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In this unit you will learn about and practise some important practical skills in science. You

will learn how to:

•  follow standard procedures

•  work safely in science

•  handle scientific equipment and materials.

The use of practical skills is important for scientists. Scientists are involved in many

different practical activities classify things: for example, materials and organisms; they make

and obtain things: for example, making chemical products, building electronic devices,

obtaining products from organisms; they monitor and control change: for example, chemical

reactions, the performance of machines, or the activities of organisms.

Scientists carry out experiments, making measurements and observations and handling a

wide range of materials and equipment. Often they follow standard procedures. At other

times they have to devise procedures for themselves. Sometimes the unexpected happens and

they have to deal with it.

The skills that you develop in this unit will be used in Unit 2: Learning knowledge &

understanding needed for scientific work (Intermediate) and in Unit 3: Applying scientific

knowledge, understanding & skills (Intermediate).

This unit builds on Foundation Units 1: Measuring & observing in science, Unit 2:

Investigating health & safety, and Unit 3: Obtaining & making in science. It will also help to

prepare you for most of the compulsory units in Advanced GNVQ Science.

The unit also links with other GNVQ Intermediate units: for example, in Land and

Environment, and Engineering; and with some NVQs: for example, Laboratory & Associated

Technical Activities, Level 2 and Laboratory Technicians Working in Education, Level 2.

This unit will be assessed through your portfolio work only. The grade awarded will be
your grade for the unit.
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A standard procedure tells you exactly how to carry out a practical exercise. The use of a

standard procedure means that when you see the results of an experiment, you know exactly

how the observations and measurements were made, no matter who did it, or where it was

done. These procedures are often called ‘protocols’ or ‘standard operating procedures’. They

may be agreed within a company, or nationally, or internationally.

You need to know that following a standard procedure involves:

•  reading the procedure and checking to see if there is anything you do not understand

•  setting out your work area and getting together the equipment and materials you need

•  making observations or measuring data accurately using instruments with appropriate

precision

•  manipulating data as needed

•  presenting your results as asked

•  thinking about your results and commenting on them.
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You need to understand why it is important to follow all the steps in a procedure. In other

Intermediate GNVQ Science units you will need to use standard procedures and may need to

adapt or devise procedures yourself.
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Scientific work can be dangerous, yet accidents among scientists are rare. This is because

scientists are constantly aware of the hazards they deal with and of the need to work safely.

You must be able to work safely, wherever you are doing your scientific work. You must

know what to do to prevent accidents and what to do if an accident happens.

You need to identify common hazards in science laboratories and the risks they present.

Common hazards in laboratories are:

•  inappropriate use of equipment, such as using a thermometer of the incorrect range,

using a beaker of the incorrect size when heating a liquid or heating a flammable liquid

with an open flame

•  leakage or spillage of chemicals

•  failure to use safety equipment, such as eye protection, protective gloves or safety

screens

•  chemical substances such as mercury salts (very toxic), ammonia gas (toxic), ethanol

(flammable), hydrochloric acid (corrosive), nitrates (oxidising) and iron (III) chloride

(irritant)

•  micro-organisms, such as bacteria and fungi

•  utilities such as gas or electricity.

You need to be able to:

•  identify warning signs that give notice of a hazard

•  identify and describe biological, chemical and physical hazards

•  identify the risks from these hazards.

You need to know:

•  what can be done to prevent accidents from hazards in your working area

•  which emergency procedures to follow if an accident occurs because of these hazards.

You need to be able to:

•  carry out a health and safety check of your working area

•  carry out a risk assessment for the activity you are doing

•  follow health and safety procedures and show that you understand them.
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To follow standard procedures and carry out experiments successfully, you must be

confident in using scientific equipment and materials. There are some basic techniques that

you will use in many activities. Using them will help to improve your accuracy and build

your confidence, so that you can handle other, less familiar, equipment and materials.

