Unit 3   Teacher Guide

Investigation 1
Feeling and Measuring Temperature

Introduction

In this investigation, students use a temperature sensor to compare the feeling of temperature with the result of a measurement. They investigate still air, moving air, and water temperatures.

Why these Activities?

The three trials in this investigation are designed to introduce 

Lab skills. The first trial (Messing Around) gives students an opportunity to get acquainted with the equipment and software. They learn from this how electronics and computers are used for measurements. Almost all science research involves electronic measurements, from automated space probes to underwater tsunami detectors. 

The concept of measurement. Students at this age may not realize that almost everything can be measured and assigned numbers and units. Scientists like to measure things as accurately as possible, because measurement often reveals important effects and can lead to predictions. Temperature is a familiar property that can be used to introduce scientific measurement of anything.

Content. Temperature and its associated concepts of heat energy, insulation, and thermal conductivity are important. They help explain home heating and cooling, the role of clothes, blankets, and outerwear, and much more. While one short investigation will not teach all these concepts, it can give students some valuable experiences with these ideas that they can draw from when they are older. 

Investigation skills. The second and third trials introduce the idea that our senses do not measure temperature accurately. Students enjoy exploring the apparent conflict between what they “know” from their senses and what they measure. Students investigate how much different the two ways of measuring are and whether this difference is greater for air or water. They have to observe carefully and keep good notes to understand what is going on. They make predictions based on their observations. These are basic investigation skills that are central to science inquiry. 

Standards

The activities and assessments are designed to address the following inquiry skills and content science standards for grades 3-4:
Understanding that humans and other organisms have senses that help them detect internal and external cues.

Undertaking observations and interactions within the natural world of the child.

Understanding that animals adapt to their environment to survive. [I don’t see this in this unit.] 

It’s in investigation 2 EH
Asking a question about objects, organisms, and events in the environment.

Employing simple equipment and tools to gather data and extend the senses.

Using data to construct a reasonable explanation.

Understanding the process of measurement and units.

Using representations to model and interpret physical, social, and mathematical phenomena.

Collecting data using observations, surveys, and experiments.

Representing data using tables and graphs such as line plots, bar graphs, and line graphs.

Recognizing and applying mathematics in contexts outside of mathematics.

Students will also gain experience with science content that is more advanced, including

[Carolyn, the list above does not mention temperature!!? I’ve added some temperature goals. You may not like them because they are not in the standards for these grades, but we should push beyond the standards.]

Temperature. [I leave it to you to track down wording from standards.] There  is no good wording. I propose the following – EH

Observing,  measuring,  and interpreting  the temperature of materials.

Here is what I could find:  

 [NSES inquiry grades K-4

Beginning with simple instruments, students can use rulers to measure the length, height, and depth of objects and materials; thermometers to measure temperature; watches to measure time; beam balances and spring scales to measure weight and force; magnifiers to observe objects and organisms; and microscopes to observe the finer details of plants, animals, rocks, and other materials. Children also develop skills in the use of computers and calculators for conducting investigations.

NSES physical science grades K-4

Objects have many observable properties, including size, weight, shape, color, temperature, and the ability to react with other substances. Those properties can be measured using tools, such as rulers, balances, and thermometers.

Heat can be produced in many ways, such as burning, rubbing, or mixing one substance with another. Heat can move from one object to another by conduction. ]  EH
Equilibrium. 

Understanding that  heat flows from a warmer to a colder object until they come to the same temperature (equilibrium)

Probes. 

Developing skills in the use of sensors and computers for conducting investigations.
Discussion Guide

This section suggests ways to engage students in thoughtful discussions before, during, and after performing the experiments. 

Suggested Timeline

The amount of time you spend on introductory discussions, data collection, and analysis, will determine your overall timeline. The following timeline is suggested.

