[image: image6.png]PROFILES



                 [image: image7.jpg]


                    [image: image8.jpg]


            
                           

That makes me Sick
This microbiology module is set out in four stages and is aimed to challenge and motivate students aged between twelve and sixteen years. All stages of this module can be carried out by students of all abilities. It may be organised as a single module over a series of approximately eight lessons or as four separate modules of two lessons each. The students can work in teams or as individuals to conduct the research and carry out the different activities. The recommended size for the groups is between two and four and each group should be of mixed ability. 
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1. Abstract:

This series of activities allows students to form an investigative team to consider the microorganisms we encounter on objects that we use as part of our everyday lives. These activities also encourage students to research the different types of microorganism, devise procedures to examine the microorganisms in their immediate environment, determine the best disinfectant to use and the most effective handwashing technique to reduce the prevalence of microorganisms.
	 Sections Include

	1.
	Student activities
	Describes the scenario in more detail and the tasks the students should perform

	2.
	Teaching guide / notes
	Suggests a teaching approach for the module

	3.
	Assessment
	Gives suggested formative assessment strategies


2. Objective of Module: 
To give students the chance to work like scientists to investigate the microorganisms we encounter as part of our everyday lives, to understand that there are some harmful and some not so helpful microorganisms and encourage them to investigate the best methods to reduce the harmful ones. 
3. Learning Outcomes of the module

On completion of this module students should be able to: 

· Discuss the different types of microorganisms that exist. 

· Design and conduct an experiment to examine the presence of microorganisms on everyday objects in their school. 

· Investigate the best disinfectant to use to reduce the growth of harmful microorganisms. 

· Explain the best method of hand washing and its necessity. 

4. Pre-Knowledge Required: 
· Three types of microorganisms; bacteria, fungus and viruses. 
· Diseases associated with microorganisms. 
· How to use agar plates to grow microorganisms. 

5. Curriculum content: 
Distribution of microorganisms in nature, common illnesses caused by microorganisms, precautions needed when working with microorganisms and the technique for inoculating an agar plate.  

6. Kind of activity: 
· Research and information processing. 

· Communicating 
· Planning and carrying out laboratory tests 
· Comparing results and drawing conclusions    
7. Anticipated time:
 Eight lessons of thirty-five to forty minute duration, for the entire module.

8. Student Activities
[image: image2.png]



8.1 Scenario 

In the winter of 2009 - 2010 there was a worldwide swine flu pandemic. This was caused the H1N1 strain of the influenza virus. At the time the Health Service Executive (HSE) issued a vaccine and also some public health guidelines for prevention of the disease. These included the ‘catch it, bin it, kill it’ posters ad campaigns and also the poster on hand washing technique.
The flu pandemic led to huge concern around the world. The use of alcohol sanitizers and disinfectants increased in an effort to eliminate microorganisms and to prevent the spread of the virus. We are, however, constantly in contact with microorganisms as part of our everyday lives and many people are unaware of the extent of the microorganisms they encounter on the objects that they use every day. People may also not be aware of the effectiveness of these different disinfectants and hand washing techniques on the growth and spread of microorganisms.  
8.2 Your tasks

The project is divided into four parts. In Part One of the activities you will carry out some research into the world of microorganisms. Parts Two and Three will involve the design of experiments to examine different objects that contain microorganisms and also the effectiveness of different disinfectants on the growth of microorganisms. Finally, Part Four involves the investigation of the way in which people wash their hands and comparing it to the HSE prescribed method.
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Part 1: Research into microorganisms  

Using the resources available to you, each group must conduct some un-aided research into the world of microorganisms to gain a better understanding of them. 

Part 2: Testing Everyday Objects for Microorganisms

Together as a group you must design and conduct an experimental investigation to examine the microorganisms present on everyday objects of which we may not be aware. 

Part 3: Which Disinfectant is best?

Again, as a group, you must design and conduct an experimental investigation to examine the growth of microorganisms in the presence of different disinfectants, thus examining their effectiveness. 

Part 4: Investigation into the way in which people wash their hands

Your final task is to design and conduct an investigation into people’s hand washing habits and to compare it to the Health Service Executive’s prescribed technique. 

9. Teacher Guide
9.1 Introduction

This module is designed to interest and motivate students and to encourage them to work like investigative scientists. It is divided into four separate parts and is designed for students of all abilities. 

