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Abstract 

 

Beyond Books:  

Interactive lessons for the college biology classroom 

 

Cynthia Fay Londeore, MA 

The University of Texas at Austin, 2011 

 

Supervisor:  Robert K. Jansen 

 

  

College level science is frequently taught as a recitation of facts in a lecture hall, 

and the students are expected to gain understanding and insight with their own study. 

Interactive learning is more effective than lecture based learning and more memorable for 

the students. Teaching with hands on models has been shown to specifically be beneficial 

in a college level molecular biology context. Included here is a guide for the instructor 

leading her through topic selection, activity development, and presentation to the class, as 

well as five complete and tested lesson plans with notes on alteration made and the 

reasons for them. 
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Chapter 1: Interactive teaching in the college classroom 

 

"Difference is a blessing, not a challenge. We define ourselves by knowing other 

people. We know our world by learning about difference. What is the word we often use? 

Tolerance. Is that a positive notion? Not really. 'For the time being, I will tolerate you?' 

I'm against that concept. It means difference is a threat. Difference is a blessing and you 

don't tolerate a blessing. You embrace it." — Mohammad Mahallati  

 

 

Picture if you will, a stereotypical college biology classroom. There’s a lecturer 

up in the front somewhere, an eager student or two taking notes in the front row, and half 

a dozen people asleep at the back of the room. How many of the students in the room are 

learning? Is it enough for a knowledgeable professor to state what she knows? What can 

be done with so many people in the same room? Education researchers have taken up the 

topic of the impact of instruction style on learning and creativity, and have found that 

increasing a student’s interaction with the material increases the quality of her learning. 

In most sciences, tertiary level education takes place in large lecture halls with 

one to three hundred students. Science research is inquiry based, and hypothesis driven, 

but the first two or more years of a future scientist's specialized education are spent 

memorizing and regurgitating the material with less reward for deep understanding. 

There has been some resistance by professors to any changes in their teaching style 

because it takes control out of their hands, or that they cannot anticipate the direction a 

class will take if they are not delivering a simple lecture. Unfortunately for the 

proponents of the status quo, interactive teaching has been shown by a preponderance of 

research to benefit student understanding and retention. (Lord 2001) 
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Two recent studies in young children illuminate the impact that an authoritative 

teaching style can have on a person's curiosity about a system's function and her 

willingness to look for functions not specifically taught.  

Buchesbaum et al. (2011) found that children presented with an object in an 

instructive mode, i.e.  telling the child how to operate the toy, simply mimicked the adult 

with little experimentation of their own. Children would even mimic unnecessary steps 

that the adult had demonstrated. When the same toy was presented with the adult 

modeling curiosity about the function of the toy, the children were able to figure out the 

step necessary to make the toy work ignoring any unnecessary steps that the adult had 

included. 

Bonawitz et al.  (2011) conducted a similar study at nearly the same time. They 

found that when children were taught only one of the functions of a multi-function toy, 

they spent more time only on that one function, and were less likely to discover the other 

functions. When an adult seemed to be figuring out the toy, or was interrupted in the 

instruction session, the child would experiment more even though in all cases, the same 

single function was demonstrated. 

An inquisitive mode of presentation let the children tap into their own 

inquisitiveness instead of relying solely on the experience of others. In a school 

environment, we as educators frequently expect the students to be able to turn the 

creativity on and off like a switch, presenting a topic as a set of known facts, then 

expecting the students to immediately use the facts creatively, or explore other related 

aspects of the topic. Essentially we are using the methods of instruction demonstrated by 

these two experiments to shut down exploration in small children, but then expecting a 

sudden willingness to explore. 
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At the college level, exploration is part of engaging with the material, but each 

course covers a huge number of facts that students must know before they can begin to 

explore. The question then becomes how an instructor best can present the material to 

each student in the room, without alienating others.  This student centered model of 

teaching requires quantification of the individual student's effect on her own learning 

when presented with the same material.  

QUANTIFYING STUDENT AND INSTRUCTOR PREFERENCES TOWARD LEARNING 

Experienced teachers will tell you anecdotally that student effort and ability 

contribute to variation between students in the same class, but even taking an inventory 

of personality traits, motivations, or learning modes across a population is statistically 

complex.  

Jeffrey(2009) surveyed 1800 tertiary students in New Zealand about their 

motivation for learning, preferred method of information receipt, and modes of 

independent study. The survey included questions on both student preferences and actual 

practices. She identified ten separate categories of learners via principal component 

analysis. Five single component categories: mastery effort, time-poorness, assessment 

focus, competitiveness, and listening, and five two sided scales: concrete vs. abstract 

reasoning, working alone vs. working collaboratively, text vs. visual, extrinsic vs. 

intrinsic motivation, and dependent vs. independent learners. She then used second order 

factor analysis to reduce all these variables into three learning pathways as follows. 

Cognitive Voyaging students are those who want to engage the material and other 

students in discussion and are motivated by a desire for personal enrichment. Students in 

the Industrious Pragmatism learning pathway tend to focus on the assessment goals of a 

class and are motivated by good grades. The last category is Multimedia Collaboration: 
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these are the students who want described or diagrammed information, feel they work 

better in groups, and have trouble making time to think about their classes outside of 

lecture. The percentage of the surveyed students who exhibited high, medium, and low 

affinities for each category is outlined in table 1-1 below.  

 

 High affinity Medium affinity Low affinity 

Cognitive Voyaging 15% 65% 20% 

Industrious Pragmatism 65% 37% < 1% 

Multimedia Collaboration 9% 81% 9% 

Table 1-1: Jeffrey et al. 2009 data 

That almost no students have a low affinity for industrious pragmatism is not 

surprising, because some desire to do well on tests is a necessary trait to do well in 

secondary education. The college student population is mostly comprised of those 

students who did well in high school. Unfortunately too high of a focus on assessment 

can lead to students who are more focused on the magic formula for pleasing the lecturer 

than on the actual content of the class.  

One challenge presented by the student focus on assessment comes when the 

professor wants her students to come away with a deeper understanding of the material 

and not be limited by the structure of the class or artificial partitions like exams. The 

cognitive voyagers who already excel at and desire connections and understanding will 

do well but others who frequently get high grades may struggle. Integration of the picture 

heavy/text light preferences of the multimedia collaborators will not only help bring the 

students with strong preferences in this area more into the core information of the class, 

but will help majority of students who had moderate leanings in this direction. 