You need to know how to:

•  recognise and use the standard laboratory equipment and glassware provided

•  select and prepare laboratory equipment for use

•  calibrate instruments when necessary, such as a pH meter

•  transfer solids and liquids carefully and without loss of material

•  use appropriate methods for heating and stirring mixtures

•  separate mixtures by filtration, evaporation, distillation and chromatography.
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For scientific observations and measurements you must know what is meant by:

•  accuracy

•  reliability

•  precision.

You need to know how to measure the following quantities, using the correct units and their

symbols:

mass kilogram, kg; gram, g; milligram, mg; microgram, µg

length kilometre, km; metre, m; centimetre, cm; millimetre, mm;

micrometer, µm

volume cubic metre, m3; cubic decimetre, dm3

cubic centimetre, cm3; millilitre, ml

time hour, h; minute, min; second, s

temperature degrees Celsius, °C

potential difference

(voltage)

volt, V

current ampere, A

resistance ohm, Ω

force newton, N

You need to be able to:

•  select and use tools such as a screwdriver, hammer etc to build a structure for a particular

purpose, such as holding or supporting equipment

•  test the fitness of the structure for its purpose.

You need to be able to:

•  prepare solutions of specified concentrations using the correct units: g dm−3

•  carry out titrations

•  carry out qualitative chemical tests.

You need to be able to:

•  recognise and use concave and convex mirrors and lenses

•  assemble and use simple pulleys and gears

•  select components for an electrical or electronic circuit

•  solder components

•  build an electrical or electronic circuit and check it.

You need to be able to:

•  set up a light microscope ready for use, choosing a suitable objective lens

•  prepare samples for investigation, including making a temporary slide using staining

•  use aseptic techniques to culture micro-organisms and know how to dispose of them

safely.
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You need to produce a portfolio in which you have recorded at least six activities, one should be biological, one chemical and one physical. At least one task should be extended over a number of

weeks, requiring students, working individually or in a team, to sequence their work. You will have observed or undertaken at least one in a science-based service or industry and compared this with

procedures used in your school/college. All six activities must show that you can follow standard procedures and handle materials and equipment safely, confidently and correctly. The following

activities must be included:

•  carrying out chemical tests to identify substances

•  preparing chemical solutions

•  calibrating an instrument or device

•  observing fine detail of organisms or biological materials investigated with a microscope

•  culturing a micro-organism using aseptic techniques.

Pass

To achieve a pass your work must show:

Merit

To achieve a merit your work must show:

Distinction

To achieve a distinction your work must show:

•  the necessary instructions and safe working

•  the correct following of given procedures to obtain

results or a product

•  clear records of all observations and measurements,

using suitable formats and conventions

•  identification of patterns and trends in data and, when

needed, simple correct calculations

•  clear presentation of findings, using suitable formats and

conventions, and include what your findings tell you

•  a description of similarities and differences between a

standard procedure that takes place in a science-based

service or industry and one used in a school/college.

•  an independent assembly and check of all the necessary

information and equipment to make accurate

measurements and observations

•  an effective use of time and completion of all procedures

within the given time

•  a description of any problems encountered and, where

appropriate, the identification of any results that do not

fit the general pattern of your results

•  reasoning as to why standard procedures may differ in

science-based services and industries and in your

school/college.

•  anticipation of any difficulties that might arise, including

any problems or significant sources of error that do arise,

and steps taken to overcome these; recording of any

planned or actual adaptations to the procedures and

techniques you used

•  a repeating of activities, observations or measurements to

obtain the best possible information or data

•  a review of your work, and evaluation of its strengths

and weaknesses

•  an evaluation of the procedures and techniques that take

place in a science-based service or industry, comparing

them with similar activities that take place in your

school/college.
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Students may well come to this course having carried out scientific investigations, but with

little experience of gaining competence in specific techniques. In the workplace, scientists

must have the confidence and ability to work safely, reliably, accurately and with precision.