One-half class period - "Setting the Stage" discussion 

One-half to one class period - Trial I: Messing Around 

One-half to one class period - Trial II: Compare Still and Moving Air 

One-half to one class period – Trial III: Compare Air and Water

One class period - Analysis and "Wrap Up" discussion 

Setting the Stage 

The teacher’s version of the activity guide suggests using the following question to introduce this investigation and stimulate discussion: “Can you believe your senses?” Keep coming back to this question throughout the investigation. You might elaborate on the question by asking students to break it into sub-questions. Possible sub-questions are “What are your senses?” “What does each sense detect?” “How does our brain find out?” “What does it mean to believe our senses?” “Are there times when our senses are not accurate?”  

To answer these questions, it might be helpful to start by thinking about what we can sense, where we sense it, and how our brains get information from our senses. The five main senses are hearing, sight, taste, touch, and smell. It is often assumed that these are the only senses, but there are more. We also sense hot and cold, balance, and pain. For a nice source of information on hearing, sight and taste see http://www.hhmi.org/senses/ 

Challenge the class to fill in a table like the following. Start with just the column headings and one line filled in. Some of the cells may be too difficult, so you can fill them in. The point is not to get this exactly right or memorize it, but to realize that different senses detect different physical properties and can be deceived. 

	Sense
	Detects What?
	Where detected?
	Can’t believe when?

	Hearing
	Sound waves
	Ear
	Ringing in your ears. Ultrasonic sounds.

	Sight
	Light
	Eyes
	Optical illusions. See http://www.bu.edu/smec/lite/

	Taste
	Molecules
	Mouth, tongue
	After a strong taste like chili.

	Touch
	Force
	Skin and hair
	Touching at two places feels like one, particularly on your back. 

	Smell
	Molecules
	Nose and back of mouth
	After a strong smell like a skunk. 

	Hot and cold
	Temperature
	Skin, especially fingers
	Wind and water. 

	Balance
	Gravity
	Inner ear and muscles
	When dizzy, from spinning or illness. 

	Pain
	Extreme force, temperature
	Everywhere
	When you have been given a pain killer. 


If this is your first TEEMSS activity, using a computer to measure something will be a new idea. Probes use a sensor to convert a property into information that a computer can process. This makes a computer into an instrument. Now, almost all scientists use instruments that are based on computers. Small computers are in DVDs, cars, printers, and many toys. These computers often sense their environment.

Ask: “Did you know computers can sense things like temperature? Can you give examples?” [Tell students that there are computers everywhere—in cars, DVD players, and printers. The computer in a car senses the engine. The computer in a DVD senses whether there is a DVD. The computer in a printer senses whether there is paper and how much ink there is.]

Introduce computer sensors as being a lot like human sensors. You body has specialized cells for sensing. They convert what they sense into nerve signals that travel to the brain. In the experiments to follow, we use specialized electronic devices for sensing temperature and light. They convert what they sense to an electrical signal that is sent to the computer. For sensing hot and cold, we will use a probe that is sensitive to temperature. For sight we use a device for sensing light. 

Students may think that only a thermometer can be used to measure temperature. Consider demonstrating an electronic temperature sensor and a conventional thermometer side by side. Measure the temperature of hot and cold water with each at the same time. Note that both take some time to reach a steady value, so wait a bit before comparing the two measurement. The results might not be exactly the same, but they will be similar. At this point, don’t worry about a disagreement of one or two degrees. Most sensors are accurate to a half-degree, so the disagreement might be due to the thermometer. 

This investigation is written using Celsius (°C) temperature units. In the Celsius system, water freezes at 0 °C and boils at 100 °C.  This scale may be difficult for students who are used to the Fahrenheit (°F) system, for which water freezes at 32 °F and boils at 212 °F.  You may spend some time comparing these scales if you wish, but it’s not necessary. There are many converters online, such as http://www.temperatureworld.com/tempcon.htm  
Trial I: Messing Around 

The main point of this trial is to get the equipment working and to get used to using it. Prepare by practicing using the hardware and software yourself, or ask a student or two who can act as a technical aide to start early. If several students have trouble at the same time, it can be difficult for you to troubleshoot all at the same time. It is better to have successful students help others. 

There will probably be a considerable range of skin temperatures throughout the class. It’s normal for our skin temperatures to vary a lot, even though the temperature inside our bodies varies just a little. That’s why the thermometer is usually put under your tongue when the doctor takes your temperature.

