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1 Foreword 
 

The Gatsby Charitable Foundation and Wellcome firmly believe that hands-on, 
practical experiences should be an integral part of a young person’s science 
education. Practical work supports the learning of scientific concepts and 
processes, and develops the technical and higher level skills required for a broad 
range of careers. Practical activities can also be highly motivating and increase 
engagement with scientific study. However, recent changes to qualifications 
coupled with budget pressures have heightened concern that practical science in 
schools is under threat. 

This research was commissioned at a time when Ofqual and awarding 
organisations, among others, hoped new science GCSEs and A levels would increase 
the amount and variety of practical science occurring. But some, including 
Wellcome and Gatsby, were concerned that the changes might lead to a de-
prioritisation of practical science in schools. So, between 2014 and 2018, we funded 
researchers at Durham University to monitor the amount and nature of practical 
science in schools across England and Scotland, and to ask university staff and 
students about the extent to which undergraduates are adequately prepared for 
practical science at university. 

The research found little evidence of systemic change in the amount of practical 
work occurring in school science lessons. While some teachers were tackling 
practical work previously considered too difficult or too time-consuming, it was 
disappointing that few were undertaking a broader range of activity, particularly 
extended project work. Open-ended investigations provide an excellent 
opportunity to develop knowledge, skills and behaviours particularly important for 
A level students wanting to continue into higher education. 

While inconclusive, the data also suggest that university staff tend to have relatively 
low expectations of the practical skills of incoming undergraduates, even when they 
have an otherwise high bar to entry. This may be due to the range of prior 
qualifications they have to accommodate from a diverse, international intake.  

It is always challenging to generalise from this type of research; for example, we 
know the teachers in our sample are more likely to be specialists in their subject 
than the wider workforce. But the team at Durham University have produced a 
hugely comprehensive and useful body of knowledge about school practical science 
which can be used as a baseline to monitor future change. 

The report also raises some issues that warrant further exploration: 

 in England, the content of GCSE science has increased markedly with many 

schools starting to teach key stage 4 in year 9, contracting key stage 3 to 

much less than three years in many schools 

 the wide budget range reported for science in schools and the resource gap 

between state and independent schools 

 the availability of laboratories able to accommodate full classes and the 

extent to which they are accessible to SEND students 

 a possible early sighting of reduced technical support. 
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Further, while we welcome reform to the assessment of practical skills which has a 
positive impact on classroom practice, we remain convinced that students’ ability 
to do hands-on practical science should be reflected in their final grades and that 
assessments must enable this. 

We are grateful for the commitment and hard work of Durham University, the many 
teachers, technicians, staff and students who have participated in surveys, focus 
groups and interviews, and to the Nuffield Foundation and our stakeholder group 
for their support.  

Ginny Page, Gatsby Foundation 

Mat Hickman, Wellcome Trust  
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2 Executive Summary 

2.1 Overview 
This report presents data relating to practical work in science provision in schools1 collected over three 
years in England and Scotland from 2015 - 2017. This study adopts the SCORE (2013) definition of 
practical work, namely:  

“A learning activity in which students observe, investigate and develop an understanding of the 
world around them, through direct, hands-on, experience of phenomena or manipulating real 
objects and materials.” (p 3)  

We report on the quantity and breadth of practical work undertaken and how this changed during the 
study. The discussion identifies possible reasons for observed outcomes. We examine how these data 
illustrate how school-based practical work in science prepares students for laboratory based courses 
at university.   

Over three years, respondents comprised 4,176 science teachers, heads of science, science 
technicians, first year science undergraduate students and university staff responsible for first year 
science laboratory-based courses. Analysis of the heads of science and science teachers responding to 
the survey showed that they are more highly qualified than the overall teaching workforce, so results 
should be read with this in mind. Data were collected in year 1 of the study in 2015, during reforms to 
the Scottish National 5 and Higher qualifications and prior to implementation of reformed GCSE and 
A level science specifications in England. Data were collected in year 3 of the study (in 2017) post 
implementation of reforms in Scotland. In England this was at the point when A level students were 
completing the reformed qualifications for the first time then progressing to undergraduate study, 
and GCSE students had completed one year of their reformed programmes. 

 

2.2 Key findings 
1. No statistically significant universal changes (i.e. across all subjects/age ranges/school types) 

were found in the quantity and breadth of practical work, facilities, budget or equipment 

during the period of the study (2015 – 2017) in schools in England and Scotland. Changes for 

individual subjects, age ranges or school type were observed in some areas. However, these 

should be considered in context.   

 
2. Using data from year 3 of the study  as an example, the average number of hours per week of 

science lesson time spent on practical work was: 

a. 11 – 14 year old students in English state schools: 1.0 hour per week 

b. 14 – 16 year old students in English state schools: 0.9 hours per week 

c. Post – 16 year old students in English state schools: 1.3 hours per week 

 

d. 11 – 14 year old students in English independent schools: 0.7 hours per week 

e. 14 – 16 year old students in English independent schools: 0.7 hours per week 

f. Post – 16 year old students in English independent schools: 1.5 hours per week 

 

g. 11 – 14 year old students in Scottish state schools: 1.2 hours per week 

h. 14 – 16 year old students in Scottish state schools: 1.1 hours per week 

                                                           
1 Note: For brevity the term “schools” refers to schools and colleges. 
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i. Post – 16 year old students in Scottish state schools: 1.1 hours per week 

A statistically significant decrease in the proportion of science lesson time spent on 

practical work was found between the 11 – 14 and post – 16 age ranges in both state and 

independent schools in England and in state schools in Scotland. 