These skills are what this unit is about and opportunities for frequent practice should be

made available. Students will need guidance on the application and difference between these

skills. Dictionaries use these terms interchangeably; the following approach should be

adopted in this unit:

•  when making observations or measurements students should work accurately and with

care, using appropriate units. For example, if an object is 3 centimetres long, then

accuracy might be sufficient to the nearest centimetre (2 centimetres is more accurate

than 5 centimetres); when measuring electric current accuracy might be sufficient to the

nearest ampere. ‘Accuracy’ means how close the measured quantity is to the true value

•  precision is the necessary degree of refinement required by measurements and

observations with a specified instrument: for example, measuring length as 2.5 cm to two

significant figures. Another feature of precision is choosing the appropriate instrument:

for example, when measuring the volume of liquids it might be sufficient to choose a

measuring cylinder that provides measurement in cm3 
graduations, or it might be more

appropriate for a greater degree of refinement to choose a burette that provides

measurement in 0.1 cm3
 graduations. ‘Precision’ means how effectively the range of

measurements is reduced for a quantity. Precision can be improved by measuring

multiples of a quantity: for example, the mean thickness of a page in a book is found as

‘measured book thickness’ divided by the number of pages, or by repeating single

readings until a full range is found; mean values and the range of values are then written

down

•  observations and measurements also need to be sound and consistent in order to be

reliable. Therefore, if a student measures the width of an object, another student or the

same student should obtain the same values when repeating measurements. Another

aspect of reliability is that they would both measure the same dimension: for example,

‘width’ rather than some other dimension of the object. Tutors can encourage students to

be good experimenters and to try to make their results reliable by:

− selecting the best instrument for the job (or the best scale on an instrument)
− good technique (using instruments correctly, perhaps cross-checking with others)
− good experimental design (designing a fair test).

Students will learn and practise important practical skills that they can apply across their

work in other units. This will prepare them well for advanced level science courses.

Students should be given opportunities not only to develop scientific skills, but to explore

how and for what they are used. Ideally this should be achieved through a balanced

programme of visits to places where scientists are employed, to see laboratory skills in

practice, hear from skilled practitioners and look at relevant resources, such as manuals,

experimental procedures and safety procedures. No skill should be taught without a

discussion between tutors and students and between students themselves about why it is

needed and what it is used for.

Knowledge, understanding and skills are inextricably linked. Scientific knowledge and

understanding contributes to and supports the development of skills: for example, knowledge

and understanding about the approximate size of cells or micro-organisms will assist students

when they are choosing a suitable objective lens for a light microscope.
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The aim of this programme must be to enable students to place their practical work in a

realistic vocational context.

Following standard procedures is the way most scientists at technician level work. However,

as well as following instructions correctly, they need to be able to ‘trouble-shoot’, taking

remedial action when problems arise, and to think about the significance of their results. The

vocational relevance can be enhanced by using standard procedures obtained from local

organisations: for example, hospital pharmacy or pathological laboratories, and by showing

students national or international protocols, such as British Standards.

For the purposes of this unit, students are required to carry out at least six structured tasks.

These are intended to show that they can learn skills, follow procedures and practise a

technique until they are confident of being able to apply it in scientific work they may be

asked to do in other units. The emphasis is on building the confidence of students to follow

instructions independently and competently. Opportunities for using the skills developed for

this unit occur in compulsory Units 2 and 3 and in all optional units.

The availability of equipment and materials may limit the type of activities that students can

undertake. However, the way of working and the activities carried out should reflect the

conditions of working in a real laboratory or field situation. Procedures, techniques and

methods used by students should have a vocational relevance, reflecting practice in the

workplace.