 5 

How can student attitude analysis be used by a college level instructor? Does she 

need to conduct complex analysis and redesign the course each semester based on the 

particular mix of people? This may be possible in very small classes, but in classes with 

even 30 students, there will be a large enough mix of students that analysis will not yield 

one clear way in which to move. In fact studies have shown that using many different 

modes of presentation enhances learning regardless of student learning preference (Lapp, 

Flood, and Fisher 1999), so using a variety of styles is encouraged. An instructor can then 

direct the students to simple analytics that give them some insight into study methods that 

may be effective for them and let them decide whether and how they wish to use the 

information. This is less burdensome for the professor, and sends the message from the 

start of term that the instructor is aware of personal differences in style, but that she 

expects some self-determination on the part of the student. 

Two worthwhile inventories are the VARK Learning Preferences Inventory (Neil 

D. Fleming and Mills 1992) and the Hemispheric Dominance Test (Hopper 2009). 

Students are posed some simple scenarios and asked how they would respond. Both tests 

are available online (Neil D. Fleming 2011; Templeton 2011) in self scoring format 

which is familiar to many students because it mimics that of internet quizzes that 

―determine‖ what party you should vote for, or where you should live, or which Disney 

villain you are (Various 2011). Based on their scores, the students are told which learning 

style is predominant, and are given suggestions on how to study based on their results.  

Individual learning preference has been the topic of research over the last several 

decades with some studies focusing of identifying learning types and some focused on 

the results of matching or mismatching one's learning style to the quality of memory or 

the speed of task completion (Krätzig and Arbuthnott 2006).  Some studies have found 
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that a match between learning method and learning preference increased retention and 

understanding. See Hayes and Allinson (1996) for a review.  

The VARK inventory collects and publishes statistics annually, and has been 

found to be a statistically valid test (Leite, Svinicki, and Shi 2010). From the most recent 

month long sampling, the respondents fell into the following categories: 15.5% Visual, 

22.9% Aural, 31.4% Read/Write, and 30.2% Kinesthetic. Thirty percent of the students 

learn at least partly from interactivity, and nearly half of those (13.2%) prefer 

interactivity to all the other modes of learning (Neil Fleming 2011). 

 

INTERACTIVE LESSONS IN BIOLOGY 

Lower division instruction is heavily biased toward aural and read/write learners. 

That is, the students who prefer to learn by listening and talking or doing reading and 

taking notes. While all of these are necessary skills for any college student, research has 

shown that chemistry students who have a high aptitude for spatial thinking do better than 

those who do not (Wu and Shah 2004). By extension spatial reasoning would also serve 

the student of sub-cellular biology well because many of the phenomena discussed are 

chemically based. In order to emphasize larger concepts, textbooks use either cartoon 

representations of large complex molecules, or computer models based on x-ray or NMR 

data sets. One study found that students are equally able to assign meaning to both types 

of image (Dahmani, Schneeberger, and Kramer 2009), but how well do they understand 

subtle shifts in the shape of a large molecule that can have a huge biological impact, and 

can addition of physical models make a difference in understanding?  

To investigate, Harris et al. (2009) used 3-D printed molecular models in some 

lab sections that already included work with computer modeling software. These students 
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were sophomores in the second semester of a two semester biology intensive program 

with limited enrollment. The students had to have already completed basic chemistry and 

calculus and apply for admission to the program. All students were enrolled in lab and 

lecture sections that were administered independently so that students in one lab section 

were spread between available lecture sections and mixed with all the other lab sections. 

The models were ribbon models created with 3-D printers. 

Three out of the five lab sections were presented with the 3-D models in 

conjunction with guided and self-taught lessons on the structures and functions of 

alkaline phosphotase as part of an enzyme catalysis unit, transcription factors as part of a 

DNA unit, and a G protein as part of a signal transduction unit. The other two lab 

sections used the same lesson plans and the same modeling software but no physical 

models.  

Students from the two groups showed no statistical difference between them on 

the basis of gender, previous applicable coursework, or three dimensional thinking 

aptitude as measured by the Purdue Spatial Visualizations Test: Rotations (Bodner and 

Guay 1997). The mixing of students between lecture sections controlled for any 

difference in the lecturer’s teaching effectiveness. 

After an entire semester of instruction, volunteers from all sections participated in 

an oral test where they were asked about the structure of a molecule and its possible 

functions. The molecule in question was the cytoplasmic domain of a tyrosine kinase 

receptor. The students had studied the function of this molecule and the general form as 

part of the signal transduction unit, but had not been assigned detailed investigation of the 

structure.  They were not given the name of the molecule, so all their answers were based 

purely on what they could determine of the structure. The students were asked to use 
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techniques learned over the semester to investigate a new molecule under some time 

pressure. 

Harris et al. (2009) found that as the questions became more difficult by the 

measure of bloom's taxonomy, the more the students used the physical models alone or in 

conjunction with the protein visualization software reflecting the value of a physical 

object as a thinking tool.  

Upon independent assessment of the quality of the student answers, the 

experimental group gave higher quality answers that demonstrated better and more 

nuanced understanding. Interestingly, there was no difference between the two groups 

when measured by standard source assessment methods of proposals and papers. This 

latter finding indicates that both groups are equally able to report on specifics learned, but 

that the groups who used models were better able to assimilate and explain a newly 

presented system. Similar results have been found in a middle school science classroom 

when inquiry based and traditional instruction methods were compared (Mehalik, 

Doppelt, and Schuun 1998).  

Presenting a varied curriculum will help those whose learning style matches the 

current exercise and challenge those with a mismatch to think about the topic in a new 

way. Currently available curricula focus on traditional authoritative text/lecture based 

learning for during class time, leaving alternative teaching methods for homework 

assignments of other out of class activities. In the following pages I outline a method for 

constructing kinesthetic activities and present examples of finished lesson plans with 

notes on their development. 
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Chapter 2:  Developing Kinesthetic Lessons 

Say what you mean. Bear witness. Iterate. —John M. Ford 

 

When I speak with other teachers about the techniques I use, they frequently 

protest that using such techniques is great in theory but that the same things would never 

work for them.  I believe almost all teachers are already using lessons that would benefit 

from a kinesthetic component, and that they are more than competent to plan and execute 

it themselves.  Any lesson or concept that benefits from an analogy can benefit further 

from physical representation. 

 Spoken analogies are extremely useful for quick explanation or 

clarification, but rely on the teacher and student having some shared experience to draw 

upon. For example, energy is produced in a cell by a protein called ATP synthase. This 

protein has an opening for ions to flow through, and it uses this flow to power physical 

rotation. It is often explained with the image of a water wheel, which is not particularly 

helpful if the student has never seen a water wheel. The teacher has in mind a swift 

moving stream that pushes a paddled wheel providing the power to turn a flour mill. 

