











responsible for asking the teacher questions that the group

cannot answer themselves and for reporting the results of
the experiment to the class. The Recorder is responsible
for ensuring all members of the group write the correct
data gathered during the lab. The Materials Manager is
responsible for gathering the materials and for ensuring all
members of the group take turns measuring or making ob-
servations. By creating a system of interdependence within
the lab group, the teacher requires students to think aloud
about their ideas regarding the activity. Each student con-
tributes his or her unique perspective and collectively the
lab group constructs ideas about the lab experience. Each
member of the group is required to complete his or her task
for the lab to be accomplished.

Mix up the steps

The teacher takes a cookbook lab and mixes up the steps.
An example of a lab addressing the density of an unknown
liquid is shown in Figure 1. Before the students can obtain
materials, they need to identify the correct order of steps
with the help of their lab group. This method requires
students to think globally about what they are about to
do. They can get a sense of the entire process of the lab by
unscrambling steps into their correct order. This method
is very popular with teachers who have never experienced
an open-ended lab because it makes the students critically
think about the process, but does not have the manage-
ment complications presented in inquiry-based labs.

Give only the procedure

In this method, students are given step-by-step instruc-
tions, but the pre-made data table is removed from the lab
handout. After reading the procedures and before acquiring
materials, students are required to construct a data table for
the lab. An example of a lab that requires students to com-
pare speeds of windup toys by measuring distance and time
is shown in Figure 2. This method encourages students to
get a complete understanding of the process and apply it to
organize the anticipated information. The students are re-
quired to think about the goals of the lesson and assemble
a data table to gather the anticipated information.

Student/teacher round-robin

The teacher initiates the writing of the procedure in this
method. The problem to be investigated is introduced
and the teacher suggests the first step in the procedure. A
student from the class is then asked to suggest the next
step. The teacher offers the third step and the process of

1GUS EZ_, The speed of wmdup toys

1. Choo e two wmdup toys rom the bin that have
drfferent methods of locomotro_ 3 That is, choose
one wrth wheels and one that mlmlcs walkmg

2 Make a track for the wrndup toys usmg two meter
strcks arranged paraliel t to each other on the floor.

3. Assrgn jobs in your group
. Starter—wrnd and start the toy.
o Trmer——gwe the signal to start and stop.
. Measurer——measure the distance traveled by the toy
. Pnncrpal lnvestlgator——make sure everyone ison
task and the results are reasonable. ;

4 Wmd up the first toy-and hold it at the startrng pomt '
. (0cmon the meter stick).

5 When the Timer says, “Start release the toy

:6. The Timer should trme for 10 seconds and then say,‘ ‘
"Stop : ' : :

7 The Measurer should ‘mark the exact pornt the toy
was at when the Trmer sard “Stop

8. Repeat the process foratotal of five tnals per wrnd-‘ ,
up toy. : R & ‘

- 9. Calculale the speed for each tnal and the average ]
for the five tnals per toy.

10. Compare the speeds for each method of
locomotion. Do your results agree with other results
found in the class?

suggesting steps continues. As an example, students would
be asked, “How could you compare the harshness of soaps
and detergents?” The teacher would suggest that pH be
used as an indication of harshness. A student from the class
would give examples of available soaps and detergents to
test while the teacher writes this on the board. The teacher »
would suggest a reasonable amount of samples to test and
that 10 mL of each soap and detergent be placed in a 100
mL beaker for testing and writes this step on the board.
The teacher would note that exact amounts must be speci-
fied in the procedure so that others could duplicate this
experiment, and would then elicit the next step from the
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class. A back-and-forth dialogue ensues until all steps are
complete. When the students perform the lab and notice
deficiencies in the procedure, the teacher would use these
teachable moments to emphasize the principles of scientific
investigation. This method is effective in drawing out stu-

dent ideas while simultaneously keeping ideas on-topic due

to the embedded teacher direction in the process. Student/
teacher round-robin is a good method for a teacher who
would like to practice bounded inquiry, a type of inquiry
where teachers introduce questioning techniques.

Student/student round-robin

Lab groups are given the problem statement of the lab and
are asked to write the procedure for the lab investigation.
Given a lab group of four, the first group member writes
the first step to the lab, and then the second group member
writes the second step to the lab, the third group member
writes the third step to the lab, and so on. An example of a
lab that addresses the question, “What changes in a pendu-
lum affect the time it takes to swing back and forth!” is given
in Figure 3. The lab procedures are written by alternating
group members until the procedure is finished. Student/stu-
dent round-robin gives the students the occasion to generate

their own ideas about how the process in science is accom-
plished. This method also gives students an opportunity to
identify different independent variables in an investigation.