Examples of contexts where skills could be applied and assessed, whether in this unit or

Units 2 and 3, could include:

•  environmental monitoring – air temperature, speed of water flow in a stream

•  growing plants – vegetable plot, greenhouse, household plants

•  culturing micro-organisms – yeast, agar plates

•  determining cardiac recovery rate, reaction time and speed of the human body

•  preparing a chemical compound – lead chloride, magnesium sulphate, sodium nitrate,

zinc oxide, copper oxide

•  carrying out a chemical analysis – acid base titration, qualitative tests for carbonate,

sulphate and nitrate ions

•  calibrating an instrument – pH meter, colorimeter

•  determining a physical property, such as melting point

•  determining the performance of a mechanical, optical, electrical or electronic device.

Working safely in science is of great importance. Students must be aware of and abide by the

safety regulations for the laboratory in which they are working. They should be encouraged

to use the safety reference sources for themselves when learning about safety checks and risk

assessments. They should be able to identify the warning signs in Safeguards in the School

Laboratory (ASE, 1996) (see ‘Resources’, below).

Handling scientific equipment and materials could embrace a number of things; however

there is key equipment with which all students should become familiar and which they will

need to be able to use for this course. This includes equipment for:

•  handling and transferring material – clamp and boss, spatula, scalpel, seeker

•  handling micro-organisms – petri-dish, inoculating loop, incubator, safe disposal of

micro-organisms

•  heating and stirring materials – Bunsen burner, tripod, wire loops for flaming techniques,

heating mantle, hair drier, magnetic stirrer, mechanical stirrer

•  observing organisms and materials – magnifying glass, microscope

•  building or constructing – usual workshop tools, soldering iron
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(NB: The safety regulations that apply to the use of certain workshop tools must be

followed – see ‘Resources’.)

•  measuring physical quantities or substances – ruler, callipers, micrometer, timer,

thermometer, voltmeter, ammeter, multimeter, force-meter, balance, measuring cylinder,

volumetric flask, pipette, burette, syringe

•  handling materials in glassware – test tube, conical flask, beaker, ‘quickfit’ (distillation

or reflux), filter devices (atmospheric and reduced pressure), microscope slides, dropping

pipette.

Students should have opportunities to work with:

•  gases, liquids, solids

•  oxidising and reducing agents

•  acids, bases and salts

•  metals, polymers, ceramics and composites

•  plants, animals and micro-organisms

•  biological materials such as prepared slides.
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As you get to know your students you will have expectations of their ability, and through

discussion decide appropriate levels of work. The assessment evidence grids will help you

with this aspect of your work. The criteria identify broad judgements about key aspects of

achievement in the unit rather than atomised details.

Working safely and effectively in science requires all students to follow instructions

correctly and to handle materials and equipment competently. Merit and distinction students

show increasing confidence in their abilities and judgement, independence, their ability to be

critical about their work and to understand its significance and implications.

When grading student evidence you should consider the following general qualities that

distinguish between the three grades:

•  increasing depth and breadth of understanding

•  increasing coherence, evaluation and analysis

•  increasing independence and originality.

Pass

Students should carry out a minimum of six structured activities, given clear step-by-step

instructions. The list provided in the assessment grid and below identifies five types of

activity that must be provided as evidence for assessment. Evidence that students can carry

out these activities competently should be provided in the ‘laboratory notebook’ referred to

in the assessment grid. The activities may form part of experiments or investigations for

compulsory Units 2 and 3, as shown below.

•  Carrying out chemical tests to identify substances: ref Unit 2.

•  Preparing chemical solutions: ref Unit 3.

•  Calibrating an instrument or device: ref Unit 3.

•  Observing fine detail of organisms or biological materials: ref Unit 2.

•  Culturing a micro-organism using aseptic techniques: ref Unit 3.

Pass-level students show confidence and competence when their work is guided by an

experienced person. They should obtain results that meet the basic requirements of the

activity and be able to make a statement that relates their results to the purposes of the

activity.
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Merit

Students should show that they have thought about what needs to be done, seeking

clarification if necessary. They show greater independence and responsibility for their work

than the pass-level students. They should be able to recognise whether data they have

collected makes sense in the context of the activity and explain what it shows. They should

recognise limitations in procedures and equipment, as well as in their own techniques, that

might account for variation or errors in results.

