
I like to kick the year off in physics with an inquiry lab in which Materials Needed:
the students make and test paper whirligigs.  This initial 
activity serves several purposes including 

introducing students to the kinds of activities I intend 
to use 
providing a formative assessment of students' inquiry 
skills 
a review of inquiry processes 
promotion of critical and creative thinking 
accurately modeling how science works with an open-
ended and collaborative investigation.
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 paper  rulers
 scissors  stop watches

 Time for Activity:
 Two 55-minute class periods

        or
 One 90-minute class period

 
 Relevant Content:
  gravity  free fall  air resistance

 wing effect  inquiry

ABSTRACT: The beginning of the school year is a crucial time to establish in students' minds the expectations for critical and creative thinking as well as 
bolster students' enthusiasm and interest in science.  This article describes an introductory activity in which students create whirligigs, which are simple 
paper helicopters, to generate data about a variety of variables.  The class is then challenged to create a single whirligig design that performs according to a 
flight time given by the teacher.  This activity provides many opportunities for students to learn teamwork, strategy skills, and critical thinking.  The 
activity also helps students better understand several science concepts and how science works.  This article promotes National Science Education Content 
Standards A, B, and E, and Iowa Teaching Standards 1, 2, 3, and 4.
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Part 1 - Investigation
In the first few days of the school year I show students a 
model whirligig and ask, 

“What do you notice as the whirligig falls?”  

Students make note of observations such as: it spins, it 
moves sideways, it seems to float in a circle, or it spins 
slower at the end of the flight.  I then ask students what 
about the whirligig we could change to affect flight time.  
Students usually note wing length, wing angle, weight, 
and wing width as well as other variables. 

Once students have identified characteristics of the 
whirligig that might affect flight time, I want them to consider 
how they might control for “outside” variables that would 
affect flight time (i.e., height of drop, release style, room 
conditions, etc).  After these discussions, we have two lists 
on the board - one list is of variables we want to investigate 
and the other of things we want to control between groups.  
I divide the class into groups of three (one to drop, one to 
time, and one to observe) to investigate the variables. I 
have each group choose a different variable to investigate 
ensuring each variable is being investigated by at least one 
group.  Having more than one group investigate each 
variable is fine and might better prepare the class for the 
second part of this investigation. 

Although individual groups are investigating the 
variables, this project models whole class inquiry 
(Smithenry & Gallagher-Bolos, 2009).  To steer the class 
toward careful consideration of how they might organize 
their data, students are warned that there will be a whole 
class challenge for which they'll want to use the data.  

Depending on your students, you may need to discuss 
how to organize data.  To do this, I ask the class what our 
“standard” whirligig will be.  Once we decide on the 
measurements (wing length and width) as well as drop 
height, I ask students how they might keep track of their 
changes and the effect on flight time.  After this guidance, 
students have little trouble collecting useful data.

As students collect their data, I walk around the room to 
listen in on their conversations.  Some groups want to 
test only two data points, or seem to think their work is 
done after only two data points.  Some questions to keep 
them thinking and refining their data include:

"How can you have greater confidence in your 
data?"
"How long would a whirligig with (some parameter 
outside their current data set) fly?"
"Now that you've investigated the whirligigs further, 
what new factors do you think might affect flight time?"
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HOW TO MAKE A WHIRLIGIG
Modeled from www.PBSKids.org

A standard sheet of paper can be 
used to construct a whirligig.

In this example, only half of a 
sheet of paper is used (by cutting 
it lengthwise).

Dashed lines represent lines to 
fold.

Solid lines represent lines to cut.

After making your cuts, fold the 
paper as shown.  The top flaps of 
the whirligig are folded in opposite 
directions to create a “helicopter” 
design.

The bottom section is folded 
inwards from both sides to create 
a thicker center column.

Fold the bottom tip of the column 
to add stability.