Data table only

The procedure is removed from the step-by-step lab and
given to the students, leaving only the data table as infor-

_mation. Students tend to understand the data-table-only

method well because in standard cookbook labs they often
pass over the procedure to first fill in the blanks of the data
tables. A lab that compares the density of different sized
Snickers bars (the same material) and the density of the
same amounts of different types of liquids is given in Fig-
ure 4. This method causes students to interpret a graphic
organizer (the data table) and think backwards to how data
would be obtained.

Concept map

Step-by-step labs are usually easy to convert into concept
maps. The linear progression of the process in the lab is rep-
resented in a flowchart with pictures, rather than text. Anex-
ample of a density lab that utilizes different methods of mea-
suring volume is shown in Figure 5. When students interpret

. What changes in a pendulum affect the time it takes to swing‘baék and forth?

ey : .| Howdoyou think the pendulum will
Variablestotest "7 be affected? B

How are you goingtotestit?

Choose three variables to test and make data tables in this space.

Conclusion: What is the effect of each variable on the period of the pendulum?

Variable 1: Variable 2:

Variable 3:

If a pendulum on a clock gains time, what must you do to correctly adjust the pendulum? ;
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the concept map or flowchart, they internalize the process and
see the larger intention of the laboratory experience. When
students are comfortable with this experience, they can create

their own concept maps of laboratory investigations.

Report results in paragraph form for replication
This method simulates the process scientists experience in
the course of publishing in a journal and receiving verifica-
tion from other scientists. The teacher reports the results of
the lab in paragraph form and the students are to replicate
the lab. This method tends to work best with lab experi-
ences that illuminate properties of materials. An example
of a lab showing properties of reflection and transmission of
pulses in springs with different spring constants is shown in
Figure 6. Students are required to work backwards to pro-
duce the problem, procedure, and data table that facilitates
their understanding of how scientists think.

Independent variable and dependént variable

Students are given only the independent variable and de-
pendent variable, and are expected to determine the levels
of independent variable and the procedure from which to
find the relationship between the independent variable
and the dependent variable. Students are asked, “How is
energy absorbed when matter changes state?” Students
are also given the independent variable, time measured in
minutes, and the dependent variable, temperature of water
measured in degrees Celsius. Students would be required to

write out a procedure to test the cause-effect relationship
between these two variables. This method resembles the
process students go through to complete a science fair proj-
ect. There are several opportunities to pursue open-ended
problems with this method.

Only the first few steps

Students are given only the problem statement and the first
few steps of a lab experience and are expected to write the
remainder of the procedures and the data table. This meth-
od gives students initial direction on the procedures of the
lab, but requires students to think through the problem be-
ing explored to how the course of action will progress.

Only the pfoblcm statement

Students are required to develop a procedure given only the
problem statement. Being the least guided of the reforming
methods, students are to generate the method to answer a
question scientifically. For example, students can be asked,
“What is the effect of antifreeze on the boiling point of wa-
ter?” The teacher can present the given materials, or fulfill
student requests for materials. This method is the closest to
scientific inquiry and is also called bounded inquiry method.
Teachers who would like to eventually be competent in
teaching inquiry learning, but have little background sup-
porting the process, can begin by altering cookbook labs
to create a more critical-thinking environment in their
class. Once teachers see evidence that the management of

. Density ,c’ompa‘ri,sons" :

Different sizes of the same material

Measurement Bite-size Snickers

“ Fun-size Snickers Fuil-size Snickers

Mass (g)

Length (cm)

Width (cm)

Height (cm)

Volume (I x h x w) (cm®)

Density (m/v) {g/cm®)

Same sizes of different materials

How do the densities of the different sizes of Snickers bars compare? Should they be the same? Why or Why not?

Mass of empty Mass of graduated
graduated cylinder cylinder and

(g) liquid(g)

Material k

Density of liquid
(g/cm®)

Volume of liquid

Mass of liquid (g) (mL)

Fresh water

Salt water
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open-ended labs is possible, they are more likely to have an
inquiry-based sequence of instruction. For teachers unwill-
ing to make the large leap from traditional cookbook labs
to inquiry labs, reforming the cookbook labs into activities
that require more critical thinking from their stcudents may
be the first steps in the right direction.
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T HE IF N/\L T HOUGHT

9 thmk our mstmctwn 14015 been Smgle-pathed

| you re m a forest youwalk careﬁ/f[[y along the p path
and you reach the chest of doubloons on the otl/zer‘
side and solve the problem And th&ztzs the W&lg we, |
9 too, teach physics. But the kz&is that try it getlost
at each turning of the path. “the trouble is tlfzat they
think there is only one safe path, that they h

ave to
stick to it as closely as they can; and they're afmzd
to go oﬁ‘ into the deep wcods 9 fhmk tlmt the on[u
way to te&zch path-finding is to make them get lost :
many times, to make nll the false starts, to trg out
all the alternatives. Of course, you can't learn many
* paths that way, but you can learn a way of going P

down a path. “Then, if someone gzves Yo another
~ start, you might be able to find a way for yourself ..

Dr. Philip Morrison
American Journal of Physics, 1964
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