Ideas For Biology Demos & Simulations

(from the AP Bio ListServe, 2002-03)
Cellular respiration

I have had the students divide up the 3 main parts of cellular respiration and produce an activity to allow the rest of the class to EXPERIENCE that part of cellular respiration.  One group used candies and cupcakes to show the breakdown of glucose to 3-carbon pyruvate, but we all got too hung up on where the chocolate chips were going and lost the "big picture".  

Another group had students link arms (being carbons) while the "enzyme" students threw "water" (blue balloons) at them several times to catalyze the reactions.  NAD, FAD, and ADP (students with reversible signs on their chests) walked past at the appropriate times and showed the production of NADH, FADH2, ATP.  

But by far the coolest piece was the "electron transport train" where the kids brought in a wooden railroad and track.  They used balls of different colors to represent NADH or FADH2, had the balls hop on board the train at different places, then when the train got to the station each ball was converted into gold coins which we had to flick through a small barrier (representing the ATP synthetase).  I think the reason this whole project was such a success is that the kids designed something to be meaningful themselves.  And of course the visual and kinesthetic memory has stayed with all of us, especially me, for several years now!   
Melissa Shirley, Olentangy High School, Lewis Center OH 43035, melissa_s@treca.org 

I have a white board that magnets stick to.  I’ve made a flow chart for respiration (& photosynthesis for that matter)and have magnets for all the reactions - made from the material they use to make signs that stick on the sides of cars/trucks.  I started with a diagram from an old Modern Biology book and have modified it to show the organelle membranes involved and more steps.  I put the basic diagram up on the board and then add the magnets as I talk about the reactions.  The kids like this a lot, and some come in after school to talk themselves through it, putting up the magnets and then checking themselves. It’s a fair amount of work to make, but then you have it forever (mine is at least 7 years old!). 
Sandra Perkins, Madison, Ill

CellMembrane

My favorite is a clear glass box with hole drilled in it (cell wall) lined with a cellophane bag (plasma membrane). 

Sandra Perkins, Madison, Ill
Polymers

I also get a lot of milage out of a pile of square blocks labeled on the four sides with monomers (monosaccaride/fatty acid/amino acid/nucleotide).  The whole pile represents the polymer.  I'd love to do an exchange of these kinds of ideas and of analogies other teachers use to get concepts across!
Sandra Perkins, Madison, Ill


Prop Boxes

Don''t put down the simple demonstrations!  Those are often the ones that the students actually "get" and even remember.  I've been teaching AP for about a hundred years, and I now have two or three prop boxes with tennis balls, plastic wrap, slinkies, bundles of straws, etc that I would be lost without.  I've often thought it would be fun to get together a group of teachers to have a "prop exchange" at some professional meeting, but I couldn't figure out a sufficiently grandiose way of describing it!

Enzymes

I have used Leggos to represent fit between enzyme and substrate.  Too much 
heat, no fit.  Add acid (change in pH), can't fit either. They've been denatured!  I don't really heat or melt them, just use the analogy.  They get it.

I use short pieces of different colored pipe cleaners to represent amino acids.  I can join them quickly in any sequence, and then twist them into shapes for the four levels of protein structure.

Counting Alleles
Recently, one of my girls just couldn't seem to get how to count alleles in a Hardy-Weinberg problem.  The example gave that there were 420 Aa heterozygotes.  She didn't understand why there would be 420 A and 420 a.  After struggling to find an analogy that would work, I said, OK, 420 couples go to the prom.  How many boys went?  How many girls?  She got it right away. 
Diana Latta, Palatka High School, Palatka,  FL

Analygous & Homologous Structures

I just came up with this one for my bio 1 classes. For evolution I use snickers & 3 musketeers fun size or bite size bars to represent analagous structures. I use the little bite size “popable” snickers spheres and the fun size snickers to represent homologous structures.  First I have them observe the fun size bars from the outside & then bite into them...to see that the internal anatomy is different.  I have variations with milky ways & 3 musketeers for those w/ peanut allergies.  

Susan Zuber

Surface to Volume Ratio

Stephen Lorys at my school uses this one: A large plastic bag pushed down inside a beaker can represent the large surface area of internal membranes (like mitochondrial membranes) in a cell.  Students can even calculate the surface area of the beaker and the plastic bag to see how they compare.


