projects.   

The calculator is easy to use yet rewards the user with immediate and insightful 

analysis based on a rigorous study of the various elements of the Curiosity Project. 

The Siemens Value Calculator requires the following steps: 

1. Enter the project that is being reported on 
2. Enter the costs of running the project 
3. Select the associated outcome(s) for that project, for example, Science Festival  - 

overall likelihood of studying STEM or increased likelihood of studying STEM or 
enhanced enthusiasm for an engineering career 

4. Enter the number of people that collected data has shown to have participated in 
that intervention or experienced the outcome. 
 

In calculating the values we have accounted for two important factors. Firstly, we have 

accounted for deadweight. This attempts to control for the counterfactual or what 

would have happened anyway had the individuals not participated in the Curiosity 

Project.  These estimates were informed by the literature and use a standard measure of 

deadweight. The deadweight for any one group will vary slightly and so if additional 

analysis is performed to provide a more accurate measure of deadweight for a specific 

group, this can be entered into the model to override the standard deadweight figure. 

Secondly, we control for optimism bias. There is a demonstrated, systematic tendency 

for people to be overly optimistic when predicting the benefits of a project. This is a 

separate issue to deadweight and hence optimism bias calibration factors can be 

included in addition to deadweight calibration factors in the study of a project. For the 

optimism bias calibration factor we use a figure of 20% based on an average of figures 

used in Green Book Supplementary Guidance 

These two factors have been accounted for and so the final figure reflects a pre-

calibrated figure. 

The Calculator will pull in the associated primary and secondary values, aggregate them 

and produce the overall social impact of that particular project. One project can include 

more than one outcome. 

The Calculator performs some analysis based on the overall costs and benefits: 

 Social impact of each project and the total social impact of all projects 
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 Overall primary and secondary values 
 A budget:social impact (benefit-cost) ratio - e.g. for every £1 invested £X is 

produced in social impact for primary and secondary benefits 
 Net benefit – the benefits minus the costs 
 Break-even analysis – the number of people required to experience the outcome 

for the project to break-even (based on the costs of the project). 
 

The Calculator enables different projects to be compared requiring minimal amounts of 

time, effort or training.  

This tool can be built on and expanded to include additional values covering any area of 

Siemens’ investment enabling a range of areas of investment to be analysed and 

compared in a consistent way. This tool can support decision-making to direct 

investment to those areas that offer the greatest social impact and offer best value for 

money. 
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Appendix 
 

Table A1. Curiosity Project Costings 
Project Total 

Greenpower £126,564.19 

British Science Festival £189,846.30 

Edinburgh International Science Festival £105,470.17 

Manchester Science Festival £168,752.26 

Cheltenham Science Festival £94,923.15 

Big Bang £232,034.36 

Sticksplosion £4,218.81 

Total £921,809.24 
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