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INTRODUCTION

This handbook is intended to provide you with guidance and information to enhance your laboratory teaching skills.  An effective laboratory teacher can make learning a stimulating and productive experience for both the teacher and the class.  This handbook should provide beginning teachers with the confidence to run a laboratory experiment efficiently and effectively, gaining the respect of your students.
The topics covered are:

· Aims of Laboratory Work and Field Trips

· Preparation

· Strategies

· Evaluation

· Health and Safety Issues

Demonstrations and laboratory work in Science courses is often an exciting and rewarding experience.  You have an opportunity to improve and build upon your existing skills as you assess students’ development of their knowledge.  However, even experienced teachers often find demonstrating laboratories and leading their students in lab work to be a difficult and daunting task.  Laboratory teaching is markedly different from tutorial and lecture classes, and from much of the project-based work due to its hand-on nature.  For this reason, it is useful to spend some time working on laboratory teaching skills.

AIMS OF LABORATORY WORK AND FIELD TRIPS
It is important to begin with an understanding of the aims and expected outcomes of laboratory work and field trips, in order to teach and evaluate these components successfully.  The aims can be categorized in terms of content and competency goals, which both have short term and long term components.
In the short term, the content aim of a session spent on a laboratory experiment, or out in the field is to make observations which lead to a conclusion reinforcing what is learned in the content of the course.  This is typically done through the assembly of a Lab Report or Journal Entry.  These methods will be discussed in the later sections.  The long term content-based goal is to provide the student with an intimate understanding of the content through the hands-on practical experience they have obtained.
The short term aim of developing competencies is expressed through the actual steps of laboratory work or field trip participation.  Enhancing skills such as observation, measurement, recording, reasoning, problem-solving, note-taking, team work, written and oral presentation is a valuable goal.  These also evolve into long-term goals, including

· To provide students with specialized technical skills

· To increase levels of interaction and open exchange between students

· To create a working atmosphere where the teacher interacts with the class without typical classroom lecture-style barriers

· To enthuse students with a passion for learning Science!

Periodically refreshing your awareness of these aims will help you to make laboratory experiments and field trips memorable, and a valuable learning experience for yourself and your students.

PREPARATION

The key to running a successful laboratory class is preparation – by both the teacher and the students.  If you are unsure of the details of the laboratory experiment, or where it fits into the content, or the difficult components of the experiment, you are sure to have a difficult time garnering your students’ confidence and interest in the lab.  Similarly, if the students are unaware of the background material for the lab, or the safety and procedural protocol for the work, they are likely to have problems and grow frustrated with the lab negating the learning environment you are trying to create.
Getting Started:
In order to satisfy the needs of your students, you must know what role you will play in this particular experiment.  Often your role will be to demonstrate the lab and be available to guide the students when they have difficulty.  You may need to check on a specific aspect of the lab for each group, if a difficult procedural step has been identified in advance.  Sometimes you will be performing a part of the experiment yourself (typically when dangerous materials are involved), and you will need to “juggle hats” to ensure that the students’ are not unsupervised during this period.  In addition, there are logistical issues which need to be predetermined.  Some questions to ask yourself during the planning stage are:

· What are the topic aims and anticipated learning outcomes?

· What is my role during each part of the lab?

· What material must the students have in advance of the lab?

· How much work is expected of the students?

· How will students be allocated into groups?

· How will the topic be evaluated overall?

· How and when will the students’ submit their work?

· Are there any health and safety issues associated with this lab?

· Who can provide me with technical assistance if any issue should arise?

If you have not performed a lab previously, ensure that you have practiced it before you lead the class.  You may wish to speak to an experienced teacher who is comfortable with this particular lab to determine what potential problems or difficulties may arise.  The better prepared you are, the more confident you will be in the lab.
Pre-lab Talk

Once you have established what is expected for the lab, it is useful to develop an outline of the entire laboratory class.  Typically, each laboratory class begins with a short, but informative pre-lab talk by the teacher.  You should cover the following points in the pre-lab talk:

· The aims of the laboratory experiment and how these relate to the course and lecture content.

· Details of evaluation – what is expected, format, due date, etc.

· Definitions of terms which may be unfamiliar to the students, but which they will benefit from learning.

· Review or Introduction of concepts that are fundamental to understanding and successfully completing the lab – don’t rely on the student to have worked it out themselves, ensure that everyone is “on the same page”.

· How the session will progress – including an estimated timetable if possible.

· A demonstration of the lab, or simply of how the equipment works.

· Any health and safety issues pertaining to this lab.

· Details of the clean-up procedure.

· A chance for students to ask questions before they get started.