Digestive System
Here is one that a college teacher at the NABT convention in Montreal showed us:  Use name badges with the names of all parts of the digestive system on them.  Have students volunteer or assign students to different parts.  (Good luck with getting volunteers for the anus and rectum is you get that specific - or stick with mouth, esophagus, stomach, small and large intestines.)  Use three different colored index cards each labeled with a different nutrient - carbohydrate, lipid (or fat), protein.  Send each card through the digestive system (down the row of students).  At each part, the student (or the class) has to choose whether mechanical digestion, chemical digestion, or neither of the above happens.  Mechanical digestion is represented by tearing the card into large pieces.  Chemical digestion is represented by hole-punching the card with a hand-held hole punch.  Absorption is represented by the student putting the small pieces into his/her pocket.  When you empty pockets, lo and behold, the small intestine has a pocketful while others have nothing. This is one of those nice culminating activities to do after the entire discussion of digestion to check understanding.
Tricia Glidewell, Marist School, Atlanta, GA

Systemic And Pulmonary Circuits 
Another use for the badges (I use them all the time):  Have a set with the parts of the heart and systemic and pulmonary circuits on them.  Color code them so that structures through which oxygenated blood moves are red, and the others are blue.  (That means that the term "lungs" will have half the letters in red and half in blue.)  Use these when you go through the heart circulation to quiz students on the order of the structures and to ask questions like "What do the two semilunar valves have in common in terms of location?"  and "Which chamber has the thickest wall?  Why is that chamber thicker than the equivalent chamber on the other side of the heart?"  Then when you go through the systemic circulation, add in the badges for the systemic and pulmonary circulations ("lungs" is now replaced with "pulmonary arteriole," pulmonary capillaries," "pulmonary venule," and quiz them on characteristics of vessels, the significance of the color changes in the terms, and that question that appears in test banks, "If you followed a blood cell from an artery in your leg until it found its way to the left atrium, how many capillary beds would it traverse?."   With them standing in a circle around you as you ask the questions, they can literally "see" the relationships and more easily determine the answers.  

The badges can be expensive to buy, but I use them over and over.  You can even slip one set of labels out and replace them when you need to use them for another activity; this is a major pain.  Or use stick-on labels.  Or do as I have started to do - save name badges from meetings you go to and enlist the help of others to bring theirs to you when they get some.
Tricia Glidewell, Marist School, Atlanta, GA
Three-Dimensional Representation Of Tissues

Sometimes I use layers of transparencies to attempt a three-dimensional representation of tissues. For whatever reason, my students don't struggle with this as much as they do with cell chemistry.  My instructor at Purdue (for my ap training) demonstrated a program called "Director" which he said
he couldn't do without. It provides an assortment of "characters" that includes molecules, shapes, and a variety of "stock" items found in cells or tissues. He was able to write his own scenarios combining these characters, and came up with very impressive animations of photosynthesis, respiration, protein
synthesis, lac operon, and probably others I don't remember. It seems likely that it could show coelom
formation, as well.  Although the software seemed wonderful, it was quite expensive (I think around $700) and requires a projector for your computer. He said if we had another day, he could teach us how to use it in about six hours. I would have loved to try it, but our school can barely afford lab supplies, let alone projectors and additional instructional materials. This isn't much help, but if you can afford the software, it might be worth pursuing for your purposes.
Anne Brewer

Protein Structure

My favorite is to use several plastic coil keychains (you know - the stretchy kind) in different colors for protein structure:

· stretch it for primary sequence

· let it coil for alpha helices

· tie it in knot for tertiary

· clip 2 together for quatenary

· use the clip for the active site

· tie 2 in opposite knots for dimers

· use 2 red/2 yellow for hemoglobin

· twist three together for collogen

Dona Mapson

Protein Structure

Has anyone else ever used 'Toobers and Zots'?  This are foam-cover flexible wire structures that come in an bag.  Look them up on the internet; I think it is handsontoys.com that sell them.  You can use these 24-inch structures for protein secondary, tertiary, quatenary structure just to name a few.  

Retriction Enzymes

I also use different shaped craft scissors to cut strips of colored transparency film on the overhead to illustrate different restriction enzymes and why you have to cut the plasmid with the same one that you use for the gene of interest

Dona Mapson
Molecular Models

Has anyone found Tangle Toys? They are similar to "pop" beads except they are longer and slightly curved--not quite as much as elbow macaroni--and can be made into alpha helices, beta pleated sheats etc.