Some students may be aware of the mechanics of such an apparatus, but grist mills have 

not been commonplace for over a century. A student's main exposure to wheels is likely 

the ones with tires on a car, so since they lack the intended context the may imagine a car 

tire that performs well in wet conditions. The instructor in our example was trying to 

reinforce concepts of power, rotation, and motion, and instead unknowingly introduced 

concepts of traction, steering, and friction.  Hopefully the student will realize her mistake 

with further study, but it is likely that they will never talk with the teacher about her 

misconceptions. One solution to this problem is to explain the mechanics of a grist mill 

water wheel, but once you need to do this, the analogy is just another abstract idea, as 
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vague to the student as the original concept. Explaining one abstract idea with reference 

to another abstract idea does not add to the discussion. Well thought out activities provide 

a class with a common concrete experience that will enhance their understanding 

immediately and can be referenced in later lectures. 

 The following interactive lesson planning guide was developed in summer 

of 2009 for the University of Texas Division of Instructional Innovation and Assessment 

Graduate Student Colloquium. I initially submitted a proposal for a small group breakout 

session. I thought it would be fun to get a dozen or so interested grad student teachers 

together to work up ideas that we could use in each of our classrooms. I envisioned a very 

informal setting. DIIA accepted my proposal and we met to discuss my ideas and how my 

workshop would fit in with the rest of the program. About halfway through the meeting I 

realized that they intended me to lead this hands-on workshop with the entire 150 person 

conference in one large lecture hall. It was time to practice what I preach. 

 To make the shift from small group to large lecture I had to work through 

each step in my own creative process and present a lesson on the technical aspects of 

activity creation and how to be creative within a framework. I brought all the props for 

my various activities and sketched out the way I had used them, but as the audience was 

multidisciplinary, extensive examples from biology would be of limited use. 

 I assembled a toolkit for the workshop with the most malleable supplies for the 

widest possible set of outcomes. I decided on a kit with three colors of yarn, some 

modeling clay, a few puffballs and a couple of clothespins. I wanted to allow as much 

time as possible for the groups to develop their own ideas so I only briefly introduced the 

topic and left more in depth explanations for the handout (See Appendix). 

 The first five minutes of group work ended up being rather awkward. The 

attending graduate students fell into the same trap that I've seen repeatedly with my 
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undergraduates. Some groups fell into the task naturally while others waited for explicit 

instructions on what to do with the props. Unfortunately the point of the exercise was to 

make up your own use for the provided toys. The groups that needed individual attention 

mostly needed help with picking a topic and assigning symbols to elements of the topic. 

Once the initial associations were made, they could easily complete the task. I circulated 

around the room during the development phase of the workshop, starting with the groups 

that looked completely lost, getting them started on topic selection, and moving on to 

other groups to answer their questions. 

 The last 30 minutes of the hour and a half session was spent with some of 

the groups presenting the lessons they had just created. There were interactive lessons on 

deciding which past tense verb to use, a demonstration on bottlenecks in production 

facilities, and a clay and yarn version of a nodal computer network. 

 Presenting to the larger group forced me to work through my ideas more 

thoroughly than I would have before a discussion based workshop. I had to codify a 

process that came spontaneously to me, and it has made me a better teacher. 

 The first step to incorporating any new teaching technique into your lesson 

plans is to personalize the examples to your own curriculum. Below you will find 

guidelines for topic identification no matter your discipline, a guide for developing the 

lesson, and some suggestions on evaluating your students learning. 

 

SECTION 2-1: IDENTIFY TOPIC 

 

Good candidate topics for Kinesthetic teaching are: 

 essential to the course 
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 frequently misunderstood 

 abstract or complex 

 multifaceted 

 

Kinesthetic activities are highly memorable for the students and take up 

significant class time so it is important to carefully choose the ideas presented in an 

interactive manor. Your topic should be essential to understanding later concepts in the 

course or one of the central ideas students need to take with them to later courses. It can 

be tempting to elevate small details simply because you have thought of a way to 

represent them physically. When this happens, try to expand your activity to encompass a 

related larger idea, or simplify what is represented so that only the essentials are left. 

Most college level instruction is based on reading reference material and listening 

to an instructor explain the ideas, which is a very passive mode of learning. The points 

that are consistently confusing for students might be so because the reading/listening pair 

is not sufficient or may even be adding to the confusion. 

Systems that change over time or have many interacting parts are difficult to 

present with static pictures and verbal explanations. If you have ever looked at IKEA 

furniture assembly instructions, you know the frustration of holding the shape of the 

finished system in mind while trying to learn the shape of the components. The task 

becomes easier when you hold the pieces in your hand and see how they physically 

interact, suddenly the pictorial explanations start to make sense, and you can see how the 

interaction of two parts contributes to the whole. Ideas that rely on understanding the 

three dimensional shape of interactions of an object are frequently confusing because a 

diagram in a book is necessarily a two dimensional compression of the object. 
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Kinesthetic activities take these ideas into three dimensions and make what used to be a 

difficult idea clear. 

Representations of physical objects and systems are not the only uses for 

kinesthetic activities. Abstract ideas are also excellent candidates. Instead of attaching an 

idea just to a word, students will attach it to an object and have a visual/physical memory 

of how that idea affects other related ideas and objects. For example, the ideas of 

radioactive decay and half life are confusing to many students. Over a certain period of 

time, a radioactive substance loses half of its radioactivity no matter how much is there to 

begin with. At its heart, radioactive decay is based on probability, so an old standby of 

probability demonstrations will work here as well; coin flipping (Wenner 2011). Have a 

student flip a coin until she obtains a certain result, at which point she stops flipping and 

raises her hand. The instructor measures the length of time it takes for half of the class to 

have their hand raised, and the amount of time it takes for a further 1/4 of the total hands 

to go up. The length of the ―half life‖ can be altered by changing the stopping criteria.  

―Flip until you get a head‖ will have a very short half life, as about half the class will stop 

after one flip. ―Flip until you get three tails in a row‖ will extend the process and allow 

the class to observe the phenomenon in action. For more on developing abstract lessons, 

see section 3-1 and a lesson plan on hydrophobic interactions. 