Your pre-lab talk must be as informative and stimulating as possible, to ensure that the students are well prepared for the lab.  Try to rehearse your talk (either in your head or out loud) before the class to reduce any nervousness you might be feeling.  Give yourself enough time for the preparation so that you don’t feel rushed.  Teaching aids can be very useful throughout this talk, and it is recommended that you consider using some of the following:

· Overhead Projectors

· Black or White Boards

· Handouts (or Laboratory Manuals)

· Reference Material (incl. wall charts, posters, scientific indexes, texts, etc.)

· Audio-visual equipment

STRATEGIES
It is natural to feel nervous about laboratory teaching, especially demonstrating experiments.  Despite how it may feel, it is a positive sign that you are taking your teaching responsibilities seriously.  The following section outlines some teaching strategies to aid you and hopefully calm those nerves.
The outline for the laboratory class assists you in maintaining a clear picture of your aims and strategies.  Laboratory sessions are usually divided into separate sections, each requiring a slightly different teaching strategy.  These are listed below:

1. Before Lab Time...

· Use this time to get warmed up and calm your nerves.  It is useful to talk to the students if they filter in, to find out what material they reviewed, as well as any anxieties they may have with regards to the lab.  The excitement that you relay, and that some of your students will already feel, is infectious.
2. Pre-Lab Talk

· Speak clearly and take your time, using teaching aids to illustrate important information.  State what the session is about, and cover all important material (as discussed previously).  At the end, encourage the students to ask questions...but don’t forget to give an obvious signal when the laboratory time begins.
3. Main Practical Session

· You will need to provide assistance to students, as required.  There are several strategies for doing so, listed here.  Keep in mind that you can use one strategy exclusively, but it is often more effective to use them in combination depending on the particular demands of the lab.  You must ensure that no single student or group takes all your time, and that there is no display of favouritism.  
Encourage open discussion between yourself and the students, having some questions ready to initiate the conversation. Pay attention to how each individual in class is doing and determine your strategy appropriately.  Five possible strategies are:

1. Summoning – Place yourself in a visible area of the room and wait for students to request your help.  This does not work successfully for all students, so you may need to take initiative with less confident groups.

2. Systematically – Approach students (or groups) in some order, ensuring that you talk to every student in the class.  This is a good way to monitor progress.

3. Stay Put – Set yourself in an area which each student will have to pass at some point during the class.  This may be near equipment or a specimen, and will enable you to talk to every student in the class at least once as long as you don’t leave your post.

4. Watching – Wait to the side and approach the students who need assistance.  This requires exceptional observation skills, and a great deal of sensitivity so that you don’t look like you are singling out a particular student or group.  This is often effective for inquiry lessons.
5. Wandering – Walk around the room and randomly approach students.  This is a good way to keep them on their toes, allowing you to stop and ask questions to the students to assess if the aims are being met.

· Remember that while you are being asked to help the students, it does not help in the long run to answer most of their questions directly.  Offer guidance to help the students develop their reasoning and research skills.  Use your knowledge to guide them to the answer using analogies, a different perspective on the theory, or pointing them to a resource they can use to discover the answer.

· At some stage, you will be asked a question which you can’t answer.  There is no need to panic.  You can maintain credibility if you are honest and try one of these strategies:

· Find the answer yourself – tell the student you will get back to them with the answer and make sure you do.

· Work through the problem together – this is a good way to ensure that the students’ research skills and understanding are coming along.  Use the textbook, or discuss the problem with the student.  Sometimes articulating the question a different way can lead to the conclusion.
· Encourage the student to find the answer – using the reference material made available, allow them to teach you.  This will help develop their research and problem solving skills, and enhance their confidence.

4. Clean-up

· Be sure to set an example by cleaning up the demonstration area, or the area around the equipment you’ve been monitoring.  It is essential that you keep a clean and organized working environment as a model for your students.
5. Summary

· Regain the attention of the group at the end of the period to reinforce key points and ensure that the content aims were met.  Reiterate the link between the laboratory work and class content.  Point out what skills have been enhances, and any specific problems which may have been identified in the performance of the lab.  Suggest further readings and ensure that the students are aware of the assignment format and date.
EVALUATION

Evaluation of laboratory assignments and field trip journals serve two important purposes: to assess the performance of the student with regards to the aims of the exercise (as discussed earlier) and to provide feedback to the students which they can use to enhance their future work.  In order to mark the work fairly and consistently, and to provide effective comments, a few questions must be addressed by the teacher.
· What are the marking criteria, and what is the appropriate scale of grades for this work?

· What was the expected work from the students?

· Will marks be deducted for grammatical and spelling errors, or for referencing methods, or will these simply be commented?

· Will any extensions be offered or late submissions accepted?

· Will students be given a chance to redress their errors?
· How will suspected cases of plagiarism be dealt with?