Has anyone made a velcro plasmid with restriction enzyme sites (with truly "sticky" ends) into which you can insert a gene of interest?

Someone at a workshop I did suggested making molecular models with ping-pong balls and sticky magnets at each tetrahedral point. I never tried this one. 
Fred Brown
Meiosis, Replication, Transcription

I use jacket-size separating zippers in different colors to show semi-conservative replication, and transcription. I use long strands of curling ribbon to represent chromatin, then curl them with scissors and fasten 2 together with a paper clip or twist-tie to show sister chromatids with the centromere.  I use unpaired socks in a pile and then sort into pairs to illustrate homologous chromosomes. I also have the students use their shoes to differentiate diploid (all the pairs) and haploid sets (everyone take off one shoe and put in a pile; that is a haploid set, as opposed to half the class taking off both shoes).  
Mary Miller, Whitnall HS, Greenfield, WI
Protein structure

The tangle toys are the absolute BEST for showing protein structure!
I use sharpened pencils to show anti parallel strands. Hold one in the oppsite direction to the other and use plain drinking straws to show the difference between parallel and antiparallel. A slinky is a good tool for showing chromosome coiling to fit in a small space. And at the recent convention in Philadelphia, I discovered Wicky Stix, which I plan to use for kids to make models: mitosis, lac operon, and probably more that I haven't thought of yet.

Mitosis & Meiosis 

A prop I found very useful was a wooden dowel, a plastic disk, fishing line, and extra-fuzzy pipe cleaners.  Out of this I fashioned a 3-dimensional spindle to demonstrate mitosis and meiosis phases.  Unfortunately, I could not do cytokinesis with this model.  This year I challenged my AP students to fashion a 3-dimensional model of meiosis which was movable through the phases.  They came up with excellent clever models that I wouldn't have thought of myself.  They used snaps, velcro, felt, shoeboxes, aluminum pie plates, beads, and many other props.  They had to present and explain each model to the rest of the class, and by the end of this, they really knew and understood meiosis.

My favorite props are what I call finger models.  For example to show Tri-glycerides I hold my hands almost like a sideways boyscout pledge.  The three fingers together are the fatty acid tails the hand is the glycerol.  If I want to show saturated fats I keep the fingers together, for unsaturated I spread one finger and  for polyunsaturated fats all three are separated.  For phospholipids I hold my hand like a peace sign (but upside down. )  The fingers are the lipid tails and the hand is the phosphate head.  If I want to show a phospholipid bilayer I hold two of these models with the fingers pointing toward each other.  The finger area is the hydrophobic region and the hands are the water/hydroplillic region (inside and outside of the cell.)  I like using finger models because all the students have the models with them wherever they travel.  Continuing on,  my nucleotide is a finger gun with my first finger pointing out and the thumb held up.  The finger is one of the nitrogen bases the thumb is the phosphate and the hand (which has five fingers,) is the 5 carbon sugar (ribose or deoxyribose.)  For a purine I hold the first finger totally out, for a pyrimidine it is folded at the first and second knuckle.  Sometimes I even number the carbons to show the 1, 3, and 5 carbons to show the position of the 3’ and 5’ end of the nucleotide.  (Just be careful to label your hand with a water-based marker, I usually grab a permanent one and have the numbers on my hand for the rest of the week.  To show the A-T G-C base pairing rules I show the like with like distance (both hands with extended fingers and then both with folded fingers and then we measure the distance between my thumbs.  I usually have to have a student help me with this.  Then show the thumb distance when you connect a purine with a pyrimidine.  Whether it is an A with a T or a G with a C the distance is the same.  Next I explain about the 5’ and 3’ ends of the nucleotide and the anti-parallel nature of the DNA strand. So now I have my hands pointed together with one thumb up and one thumb down with one finger folded and one finger extended.  Finally, you can show the difference between covalent and hydrogen bonding the fingers connect, but are easily separated,  I connect one "hand nucleotide" with another one by sticking the lower thumb into the fingers of the top hand and grab it.  This is harder to separate--a covalent bond. These finger models are fun.  When I see my students in the hall I give them a "secret sign"  I hold my two nucleotides together in the anti-parallel fashion and they "signal" me back.  It is our special sign and a constant review.  This has even happened walking in a local mall.  I get signaled and they expect me to signal them back.  See, biology is everywhere.
Rich Benz, Wickliffe High School

Speaking of finger models, you can demonstrate all of the stages of mitosis using the fingers of both hands.  Metaphase is easy with the knuckles of both hands together (the centromere region) and the fingers of your right hand splayed out in an opposite direction as those of your left hand.  For anaphase, hold up both hands, a little distance apart, with the fingers extended.  The fingers of one hand are pointed toward the fingers of the other hand.  For telophase, clench your fists, and keep your two hands a little apart.  It's really easy, and the kids get it right away.
Barbara Beitch
I use the finger model for mitosis but I add one additional motion.  After telophase, part your hands from the middle out as if  you are doing the breaststroke and call it "cleavage".  It always gets a laugh.