Ask students to decide how long it takes to get an accurate measurement. When you first start measuring, the reported temperature changes, but then it reaches a steady value. This is because it takes time to warm or cool the sensor. Some sensors require only a few seconds, while others need much longer. In the experiments that follow, students should be aware of how long they must wait before making a reading. 

Trial II: Compare Still and Moving Air 

In this trial, students discover that moving air cools their arm, but the moving air itself is not cooler. There are several good questions in the student notes that can be used to generate class discussions. 

In step 2, students are asked to make a prediction of the temperature of the moving air before making the measurement. Focus attention on these predictions without telling students the right answer. Get them committed to their predictions by counting how many students pick a, b, or c, and writing the results where everyone can see them. Then, after step 6 when they have found no temperature difference between still and moving air, return to the predictions. Ask how many selected c, the correct answer. 

It is important to avoid telling students what we think that they should discover. Instead, keep asking them what they have observed; what the experiment revealed. When there is a conflict between what they believe and what they observe, it is only human to ignore the observation and stick with long-held beliefs. So, while students observe that moving air is not cooler than still air, they will cling to the idea that it is cooler. Only through reflection and discussion will they change. 

Trial III: Compare Air and Water

The question for this trial is whether we sense water temperature accurately. Each student group should get three cups; one empty, one filled with warm water, and one with cold water. In step 4 they will mix the hot and cold water into the third cup until it is the same temperature as the air. 

Before doing the experiment, have students predict which will feel cooler (step 2). A prediction is different from a guess because it involves some reasoning or evidence. So, you can stimulate thinking by asking students to justify their predictions before they do the experiment. Again, have the class vote for a, b, or c and write the results where all can see. Most will think that the two will feel the same (c). 

Students should measure air temperature (step 3) before mixing the water and measuring its temperature (step 4). This is because a wet sensor will be cooled by evaporation and gives an incorrect result. 

Once the results are in, students should report that water feels cooler (a) than air at the same temperature. This probably contradicts their prediction. Remind them of their prediction, which probably was (c), Depending on the time available, you might begin the Wrap-Up discussion (below) or simply ask students to think about why their predictions were wrong. 

Wrapping up 

Sensors vs. sensing

Ask students “How are human and electronic sensors different?” Following are possible answers:

A sensor can sometimes measure smaller differences than we can. It can sometimes measure faster.

A sensor can also be less perceptive or slower than human senses. For example, if our fingers were as slow to respond as a temperature sensor, we’d be in trouble! 

Senses and sensors measure different things. A thermometer measures absolute temperature, and our fingers sense the difference between our body and our surroundings.

A sensor can “remember”. It can display a time graph so that you can watch things change and find a pattern.

A sensor will measure the same value in the same situation, again and again. This is valuable for scientific investigation. On the other hand, human sensation may change depending on the setting and previous experience. It may vary from person to person. 

Sensors give numerical values instead of feelings like “cool” or “warm”, which can vary for different people and different times. You might be able to feel that A is warmer than B, but “how much warmer” would be hard to express without numbers.

Animal sensing always has a purpose: to help us in some way. Our senses have evolved to make it possible for us to survive, grow, and reproduce in the environment we live in. Our senses “notice” features of the surroundings that matter to us, and “ignore” other features. In the case of temperature, our body cares about keeping its temperature constant, so our senses detect differences rather than absolute values of temperature.

Instruments in General

Temperature is an example of a property that we measure with instruments. Instruments generally give numbers with units. Students may think that temperature is the only thing instruments measure. Use the wrap-up discussion to have students generalize their experiments to other properties that can be measured and the units for those properties. You can also have students reflect on the differences between their senses and instruments. 

Ask your students: “What other properties can be measured? What measures them?” [Length with a ruler; volume with a graduated cylinder, sound with a microphone; pressure with a barometer, etc.]

Ask your students: “Notice that in each case you get a number followed by units (inches, feet, etc.) What units are used for temperature?” [degrees F, degrees C, they may have heard of degrees Kelvin, which are like Celsius plus 273.]

In some cases, the units may be unfamiliar (e.g. inches of mercury, Pascals, or atmospheres for pressure) but there is always a unit. 