3. Students studying biology, chemistry and physics in the 11 – 14 age range carried out between 
16 and 26 practical work activities per academic year. Students studying science (as a subject) 
carried out between 27 and 38 practical work activities per academic year. Students in the 14 
– 16 age range carry out between 15 and 24 practical work activities in an academic year. 
Students in the post – 16 age range carried out between 18 and 30 practical work activities 
per academic year. The number of practical work activities that teachers reported their post 
– 16 chemistry students undertook within an academic year showed a statistically significant 
decrease for both state and independent schools in England over the course of the study. A 
statistically significant increase was observed over the course of the study in the number of 
practical work activities undertaken by 14 – 16 year old biology students from state schools in 
England. 
 

4. The breadth of practical work undertaken was limited in England and Scotland. Most 

experiments carried out by a majority of students of all ages in all types of school required 

“following prepared instructions”. Few opportunities were provided for students to undertake 

open-ended and/or long-term experiments, that is, those that extend beyond the duration of 

one science lesson. Long-term, extended practical work was limited to specific student sub-

sets. In the post – 16 age range, this opportunity was provided by about 85% of English state 

school respondents for physics and 70% of Scottish state school respondents (all subjects 

combined). Lower values were observed in the 11 – 14 and 14 – 16 age ranges, as about 15 – 

20% of English state school respondents, 20 – 40% of Scottish school respondents and 5 – 18% 

of English independent school respondents offered long-term practical work for these age 

groups. 

 
5. The number of Full Time Equivalent (FTE) technicians employed by schools varied between 

school types. An average of 0.23 – 0.26 FTE technicians per 100 pupils were employed in 
English state schools; 0.48 – 0.53 FTE technicians per 100 pupils in independent schools in 
England; and 0.16 – 0.19 FTE technicians per 100 pupils in state schools in Scotland. There was 
no statistically significant change in the average number of FTE technicians per 100 pupils 
during the study for any school type. The difference between the number of FTE technicians 
between English state and independent schools in each year of the study was statistically 
significant. The smaller sample size in Scotland means that there was no statistically significant 
difference between the number of FTE technicians in English and Scottish state schools. State 
school science technicians tended to be generalists in both England and Scotland, supporting 
all science subjects. Independent school science technicians tended to be specialists, 
supporting one science.  
 

6. Year 3 data showed the ratio of students per laboratory to be about 200:1 in English state 
schools and about 100:1 in English independent schools and state schools in Scotland. The 
difference between English state and independent schools was statistically significant. 
Between English and Scottish state schools the difference was not statistically significant due 
to the small sample size in Scotland. 
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7. Laboratories were equipped with basic equipment for whole class experiments in physics, 

chemistry and biology in England and Scotland. Most laboratories had gas, water, electricity, 

electronic white boards and projectors and facilities for teacher demonstrations. Some 

laboratories lacked some equipment needed to carry out post – 16 science experiments in 

chemistry and biology. In year 3 of the study, 79% of respondents from state schools in 

England and 71% from independent schools in England and state schools in Scotland reported 

most or all of their laboratories were accessible to Special Educational Needs and Disability 

(SEND) students. 

 
8. Heads of science reported that, on average in English state schools, funds available per 

student to spend on science amounted to about £11 per academic year. In English 

independent schools, this figure was about £34. In Scottish state schools, the figure was about 

£4. No statistically significant changes in budgets were observed from 2015 - 2017. The 

difference between English state and English independent schools was statistically significant. 

That between English and Scottish state schools was not, due to the small sample size in 

Scotland. Heads of science in English state schools were typically “neither satisfied nor 

dissatisfied” with their budgets. Their counterparts in English independent schools were 

typically “satisfied”. The sample size was too small to report for Scotland. In years 2 and 3 of 

the study, when asked to report on whether their budget had changed since the previous year, 

half of respondents from state schools in England reported that their budget had decreased 

since the previous year. In independent schools an equal percentage of respondents reported 

an increase as a decrease in year 2 of the study. No respondents from Scottish state schools 

reported an increase in either years 2 or 3 of the study. 

 
9. Higher Education staff had limited expectations of first year undergraduate students’ practical 

work skills. Undergraduates were expected to be able to operate safely in a laboratory; follow 

and understand instructions; use mathematical concepts and skills; and take notes. However, 

year 3 data suggested that, for biological sciences and physics, HE staff expected first year 

students to understand the theory behind scientific methods encountered within practical 

work and to solve problems within practical work independently. School science teachers had 

limited awareness of university practical work and based their knowledge on their own prior 

experiences as undergraduates.  
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3 Research Digest 

3.1 Background  

3.1.1 Changes to science qualifications 
Revised science GCSE and A level examination specifications with significant changes to practical work 
assessment were taught in England from September 2015 and September 2016 respectively, with 
completion in 2017 and 2018. In Scotland, National 5 examinations took place for the first time in 
2014.  Reformed Higher and Advanced Higher examinations took place in 2015 and 2016 respectively. 