Simple ideas do not benefit from kinesthetic treatment because they are easily 

explained and understood using words. If you try to illustrate too simple of an idea with 

objects, the activity will seem pointless and a waste of time. It is essential that the idea be 

multifaceted enough that once students work through what each part is supposed to 

symbolize, they still have something to do. Think of it as the difference between seeing a 

print of a picture, and assembling a jigsaw puzzle of that same picture. At the end of 

puzzle assembly you would be much more familiar with the details of the picture and 
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where various parts are located. See section 3-4 for a lesson plan involving problem 

solving with the Lac operon. 

SECTION 2-2: DEVELOP A LESSON PLAN 

No matter how great the need to understand the topic, or how brilliant your 

physical analogy, the actual activity will only be as good as your plan. As with any other 

aspect of teaching, planning interactive lessons is laborious at first, but becomes much 

easier with practice. Below you will find some considerations specific to in-class 

activities, as well as general good practices. 

 

After a topic is selected, develop the activity by: 

 determining scale 

 identifying essential properties 

 choosing materials 

 writing instructions 

 writing assessment questions 

 estimating time needed 

 

Once you have identified a few good topics you are ready to develop them into an 

activity and lesson plan. Start with determining the scale of your activity. How many 

students will be directly involved? For demonstrations, pull no more than 20% of the 

students to the front to assist.  With this ratio of demonstrators to class, the involved 

students feel they must present the information well and the watching students retain the 

feeling of a cohesive group that needs to pay attention. If you need to use more than 20% 

of the students, find a way to involve everyone in the room. Replicate the activity so it is 
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being done by multiple groups simultaneously, or divide the demonstration and let the 

students figure out and present a part of the overall idea. Students not actively involved 

tend to disengage from the lesson entirely. Keep in mind that the lesson is only 

kinesthetic in nature for the students directly involved. Any students observing are still 

having a passive, if memorable, experience. 

Activities that involve prop manipulation need at least enough props for each pair 

of students, preferably enough for each individual student. Watching someone manipulate 

props is much like watching a cooking show. You may gain a slightly better 

understanding of the theory, but your own chopping skills have not changed. 

Before you spend any money on supplies, spend some time considering the 

properties of the object or idea you wish to portray. Does is change shape? Attach to 

things? Have discrete parts that separate?  Give energy to another component of the 

system? The more closely you can mirror the properties and details of your idea, the 

easier it will be for your students to map the abstract idea on to the concrete activity. A 

close match will also make your activity expandable to other related ideas, and useful in 

answering student questions. Think of these activities as physical analogies. The better 

the analogy is to start with the further it can be expanded before it breaks. See the 

development notes in section 3-4 for my search for a good prop match to the lac operon 

ideas. 

Now you're finally ready to go to the craft store! The modern craft store carries 

thousands of supplies and ready-made objects. Generally, the closer a thing is to finished, 

the more expensive it is, so I try to avoid the scrap-booking aisles and use basic supplies 

that I re-purpose. I've listed pros and cons of some below. 

 

 



 16 

 

Prop Pros Cons 

Modeling clay - easily reshaped by the student 

- will stick to other objects well 

- inexpensive 

- many colors available 

- malleability unfavorable 

when stable shape is needed 

- bright colors can stain 

hands and desks 

Yarn - acrylic yarn very cheap 

- easily make connections over long 

distances 

- hard to re-use once 

unwound 

- patterns formed unstable 

Puffballs - easy to pass from person to person 

- durable 

- hard to modify 

Pre-cut wooden 

shapes 

- stable shape 

- very durable 

- easy to modify with text or color 

- expensive 

Clothespins - easily attach/ detach 

- modifiable with text or color 

- expensive 

- can frequently use fingers 

Table 2-1: Manipulative Characteristics 

Now that you've got a brilliant plan and colorful props, it's time to think about 

how to explain your ideas to students. When I've done these types of things in the past, no 

matter how clear I think I've been in my verbal instructions, once the students have the 

activity in front of them they always need clarification. You'll need to prepare a handout 

to go with your props. 

A good handout should have the following. Identification of all the props and 

what they represent, an outline of the task you want the students to perform with the 

props, and a few questions to answer while doing the activity. If setup is especially 

complex, you may want to include small diagrams or photos of the props. Make sure your 

outline is clear. Students will follow the instructions on the page whether or not they are 

what you intended! This semester, I finally figured out why groups were getting derailed 

at a particular point in my translation activity. I had included an instruction line about 1/3 
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of the way through the task that read ―Refer to the genetic code table to help with 

translation‖. I meant for them to notice that the resource was there and proceed with the 

stepwise instructions using the table as reference. They interpreted the instruction as 

permission to look up all the available codons on the table, missing most of the 

mechanistic parts of the lesson. Asking explicit questions is also very important. If, for 

example, I were to put in the instructions ―determine X‖, I frequently find that the 

students ignore the instruction. If I put instead ―What is X?‖ and leave space for the 

answer, they are much more likely to think through the process and determine X even 

though the two instructions are substantially the same. 

Once you have a first draft of your activity, conscript a friend in your field to read 

the instructions and the activity. (Cookies are a generally accepted form of payment for 

this sort of work.) Take note of how long it took them overall and ask for feedback on 

clarity of instructions. The time your friend takes should serve as a rough guide to how 

long your activity will take in a classroom, but real life very rarely conforms to 

expectation. Groups will generally take longer than individuals. Have a backup plan in 

case the activity you expected to take twenty minutes is finished after five. 

SECTION 2-3: EXECUTION 

Encouraging students to participate in their own learning is exciting, and 

frequently yields wonderful results, but it also means relinquishing some control. With a 

little forethought both you and your students will be well prepared to make the most of 

the activity you have spent so much time and energy planning. 

 

Beforehand: 

 Warn students that you will be doing something new 
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 Identify props 

 Make clear what is expected of them 

During: 

 Be available, not hovering 

 Monitor progress 

 Keep them moving 

 Stop when they're done 

Assessment: 

 Collect or review handout 

 Ask similar questions on next test 

 

Interactive learning will be outside the comfort zone of many of your students, so 

some intentional classroom management will be necessary. Mention the upcoming 

activity in general terms at the class meeting before you plan to do the activity. That way 

students show up expecting an unusual class and you spend less time fighting against 

their expectations. Warning is also useful for students who show up late. The stunned 

look on a latecomer's face when she sees the classroom covered in string is amusing, but 

not educationally useful. 