Susan Zuber
If you are looking for items for fun class demo items, may I suggest the following:

· Chenille sticks/stems (pipe cleaners) to illustrate the different levels of protein folding.

· There are these linking toys with different geometric shapes and colors (they are designed by fisher price and intended for infants-sorry I don't remember the name), these are useful when describing condensation synthesis and hydrolysis reactions.  Also the students find it a great visual for the macromolecules unit when learning about the bonds b/c the toys link together

· At the local party store there are these balls with sunction cups at the end, these are great for the bacteriophage unit to show how phages attach to a bacterium (one would throw this at the white board and watch it stick)

Sandy Wong, Alameda High School 

Chromosome Magnets

I've made sets of chromosome magnets with bright colors of felt, cardboard, and a small piece of magnetic material.  I have a series of 6 magnetic white boards so I can set up mitosis on one side, meiosis on the other.  Then, I like to draw the nuclear membranes, cell membranes, spindle fibers, etc. in as I tell the story of how the 2 types of cell division differ.  

When I review Mendelian genetics (my students haven't had bio before), I use little colored pieces of felt that stick to the felt chromosomes to symbolize alleles of a trait.  Tall might be green and short might be light green.

My students love the chromosome magnets.  I've done activities with my general bio students where they pick a sequence and make the requisite magnets:  enzyme/substrate, antibody/antigen, etc.  (My AP students have designed a variety of games based on the 3 lines of defense).

I've been toying with making 3D board magnets...initially I was trying to figure out how to show chromatin condensing into chromatids with a felt magnet---possibly throw a pipe cleaner or two in there, I'm not sure.  

I like the idea of the velcro plasmid.  I think I could come up with a magnetic set up to show transformation, gel electrophoresis and restriction analysis.  What fun!  Thanks to whoever started this props idea.

Here are some others I use:

· Light gray, dark gray, and white modeling clay for meroblastic, holoblastic cleavage-->blastula-->gastrula
· Balloons of various sizes labeled as specific molecules that may or may not diffuse through the plasma membrane
· Sidewalk chalk for giant drawings of the cell & its parts to be done in the parking lot (cellular traffic), evolutionary trees, etc. 
· Soap bubbles as micelles 
Donna Light-Donovan, Croton-Harmon High School, Croton-on-Hudson, NY
WIKKI-STIX  And Tangle Toys
WIKKI-STIX are GREAT!!  I used them for many years for my biotech and anatomy & physiology classes. Their use is only limited by one's imagination. Super for demonstrating mitosis and meiosis, cell structures, DNA structure and function (transcription/translation), etc. The trick is to challenge the students to use them to demonstrate everything. Great for cooperative learning and especially for kinesthetic learners!!
http://www.wikkistix.com/
info@wikkistix.com
 

I liked the tangle toys also, but not nearly as much as Wikki Stix. I did not particularly like the Tangle DNA model but the other models were good for demonstrating protein structures.
http://www.tangletoys.com 
 

I too am fascinated by all the tricks this group is sharing concerning their use of props.
 

I started browsing the craft areas of Wal-Marts and K-Marts as well as regular craft stores and just walked up and down the aisles thinking, wondering, and conjuring how I could possibly use each item in my classroom. I wound up with a couple drawers full of "junk" (what we are now calling 'props') which I could pull out at any time to demonstrate a concept. 
 

I found the best use of all the props was, as pointed out above, when I grouped students into two's or three's and challenged them to use anything available (sometimes the brought their own) to demonstrate a concept. It made for a great (and easy) assessment tool when students could come up with their own demonstration of a concept for the rest of the class! Great inquiry stuff.
 

One simple prop I used in biotech was a rubberband (the bigger the better) to show a plasmid. When I held it open it showed the relaxed, open circle form that is usually drawn in texts. When I twirled it up (similar to rubbing a rubberband down a newspaper) it became tightly bound which demonstrated the 'supercoiled' form of a plasmid. 
 