It is a good idea to have a mark sheet ready before the lab indicating how the evaluation will take place.  For laboratory reports, this may take into account factors such as structure, presentation, style, spelling, grammar, referencing methods, and content.  Returning a filled in mark sheet with the report makes it clear to the students what areas need improvement.  As well, in case of time constraints, it is easier to make decisions about editing lab procedures if the relative marking is already laid out.  This allocation of marks should reflect the short-term aims of the laboratory work or field trip experience, with some small portion requiring the student to make a connection leading to long-term development.

Once you have determined the marking structure, there are various methods used to assign marks.  Some teachers read through several assignments before allocating marks, to determine the range of work submitted.  Some teachers read all the submissions, ordering them in terms of comparative ranking, and then allocate final marks.  Either way, it is suggested that you review the marking after all assignments/reports/journals have been graded to ensure consistency.  Be sure to provide a comments section, detailing what feedback the students should use for future labs (both good and bad).  Marks alone are not enough for most students to identify their weaknesses and strengths.

HEALTH AND SAFETY ISSUES
Duty of Care
All teachers and staff in a school environment have a legal “duty of care” to the students who are their responsibility under current legislation.  For the laboratory teacher, part of your responsibility is to unsure that current safety standards are met and that all reasonable efforts are taken to maintain acceptable working conditions in your classroom.  While you will likely receive additional training and guidelines to this end, there are some necessary precautions that are worth mentioning here.  In supervising laboratory classes, you should:

· Ensure that all students wear protective clothing and shoes, as well as any required equipment.

· Ensure that safety precautions described in manuals are followed.

· Comply and assist students in complying with safety instructions such as fire and evacuation drills.

· Be vigilant in the supervision of work areas to ensure that unsafe practices are detected and corrected before an incident occurs.

Special Risk Categories
There are likely to be students in your classroom who have specific susceptibility to environmental factors.  Your role as laboratory teacher is to have a general awareness of these conditions, and to err on the side of caution in any specific instances of potential harm in the lab.  Some of the relevant conditions are:

· Immunosuppression – may be more problematic in microbiology labs.

· Allergies – Minor allergies (hay fever, ragweed) may have little effect on your classroom, but other allergies can be triggered by such innocuous agents as alcohol, latex or plants, and can have severe consequences.  Typically, students who have these allergies are aware of their condition.

· Pregnancy – if you have to deal with this issue, exposure to some solvents should be avoided.

· Open Wounds, cuts, etc. – Potential contamination should be avoided through application of band-aids or gauze during practical work.

Accidents
In case of minor accidents, it is your responsibility to aid injured students (or direct them in aiding you) to the best of your ability.  Remember,
· First aid kits should be available, and up to date, in each classroom.

· Shower head taps should be present in labs using harsh chemicals.

· If the accident is not an emergency, the student should be sent to the school nurse to insure that the injury does not require professional attention.

· All accidents must be reported in writing according to current legislation.  Forms should be available in your school’s office.

Emergencies
In emergency procedure will be given to you in advance by your administration.  Keep in mind that your students will look to you for assistance in an emergency.  To avoid panic and minimize risk to both the students and yourself, make sure to do the following:

· Familiarize yourself with all procedures, and the names and locations of first-aiders and fire-wardens for your area of the school.

· Know the location of the nearest first-aid kit, fire extinguishers, emergency showers and fire blankets where applicable.

· Identify students at special risk (i.e., epilepsy) and establish what to do if there is a problem.

Student Behaviour
The rules governing behaviour in a lab sometimes differ depending on the type of lab, but there are a few standard rules to point out to students.

· No eating or drinking in the lab.

· Close-toed shoes should be worn at all times.

· Hands should be washed at the end of the lab session.

· Long hair should be tied back, where appropriate.

· Naked flames should not be left unattended.

· Sharps and Hazardous Materials should be disposed of in the marked containers.
SUMMARY

This handbook has been designed to assist your laboratory teaching, and to give you the confidence needed to successfully run laboratory classes.  It is useful to discuss the advice in this handbook with others, and to personally reflect on what you think makes a good demonstrator.  Think back to your personal experiences during your own studies, and draw on the skills you remember seeing to help you with your own teaching.  Here are some of the characteristics you might find in common between good lab teachers.  They,

· Are approachable to students.

· Show good knowledge of the content and how it links together with the lab.

· Show good knowledge of specialized techniques and skills in the lab.

· Give clear explanations of what is expected of the students.

· Run the laboratory in a calm, organized fashion

· Set a good example for their students in the preparation for the lab and in maintaining the working environment around them.

· Give clear explanations, or provide guidance to enable the student to arrive at the explanation in a clear fashion.

· Mark without bias towards individuals, and in a consistent manner.

· Provide feedback to the students, including both strengths and areas of weakness with suggestions for future improvements.

These characteristics help define a laboratory teacher who can provide a stimulating and supportive learning environment for students.