On the day of the activity, begin the class by identifying all the props, and giving 

an outline of what will happen. Work though an example or two of how to use the props 

together. All this information is on the handout they will receive, but modeling proper use 

of the props goes a long way toward the students feeling comfortable with things on their 

own. My students have been remarkably unwilling to tinker with props to help their own 

understanding, instead waiting for instruction before even opening the bag their kit came 
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in. If you pass out the kits first and then explain, you break the shyness barrier and get the 

props into the students’ hands. 

After the students begin, step back! Pretend to organize something. Dig around in 

your bag. Do something that lets them know you aren't going to swoop in with the 

answers, or to tell them they're doing it wrong. Give the class a minute or so to get started 

without your interference. Part of the power of kinesthetic lessons is that the students do 

the activity and determine the outcomes themselves without constant authoritative 

instruction. After the class is started, start circulating around the room and looking over 

people's shoulders. Scan the room for groups that look lost, and eavesdrop on groups. 

Silence is usually bad, and a sign that they're unsure of what to do. Laughter is usually a 

sign that they're off topic because no matter how good the activity is, it's still a lesson. 

Leave them mostly alone for however long you think they need. For most group work 

this is around 10-20 minutes depending on the number of questions on the handout. 

When you judge ¾ of the room is done, move on to the next part of class. Be as flexible 

as you can on time. Move on if they finish early, and extend the time if no one is done. 

It is important to assess student learning as soon as possible. You could collect the 

handout, but I usually teach large classes making collecting papers burdensome. At the 

end of the period, I'll go over the questions on the worksheet to reinforce the ideas one 

more time and to let them correct any mistakes they made during the activity. On the next 

quiz I'll phrase questions similarly to the way they were presented on the activity 

worksheet. 
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Chapter 3:  Lesson Plans 

 

You can discover more about a person in an hour of play than in a year of conversation.  

- Plato 

SECTION 3-1: HYDROPHOBIC INTERACTIONS 

Topic: Hydrophobic Interactions: the gathering of non-polar molecules together 

because of their inability to interact with water 

Materials:  

 Six students in white hats (dissolved molecules)  

 25-30 other students (water) 

Time: 10-15min 

Instructions: All students in a class come to the front of the room. Six of them 

are wearing white hats provided. For the first part of the demonstration, all participants 

behave the same way shaking hands with their neighbor (hydrogen bonding) and then, 

moving onto the next person. The instructor should let this run for 10-20 seconds being 

sure to stop when the people in hats are nicely spread throughout the crowd. Point out 

that since the people in hats were behaving like polar molecules, the rest of the class 

didn’t treat them any differently than the water molecules. For part two, ask the hat 

wearing folks to stop shaking hands with anyone, and tell the rest of the class to reach 

past the hat wearing folks to find the next water molecule. Start the motion again and let 

it run for 10-20 seconds. The hat wearing people will fairly quickly end up on the outside 

of the crowd. Stop the action. Ask the hat wearing folks if they pulled on each other to 

gather together like they did. Point out that because the hat wearing people were 
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behaving like non-polar molecules, the water automatically pushed them together to 

make them easier to deal with. 

Educational Goals: Show students on a macro level an effect that is actually a 

lack of interaction.  

Impetus for Development: Hydrophobic interactions are a difficult concept 

because the observed effect is actually due to a lack of interaction. The water molecules 

pull on one another and do not pull on non-polar molecules, herding the non-polar 

molecules together. This herding effect is hard to conceptualize on a molecular level but 

the same effect can play out on the macro level without the students actively play-acting. 

Development Notes: Version 1: In the two part exercise the set of dissolved 

molecules (white hats) first behaves just like the water forming and breaking hydrogen 

bonds. They remain fairly well evenly distributed throughout the crowd. In the second 

half, the dissolved molecules (white hats) are non-polar and don’t interact with water. 

The water people must reach past them to find other waters. The non-polar  people end 

up in two or three groups on the outside of the crowd without having consciously bonded 

together. Sometimes they are not even aware of moving out of the way. I will admit to 

some gaming of the system in when I choose to stop the exercise and point out the effect, 

but the non-polar clumping happens naturally. Seeing the same effect at a macro level is 

extremely powerful for teaching ideas present at a level too small to see.  

Version 1.1: Amphipathic molecules can be added by asking some students to use 

the following rules:  Amphipathic molecules may shake hands with water but when they 

come to a hydrophobic molecule, they must turn their back on the hydrophobic molecule, 

and keep their back to them as they shake hands, but do not move away from their 

hydrophobic molecule. If they encounter another hydrophobic molecule, they must turn 

their back to the space between the old molecule and the new. 
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Figure 3-1: Behavior of polar molecules 

 

Figure 3-2: Behavior of non-polar molecules 
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SECTION 3-2: ISOMERS 

Topic: Isomers - Molecules that consist of the same number and types of atoms 

but vary in shape 

Materials:  

 Non-drying polymer clay 

 Toothpicks  

Time: 15 min 

Instructions: Use the model kit, clay for atoms, toothpicks for bonds, to build 

each molecule in the left hand column and determine which option in the right hand 

column is an isomer, and which is a rotation of the starting molecule.  

Educational Goal: Students understand the 3-dimensional nature of molecules, 

and how the 2-D compressions used in their texts relate. Special attention paid to 

geometric and steroisomers as they are used again in the next chapter. 

Impetus for Development: I began to think of a new way to teach isomers after 

persistent misunderstandings about mirror image isomers long after the topic had passed 

and the class had moved on to more advanced related ideas, specifically sugar isomers. 

Development Notes: Version 1: Students made their own molecules with little 

guidance using the provided materials to build mirror images and answer questions. 

Without a model to start with they seemed unsure of how to relate a flat drawing of a 

molecule into three dimensions, so even those that built things didn’t find them to be of 

much use in answering the questions posed.  

Version 1.1: The next semester I guided them through the construction of a 

starting molecule and then posed a challenge to tell the difference between a mirror 

image and a rotation of the starting molecule.  
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Version 2: This year, I’ve formalized the challenge questions into a worksheet to 

accompany the models.  

 

Figure 3-3: Model kit materials       

Figure 3-4:  Three asymmetric carbons: Two identical, one isomer.  
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Illustration 3-1: Isomer student handout pg1  
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Illustration 3-2: Isomer student handout pg2 
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SECTION 3-3: TRANSCRIPTION AND TRANSLATION 

Topic: Transcription- mRNA production Translation- protein production 

Materials:  

Transcription:  

 Foam rectangles with ATUG & C written on them.  

 Smaller rectangles to mark 5’ and 3’ ends.  

Translation:  

 Foam rectangles with RNA nucleotide sequence written on it.  