Using twine or string made of two strands was good for demonstrating DNA structure.
 

I'd also involve our art teacher to show my students how to make and use papier-mache and regular clay. I'd find lots of 'junk' stuff to use in our home ec and shop departments and had numerous 'crafty' teachers bring in their left-overs.
 

Here's a starting list of 'props' you might want to have on hand:
String, ribbon, pipe cleaners, buttons, Velcro, paper clips, tacks, sticky-tac, colored paper, yarn, scrap material, wire, modeling clay, and newspapers. 
 

Some of our most-fun class days (and best learning) occurred using 'props'.
Pat Ryan, Biotechnology Consultant, pryan@triad.rr.com 

MODELS, PROPS, AND OBJECT LESSONS FOR BIOLOGY TEACHING
Richard Lord
  

Many common objects can be used in biology lessons to illustrate biological structures or processes. Often students will remember a concept better if props are used in teacher presentations. Props and object lessons help to form images in students' minds. Many of these suggestions can also be used effectively as motivators for a lesson. 

  

1. 
A piece of rubber doormat (the kind with thousands of tiny projections) can be used to illustrate how the surface area of the intestine is increased by the presence of villi. A terry cloth towel or a piece of shag rug can also be used for this purpose. 

  

2. 
A piece of telephone cable with the end cut open to show the many wires can be used to show how nerve fibers are arranged in a nerve. The insulation on the individual wires can be likened to the myelin sheath. 

  

3. 
A child's rubber ball can represent a blastula. It can be made more realistic by drawing cells on the surface with a felt-tip marker. If the ball is soft, the side can be pushed in to demonstrate gastrulation. By manipulating the ball, neurulation can also be shown. 

4. 
A large zipper can be used to show how the DNA molecule unzips for replication or transcription. It can also show how the neural folds of the embryo fuse together and can be partially separated to show how neural tube defects occur. 

5. 
A series of empty thread spools on a rope can represent the individual vertebrae of the backbone. Cut-out foam rubber circles can be used as intervertebral disks. Comparing this to a solid pipe or dowel, it can be shown how the back is adapted for flexibility. 

  

6. 
Large snap-together beads (Fisher Price, for example) can illustrate amino acids in a protein chain. 

  

7. 
Colored paper clips or poppit beads can be used to illustrate chromosomes and crossing-over. They can also be used to represent the structure of a polymer or show the primary or secondary structure of a protein. 

  

8. 
Poppit beads of five colors can be used to demonstrate the triplet code of DNA and its transcription to messenger RNA. 

  

9. 
A bunch of ping pong balls on the surface of water in a dishpan can be used to illustrate the fluid mosaic nature of the cell membrane. 

  

10.
A piece of music, a list of ZIP codes, a display of Universal Product Codes, a list of telephone area codes, signal flags, or something written in another alphabet (Cyrillic, Hebrew, or Chinese, for example) are examples of codes that can be used to introduce the idea of a genetic code. Airline baggage tags with their three-letter destination codes are a good analogy to the triplet code of DNA. 

  

11. 
Putting a marble into a rubber tube and squeezing it through can simulate peristalsis. Squeezing a toothpaste tube can do the same thing. 

  

12. 
Reed's cinnamon candies (or similar candies) have the biconcave disk shape of red blood cells. Coconut-covered marshmallows resemble white blood cells. 

  

13. 
A photograph and its negative can illustrate the complementarity of DNA and messenger RNA. 

  

14. 
Scissors can be used to cut paper to illustrate enzyme action. Scissors (enzyme) are unchanged, but the paper (substrate) is broken down into two parts. A stapler (enzyme) can be used to attach two pieces of paper (substrates) to show a synthesis reaction. 

  

15. 
Popsicle sticks or tongue depressors can be used to make model chromosomes. If banding patterns are drawn on them, they can be paired up as in a karyotype. They can also be used to represent gel electrophoresis patterns for simulations of DNA fingerprinting. 

  

16. 
A telephone cord can be used to show how chromatin coils up to form chromosomes. One end of the cord is secured in a hand drill and the other end is held tightly by a student. As the drill is turned, the cord will coil up, eventually coiling upon itself. This can also demonstrate the tertiary structure of proteins. 