Previously, A level specifications (typically taught to students aged 16 – 19 years old) assessed practical 
work via a controlled practical activity (or activities) worth 20% of available marks for the whole 
programme. Of the 20%, about 10% (i.e. 2% of the total marks) were allocated to direct observation 
of practical work, while most were awarded for students’ written accounts of controlled practical work 
activity (Ofqual, 2017). Practical work was teacher-assessed, and moderated by examination boards. 
Overall, course content was organised in a modular format, permitting students to re-take single 
modules to enhance their overall grades. After one year, modules completed comprised an “Advanced 
Supplementary” (AS) qualification that students could “top up” with a further year of study, known as 
“A2”, to complete a full A level. Revised A level specifications adopt a linear structure which is formally 
examined at the end of the two-year course. From 2015, AS qualifications became separate, stand-
alone qualifications. A level practical work assessment changed to comprise two components (Ofqual, 
2017): a written assessment intended to indirectly assess practical skills (15% of marks); and a 
‘practical endorsement’ confirming students have demonstrated competence in skills common to all 
sciences developed through opportunities for regular hands-on practical work. Students must 
complete a minimum of 12 practical activities across the two years of an A level course. Students 
receive a pass or an unclassified grade for the endorsement, which is reported alongside, but does not 
count towards their final A level grade. The endorsement is teacher-assessed against specified criteria 
for practical science assessment (Ofqual, 2016 pp 15 - 16). Examination boards employ monitors to 
ensure endorsement records are kept.  

The new GCSE specifications (typically taught to 14 – 16 year olds) require students to complete a 
minimum of eight hands-on experiments. No formal endorsement is provided but records must be 
kept of practical work completed. In addition, 15% of marks in written examinations are intended to 
assess knowledge of practical work. The Department for Education reported that approximately one 
third of schools may commence teaching GCSE in year 9 (age 13 – 14), a year earlier than is traditionally 
expected (Department for Education, 2018). This is a lower value than reported in this study (see 
section Error! Reference source not found.). 

In Scotland, National 5 examinations and reforms to Higher and Advanced Higher qualifications were 
introduced from 2013 onwards. Assessment of practical work in National 5 and Higher qualifications 
is through an assignment and at Advanced Higher level through a project-report, conducted over a 
period of time. National 5 examinations took place for the first time in 2014.  Reformed Higher and 
Advanced Higher examinations took place in 2015 and 2016 respectively. 

At the time publication, changes arising from implementation of new GCSE and A level specifications 
in England are ongoing. Findings presented in this report represent the situation within schools 
responding to the study before and during the period of change. Further work is required to obtain 
information about the situation relating to practical work post-change. 
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3.1.2 Research Methods 
Five data collection instruments were used: 

1. The “school staff survey”: a survey administered electronically and on paper of heads of 
science, science teachers and science technicians in schools2 in England and Scotland (survey 
text available in Appendix 4). 

2. The “school focus groups and telephone interviews”: Focus groups in England and telephone 
interviews in Scotland with heads of science, science teachers and science technicians in 
schools (focus group and interview schedules available in Appendix 5) 

3. The “HE staff survey”: an electronically administered survey of Higher Education (HE) staff in 
England and Scotland involved with the teaching of first year undergraduate laboratory 
courses (survey text available in Appendix 6). 

4. The “HE student survey”: an electronically and paper administered survey of first year 
undergraduate students in England and Scotland who took a laboratory class as part of their 
course (survey text available in Appendix 7). 

5. The “HE telephone interviews”: Telephone interviews with HE staff in England and Scotland 
involved with teaching first year undergraduate laboratory courses (interview schedule 
available in Appendix 8).  

3.1.3 Samples 
The School Staff Survey  

More than 2000 respondents from schools across England and Scotland completed the school staff 
survey over three years. The survey was administered electronically to schools in England and Scotland 
and was open to receive responses during Spring and Summer terms in 2015 (year 1 of the study), 
2016 (year 2) and 2017 (year 3). The  timescale for implementation of changes to technical facilities 
led to science technicians being surveyed in years 1 (2015) and 3 (2017) but not year 2 (2016) of the 
study. As the surveys were completed anonymously, we cannot confirm if the same participants 
responded each year. Wide variance in responses from staff within the same school within the same 
year of the study was observed. Thus responses are drawn from a pooled cross-sectional sample with 
all responses from staff within a school in each year of the survey being used in the analysis. Responses 
from staff are treated independently and analysed as individuals. Table i shows the numbers of schools 
responding to the school staff survey.  
 

Table i. Schools responding to the school staff survey by school type and nation in each of the three years of 
the study. Schools are unique within each survey year. Science technicians were only surveyed in Year 1 and 
Year 3 of the study. 

Nation School type Year 1 Year 2 Year 3 Total 

England 
State schools 425 212 912 1549 

Independent schools 163 121 218 502 

Total 588 333 1130 2051 

Scotland State schools 34 44 69 147 

Total 34 44 69 118 

Grand total 622 377 1199 2198 

 
Respondents’ occupations are shown in Table ii. Analysis of respondents’ qualifications shows our 
sample is more highly qualified than the overall teaching workforce (Gov.uk, 2018). Results should be 
read with this in mind.  
 