As part of this module the students are encouraged to use their prior knowledge to:
· Research the different types of microorganisms that exist. 

· Design and conduct an experiment to examine the presence of microorganisms on everyday objects in their school. 
· Investigate the best disinfectant to use to reduce the growth of harmful microorganisms. 

· Examine and compare different methods of hand washing to determine the most effective method. 
9.2 Background Information
‘That makes me sick’ was designed as an Inquiry Based Learning module. The students are encouraged by the teacher to work together as an investigative team and use their pre-requisite knowledge to conduct some research, design experiments, analyse their results and draw conclusions. 
For the duration of the eight class module, the teacher is a mentor to the students. The students’ role is to work on the different aspects of the module, learning how to work like a scientist, while the teacher provides guiding questions, where required and also correct any misconceptions that the students may develop.
The author found that it took eight lessons to teach the entire module. The class that the author worked with consisted of a group of twenty one transition year students of mixed ability in an all girl’s school. Some of these students had not taken science to Junior Certificate level and therefore had a basic science background. 
9.3 Teaching Approach

Lesson One
This first lesson was conducted in a computer room so that the students could use the computers to conduct their research. Using the PowerPoint presentation, the module was introduced to the students and the scenario was presented to the class by showing them a copy of the ‘catch it, bin it, kill it’ campaign poster and the HSE hand washing technique poster. These posters were used to promote discussion among the students about when they were brought out, why, the Swine Flu pandemic and the prevalence of microorganisms. 

Once the scenario was presented to the students using the student activities handout and the students discussed their ideas, the class was divided into groups (with three or four students per group). For the remainder of the first lesson, the students were encouraged to start working on Part One of their activities and to conduct some unguided, independent research into the world of microorganisms. The students were asked to finish this research for homework and to keep a record of their interesting findings. 
The author acted as a mentor to the students and used the following questions to help guide some of the weaker students in their research if they required some assistance. 

· What are the main types of microorganisms that exist?

· Where are microorganisms found?
· What are the most common illnesses caused by microorganisms?

· What are the optimum conditions for microorganisms to grow?

· How does a vaccine work?

· What is meant by immunity?
Lesson Two: 
At the start of the second lesson there was a discussion about what the students discovered from their research into the world of microorganisms. Here the students got the chance to discuss the most interesting facts that they found and the author was able to address any misconceptions that the students developed. 
The second part of the module was outlined to the students again using the student handout. In preparation for the third and fourth lessons, the students were encouraged to make a list of the different objects that they believe have microorganisms present on them, or objects that they wished to examine for microorgansims. In their groups, they discussed and decided which objects they are going to test.  
The students were encouraged to discuss as a group and with their teacher all aspects of the procedure that they wanted to use to accurately examine the presence of microorganisms on their listed objects. Most students were able to come up with the procedure for this experiment. With some groups the author had to provide some guiding questions to make sure the students covered all aspects of the procedure.   

These guiding questions included some of the following:
· On which objects do you expect to find the most microorganisms?

· What temperature did you grow your bacteria at and why?

· Do you have a control for this experiment and if so what is it? 
· What is the correct way to prepare and store agar plates for growth and why?
· What safety aspects do you need to consider for this experiment?
A suggested procedure and a list of materials that can be used for this investugation is outlined as follows. 

Materials Needed

	Prepared Petri dishes containing agar 
	Parafilm

	Sterile swabs 
	Bleach

	Marker 
	


Method

1. Prepared Petri dishes should be refrigerated until used and always stored upside down (i.e. media in upper dish, cover on the bottom). This prevents condensation dripping onto and disrupting the bacteria growing surface. 

2. When ready to use, let dishes come to room temperature before taking samples (about an hour)

3. Collect bacteria from each location using one swab for each new object. 

4. Inoculate each dish by streaking a pattern gently across the entire agar surface without tearing it (Figure 1).
5. Replace cover on dish, seal closed with parafilm, and label each dish so the source of the bacteria is known. Store upside down. 

6. Let the bacteria grow in an undisturbed warm location ideally at 37 °C. 

7. Growth should be seen within a couple of days.  

8. Make observations and keep a record of what you see growing in each dish. Can you make any conclusions about what locations had the most bacteria?