  

17. 
Use a doll or stuffed toy to show directional terms such as dorsal, ventral, anterior, posterior, lateral, sagittal, medial, caudal, proximal, distal, etc. 

  

18. 
A doll or toy car can be used to illustrate bilateral symmetry. A ball can represent spherical symmetry and a frisbee can be used to illustrate radial symmetry. 

  

19. 
A mesh bag from onions or oranges or a cylinder of nylon net can be used to illustrate the nerve net of Hydra. It can also be wrapped around a Florence flask to represent an alveolus surrounded by a capillary network. 

  

20. 
A gauze pad that has been teased apart in the middle illustrates the appearance of a capillary bed. It can be made more realistic by coloring the gauze red and blue with ink or food coloring. The relationship of arterioles, venules, and capillaries can also be shown by separating the strands in the center of a 2' length of rope so that they become distinct and show how they branch off from the main part of the rope. The ends can be colored red or blue with dye or markers. 

  

21. 
A petri dish with cover can demonstrate the structure of the diatom cell wall. It can also be used to illustrate the idea of depth of field of the microscope. Using a permanent marker, write TOP on the cover and BOTTOM on the base of the dish. Place the covered petri dish on an overhead projector, focus on one of the words and the other will appear slightly blurry. By changing the focus, it can be shown that the microscope objective must be at the proper distance from the object being viewed in order for it to be seen clearly. 

  

22. 
A dowel can be cut into several pieces, painted two different colors. The pieces can be attached with velcro or magnetic disks to represent exons and introns of RNA. 

  

23. 
A telephone directory, stamp album, or sports card album can be used to introduce classification schemes. 

  

24. 
A piece of two-wire cord can represent the two chromatids of a doubled chromosome. By pulling the two wires apart from the middle, the separation of chromatids during anaphase can be simulated. 

  

25. 
A pair of scissors, a pair of pliers, and a mortar and pestle can be used to demonstrate the adaptations of mammalian incisors, canines, and molars. 

  

26. 
An 8.5 meter long piece of rope can be used to illustrate the length of the alimentary canal. Different areas of the digestive tract can be indicated on the rope by painting it different colors. (Approximate lengths for each part of the alimentary canal are as follows: mouth, 15cm; pharynx, 15cm; esophagus, 35cm; stomach, 30cm; duodenum, 25cm; jejunum, 2.5m; ileum, 3m; colon, 1.5m; rectum, 15cm) Also you could make a "time-line" type of display using an 8.5 m strip of paper representing the alimentary canal. It could be marked to show the points where various activities take place and various enzymes and other digestive chemicals are used. If you use a rope with a diameter of 2.5cm, the part of the rope representing the intestine can be coiled to show how the intestine fits into the abdominal cavity. 

  

27. 
A piece of plywood with its several layers of glued veneers can illustrate how the three-layered structure of the external oblique, internal oblique and transversus abdominis muscles with their fibers running in different directions provide a strong abdominal wall. It is also useful to show the way cellulose fibers are arranged in the plant cell wall. 

  

28. 
Shape-fitting toys can be used to show how cell receptors will accept only molecules of a particular shape. They can also represent enzyme-substrate reactions and antigen-antibody reactions. 

  

29. 
A marble-sorter toy shows how smaller molecules can pass through a semi-permeable membrane while other larger molecules are kept out. The same toy can also be used to illustrate how 

electrophoresis sorts molecules by their sizes. 

  

30. 
A piece of window screen can be used to represent a semi-permeable membrane. Rocks, balls, marbles, and various kinds of sand can represent molecules of various sizes, some of which will pass through the membrane (screen) and others that will not. 

  

31. 
A stacking ring toy can represent an energy pyramid. 

  

32. 
A balloon can be blown up and let go to illustrate the jet propulsion locomotion of cephalopods. 

  

33. 
To show how guard cells operate, a pair of straight balloons can be partially inflated and held side-by-side. Then a strip of cellophane tape can be placed along the facing sides of the two balloons. If the balloons are further inflated, they will curve inward as guard cells do because of the fact that the tape prevents one side from expanding normally. A Y-tube will make will make it easier to fill the two balloons simultaneously. 

  

34. 
Illustrate leaf veins with drinking straws. Bundle 10 large diameter straws together with 10 small-diameter straws. The larger straws represent xylem while the smaller straws represent phloem. 

  

35. 
A piece of dryer vent tubing can be used to illustrate the spiral vessel structure of xylem. Spiral tubing from a carpet shampooer or shop vacuum could also be used. 