 Large foam rectangle representing ribosome large subunit EP& A sites 

marked, hole cut out of middle so codons show through 

 Anchor shaped wooden pieces with anti-codons written on them  

 Clothespins with the names of amino acids written on them  

Time: 45min-1hour  

Instructions: Students work in three groups of 8-10 students, completing each of 

three stations during class time. 

Transcription: Students are to assemble complementary mRNA strand, paying 

attention to the direction of the synthesis and the location of the RNAP binding site.  

Translation: Students are to assemble the translation initiation complex and then 

connect each amino acid as they advance the ribosome until the stop codon is reached. 

Testing skills: Students complete a worksheet to practice writing a peptide when 

given various starting information. 

Educational Goals: Force students to slow down essential processes to 

understand each step. Create concrete examples that differentiate between two frequently 

confused concepts. 
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Impetus for Development: The two processes of the central dogma of biology 

present a special challenge to the beginning biology student. The two processes are 

connected conceptually, and unfortunately have similar names leading to confusion even 

after the concepts are learned. Many animations that endeavor to explain the two ideas 

are visually similar. A line appears on the screen, a blob approaches the line, and small 

specks are assembled into a new line that exits the blob. While this generic view is not 

incorrect, it is misleading because the mechanism of each process and what is 

accomplished are vastly different and essential to understanding later work in sub-cellular 

biology. I sought to create an in-class activity that would provide different experiences 

for the two processes while still using similar enough materials that the connections are 

not lost. 

Development Strategy: Version 1: A few volunteers assembled an RNA in front 

of the class while the group provided the complementary bases. The translation half had 

volunteers act as tRNAs reaching a hand through the ribosome to bind to an mRNA and 

connect clothespins together as directed by other members of the class who were using a 

code table. This approach proved to be no better than showing animations because so few 

students were involved in assembling the new molecules, they just magically put 

themselves together.  

Version 2: I needed to get materials into the hands of more students, so I switched 

to an activity station model. The first and third stations are transpositions of the original 

in class activity. The first time I did stations the middle station had the group watching 

animations on RNA processing and answering questions on these. At exam time we 

found that they needed to practice a more basic skill set of answering transcription and 

translation questions and figuring out what the sequence will be of the RNA or protein. 
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RNA processing is covered in more detail in later classes but the ability to go from a 

dsDNA sequence to a protein sequence is assumed in all later classes. 

Version 2.5: All RNA processing elements removed and replaced with practice 

questions to emphasize strand naming concepts. 

 

Figure 3-5: Transcription: Complementary  DNA and RNA  

 

Figure 3-6: Translation: Initiation complex  
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Figure 3-7: Translation: Elongation  

 

Figure 3-8: Translation: Elongation detail  



 31 

 

Figure 3-9: Translation: Arrival at stop codon  

 

Figure 3-10: Translation: Termination  
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Station 1: Transcription  
 

1) Assemble the following DNA sequence out of foam nucleotides: 

5’caccatggtgcat 3’ 

 

2) If this is the template strand: 

1. Where is the promoter located? 

 
2. When RNA polymerase moves along this molecule, which direction will it move? 

 

3. Will RNA polymerase assemble an RNA that is complementary to this strand? 

 

4. Assemble the associated RNA molecule out of foam nucleotides 

Which end is 5’ and which is 3’? 
 

 

 Disassemble the RNA you just made, leaving the original DNA. 

 

 

 Now assume this sequence is from the coding strand of DNA 

1. Where is the promoter located? 

 

2. When RNA polymerase moves along this molecule, which direction will it move? 

 

3. Will RNA polymerase assemble an RNA that is complementary to this strand? 

 
4. Assemble the associated RNA molecule out of foam nucleotides 

Which end is 5’ and which is 3’? 

 

Illustration 3-3: Transcription handout 
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Station 2: Translation 
Initiation 

 Spread out the pink and yellow mRNA 

 Locate the start codon 

 Align the P site of the blue ribosome with the start codon 

 Use the Genetic code table below to assist you in translation 

 Place the first loaded tRNA  (anchor with clothespin) in the P site 

Elongation 

 Place the second tRNA in the A site 

 Transfer the amino acid (clothespin) from the P site on to the amino acid still attached to its tRNA in the A 

site 

 Move the ribosome one codon to the right, leaving the tRNAs where they are 

 You should now have an empty tRNA (anchor) in the E 

site, and a tRNA with two amino acids (clothespins) 

attached in the P site. 

 Add the next loaded tRNA to the A site  

 Transfer the polypeptide from the P site to the A site 

 Move the ribosome to the right 

 The very first tRNA leaves to make room for the one 

coming in from the P site. 

 Repeat until you reach the end of the mRNA 

Termination 
 Attempt to attach the polypeptide to the protein 

matching the stop codon. 

Questions: 

 What is the final sequence of the polypeptide? 

 What happens to the translation complex after the stop codon is reached? 

 Is there an amino acid that corresponds to the stop codon? 

 Which end of the string of clothespins represents the N terminus? The C terminus? 

Illustration 3-4: Translation handout 
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Station 3: Practice Questions 
Transcribe and translate each of the following sequences for practice: 

Template strand of DNA (no introns) 
3' CCTTAAATACCCGGAAATGGTGCCAATCCC 5' 

mRNA sequence: 

 

Peptide sequence: 
 

Coding strand of DNA (no introns) 

5' ATCCGATGACCTTGGGACATTAGTCCA 3' 

mRNA sequence: 
 

Peptide sequence: 

 

pre-mRNA (intron is underlined) 
5' CCUAAUGCCUGGACACCUACUUGAAUGGUUUAA 3' 

mRNA sequence: 

 

Peptide sequence: 
 

mRNA 

5' UUCAAUGCCAGGUCUGAGUCACUAGCA 3' 

Peptide sequence: 
 

2) What amino acid would be attached to a tRNA with each of the following anti-codons? 

3' CAA 5' 

3'GUC 5' 
3' AAG 5' 

 

 

 

Illustration 3-5: Transcription/translation test taking skills handout 
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SECTION 3-4: LAC OPERON 

Topic: Lac Operon: Positively and negatively regulated gene expression.  

Materials: Flow chart 

 Toy car – RNA Polymerase 

 Polymer clay – repressor,  

 Rubber band – CAP,  

 Penny- lactose 

Time: 30min 

Instructions: Use the flow chart and manipulatives to figure out which proteins 

are bound to the lac operon under varying conditions and whether gene transcription 

occurs. TA demonstrates the two single sugar cases using the doc cam if available. 