9. Before disposing of the dishes, the bacteria should be destroyed. Pour a small amount of the household bleach over the Petri dish while holding it over the sink. 

Lesson Three
During this lesson, the students conducted the experiment that they designed to test for the presence of microorganisms on their list of objects. They decided what control to use and what incubation temperature to use and why. The teacher helped some of the weaker students with these issues by asking guiding questions. The students were encouraged to keep a record of the procedure that they used and to label all the plates. It was important that the students also knew and understood the correct storage of the agar plates. 
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Figure 1: Plate being inoculated by students with sample.

Lesson Four:

In this lesson, task three was outlined to the students using the students’ handout and they were encouraged to think about an experimental procedure that could be used to test the effectiveness of different disinfectants. 
The following questions were used by the author to help guide the students towards a correct procedure: 

· What object do you plan to get the microorganisms from?

· How do you plan to measure the effectiveness of each disinfectant?

· Do you have a control for your experiment and if so what is it?

· What did you keep constant throughout the experiment?
· Is it possible to measure the effectiveness of the disinfectant using the procedure that you outlined?

The teacher encouraged a discussion with the students as to what they expected the agar plate to show and how they planned to evaluate the different disinfectants.
A suggested procedure and a list of materials that can be used for this investugation is outlined below: 

Materials Needed

	Prepared Petri dishes containing agar 
	Samples of disinfectant

	Sterile swabs 
	Test tubes (2 for each disinfectant)

	Marker 
	Filter paper

	Masking tape
	Hole Punch

	Tweezers
	Ruler

	Bleach
	


Method

1. Prepared Petri dishes should be refridgerated until used and always stored upside-down (i.e. media in upper dish, cover on the bottom). 

2. Prepare sterilised water by boiling water and letting it cool to room temperature. 

3. When ready to use, let dishes come to room temperature before taking samples (about an hour)

4. Prepare antiseptic disks by using a hole punch to create paper disks out of a piece of filter paper. Soak each disk in a different disinfectant and set aside. It is recommended to use the disinfectant concentration listed on the bottle.
5. Collect bacteria from the same location using one swab for each plate.

6. Fill a small test tube partly full of sterilised water. Dip the bacteria laden swab into the water. This will transfer some of the bacteria you collected into the water.  

7. Inoculate each dish by pouring the water into the dish so the entire surface is covered. Pour out excess water. Repeat this for each disinfectant sample using fresh water and a clean test tube each time. 

8. Using the tweezers, place the pretreated antiseptic disk in the centre of each of the plates (Figure 2)
9. Replace covers on dishes, seal closed with parafilm, and label each dish so you know the disinfectant used. Store upside down. 

10. Let the bacteria grow in an undisturbed warm location ideally at 37 °C. 

11. You should see growth within a couple of days. You should also see a ‘halo’ around each disk indicating a no growth zone. Measure and compare the size of the kill zone to determine the effectivness of each disinfectant.  

12. Before disposing of the dishes the bacteria should be destroyed. Pour a small amount of the household bleach over the Petri dish while holding it over the sink. 

Lesson Five:

During this lesson the students conducted the experiment to test the effectiveness of different disinfectants. In this session the students also have to agree on an appropriate control, storage conditions, concentrations of disinfectants and method of measurement for this experiment. Again the author had to guide the students in their work by calling on their previous knowledge and asking some guiding questions.
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Figure 2: Pre treated dish being placed on the inoculate plate.

Lesson Six: In this lesson the students were reminded of the hand washing technique that was prescribed by the HSE. It was outlined to the students and they were encouraged to think about a test that they could use to examine different methods of hand washing. They were encouraged to think of the most effective way to wash their hands and to consider if in fact the way they washed their own hands eliminates all microorganisms. Again the author had to assist the students by asking guiding questions. 
The following questions were used to guide the students:
· How can we make this experiment measurable?

· How can we represent bacteria on our hand that is visible?

· From the method used what is the best way to wash your hands?

· Do you think many people use the HSE prescribed technique of hand washing?  
Not many of the students came up with a procedure. One student did touch on the idea of using glitter pieces that are small and visible but they couldn’t think of a way to make it stick to her hands. 
A suggested procedure and a list of materials that can be used for this investigation is as follows. 