                                                           
2 Note: Note: For brevity the term “schools” is used to refer to both schools and colleges throughout the study. 
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Table ii. Individuals responding to the school staff survey by occupation. Science technicians were only 
surveyed in Year 1 and Year 3 of the study. 

Occupation Year 1 Year 2 Year 3 Total 

Technician 274 None  1224 1498 

Science teacher 214 347 584 1145 

Head of science 268 235 262 765 

Total 756 582 2070 3408 

 
The School Focus Groups and Telephone Interviews  
The numbers of schools participating in focus groups and telephone interviews are shown in Table iii. 
Eighteen schools participated in focus groups and telephone interviews in all three years of the study. 
 

Table iii. Schools participating in the focus groups and telephone interviews by nation. 

Region Year 1 Year 2 Year 3 

England    

     State schools 15 16 18 

     Independent schools 6 5 6 

     Total 21 21 24 

Scotland 3 8 11 

Total 24 29 35 

 
 

The HE Staff and Student Surveys   
Data were collected from staff teaching laboratory courses to first year undergraduate students in 
biological sciences, chemistry and physics departments via an anonymous survey administered 
electronically in the autumn terms (October – December) of 2015, 2016 and 2017. We cannot confirm 
if the same staff members responded each year. A cross-sectional sample including responses from 
all institutions in each year is used for analysis. The numbers of respondents to the HE staff survey are 
shown in Table iv. The column “more than 1 subject” indicates staff who were teaching across more 
than one department (e.g. teaching both biological sciences and chemistry). 
 

Table iv. Respondents to the Higher Education staff survey broken down by the departments in which they 
stated that they taught, by survey year and by nation. 

Nation Year 
Biological 
Sciences Chemistry Physics 

Teaching more than 
1 subject 

England 
  
  

Year 1 14 11 13 1 

Year 2 21 21 15 2 

Year 3 19 12 12 1 

 Total 54 44 40 4 

Scotland 
  
  

Year 1 1 3 0 0 

Year 2 2 5 2 0 

Year 3 5 4 2 0 

 Total 8 12 4 0 

 Grand Total 62 56 44 4 
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Students undertaking a laboratory course as part of their biological science, chemistry or physics first 
year undergraduate course were invited to participate in an online anonymous survey. Respondents 
were drawn from a small number of institutions annually (Table v). Findings for HE students are 
presented narratively in the report due to the low number of respondents and institutions. 
 
 

Table v. Number of students responding to the HE student survey. The number of departments is indicated in 
brackets. Respondents were students who remained in the sample for analysis after exclusions. 

Survey year 

Biological 
Sciences Chemistry Physics Total 

Year 1 26 (2) 22 (1) 69 (5) 117 (7) 

Year 2 143 (12) 78 (9) 91 (7) 312 (16) 

Year 3 50 (4) 46 (6) 50 (5) 146 (12) 

Total 219 (14) 146 (12) 210 (9) 575 (21) 

 
The HE Telephone Interviews  
The numbers of Higher Education staff participating in telephone interviews are shown in Table vi. Six 
interviewees participated in the interviews in all three years of the study. 
 
Table vi. Institutions participating in the telephone interviews split by department and nation. B – Biological 
sciences, C – Chemistry, P – Physics. 

 Year 1 Year 2 Year 3 

Nation B C P Total B C P Total B C P Total 

England 3 5 5 13 3 6 5 14 4 5 3 12 

Scotland 1 0 0 1 2 3 1 6 2 2 1 5 

Wales 0 0 0 0 1 0 1 2 0 2 1 3 

Total 4 5 5 14 6 9 7 22 6 9 5 20 

 

3.2 Findings 
 

3.2.1 Research Question - What science practical work is provided within schools in 
terms of the quantity and breadth undertaken and how has this changed over the 
lifetime of the study? 

 

1. Table vii shows the amount of time spent in science lessons (in hours) and the lesson time 

spent on practical work (in hours) in year 3 of the study. Similar values were observed in years 

1 and 2 of the study. Science lesson time and the number of hours spent on practical work in 

science lesson time showed a statistically significant increase between the 11 – 14 and post – 

16 age ranges and the 14 – 16 and post – 16 age ranges in both English state and independent 

schools. There was no statistically significant difference between the 11 – 14 and 14 – 16 age 

ranges. 
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Table vii. Average science lesson time (hours per week) and lesson time spent on practical work (hours 

per week). Respondents were heads of science and science teachers responding to the school survey 

questions “How much timetabled time (in hours) is allocated to the selected 11 – 14/14 – 16/Post-16 

subject and qualification each week?” and “Of the allocated hours, please estimate how many hours 

are used on the following activities in an average week in the current year”. 95% confidence intervals 

are shown in brackets. 