Encourage your students to 
experiment with this basic design.
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These questions are meant to increase student thinking During the work time, I walk around to observe student 
about the whirligigs and their data analysis.  For example, activities and record their comments.  I answer three 
the second question usually gets students to consider questions, and only three.  Even if they ask, “Can I ask a 
graphing their data with their dependent variable on one axis question?,” I deduct a small number of points away from 
and their independent variable on the other axis.  Once their total.  While students are discussing I ask them 
students create graphs, I can introduce (or review) with them questions to further elicit their thinking.  When one student 
extrapolation and interpolation.  For more advanced starts to “lead” a group, I might ask them to explain their 
students, we work to determine the equation of the graphs thinking again.  
so that we might make our predictions from equations rather 

When I ask this question, I have a puzzled look on my face as than estimation from the graph.  To extend this discussion, 
though I am really trying to understand the student's consider having students discuss the relative advantages 
thinking.  Then, I ask the other students in the groupand disadvantages of using a graph for prediction versus an 

equation.  
“To what extent does this idea make sense to all of 
you?”  

The second day of class (approximately 45 minutes) is 
I want to model critical thinking and the discussion of ideas dedicated to the whole class challenge.  Once students 
rather than just “following the leader.”have investigated various factors that might affect the flight 

of the whirligigs, they now have background on which they 
draw for the class challenge.  At the beginning of the second 

I have rarely seen a class collaborate as a group with this 
day of class, I have the challenge written on the board as 

level of engagement and sense of common purpose. They 
students enter: 

immediately blow one of their 3 questions on, “So we only 
get 3 questions?”  I reply, “Yes, and that's one.”  After that “Your challenge as a class is to make a whirligig with a 
they talk amongst themselves before asking any questions.  very precise flight time (drop to landing) of 2.7 +/- 0.1 
They lean on each other – not me.  They work together like seconds”.  
crazy for half an hour; there is genuine laughter – but it's on 
topic.  My principal wanders in on an unplanned drop-in and Importantly, I choose the time based on the students' data 
nobody notices but me.  They're in the zone.collected during Part 1. I choose the time to both challenge 

students and ensure the task is attainable.  I usually choose 
Yes, they mostly stray into trial and error, rather than planned a time that lies just beyond their collected data set so they 
and organized investigations but that is just a valuable point must do some extrapolation rather than just find the exact 
that I jot down to drive home after the activity.  If I wanted to whirligig they had made previously.
focus the students on using their data, I might ask

Before turning the class loose, I give them the following 
“How could your data and graphs from yesterday help ground rules:
you narrow down your trial and error?”  

The class can only ask the teacher a maximum of 3 
At the end of the allotted time a student hands me a whirligig questions (the goal of this is to force them to rely on 
diagram.  I measure, cut, fold and staple as per their each other, not the teacher)
instructions.  We drop the whirligig 3 times.  The average is Students get a limited amount of time (I used 30 
2.81 seconds but I give it to them.  They literally cheer out minutes) to determine the dimensions for a whirligig 
loud.that will meet the goal (one whirligig for the whole 

class)
To culminate, I read the observations and student quotes The class can do more trials during this time but the 
that I recorded.  They laugh out loud again – several times.  I final whirligig will only get one chance (an average of 
also give a few pointers about data gathering, sharing the 3 trials)
labor and avoiding simple trial and error when possible.At the end of the allotted time, students will turn in to 

me the measurement of the whirligig they would like 
One quote that I cannot get out of my head was the very first me to create.  That is, they will not hand me a 
thing said after I said, “Go.”  One of the senior boys said, completed whirligig. 
“Alright guys, let's circle the wagons!”  So they did.  They all 

Part 2 - Whole Class Challenge

How It Went For My Class This Year
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pulled their chairs together into a circle in the middle of the 
room and started discussing a plan of attack.

In addition to the high level of student motivation that flows 
from this activity, I use this experience as a starting point to 
navigate other science topics.  Students never forget this 
activity.  When we work to understand other physics 
concepts, such as gravity or wind resistance, I can point 
back to this activity with comments such as 

"Think back to when you made your whirligig.  How did 
that activity model wind resistance?"  

While I use this activity with my physics classes, it would 
work equally well in most other science courses.

Perhaps the most valuable part of the lesson was the 
community building inspired by working together to achieve 
a common goal that they found challenging.  I'm certainly 
going to do more whole class inquiry.  And soon.

Smithenry, D.W., & Gallager-Bolos, J. (2009). Whole Class 

Inquiry.  National Science Teachers Association Press.
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