Materials Needed

	Cooking Oil
	Ground Cinnamon

	Measuring spoons
	Handwashing Sink

	Soap
	


Method

1. In groups of 4, each of the students rub 1 tablespoon of oil around their hands until they are completely coated. 

2. Sprinkle 1 teaspoon of cinnamon (which represent bacteria) on their hands and rub to coat until the ‘bacteria’ are evenly distributed over their hands. 

3. Each of the 4 students must wash their hands and must not dry them until all four methods are compared. 

· 1st student: wash their hands as they normally would with cold water only. 

· 2nd student: wash their hands as they normally would with warm water only

· 3rd student: wash their hands as they normally would with warm water and soap. 

· 4th student: wash their hands are prescribed by the HSE poster.
4. The student’s hands are then compared based on the amount of cinnamon that remains. 

Lesson Seven:

During this lesson the students conducted the experiment that they designed in the previous lesson to find the most effective way to wash their hands. All students were encouraged to record all findings from the experiment. 
For the second half of this lesson the students were encouraged to put on gloves and examine the plates that they swabbed in lesson three to examine the objects that harbour the greatest amount of microorganisms. They were encouraged to record all of their results and encouraged to dispose of the plates in a safe manner. 
Lesson Eight:

In this lesson the students examined the plates that they used to test the effectiveness of the different disinfectants. Here they were advised to put on gloves and examine the plates to measure the ‘no grow zone’ or ‘halo’ that was formed around the disk soaked in the disinfectant. They were encouraged to keep a record of all of their results for the projects. 

At the end of the lesson the assessment of the module was outlined to the students. 

The students gathered together all the information that they have gained throughout the module and prepared it for assessment. 

Part 1: From part one the students put together the research information that they gained and organised it for presentation. 
Part 2: From part two of the module the students described the procedure that they used to examine the amount of microorganisms on everyday object and organised it for presentation. They compiled a list of the objects that they swabbed and what they found about the amount of microorganisms present. 
Part 3: From part three of the module the students described the procedure that they used to examine the most effective disinfectant and organised it for presentation. From the examination of their plates they outlined which disinfectant they found to be the least and most effective in eliminating microorganisms. 

Part 4: From part four of the module the students described the procedure that they used to examine the most effective hand washing technique and organised it for presentation. 
9.4 Results of Students Activities 
The students that were taught using this module when presented with the scenario were able to partake in a discussion about the swine flu pandemic and ultimately microorganisms; it is a topic that both interests and motivates them. When the tasks were outlined to them they were able to focus and work through the different parts of the module:

Part 1: In the computer room the students conducted independent researches into the world of microorganisms. Every student was able to carry out some research, they had a discussion and when they brought all their work together they came up with their ideas for part 2 of the module. In their research the most common websites used were: www.hpa.org.uk and www.biology4kids.com
Part 2: Following the discussion in part one the students came up with some different objects that they wished to compare microorganism content by swabbing. The students compared the amount of microorganisms on male verses female hands, long versus short nails and on the in versus the out handle of the toilet door. Following these comparisons they also looked into the level of microorganisms on a mobile phone, computer keyboard, piano keys, money, the water fountain, the banister going up the stairs and the food preparation areas in the school canteen. For each of these above tests the students swabbed the object and inoculated a plate, labelled it and placed it in the incubator for five days. The students also tested what they call the ‘ten second rule’; this is the idea of food falling on the floor where they eat their lunch and picking it up and eating it quickly. For this test the students allowed the swab to drop on the floor similar to a piece of food and picked it up again after a few seconds. This was then inoculated onto a plate, labelled and incubated. 

Part 3: The students picked the in handle of the bathroom door as the object to use to test the different disinfectants. The students also decided that they were going to compare the different disinfectants by using the prescribed dilutions outlined in the directions of use on the bottle. For this activity the same area was swabbed each time and the variable was the disinfectant used. The students collected the sample on a number of swabs, made up the antiseptic disk, inoculated the plate with the sample, placed the disk in the centre of the plate, labelled it and incubated it for five days. This was carried out with four different dinsinfectants; Dettol, Tesco pine, Daisy and bleach. 
Part 4: For this final part the students compared the different hand washing techniques. Each person in the group put the same amount of cooking oil and ground cinnamon on their hands and rubbed them together. Each student then washed their hands using different techniques, cold water with no soap, cold water with soap, hot water with no soap, hot water with soap and finally the HSE prescribed method. The students then compared their hands to examine which method gave the best results by removing that most amount of oil and cinnamon. Some of the students had to rewash their hands in order to clean them properly after the investigation. 