 
Age range 

England 
state schools 

England 
independent schools 

Scotland 
state schools 

Science lesson time, Hours per week 

11 – 14 3.0 (2.9, 3.1) 1.7 (1.6, 1.8) 2.7 (2.6, 2.9) 

14 – 16 3.2 (3.1, 3.3) 2.5 (2.4, 2.5) 3.9 (3.7, 4.0) 

Post – 16 5.0 (4.9, 5.1) 5.1 (5.0, 5.3) 4.6 (4.4, 4.7) 

Science lesson time spent on practical work, Hours per week 

11 – 14 1.0 (0.9, 1.0) 0.7 (0.7, 0.8) 1.2 (1.0, 1.3) 

14 – 16 0.9 (0.8, 0.9) 0.7 (0.7, 0.8) 1.1 (1.0, 1.2) 

Post – 16 1.3 (1.3, 1.4) 1.5 (1.5, 1.6) 1.1 (1.0, 1.2) 

 

2. In English state schools, the proportion of science lesson time spent on practical work showed 

a statistically significant decrease from 32.9% in the 11 – 14 age range to 26.5% in the post – 

16 age range (Table viii). In English independent schools a statistically significant decrease 

from 40.1% to 30.1% was seen as age range increased. In Scotland, a statistically significant 

decrease from 41.1% to 24.8% was found. In English independent schools, greater variation 

was observed for the 11 – 14 age range in the proportion of science lesson time spent on 

practical work compared to state schools. Independent school students in all age ranges spent 

a slightly higher (statistically significant) proportion of science lesson time on practical work 

than their state school counterparts. There were no patterns that applied consistently to all 

science subjects, suggesting that overall, a similar proportion of lesson time in biology, 

chemistry and physics was devoted to practical work.  
 

Table viii. Proportion of science lesson time per week spent on practical work in year 3 of the study. 

Values are calculated from responses from heads of science and science teachers to the school survey 

questions “How much timetabled time (in hours) is allocated to the selected 11 – 14/14 – 16/Post-16 

subject and qualification each week?” and “Of the allocated hours, please estimate how many hours 

are used on the following activities in an average week in the current year”. 95% confidence intervals 

are shown in brackets. 

 
Age range 

England 
state schools 

 

England 
independent schools 

 

Scotland 
state schools 

 

11 – 14 32.9 (31.5, 34.3) 40.1 (37.7, 42.5) 41.1 (37.6, 44.7) 

14 – 16 27.3 (26.3, 28.3) 30.4 (29.2, 31.6) 27.9 (24.8, 31.0) 

Post – 16  26.5 (25.6, 27.4) 30.1 (28.9, 31.3) 24.8 (21.7, 27.9) 

 

3. Students studying biology, chemistry and physics in the 11 – 14 age range carried out between 
16 and 26 practical work activities per academic year. Students studying science (as a subject) 
carried out between 27 and 38 practical work activities per academic year. Students in the 14 
– 16 age range carried out between 15 and 24 practical work activities in an academic year. 
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Students in the post – 16 age range carried out between 18 and 30 practical work activities 
per academic year. The number of practical work activities teachers reported their post – 16 
chemistry students undertook within an academic year showed a statistically significant 
decrease in both state and independent schools in England over the course of the study. A 
statistically significant increase was observed over the course of the study in the number of 
practical work activities undertaken by 14 – 16 year old biology students from state schools in 
England. 
 

4. Although no systematic (e.g. across all subjects within an age group) changes were observed 
over the period of the study, some statistically significant changes were observed for specific 
subjects, age groups and school types within the sample in the three years of data collection. 
These are shown in Table ix.  
 
Table ix. Statistically significant changes over the three years of the study in average science lesson 
time per week (in hours), lesson time spent on practical work per week (in hours) and proportion of 
science lesson time per week spent on practical work. Arrows indicate whether the change was a 
significant increase or decrease. 

Age range School type  
Change in quantity of practical work 
significant at P<0.05 

Science lesson time, Hours per week 

11 – 14 
England  independent ↓Chemistry  

England state ↑ Physics  

Science lesson time spent on practical work, Hours per week 

14 – 16 England state ↑Biology  

Proportion of science lesson time spent on practical work per week, % 

11 – 14 

England  independent ↑Chemistry  

England independent ↑Physics       

England state ↑Science      

14 – 16  England state ↑Biology      

Post – 16 England independent ↓Biology      

Number of practical work activities carried out by students during an academic year 

14 – 16  England state ↑Biology      

Post – 16  England state ↓Chemistry 

Post – 16 England independent ↓Chemistry 

 
5. Science teachers participating in the qualitative focus groups in England commented that the 

level of content within the GCSE and A level syllabuses led to significant pressure on time 
within science lessons to fit in the required content. Some noted that time for practical work 
was limited to allow taught content to be covered in sufficient detail.  
 

6. The breadth of practical work undertaken in all schools in England and Scotland at all ages 
showed a consistent pattern. Most activities required students to follow pre-prepared 
instructions and to analyse data. Few experiments were open-ended, that is, required 
students to design their own investigation using a range of equipment. No systematic changes 
over the course of the study were observed in tasks staff reported students undertook in 
practical work activities (e.g. for all subjects within an age range). Very few experiments 
extended beyond the timescale allowed by individual lessons. Opportunities to carry out long-
term, extended practical work seem limited to specific student sub-sets. In the post – 16 age 
range, this opportunity was provided by about 85% of English state school respondents for 
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physics and 70% of Scottish state school respondents (all subjects combined). Lower values 
were observed in the 11 – 14 and 14 – 16 age range. Data showed that about 15 – 20% of 
English state school respondents, 20 – 40% of Scottish school respondents and 5 – 18% of 
English independent school respondents offered long-term practical work for these age 
groups. This suggests that students are usually undertaking the same tasks within their 
practical work.  
 

