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Problem Based Practical Activities 

Introduction 
 

Developed by Dr Catherine Smith, RSC School Teacher Fellow at the University of Leicester 

2011-2012. 

This resource was produced as part of the National HE STEM Programme. 

 

A collection of 10 practical activities for students aged 16-18 yrs designed to develop both 

the students’ practical skills and their independent study skills in preparation for Higher 

Education. 
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Foreword 
 

The collection of problems presented here was created during my year as an RSC School 

Teacher Fellow funded through the HE STEM programme. During the 2011-2012 academic 

year, I was seconded from my post as an Advanced Skills Teacher at John Cleveland 

College in Hinckley, Leicestershire into the Department of Chemistry at the University of 

Leicester. 

 

One of my aims for the year was to look at the practical aspect of the school to university 

transition. The key issue that emerged was that although the students entered the 

undergraduate teaching laboratories with a high level of perceived confidence in the practical 

skills expected of them by university teaching staff, their performance did not reflect this 

confidence. The students appeared to struggle to apply the tools and skills learnt in school 

outside the narrow environment in which they were taught. A review of the current A-level 

specifications and student questioning, revealed that the majority of practical work 

undertaken at A-level is of the expository1 “recipe-style.” As a result, the students’ 

understanding of the practical techniques is only surface deep. 

 

The problems presented here are designed to develop the students’ understanding of the 

standard practical techniques they would be expected to be able to perform on entering an 

undergraduate teaching laboratory. 

 

They follow a problem based approach1 to laboratory instruction, in which the students must 

work in groups to apply their understanding of a concept to devise a solution to a practical 

problem set in a real life context. 

 

In order to guide the students thinking and ensure that they have all the subject knowledge 

required to solve the problem, each problem is accompanied by a set of Pre-lab questions 

which the students must complete prior to the practical session. These include an element of 

research beyond the standard A-level specification, included to encourage the students to 

read beyond the set-text and develop their research skills. It is expected that the students 

will have been instructed in any practical techniques required in a separate session, prior to 

tackling the problem. Finally each problem asks for a written report in some format.  

 

Assessment of university laboratory work is commonly based upon the completion of a 

written report, yet scientific writing is something that is rarely touched on at school level. 

Inclusion of the requirement to complete a formal report, with formative feedback given by 

the teacher, will both increase the students’ confidence in scientific report writing and will 

ensure the students pull the data collected together to reach a final conclusion and solve the 

problem. 

 

The problems are designed to be incorporated into a Scheme of Work for post-16 Chemistry. 

By working through the complete collection during a two year programme, it is intended that 

the students will develop both the practical skills and the independent study skills required to 

succeed post-18. Initially the students may require substantial guidance, but as the students 

develop their problem solving and practical skills they will become more independent and it 

may be possible to remove the Pre-lab questions, the students instead deciding themselves 

what information they need to find out. 

 

 
1 Domin, D. S., (1999), A review of laboratory instruction styles, J. Chem. Educ., 76(4), 543-547. 
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Introduction 
 

The problems are designed to fit into two separate one hour lessons or one single two hour 

lesson with the students working in groups of three. The Pre-lab questions and report writing 

can be completed in additional class time or set for homework. 

 

Pre-lab questions 
These should be given to the students prior to the laboratory session in which they are to 

complete the problem. 

Hour 1 + Hour 2 
Students are arranged in groups and presented with the full problem and any addition 

materials (spectra, samples etc). The students discuss the problem using the SET sheet to 

scaffold the discussions. They should use their answers to the Pre-lab questions to provide 

the scientific knowledge they need. 

 

During this time the teacher moves between the groups 

• bringing out the best from each group by; 

• asking leading and open ended questions 

• helping students to reflect on the experiences they are having 

• challenging the students thinking 

• raising issues that need to be considered 

• stimulating, encouraging and creating and maintaining a safe atmosphere in which 

individuals are willing to share experiences and ideas without fear of being ridiculed 

 

Once the teacher is satisfied that the students have a clear understanding of the practical 

work to be undertaken and he/she has fully risk assessed the situation, the students work in 

a group to solve the problem posed. 

 

NOTE It is the responsibility of the teacher to carry out a full risk assessment for any 

practical work to be undertaken by the individual groups. 

 

Final report 
Students work together as a group to present a final report, making sure that all the points 

raised in the initial problem are answered. This can be read by the teacher and formative 

feedback given, in preparation for the next Problem Based Practical Activity. 
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Health and safety guidance 
 

Before carrying out any practical activity, teachers should always check that the practical 

activity being proposed is compatible with their employer’s risk assessments and does not 

need modification for their particular circumstances. Teachers should be aware that 

legislation and guidance regarding chemical hazard classification is subject to constant 

change and that any risk assessment should be based on up-to date information. 

 

As part of the reviewing process, the experiments on this webpage have been checked for 

health and safety. 

The RSC have made reasonable efforts to ensure that; 

• all recognised hazards have been identified, 

• suitable precautions are suggested, 

• where possible, the procedures are in accordance with commonly adopted model 

(general) risk assessments, 

• where (model) general risk assessments are not available, the RSC have done their 

best to judge the procedures to be satisfactory and of an equivalent standard. 

 

One possible template for recording significant findings of a risk assessment procedure is 

provided on the next page. Since one of the aims of these activities is to provide students 

with the opportunity to develop higher level laboratory skills, this could be used by the 

students prior to them beginning any practical work. 

 

Note however that risk assessments developed by students must be checked by teachers 

before any hazards are met or practical work is permitted to start. 

 

Teachers should provide students with instruction in new techniques and explain precautions 

as part of their health and safety education. 

 

Key to health and safety symbols 
The following symbols have been used throughout the Problem Based Practical Activities 

and are used to draw your attention to the health and safety precautions needed. Note that 

the text should be read to determine exactly the type of gloves, eye protection etc. that is 

needed for the proposed method for each different experiment. 
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