  

36. 
A three-prong adaptor simulates the way transfer RNA allows an amino acid to fit the messenger RNA molecule even though the shapes of the two molecules are not complementary. The transfer RNA (adaptor) fits both the amino acid (two-hole outlet) and the messenger RNA (three-prong plug). 

  

37. 
Styrofoam balls, gumdrops, or jelly beans along with toothpicks are inexpensive materials for making molecular models. Cut pieces of wire or coat hangers can be bent and used to represent double or triple bonds. 

  

38. 
A piece of fire hose can be used to illustrate the appearance of the esophagus, which, unlike the always-open trachea, is a flattened tube unless food is present inside it. 

  

39. 
Types of digestive systems can be illustrated by a balloon (sac-type) or a piece of a hose (tube-type). 

  

40. 
A large spring, a slinky, or a telephone cord can be used to represent the alpha helix of a protein (secondary structure). 

  

41. 
A large envelope with a complete address can be used as an analogy to the taxonomic levels. The country represents kingdom; the state represents phylum; the city represents class; the street represents order, the street number represents family; the surname represents genus; and the given name represents species. 

  

42. 
Insect mouth part adaptations can be illustrated by the following. A party favor "blowout" represents a proboscis; a pair of scissors represents biting mandibles; a sponge represents lapping. 

  

43. 
A file or a piece of sandpaper can be used to represent the structure of a mollusk radula. 

  

44. 
Medicine droppers can show the action of echinoderm tube feet. 

  

45. A popgun can be used to illustrate how the Heimlich Maneuver works. 

  


46. 
A 5x15 inch piece of plexiglass can be used to demonstrate how to use a microscope slide. A 4 inch square piece of thinner plexiglass is used as a cover slip. A baster is used as a dropping pipet. These large models make it very easy to teach how to make a wet mount. A large letter "e" can be used to show how the "letter e" slide is made and three pieces of different colored yarn can duplicate the slide that illustrates depth of the object being viewed with the microscope. Several of these slides can be painted to represent the blood typing reactions. Red paint with slight amounts of blue or yellow can represent the blood drops mixed with the tinted typing sera. Sand, gravel or crumbled styrofoam can be mixed with the paint to illustrate agglutination reactions. 

  

47. 
A padlock and key can be used to show how an enzyme (key) can break a substrate (lock) apart without being changed itself. 

  

48. 
The induced-fit theory of enzyme action can be illustrated by showing a tube sock and then drawing it over a foot. It changes its shape to fit the foot much as an enzyme molecule changes its shape to fit the substrate. 

  

49. 
A piece of string and a match can be used to demonstrate a traveling chemical reaction as in a nerve fiber. Hold the string up and light one end. The flame will travel upward to the other end. Explain that the energy of the reaction at the point of the flame causes a reaction in the adjacent area of the thread and, in this way, the reaction travels up the thread. You will have to have your students imagine that as soon as the flame passes, the ashes change back into thread to make it comparable to what happens in a nerve. 

  

50. 
A mousetrap can be used to show the idea of a threshold stimulus and the all-or-none principle. It takes a certain amount of force to trip the trap just as it takes a certain stimulus to trigger a nerve impulse. And the trap will snap completely, not partially or excessively as does a nerve impulse or muscle contraction. 

  

51. 
Various objects can be used to illustrate some of the types of joints in the skeleton. A hinge can represent a hinge joint; a roll-on deodorant bottle represents a ball-and-socket joint; a jigsaw puzzle represents an immovable joint (suture). 

  

52. 
Repeatedly squeezing a tennis ball simulates the muscle effort involved in heartbeat. How long can a student keep it up? Relate this to the amount of work done by the heart. 

  

53. 
Use a piece of rubber inner tube and draw, paint or glue onto it in the proper design, strips representing actin and myosin. Paint each end of the tube white to represent ligaments. Attach each end of the tube to wooden dowels which have been connected by a bolt or rubber fastener around the ends. When the wooden dowels (representing bone) are pulled apart the rubber inner tube stretches, pulling apart the actin and myosin. This represents the relaxation of muscles. 

  

54. 
A spring-type clothes pin that has had the spring removed and the two handles taped together can be used to illustrate the design of an antibody. It is best to cut off the inner grip ridges and to glue a design, cut a design, or glue a magnet to each of the two free ends. Then, when the "antibody" approaches a specific "antigen", it will readily fit onto it. 