7. We investigated if the proportion of practical work time correlates with the Income 
Deprivation Affecting Children Index (IDACI) scores for state schools in England. In year 1 of 
the study, a negative correlation was observed for 11 – 14 and 14 – 16 year old students in 
English state schools. This suggests that where deprivation is high, students experienced a 
lower proportion of science lesson time on practical work. This finding concurs with Wellcome 
Trust Science Education Tracker data (Wellcome, 2017). This correlation was not apparent in 
data collected in years 2 and 3 of the study. No significant correlations were found in any year 
with the proportion of students receiving Free School Meals (FSM).  

3.2.2 Research Question - What are the main insights into any influences on the quantity 
and breadth of science practical work undertaken in schools? 
 

8. Although no statistically significant systematic changes in the quantity and breadth of practical 
work were observed over the course of the study, factors that may influence practical work 
were investigated by examining teacher qualifications, the amount and nature of technician 
support, facilities for science, equipment, budget available to support science and 
examination specifications. Heads of science and science teachers were asked to report their 
highest qualification in their specialist science subject. Our sample was more highly qualified 
than the overall teaching workforce so results should be read with this in mind. No overall 
systematic association was found between teacher qualifications and the types of activities 
carried out in science lessons in years 2 and 3 of the study. 
 

9. The number of technicians employed by schools varied by school type. English state schools 
employed an average of 0.23 – 0.26 Full Time Equivalent (FTE) technicians per 100 pupils 
across the three years of the study (Table x). The value was statistically significantly higher in 
English independent schools, which employed between 0.48 – 0.53 FTE technicians per 100 
pupils. The value was 0.16 – 0.19 FTE technicians per 100 pupils in Scottish state schools. There 
was no statistically significant change in the average number of technicians per 100 pupils 
over the course of the study for any school type. The difference between the number of FTE 
technicians per 100 pupils between English state and independent schools in each year of the 
study was statistically significant. The difference between the number of FTE technicians per 
100 pupils in English state schools and Scottish state schools was only statistically significant 
in year 3 of the study due to the small sample size in Scotland. 

Table x. (England and Scotland) Mean number of FTE technicians per 100 pupils within schools over 
the three years of the study.  Respondents were heads of science. 

School type  Mean no. of technicians per 100 pupils 

Year 1 Year 2 Year 3 

England state 
0.24 

(0.22, 0.26) 
0.26 

(0.23, 0.29) 
0.23 

(0.21, 0.25) 

England independent 
0.53 

(0.47, 0.58) 
0.48 

(0.44, 0.53) 
0.52 

(0.46, 0.59) 

Scotland 
0.18 

(0.14, 0.22) 
0.19 

(0.15, 0.23) 
0.16 

(0.13, 0.18) 
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10. Table xi shows year 3 data reported by heads of science about changes in the number of FTE 
technicians that had occurred in their schools in the previous year. These show that a majority 
reported no change. However, 26% of English and 24% of Scottish state schools and 10% of 
English independent schools reported a decrease in the number of technicians. Three percent 
of English state schools and 9% of independent schools reported an increase. No schools in 
Scotland reported an increase. These data need to be considered alongside Table x, which 
shows the average numbers of FTE technicians per 100 students. 

Table xi. Heads of science reporting on whether the number of FTE technicians has changed 
within the school in the last year. 

  
 
Change  

England state England 
independent 

Scotland 

Number % Number % Number % 

Increased 4 3 6 9 0 0 

Decreased 40 26 7 10 5 24 

Stayed the same 112 72 58 81 16 76 

 

11. Data relating to the nature of technicians’ roles, that is, as “specialists” responsible for one 
subject only or “generalist” responsible for all sciences are presented in Table xii. These show 
a contrast between English and Scottish state and English independent schools. Independent 
schools employed most technicians as specialists in their subjects. Most state schools 
employed technicians as generalists supporting all sciences. A higher proportion of Scottish 
state school than English state school technicians were generalists. Sample sizes were too 
small to report for year 1 of the study in Scotland. 

Table xii. Nature of science technicians’ roles i.e. general or specialist science technicians. 
Respondents were science technicians. 

 Technician role  Year 1 Year 3 

England state schools n % n % 

General  144 68 604 66 

Specialist  67 32 314 34 

Total 211 
 

918 
 

England independent schools 

General  12 30 62 26 

Specialist  27 70 177 74 

Total 39 
 

239 
 

Scotland state schools 

General  - - 49 89 

Specialist  - - 6 11 

Total - 
 

55 
 

 

12. Technicians worked from “preparation” rooms which store equipment and provide facilities 
and space for getting this ready for individual lessons. Data collected from technicians showed 
that the type of preparation room matched their roles (Table xiii). Hence, in English and 
Scottish state schools, most preparation rooms were general, so were used to prepare for all 
science subjects. In English independent schools, most preparation rooms were subject-
specific, so were used to prepare for individual science subjects, that is, physics, chemistry or 
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biology. The difference between English state and independent schools was statistically 
significant. Sample sizes were too small to report for year 1 of the study in Scotland. 