Ask your students: “What units are used for length?” [Inches, feet, meters, cm, miles, kilometers, light years, Angstroms, furlongs, leagues, etc.]

Ask your students: “What units are used for volume?” [pint, quart, gallon, barrel, cup, tablespoon, teaspoon, cubic centimeters (cc), liters, cubic miles, etc. ]

Ask your students: “Why are units important? Is three inches the same as three miles?” [Of course not. The unit tells us how many of a standard (length, degree, etc.) a number represents.]

Tell your students: “In science we almost always use numbers with units. I will not accept a measurement unless you tell me its units. ‘25’ is not a temperature and I will not accept it as an answer for temperature. A correct answer might be ‘25°C’ or ‘25 degrees Celsius’ or ‘25 Celsius’.”

It is useful to have students reflect on the similarities and differences between the temperature we sense and the one we read with a temperature sensor or thermometer. 

You can start a discussion about this by asking: “Why is an instrument better for measuring than our senses?” [The most important is that instruments give a number and our senses simply give sensations. “Cool” to you might not be “cool” to someone in Alaska, but 15°C is the same everywhere. 

“Suppose I discover something. I want you to copy my experiment, so I need you to do exactly what I did. What is the best way to tell you about the temperature in my experiment?” [A precise number for temperature is better than a sense description like “cool”.]

“Are there cases where an instrument can measure something you cannot sense?” [Many. Your temperature probes can detect small changes in temperature that you cannot sense. We cannot sense X-rays, but instruments can. Very high frequency sounds can be sensed by dogs and instruments but not humans. Most stars in the sky are to faint to be seen but can be detected by telescopes.]

“Are there cases where our senses are better than an instrument?” [Almost never. Smell is a sense for which there are no instruments—yet.]

Implementation Issues

Assessment

In addition to the questions in the activities and the test items supplied by the project, you may want to assess student progress in-class where students can work in groups and use the equipment. The following are some suggested assessment strategies. 

Give each student a temperature probe and a piece of Styrofoam (a part of a Styrofoam cup, “popcorn” packing material, or a piece of some packing material) and a piece of metal (spoon, tray, stapler), and some putty. A small amount of putty helps make contact between the sensor and the metal. Without it, the sensor cannot read the temperature of the metal. 

Ask students to compare the temperatures of these with air using their senses and measurements. Request a plan before starting, predictions with reasons, and an analysis of results. 

You can judge students by observing:

1. Do they have a plan and then follow it?

2. Do they make predictions and have justifications for them, even if incorrect?

3. Can they assemble the needed equipment and obtain data?

4. Are they careful to wait long enough for the temperature to reach a steady value?

5. Do they compare their results with their predictions and try to explain discrepancies?

6. Do their explanations take into account that their fingers are warmer than the Styrofoam and metal? 

Parent Involvement

Parents and guardians can enhance student learning if they understand what students are learning. One approach is to send a “family letter” home informing parents about the investigations and student expectations. Here is a possible letter. 

Dear Parent or Guardian:

In science, your child is learning to use a computer to measure temperature. This introduces the whole idea of using a computer for measurement. Ask your child to describe how this is done and why it is important. Hopefully, he/she will be aware of the many ways scientists and engineers use computers to measure and control things. 

We are exploring the differences between the temperatures we sense and actual temperatures. Your child is learning that their senses can be fooled. For instance, turning on a fan may cool us, but it does not cool the air. Students in our class also learn that water sometimes feels colder than it is. 

Your child’s learning can be reinforced by asking him/her to explain why things around the home appear hotter or colder than they actually are. Use Styrofoam, wood, metal, and winter garments around the home to start conversations about the “real” and “apparent” temperatures. If any of these has been inside for a while, they will all be at room temperature, but they will feel hotter or colder. 

Special Students

Be sensitive to blind or deaf students who lack of one of the senses being discussed. Perhaps you can turn their handicap into a celebration of how well they can manage without a sense. 

Identifying Student Ideas 

In this section, we introduce difficulties some students may encounter in this investigation. It is important to be alert to these, because you will want to intervene to help students over these rough spots. 