  

55. 
A toy triangular-shaped hand prism can be used to illustrate multiple image formations of the compound eye. When two of these prisms are viewed simultaneously, the effect of multiple images is clear. If the object being viewed is moved, it illustrates well the rapid detection of any movement through compound lens. 

  

56. 
In a clear glass jar place 4994 natural-colored plastic shots (toy gun--Commander shots) and 5 black-colored plastic shots (from same type). This represents one part per thousand, and when mixed (by shaking the jar) the beads become lost or only one or two are clearly seen. Since one million was so large to show, this scale makes the point. 

  

57. 
A slinky, either plastic or metal, can be used to illustrate how very large quantities of DNA can fit in very small areas. Various areas along the coils could be painted to illustrate exons and introns, or gene segments. 

  

58. 
A chocolate chip cookie can illustrate the idea of cells in a matrix, such as cartilage or bone tissue. 

  

59. 
A latex glove can be used to show how certain materials can move through a cell membrane without damaging it. Inflate the glove and using a thin pin (such as an insect pin) and a rotating motion, stick the pin through the glove. The pin will enter easily and the membrane will reclose after withdrawal. 

  

60. 
Models of cell-to-cell junctions can be made with common sewing materials. Use pieces of fabric to represent cell membranes. The spot-desmosome type of junction can be represented by sandwiching two pieces of cloth between two large buttons and loosely sewing the buttons together so that there is space between the pieces of cloth. The loose threads represent the intracellular filaments and the buttons represent the cytoplasmic plaques. The tight junction can be shown by sewing two pieces of cloth together in a quilting pattern. The pattern represents tight junction proteins. The gap junction type of can be shown by using grommets to connect the two pieces of cloth. The grommets represent channels in the cell membranes. 

  

61. 
A slice of ham steak (cross-section from a pig thigh) can be used to show the arrangement of muscles around a bone (femur). 

  

62. 
A skein of yarn of different colors can represent chromatin. Each color along the yarn could represent a different gene. 

  

63. 
Shapes of bacteria can be illustrated by the following: a corkscrew or spring for spirilla; a hot dog or sausage for bacillus; two connected hot dogs for diplobacillus; a chain of hot dogs for streptobacillus; a ball for coccus; a connected pair of balls for diplococcus; a string of beads for streptococcus; and a bunch of grapes for staphylococcus. 

  

64. 
A piece of plastic mesh or chicken wire with various objects trapped in it can represent fibrin threads trapping blood cells during clot formation. 

  

65. 
A tangle of yarn can represent a glomerulus. By stuffing the yarn into a cupped hand (or a tennis ball with a hole in it), you can also represent Bowman's capsule. 

  

66. 
The eardrum can be represented by stretching a balloon over the end of a piece of 5 cm diameter PVC pipe. By tapping gently, you can show how sound waves strike the eardrum. 

  

67. 
Various kinds of toy animals can be used to illustrate structural accuracy. For example, large plastic insects can be used to show the features of insects. In many cases, toys are not scientifically accurate. You can use them to test students' knowledge by asking them to point out inaccuracies. Toy animals can also be used to make dioramas of different biomes; for practice in constructing taxonomic keys; and to show various kinds of adaptations and variations. Students can practice using reference materials to find the complete classification levels (kingdom through species) of various organisms represented by the toys. 

  

68. 
An oil filter can be used to explain how a lymph node works. 

  

69. 
To show the concepts of cross-section and longitudinal section, use a slice of a log and a split log respectively. 

  

70. 
A paper-doll chain can be used to illustrate the concept of polymerization 
  

71. 
A pair of lobster arms with claws (or an accurate model) can be used to illustrate the structure of an antibody molecule. The two claws of a lobster have different shapes (like the variable region of the antibody molecule) while the arm (like the constant region) is the same. 

  

72. 
A squeeze-bottle (ketchup, detergent, etc.) can represent the contraction of the ventricles of the heart. 

  

73. 
A piece of waxed paper can represent the cuticle of a leaf. Drops of water bead up on it as they do on the leaf cuticle 

  

74. 
Drinking straws or coffee stirrers can be used to show the structure of skeletal and cardiac muscle. For skeletal muscle, tape a bunch of straws together side-by-side. For cardiac muscle, interweave the straws and tape them together. Students can see that the interwoven structure is stronger than the parallel structure. 