9.5 Sample Results obtained by students
Part 1: The students as part of their independent research each produced a summary of their findings; they all produced some interesting facts and also got to learn some new aspects of the world of microorganisms. The most effective and beneficial part of this research section was the discussion that the students engaged in as it allowed then to gain further information, having ownership of their work and learn from their peers. 
Part 2: This section produced some interesting findings. The students on examinations of the plates found the following results:

· The banister of the stairs harboured a large amount of microorganisms 
· The preparation area in the canteen proved to have quite a lot of microorganisms

· The computer keyboard and piano keys proved to be clearer of microorganisms than expected

· Male hands proved to be worse than female hands for microorganisms
· The handle into the bathroom was worse for microorganisms than the door out

· Short nails proved to be worse for harbouring microorganisms than the longer nails 

· The mobile phone and money showed not to have as much microorganisms as the students expected 

· All the students agreed that they would never again engage in the ‘ten second rule’ as its plate showed to have grown the greatest amount of microorganisms. 

The students again got to examine the plates and discuss in their groups their findings to establish which results were as expected and which results were surprising. They were also encouraged to come up with an explanation for their findings. 

Part 3: the students got to examine the power of each of the disinfectants by looking at a number of plates containing the disinfectants. On each of the plates the students were able to measure the ‘halo’ or no grow zone that had formed around the disks and compare them to the control plate where the disk was not soaked in any disinfectant. From the four tested disinfectants the students were able to conclude that bleach was the best to reduce the growth of the microorganisms. They also found that Tesco Value Pine proved to be very effective at reducing the growth of microorganisms, with Dettol being the next effective and Daisy being the least. One part that wasn’t included in this study but will be incorporated the next time it is taught is getting students to evaluate the most cost effective disinfectant verses their ability to reduce microorganisms. 
Part Four: The students in the final section showed that the HSE hand washing technique, which is displayed in all of the school toilets, is the most effective method of handwashing. None of the other methods of handwashing investigated were successful in removing all of the oil and cinnamon. The students also established that none of the students in the class practice the HSE hand washing technique but this module has resulted in them being more aware of the need for effective hand washing.

9.6 Assessment

Suggested Assessment of Student Learning:

The teacher may decide whether to assess the student based on the learning outcomes and class objectives or based on group work. It is suggested that assessment be both formative and summative.

Students are requested to complete a project for submission to their teacher; it should contain the following:

1. An introduction to microorganisms – as obtained from the research conducted in part One. 

2. An experiment write-up for Part Two on the microorganisms present on everyday objects. This should include the results found from the experiment and the objects listed in order of the presence of microorganisms. 

3. An experiment write-up for Part Three on the most effective disinfectant. This should include the results found for the experiment and the disinfectants listed in order of effectiveness. 

4. An experiment write-up on Part Four on the most effective hand washing technique. This should include the results found as part of the experiment and a comment on the most effective hand washing technique. 

9.6 Summary and Conclusions
Overall, the students enjoyed the module as it was hands-on, motivating, interesting and student centred. The majority of students were able to design and conduct the procedures with very little guidance from the teachers. With the design of the procedures, all of the students were able to come up with a procedure for the first investigation to swab the different objects in the school. Some of the students were able to come up with a procedure that would allow them to test out the different disinfectants however they were unable to provide a method of holding the disinfectant in one place on the Petri dish. In the final investigation some of the students were also able to come up with the procedure however the majority of them struggled with providing a method. With each of the investigations, the students had to be reminded to consider a control and the optimum conditions for which to grow the microorganisms. 

It was also evident that the students displayed no major issues in conducting the procedure write-ups as this is a task which they are used to completing. However when it came to students drawing their own conclusions they displayed some signs of struggle as the existing laboratory methods consist of students conducting the investigations, having been informed of what they should observe and conclude prior to the procedure from the text book. The teacher as a mentor is very effective as it allows the students to work on their existing knowledge and to work like a scientist. 

The students as part of this module were very capable of conducting the lessons through inquiry with the teacher as a mentor and facilitator as opposed to the didactic method which has been the way that science lessons have been conducted to date. 
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