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Introduction

Oneof thefirgt Iab activitiesoften doneinahigh school
biology courseislearning to usethe microscope. As
itistypicaly describedinlaboratory manuds, thereis
noinquiry involvedinthisactivity. Sudentslearnthe
partsof themicroscopeand information explainingits
operation. Theremay beareview of themetric system.
Then students examine cells, often to observe the
difference between plant and animal cells. Students
may be instructed to prepare wet mounts and do
ampleganing.All of theseareimportant skillstohave
inorder to usethe microscope correctly, but it doesn't
give studentsthe chanceto do science.

Thisactivity introducesstudentstotheinquiry
process as they learn about and practice using the
microscope. Current nationa sciencestandardsstate
that all students should participate in scientific
investigationsaswell asunderstand about the nature
of scienceinquiry (NRC 2012; NGSS 2012). The
activity described inthispaper asksstudentsto design
and carry out asimpleexperiment about thethickness
of hair. Students collect evidence through
experimentationinwhichthey ask aquestion, design
a procedure to answer that question, record data,
analyzethedata, and draw conclusions.

TheClassActivity
Studentsareintroduced to the compound microscope,
learning itsparts, proper use, magnification, and how
to measure. |f the microscopes do not have ocular
micrometers, aclear, thin plastic ruler with millimeter
markingscan beset inthefield of view sothat hair
can be lined up for measurement. Students can
practice using themicroscope and measuretheir own
hair thickness.

Students formulate a question about the
thickness of human hair that can be answered with
the available lab equipment. If you have accessto

non-human hair, thiscan beincluded aswell. (Note:
Some students may be allergic to the dander in pet
hair.) Sidebar 1 givesideasthat can help students
formulateaquestion. Theteacher should review each
student’squestionto ensurefeasibility.

Sidebar 1. Possible Sour cesof Hair

Hair may be obtained from your own head
or body, or (if willing) frommany

classmates and teacher’shead. Thehair
may be moussed, sprayed, dyed, bleached;
curly, straight, wavy; red, brown, black or
somevariation.

Next, students design their experiment.
Information on the hallmarks of good experimental
design (see sidebar 2) includes dependent,
independent, controlled variables and experimental
vaidity. Thissetsthestagefor somesmpledtatistical
analysis, such as mean, median, and mode. In
advanced classes, standard deviation and the use of
t-tests can also be included. There are many
educational web sitesthat explain how to do these
stati sticswith Microsoft Excel, for example, aswell
asonlineresources,
http://www.vassarstats.net/
http://easycal cul ation.com/stati stics/standard-
deviation.php
http://studentsttest.comy/

With thisinformation, students construct an
experimenta protocol that will answer their question.
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Studentscan collect hair samplesoutside of
classfor the next lab period. After students make
measurements, they cal culate the mean, median, and
mode of their data. Depending on the experimental
guestion, students may calculate the standard
deviation, do apairedttest, or aone-samplet-test.
For example, if a student question wasto find the
thicknessof hair onhisor her head, sandard deviation
would becdculated. Thestandard deviationtellshow

far anindividual hair measurement isfromthemean
value of the hair measurements. If the question was
whether black hair isthicker than blondehair, sudents
would usethetwo-samplet-test to determineif the
two population meansareequal . If thequestion was
to seewhether or not thereisadifferenceinarm hair
thicknesscompared to head hair thicknesstakenfrom
thesameindividual, the paired-samplet-test would
be used.

Sidebar 2. Hallmarksof Good Experimental Design
(Modified from McCormick, B. and C. MacKinnon, 2004)

Dependent variable. Thisisthefactor that you are measuring. It isthe onethingin the experiment
that you can’'t control. Changesin the dependent variabl e depend on what you do when setting up

theexperiment.

How will you measurethe dependent variable?

I ndependent variable. Thisisthefactor in the experiment that you chooseto change. Itistheone
thing that isdifferent between the samplesbeing studied. Thechoicesmadein selectingthe
independent variable and decisionson how to changeit should be considered inrelation to how they

addresstheresearch question.

How will you change theindependent variable?