Table xiii. Type of preparation rooms in respondents’ schools in years 1 and 3 of the study. 
Respondents were technicians. 

 Type of preparation room  
Year 1 Year 3 

n % n % 

England state schools  

Subject specific  39 19 206 23 

Shared between all sciences 138 65 532 58 

Mix of specialist and shared 35 16 176 19 

England independent schools 

Subject specific  24 62 152 63 

Shared between all sciences 9 23 48 20 

Mix of specialist and shared 6 15 399 17 

Scotland state schools 

Subject specific  - - 3 6 

Shared between all sciences - - 44 80 

Mix of  specialist and shared - - 8 15 

 

13. The majority of technicians in state and independent schools in England and state schools in 
Scotland reported that setting up equipment is a daily task. Over 80% of state school 
technicians in England and over 65% of independent school technicians in England and state 
school technicians in Scotland reported that they advised teachers how to do an 
experiment/use equipment on a daily or weekly basis. Apart from this, technicians reported 
variety in the tasks they undertook. For example, in English state schools, other tasks 
undertaken by technicians on a weekly or daily basis included: photocopying; moving furniture 
and textbooks; and discussing science curriculum requirements. Tasks that were rarely or 
never undertaken by a large proportion of technicians included setting up general IT 
equipment, liaising with school senior managers about science practical equipment or 
resources and working directly with students on practical science activities in lessons.   

14. Heads of science were asked if they were satisfied with the level of technical support for 
science in their school. In English state schools, across the three years of the study, on average 
62% - 69% of respondents were satisfied or very satisfied with the level of technical support. 
In independent schools, the value was 68% – 81%. In years 1 and 3 of the study, consistent 
positive correlations were found between the number of FTE technicians and the level of 
satisfaction heads of science reported. Sample sizes were too low to report for Scotland. 

15. In English state schools, the ratio of the number of students to number of laboratories within 
a school was 205 in year 3 of the study. In English independent schools and Scottish state 
schools, the figures were statistically significantly lower than for English state schools, at 97 
and 103 pupils per laboratory, respectively. 

16. Data were collected relating to the facilities available for science. These related to the quality 
of laboratories based on previous surveys by SCORE (2008; 2013). Approximately 90% of 
technicians in state and independent schools in England reported that all their laboratories 
met basic health and safety requirements. Hence, approximately 10% of respondents 
reported that some of their facilities did not meet basic health and safety requirements 
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(however, the study did not investigate whether students were using these facilities for 
practical work). In Scotland, 18% of respondents indicated that some of their facilities did not 
meet basic health and safety requirements. About 80% of respondents indicated that all 
laboratories had an electronic whiteboard and projector; about 60% reported that all had 
provision for teacher demonstrations. Only about 10% of technicians reported that 
laboratories had space for long-term experiments and computers for student use. No changes 
in facilities were found over the course of the study in England. Data were only available for 
Scotland in year 3 of the study.   

17. In year 3 of the study, 79% of respondents from state schools in England and 71% from 
independent schools in England and state schools in Scotland reported most or all of their 
laboratories were accessible by students with special educational needs and disabilities 
(SEND). This is comparable to the figure reported by Gatsby (2017). However, 4% of 
technicians from state schools in England, 10% from independent schools in England and 9% 
of technicians from state schools in Scotland reported that none of their laboratories were 
accessible by SEND students. 

18. Technicians reported on the availability of specific equipment for biology, chemistry and 
physics. Equipment lists were derived from those used in previous studies (SCORE, 2008; 
SCORE, 2013). A majority of English state schools responding to the survey were well-
equipped for biology practical work involving dissection, petri dishes, microscopes and 
anatomical models. Biology equipment that was not available in a majority of schools included 
genetic engineering kits, digital microscopes, gel electrophoresis sets and haemocytometers.  

19. Chemistry equipment held by all or most English state schools included eye protection for 
every student; class sets of Bunsen burners, Erlenmeyer (conical) flasks, burettes and pipettes; 
and molecular modelling kits. About 50% had one or more digital precision balances. Over 
50% of respondents in state schools in England indicated that they did not have access to a 
UV spectrophotometer, a set of heating mantles and magnetic stirrers.  

20. Physics equipment held by all or most English state schools for class experiments included ray 
boxes and lenses; magnetic field observation sets; multi-meters or volt/ammeters; Newton-
meters; magnets; bulbs, bulb holders and wires; an air track with an air source; an electric 
vacuum pump; and a Van de Graaff generator. About 60% of schools had an oscilloscope with 
spectrum analysis. About 40% had a set of data-loggers; a further 30% reported these were 
not working or incomplete.  