Decimal Fractions

Some probes will report temperature with decimal fractions, such as 98.6°F. There are three ways to address decimals:

1) Ignore them. Ask students to ignore the decimal point and anything to its right. This is not too accurate, because, for instance, 15.9°C, which is almost 16°C, would be converted to 15°C

2) Round. Ask students to round DOWN any decimal that is .4 or less and round UP any that is .5 or greater. This is much more accurate and what scientists do all the time. 

3) Keep them. Simply get students used to working with decimals, even though they are normally introduced later in the curriculum. The only math skills needed involve comparing values that contain decimals; they don’t have to add or subtract decimals. 

If you choose 3) you may first want to give students some practice comparing decimal numbers. 

Ask “Which is hotter 24°C or 23.9°C?” [ 24°C is hotter. Students who do not focus on the decimal, will read the second number as 239°C and say that is very hot.]

Ask “Which is colder 12°C or 11.2C?” [11.2°C is colder. Again, if students ignore the decimal, they will see 112°C which is very hot.]

Ask “Are these the same temperature: 32.3°C or 32.5°C? If not, which is hotter? [If students ignore the decimal places, they will think that these are the same. But, of course, 32.5°C is hotter.]

Equilibrium

Students will probably notice that the temperature probe takes a little while to reach the temperature of its surroundings, whereas the skin feels hot and cold right away. The whole tip of the sensor must change temperature before it reads correctly. Since it has some mass, this takes time. If our skin responded as slowly as a temperature sensor, we could be in real trouble! You should ask the students to explain how they decide when the temperature has “settled down”, and how long they wait before taking a measurement.

The Temperature of Moving Air and Water

It is perfectly logical to think that moving air is cooler than still air. This is something everyone “knows.” After all, we turn on a fan to cool ourselves. Yet it is wrong. As the probe demonstrates, moving air is exactly the same temperature as still air. Using a fan to move the air does not change the temperature of the air. What actually happens is that the moving air is better at removing heat energy from our skin. This cools our skin and we perceive this as cooler air. It’s our skin that is cooler as a result of the moving air, not the air itself.

It is also logical to think of water to be cool, even if it is the same temperature as the air. Air at 65°F is quite tolerable, but water at the same temperature feels cold. Again, water feels cooler because it draws heat energy out of your body, cooling the skin where your temperature sensors are located. 

It is very hard for students to rely on measurements that seem to be contradicted by their experience. This happens all the time in science. For instance, measurements show that the earth is round but our senses indicate that it is flat. Students must learn to rely on their measurements and disregard perceptions that are shown to be error-prone. 

Evaporation

Cooling by evaporation is different from cooling by moving air. Students have experienced both and probably think they work the same way. Unlike moving air, evaporative cooling affects both the skin AND the temperature sensor. When you wave around a wet finger OR a wet temperature sensor, the water molecules evaporate into the air, cooling off the surface. It not only feels cooler, it is cooler. In very hot weather, or when we are working hard and our muscles produce a lot of heat inside our bodies, we cool off by sweating – our skin secretes water, which then evaporates and cools us.

Temperature after Mixing

When you mix water of two different temperatures, students sometimes predict that the final temperature will be the sum of the starting temperatures. For instance, a student might predict that mixing 10°C and 30°C water will result in 40°C water. This happens because students have so many addition drills, that it adding the first thing they think of. Furthermore, they hear “add” in the instructions: “Add water A to water B” so they jump to the conclusion that this is mathematical addition. 

Content Background

About Heat and Temperature

The terms “heat” and “temperature” are often used interchangeably, but they do have different meanings. Temperature is what you measure in this unit, not heat. Heat is a form of energy and cannot be measured directly. Temperature is related to the amount of random motion of the atoms in a substance. 

Avoid using the term “heat” where “temperature” would be correct. Use “heat” as a verb, but not a noun. You can say “…heat up the water…”just as you would say “…cool down the water…”, but do not say “…the heat of water is…” If you need to use the noun, you can help students by always using “heat energy” instead of “heat”. 