Distinction

Students give careful thought to their activities before starting work. They anticipate

problems and take appropriate steps to limit those that might occur: for example, when

studying biological material with a microscope, they take a sample and ensure that sufficient

material is available should the work need to be repeated. Distinction-level students show

dedication and perseverance in achieving the best possible results. They show independence

of thought and action, and make sound, critical assessments of their work. They can identify

other situations where techniques or methods they have used could be applied and can

recommend modifications or extensions to the activity they have done.
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Useful sources of information include:

•  Safety in Science Education, DfEE (1996, ISBN 0 11 270915 X)

•  Laboratory Handbook, CLEAPSS School Science Service, 1989 with later additions

•  Hazcards, CLEAPSS School Science Service, 1995

•  Microbiology: an HMI Guide for Schools and FE, HMSO (ISBN 0 11 270578 2)

•  Safeguards in the School Laboratory, ASE, 1996

•  British Standards

•  protocols and standard operating procedures from local organisations.

Science teachers should be familiar with the requirements of COSHH Regulations, with

DfEE (DES) memoranda on the use of plants and animals in schools and with regulations

applying locally. For information contact science advisor/education department.

CLEAPSS guidelines gives detailed advice on microbiology, with suggestions for useful

reference material.

The National Centre for Biotechnology Education at Reading has produced many

information and advice booklets, including suggestions for investigations.

The Microbiology in Schools Advisory Committee has produced information and advice

leaflets. They also can supply a list of practising professional microbiologists willing to give

advice. Contact MISAC c/o SGM, Marlborough House, Basingstoke Road, Reading

RG7 1AE.

Warning signs are provided on pages 44 and 45 of Safeguards in the School Laboratory

(ASE 1996). The use of certain tools, particularly power tools, is governed by the Provision

and Use of Work Equipment Regulations. Some information is given in the ASE booklet

referred to above, but teachers may wish to consult colleagues in engineering or technology

departments on safety issues to do with the use of workshop tools. If power tools are to be

used, the important point to note is that tools bought in the high street or from DIY outlets

may not comply with regulations for tools to be used in workplaces.
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This guidance highlights the most relevant Key Skills opportunities in this unit. It contains

suggestions only. You will need to check that students have produced all the evidence

required to meet part A and part B of the Key Skills specifications. Students may need to

develop additional evidence elsewhere to meet fully the requirements of the Key Skills

specifications.

Guidance is referenced in two ways:

K – keys to attainment

These are Key Skills or aspects of Key Skills which students should achieve as they meet the

vocational requirements of the units. Only part B of the Key Skill is highlighted – you will

need to check that students achieve part A.

S – signposting

These are opportunities that can be incorporated naturally into the learning programme.

APPLICATION OF NUMBER, LEVEL 2 Key Skills

Reference

When students are: They should be able to develop the following Key

Skills evidence:

•  reading standard

procedures for

carrying out

experimental work

or obtaining data

from secondary

sources

N2.1 Interpret information from two different sources,

including material containing a graph.

K

•  dealing with the

results of their

practical work

N2.2 Carry out calculations to do with:

a amounts and sizes

b scales and proportions

d using formulae.

S

S

S

•  making notes on

their practical work

N2.3 Interpret the results of your calculations and

present your findings. You must use at least one

graph, one chart and one diagram.

K
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COMMUNICATION, LEVEL 2 Key Skill

Reference

When students are: They should be able to develop the following Key

Skills evidence:

•  reading standard

procedures for

carrying out

experimental work

•  obtaining essential

information for safe

working practice

from secondary

sources

C2.2 Read and summarise information from two

extended documents about a straightforward

subject. One of the documents should include at

least one image.

S

•  writing notes and

accounts in their

laboratory

notebooks

C2.3 Write two different types of documents about

straightforward subjects. One piece of writing

should be an extended document and include at

least one image.

K (one

document)