21. Heads of science reported on their budget, that is, the funds available to them to spend on 
science. The range in the budget per capita within schools is shown in Figure i. These figures 
show English independent schools had statistically significantly higher budgets for science 
than English and Scottish state schools. No statistically significant changes in budgets were 
observed across the period of the study. In years 2 and 3 of the study, when asked to report 
on whether their budget had changed since the previous year, half of respondents from state 
schools in England reported that their budget had decreased since the previous year. In 
independent schools the same percentages of respondents reported an increase and a 
decrease in year 2 of the study. No respondents from Scottish state schools reported an 
increase in either years 2 or 3 of the study. 
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Figure i Box plot of per capita science budget as reported by heads of science for a) English state 
schools, b) English independent schools, c) Scottish state schools. 

a) 

 
b) 

 
c) 

 
 

22. Heads of science in England were asked if they were satisfied with their budgets. In state 

schools in England they typically described themselves as “neither satisfied nor dissatisfied”. 

In independent schools in England heads of science were typically “satisfied”. 

(£)

(£)
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23. Data collected via the small number of focus groups in England showed that teachers were 

pleased with the revised examination specifications. The small number of participants 

involved regarded the new assessment arrangements as an improvement, with one saying 

that practical work was now “a distinct and integral part” of the course. Some teachers 

attending the focus groups reported that testing students’ knowledge of practical work in 

written examinations focussed attention on students’ undertaking an experiment to learn a 

skill or developing understanding of a practical-related topic. Also, some of the teachers at the 

focus groups felt that the revised examination specifications prompted teachers to undertake 

some experiments that they previously believed were “too difficult” or undesirable.  

3.2.3 Research Question - How does practical science contribute to preparing students 
for their next steps in science education?  

 

24. Science teachers and heads of science were asked to rate on a four point scale how well 
prepared students were for practical activities/experiments in their subjects on starting that 
particular education phase. Across age ranges, of the four activities presented for rating, 
responses revealed that staff in England and Scotland considered students to be best prepared 
for “following prepared instructions”. Students in all age ranges in state and independent 
schools in England were least prepared for writing reports and carrying out laboratory work 
independently. These findings are consistent with figures presented above that show the most 
frequent type of practical work undertaken required students to follow prepared instructions. 
Data also indicated students most frequently carried out experiments in pairs or groups. In 
addition to following prepared instructions, 14 – 16 year old students and post – 16 students 
in England were best prepared for “using scientific equipment”.  
 

25. Focus group and telephone interviews in England and Scotland suggested that science 
teachers in schools were unaware of current requirements of first year undergraduate science 
laboratory courses. Their past experiences as science undergraduates were used to guide and 
prepare their post – 16 students for university.   
 

26. HE staff survey data indicated that the skills which HE staff considered to be important for first 
year undergraduates to arrive with at university were limited to: operating safely in a 
laboratory; following and understanding instructions; using mathematical concepts and skills; 
and taking notes. However, year 3 data suggested that, for biological sciences and physics, HE 
staff expected first year students to understand theories behind scientific methods 
encountered within practical work and to solve problems within practical work independently. 
Responses from HE staff telephone interviews agreed with survey data, showing that students 
were not expected to start university with specific scientific technical skills e.g. how to use an 
oscilloscope. 
 

27. The HE staff survey invited respondents’ views about undergraduates’ preparedness for 
university practical work. HE staff in all three subjects on average did not rate their students 
to be ‘somewhat prepared’ or ‘very well prepared’ in any skills. In contrast to previous studies, 
HE staff reported significant improvement in their perception of students’ competence in 
some scientific methods and practices, including planning experiments in all three subjects. 
For biological sciences and chemistry only, HE staff reported improvements in first year 
undergraduates’ ability to solve problems independently and use mathematical concepts. 
Note-taking was reported as improved in biological sciences and physics undergraduates.  
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28. HE staff interviews showed desired and undesirable aspects of school practical work. A desired 
aspect was students having experience of long-term experiments. Prevalent but undesirable 
aspects included students’ insistence on a correct answer to a question; and the notion that 
their task was to find the correct answer. Staff  commented that many students sought to 
know how to get marks rather to use practical work to broaden their science knowledge and 
skills. 
 

29. The small number of HE students surveyed considered themselves to be only somewhat 
prepared for laboratory work at university. Physics students considered themselves less 
prepared than biological sciences and chemistry students in terms of scientific skills. A small 
proportion of first year undergraduate students reported experiencing laboratory or fieldwork 
activities in which they felt unable to do well because they didn’t have the right practical skills 
in their first term at university. 
 

30. Higher Education staff were asked to report on their perceptions of  changes in first year 
undergraduates’ skills, knowledge and understanding on arrival at university over the last five 
years (in year 1 of the study) and since the last academic year (in years 2 and 3 of the study). 
Over the course of the study, a statistically significant increasing percentage of HE staff noted 
a decline in the level of knowledge of biological sciences students in the previous five years 
(in year 1 of the study) or since the previous year (in years 2 and 3 of the study). In chemistry 
over the three years of the study, an increased percentage of HE staff reported an increase in 
laboratory skills since the previous year, with fewer staff reporting a decline in laboratory 
skills, ability to plan experiements and ability to work independently in the laboratory. Physics 
showed a reduction over the course of the study in the percentage of HE staff reporting a 
decline in students’ laboratory skills since the previous year. 
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