Controls. Thereare many thingsthat can be altered between samplesin an experiment. A well-

designed experiment hasasfew variablesaspossible. Inaddition, agood experiment controlsall of
thefactorsthat can be controlled, so that the changesin the dependent variabl e can be attributed to
the changesyou madein theindependent variable.

What will you do to make surethere are controls?

Validity. Accuracy and precision areimportant in experimenta results. |n many typesof
experiments, you will need to make multiple measurementsto show that your resultsare both
accurate and precise. The use of statistics showshow consistent your dataare.

How canyou beascertain aspossiblethat your conclusionsarerdiable?
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Sidebar 3. How do ScientistsReport on Their Findings?
(Modified from Pechenik, 2012).

Now that you have some evidence that supports a conclusion about hair thickness, what do you do with this?
Ultimately, scientists put their evidence and conclusionsin front of their peersto be reviewed and either accepted
or rejected. The most common way isthrough publication in a peer-reviewed journal. Now, wewon't do thiswith
your hair data, but we will learn about the highly stylized form of writing that is done for thiskind of journal.

Thereisaconventional format to follow in communicating your findings to the scientific community. Below you
will find abrief description of that format and the requirements of each section.

Title
Thefunction of thetitleisto succinctly convey theimportant points uncovered by your experimentation. Thetitle
should be short and unambiguous.

Abstract

Thisisashort summary of theimportant points of the paper. Thiscan be general statementstelling your reader the
importance of this work. A statement of rationale is often found in this section: why you performed the work
described in the paper. Also, abrief statement of conclusion is given: the important findings that are described in
the paper. Data should not be presented in an abstract. Neither should experimental methods be presented here,
unless the paper is concerned with the development of an important, new technique. An abstract should be no
longer than about two hundred words.

Introduction

Thefunction of theintroduction isto provide background and rational e for your research. Background is provided
by writing short review of the literature in the field of your research. State the question being asked and answered.
You may also include your expectations prior to performing the experiment.

Materials and Methods

Thissectionisused to give the procedural details of your work. It should be written so that any well-versed reader
could easily repeat your experiment by following what you wrote. This section iswritten asanarrative in the past
tense, not like arecipe. You should also include descriptions of analyses performed on data.

Results

Thewriting in this section is often quite brief. Hereiswherethe experimental evidenceis stated. Present your
data; do not interpret or discuss its significance in this section. Often data are presented in a table or figure.
Report your data only once, do not make both atable and afigure for the same set of data.

Tables and figures should be constructed asif they will stand alone. This means that each table and figure needs
to betitled, given labels and afigure legend, and clearly report the results of your research. The reader should be
ableto quickly view atable or figure and be able to draw conclusions. Within the text of this section can be found
brief explanations of figures and tables as well as the presentation of other data. Report results of stetistical
analysis (if any). Give statistical test used, test statistic, degrees of freedom and/or sample size, significance level,
and probability value.

Discussion

Interpretation of your work is done in this section. Draw conclusions from your data as well as
suggest further hypotheses that can be tested to clear up any discrepancies or ambiguities. It isgood
to close the circle; return to the introduction section to remind the reader of the importance of your
work and then state theimportance of your addition to the joint knowledge of the scientific community.

References

Itisimportant to give credit to sourcesfor theideas and information that they have provided to you. Firstly, itis
helpful to allow your reader to know all of the resources that you have used in the creation of your experiments
and conclusions. Secondly, it is unethical to take credit for somebody else’'s works ideas, or findings. Thisis

called plagiarism.
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Assessment

There are many choices for assessment. One
possibility is to have students write a report (see
Sidebar 3) which asks the students to draw a
conclusonfromther data, andto give evidencethat
supportsthisconclusion.

Conclusion

Adding aninquiry on hair thicknessmay seenlikea
lot of effort compared to smply learning how to use
the microscope, but it setsthe stage for continuing
inquiry inyour class. And hair isatopic that can be
revisited when your class movesinto the study of
proteins; asthey see how the amino acidstwist to
formhair protein, you canrefer tothislab.
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Do You Know
an
Exemplary Science Student?

ISTA members in good standing who would like to honor one high school
science student each year, may request an ISTA medallion and cer-
tificate by contacting pamela.spaniol@yahoo.com. The first medallion
is free of charge; additional medallions may be obtained for $15 each.
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