Educational Goals: Students will understand the two control systems affecting the lac 

operon and how they interact. They will be able to answer questions concerning the 

normal function of the operon. 

Impetus for Development: The lac operon is a student’s first introduction to 

gene control systems and as such is a source of much confusion. There are several levels 

of activations and inactivations that lead the set of genes being either expressed or not. 

Because of the new concepts and the large dose of new vocabulary there is great potential 

for student uncertainty. 

Development Notes: Version 1: My first lesson plan for this topic consisted of a 

reiteration of the lecture and an explanation based on prior understanding of if/then 

statements. As usual with assumptions, it didn’t pan out. Most of the class had never 

heard of formal logic, or programming, or search terms, so the lesson went straight over 

their heads. I didn’t use any hands on materials, just went through the information that 

would become the flow chart handout. 
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Version 2: I did a demonstration where a spring-loaded car played the role of the 

RNA polymerase, my hand played the role of a protein that encourages the RNAP to go, 

and a blob of clay as above. The class then did the standard worksheet in Illustration 3-7 

The students got a good understanding of what a working system looks like from the 

demonstration, but they were still having trouble working through the logic needed to 

answer questions.  

Version 3: I then combined the logic and hands on elements into an individual 

activity. I wrote a flow chart that guided the students through each step of the logic with 

hands on elements representing each player. My spring-loaded cars had broken, so I 

replaced them with clothespins in the role of RNA polymerase. The flow chart was useful 

to the students, but the activity did not have the same impact or staying power as before. 

Version 3.1: I replaced the clothespins with more durable cars. The combination 

of a basic lesson in formal logic with fun toys did the trick. Students were able to quickly 

work through the logic of a functioning system and many were able to anticipate the 

results of various kinds of damage to the system. 

 

Figure 3-11: Lac Operon materials 



 37 

Figure 3-12: Repressor bound to DNA (OFF) 

 

Figure 3-13: Repressor bound to lactose (basal) 
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Figure 3-14: Repressor bound to lactose, CAP active (ON) 

 

 

 

 

Figure 3-15: Repressor bound to DNA, CAP active (OFF) 
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Illustration 3-6: Lac operon flowchart 
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Prokaryotic Gene Regulation 
Lac Operon 

 

 

 

 

 

 

 
 

1) What proteins do lacZ, lacY, and lacA encode? What are their functions? 

 
 

2) For each combination of sugars below, determine if the repressor is active, if the levels of cAMP are high or 

low, if CAP is active, and if lac operon expression will occur. Is the operon on (high levels of expression) or 

off (low levels or no expression)? Use the attached flow chart and props to help with this question. 

a. Glucose only 

 

b. Lactose only 

 

c. Fructose only 

 
d.  Glucose and Lactose 

 

e. Glucose and Fructose 

 

f. Lactose and Fructose 

 

3) When is lacI expressed? What protein does it encode? 

 

Illustration 3-7: Lac operon worksheet 
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SECTION 3-5: GLYCOLYSIS  

Topic: Glycolysis -metabolism of sugar not requiring oxygen 

Materials:  

 Colored Hats for people playing C atoms, 

 Foam balls for Phosphate groups, 

 Puffballs for Oxygen  

Time: 30 min 

Instructions: Six students are at the front of the class, each is wearing a different 

colored hat. They link together in a circle to form a glucose ring. Carbon 1 and Carbon 5 

are linked through an Oxygen pom-pom. Students playing enzymes are given a card with 

the chemical reaction written out and a description of what needs to be done to the model. 

For example, hexokinase attaches a phosphate group {foam ball} from ATP to Carbon 6 

of glucose. {person in black hat} 

Educational Goal: Students will understand the scale of manipulations needed to 

break down one molecule of glucose and the energy benefit of doing so. 

Impetus for Development: The glycolysis activity started with an impulse to 

make dry chemistry more accessible and to do something different that I would have 

appreciated when I was learning the material. 

Development Notes:  Version 1: I took the chemical chart and counted up the 

number of molecules and enzymes and assigned a person to each, carbon, oxygen and 

enzymatic function. The students being carbon wore colored hats, oxygen white hats, and 

phosphate groups and hydrogen atoms were balls. I couldn’t get a good feel for the 

amount of space needed beforehand so things ended up quite crowded. Each person 

playing an enzyme needed lots of help from me to sort through all the bodies up front to 



 42 

find what they should be doing, even though they had the whole cycle projected on the 

screen.  

Version 2: I broke apart the steps so that each person playing an enzyme was only 

looking at one step at a time on a paper in front of them. I also eliminated the people 

playing oxygen so it was much easier to see the shape of the glucose molecule. 

Practically, this worked much better and the students were better able to keep track of 

what was going on and what they were supposed to do. There were still problems with 

the class as a whole understanding the point of the exercise.  

Version 2.1: The next semester we moved the activity out of discussion and into 

lecture in a stadium seating classroom with 80 students. Increasing the number of 

students watching seemed to increase the seriousness of the participating students and let 

the audience see the large scale changes. The students playing enzymes still needed 

guidance in seeing what changed between reactant and product and relating that to the 

model.  

Version 2.5: Added descriptions to student hand out of what parts of the model 

correspond to which chemical group. 
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Appendix  

GRADUATE STUDENT COLLOQUIUM 2009 - KINESTHETIC TEACHING FOR 

EVERYONE 

There are many ways to learn. Listening, reading, discussing, and looking at 

pictures are all fairly well covered in teaching undergraduates. Learning by doing, or 

kinesthetic learning, is often left out.  

In today’s workshop you will design your own kinesthetic activity. First, you will 

be thinking of some possible topic ideas individually. Later you will join a group to share 

your ideas and then decide on one. After selecting a topic, your group will then develop 

an idea for a lesson using the props in your bag. This packet provides you with general 

information useful whenever you design an activity, as well as specific tasks and 

questions for today. Also attached are some sample ideas to help spark your creativity. 

 

Select Your Topic:  

For today:  First, you will be thinking of some possible topic ideas individually. 

Later you will join a group to share your ideas and then decide on one. After selecting a 

topic, your group will then develop an idea for a lesson using the props in your bag. Use 

freshman or sophomore level ideas that can briefly be explained to your teammates. If 

you are having trouble coming up with an idea, see the sample ideas at the back of this 

packet. 

Questions to guide you:  What concrete idea do you want your students to learn 

through your activity? 