Heat is a form of energy. Heat energy ALWAYS flows from a hotter object to a colder one. Heat energy leaving the hotter thing cools it. Heat energy entering the colder thing warms it. Heat energy will flow until there is no temperature difference. 

Upper: Heat energy flows from hot to cold. As a result, the hotter object cools and the colder object warms. Lower: Later, when they reach the same temperature, heat energy flow stops. 

To help students remember what temperature is, have them visualize something that is hot as having atoms that are moving with lots of energy; something cold has “lazy” atoms. It is fun to have students act out being hot and cold atoms and having the hot atoms warm up the cold ones. If you put something hot next to something cold, the energetic atoms will speed up the lazy ones, but the effort will slow them down. 

To help make it clear why hot atoms can heat up cold ones, ask your students: 

“What happens if you put a bunch of energetic atoms in contact with lazy ones?”  [The energetic ones will share their energy with the lazy ones. The energetic ones loose energy that the lazy ones gain.]

 “If temperature is the amount of energy, what happens to the temperature when energetic atoms are in contact with lazy ones? [The energetic ones are hot; the lazy ones are cold. When they share energy, the hot ones cool and the cold ones warm. They meet somewhere between and all have the same temperature.]

About Sensing Temperature

Both humans and the temperature sensor can detect hot and cold. But our senses for hot and cold do not always agree with the temperature sensor. There are special nerves in the skin that sense hot and cold – different from the nerves that sense pressure or pain. The problem is that our bodies heat these temperature sensors. It is hard to measure temperature outside our body accurately when our sensors are located inside our heated body. 

Blood leaves our heart at 37°C or 98.6°F. It is cooler when it gets to our fingers where we sense temperature, but is still above room temperature. Our fingers are usually loosing heat energy to the air unless it is very hot, above 37°C or 98.6°F. Because the air is cooler, heat energy flows from our fingers all the time. If that flow of heat energy increases, our fingers cool and we sense cooling. This happens when a fan blows on your fingers. The moving air carries away heat energy, cooling your finger. You sense this as cool air, even if the air is no cooler than still air. 

The same thing happens when you use your finger to test the temperature of water. Water conducts heat energy away from your finger better than air. Your senses will tell you that water is cooler than air, even if they are the same temperature, because the water cools your finger better than air. 

If the flow of heat energy from our fingers decreases, our fingers warm and we sense heating. This happens when you hold onto Styrofoam, put on a glove, or use any good insulator. An insulator feels hot because it blocks the normal heat energy flow out of your fingers, but it isn’t actually hot. This Investigation explores these differences between actual temperatures and what we sense. 

If the surroundings are colder than the skin and the conduction of heat away from the skin is increased, then the skin cools down and the body detects coldness.  Examples of this are:

Moving air (Trial 2), which carries heat away better than still air;

Water, which conducts heat much better than still air;

The feeling of a cold metal surface, which conducts heat away from the skin very quickly and will feel very cold, compared to a cold wood surface, which is a less good conductor and will feel less cold;

Bare skin, compared to skin insulated with clothes or blankets;

Dry clothes, compared to wet clothes;

The reverse is also true. If the surroundings are warmer than the skin and conduction is increased, then the skin heats up and the body detects hotness. For example:

Hot water is much more dangerous than hot air, again because water conducts better than air. The air in an oven might be above 100 °C. It will make your hand feel hot, but won’t instantly burn it, as boiling water would.

A cloth hotpad protects your hand from the hot metal handle of a frying pan, which would conduct heat very quickly to your skin and burn it;

About the Temperature Sensor

The temperature sensor detects the actual temperature, because it’s designed to do that.  “Temperature” has a specific physical meaning that scientists have agreed upon: the average random kinetic energy, or energy of motion, of the molecules. Thermometers have been made to measure this in a consistent way, so that scientists working all over the world, in many different experimental situations, can understand and repeat each other’s results. The thermometer is a very important scientific tool.

Students may not believe the sensor measurement, especially if it seems to be different from their sensation. Since they may have more experience with a bulb-type thermometer, you should demonstrate the conventional thermometer and the electronic sensor side by side, to show that they measure the same thing.
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