What are the connections, categories and/or interactions that you want to 

emphasize? 
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Could your topic be made more specific or more general to better emphasize 

connections to other ideas? 

Sample Topics:  If you are stuck for a topic, consider some of these: 

 

English:  Family relationships in a novel, forms of writing 

History:   Spread of empire, politics of resource control 

Engineering:   Material strength, opposing forces  

Health:   Causes of diabetes, nutritional requirements 

Biology:  Convergent evolution, Mendelian genetics 

Chemistry: Van der Waal’s interactions, pH buffer function 

General:  Adding kinesthetic elements to your teaching can provide your students 

with a different perspective on an idea and give them a physical memory to attach 

concepts to.   

Good candidates for activity topics have several things in common regardless of 

subject area. Topics need to be concrete ideas rather than general areas. For example, it 

would be very difficult to teach the American Revolution with one activity, but you could 

illustrate the tax burden on the colonists, or the relative numbers and organization of 

British and American troops. Look for concepts that can be expressed as interactions, or 

divided into categories. You could think of your activity as an analogy in physical form, 

so concepts that you already teach using analogy can be easily converted. 

Develop your idea 

For today: 

If you haven’t already, get a goodie-bag for your group. Inside you’ll find yarn, 

clay, puffballs, and clothespins.   
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Each type of prop is good at different types of illustration. Here’s a few to get you 

going. 

 Yarn- interconnectedness, complexity of a system 

 Clay- objects that change over time, unusual shapes, base to hold other pieces 

 Puffballs- designate people, represent items transferred between owners 

 Clothespins- reversible connections, mobile objects 

Use the props to design an interactive lesson plan for the topic you selected.  After 

discussing your individual topic ideas, choose one and work on it as a group.  

Questions to guide the development of your topic:  How many students will be 

directly involved in the activity? Two or three? 20% of the room? All students present? 

Other configuration? 

Which props will you use to illustrate your idea? 

What, exactly, will the students do? 

How can you simplify your props? 

Will each student need materials?  

Will they work in small groups? As one large group? 

How will you assess your students learning? 

What is one question they should be able to answer after participating in your 

activity? 

General: Frequently, you will have some idea of the type of props you wish to use 

when you pick your topic. Here are some considerations to take into account. Anything 

that gets the students out of their seats or working with props is a kinesthetic activity. 

You don’t have to have elaborate models or complicated scenarios. In fact, simple setups 

often work better because the students are spending more time thinking about the topic 

instead of the mechanics of the activity.  
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You can do activities using your students as props. Have groups of people 

represent categories, or chains of people represent connections, or people shaking hands 

represent interactions. I’m sure you can think of more possibilities. Party games are also 

easily adapted to a classroom. I’ve played Pictionary with my students to help them learn 

the parts of a cell, and Jeopardy with them to review at the end of the semester. To 

emphasize characterization, you might play charades where students enact characters 

from the semester’s reading. Party games usually require very little prep by the teacher, 

and most of your students will already be familiar with the rules. 

Low cost craft supplies, like the ones in your goodie-bag today, can greatly help 

you students visualize difficult or complex interactions. A small investment can serve a 

large number of students, and if you do not permanently modify the supplies they can be 

used for more than one topic. Cost per student is quite low if you stick to basic supplies. 

All the props for today’s workshop cost less than $50. If you aren’t familiar with the 

range of craft supplies available, take an afternoon and wander up and down the aisles of 

Michael’s or Hobby Lobby. You’ll come away with a bunch of ideas. I’ve used 

everything from scraps of paper, to modeling clay, to Chex Mix to explain various ideas. 

If you are willing to spend a bit more, you could modify the craft supplies to 

create a lesson for one particular subject. This approach is more work for the teacher, and 

means that the supplies cannot be re-purposed, but for very central concepts it can be 

worth it. I use modified craft supplies to explain how DNA is transcribed into RNA then 

translated into protein. 

There are many educational supply catalogs out there with lots of really cool 

looking stuff. Unfortunately, these tend to be expensive and use consumable components 

that you have to replace in order to use the kit again. Catalogs and fellow instructors can 
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be great sources of activities, and it is usually easy to figure out how to do the same 

activity for less money! 

Execute the activity 

Now that you have a fabulous lesson plan, you just need to pull it off with actual 

students! 

I like to think of my lesson plans in sections similar to those in a published play. 

Introduction: provide context for the topic, and give students an overview of what 

is about to happen 

The Cast: Show the props and make it clear what each piece represents. Ask for 

volunteers to participate if you only need a few people. If you don’t get enough 

volunteers, start calling on people. Intro and cast sections should take about  1/8
th

  of your 

time. 

The Play: This is the main event, and should take about half the allotted activity 

time. You’ll need to stage manage the room a bit, answering questions and keeping an 

eye out for people who look confused or off task. 

Epilogue: Your worksheet or question time at the end of the activity cements the 

ideas your students have been playing with, and gives them the shorthand take home 

message. This section will take up the remaining 3/8
th

  of your time.  

Be excited about your plan! You may be nervous about trying something new, but 

show your students the enthusiasm you felt when you first decided to use kinesthetic 

elements in your classroom! 

Resources: 

http://vark-learn.com/ 

 Quiz to determine your learning style. 

 Learning strategies for each learning style. 

http://vark-learn.com/
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http://www.csun.edu/science/ref/games/ 

 Powerpoint and Word templates for many party games 

http://www.orientaltrading.com/ 

 small, cheap toys 

 Party supplies 

http://www.michaels.com/ 

http://www.hobbylobby.com/ 

 General craft supplies and yarn 

Sample fleshed out ideas: 

Math: 3-D integration 

Spin yarn by ends to illustrate rotating curve around axis.  To make a more 

interesting curve shape, use pipe cleaners instead of yarn. 

English: Poetry Meter 

Line students up in the front of the room to represent beats in a line. Have people 

raise their hands to indicate stressed syllables. Run through several types of poetry to 

highlight differences. 

Biology: non-competitive inhibition 

Use clay to represent an enzyme and differently shaped stones to represent the 

substrate and inhibitor. Push the substrate stone into the clay to make a binding site, 

remove the substrate, then push the inhibitor stone in the other side of the clay, and 

observe changes in the binding site. 

History: Pre World War I treaties 

Have students represent countries, connect them with yarn to represent treaty 

commitments, then pull on the yarn to show how one assignation triggered a war.  

http://www.csun.edu/science/ref/games/
http://www.orientaltrading.com/
http://www.michaels.com/
http://www.hobbylobby.com/
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