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Scientific Method and Measurements

1
Purpose of the Exercise

To become familiar with the scientific method of investigation, 
to learn how to formulate sound conclusions, and to provide 
opportunities to use the metric system of measurements.

Learning Outcomes

After completing this exercise, you should be able to

 Convert English measurements to the metric system, 
and vice versa.

 Measure and record upper limb lengths and heights of 
ten subjects.

 Apply the scientific method to test the validity of a 
hypothesis concerning the direct, linear relationship 
between human upper limb length and height.

 Design an experiment, formulate a hypothesis, and test 
it using the scientific method.
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Laboratory Exercise 

Materials Needed

Meterstick
Calculator
Human skeleton

Pre-Lab

Carefully read the introductory material and examine 
the entire lab. Be familiar with the scientific method 
from lecture or the textbook. Answer the pre-lab 
questions.

Pre-Lab Questions: Select the correct answer for 
each of the following questions:

 1. To explain scientific biological phenomena, 
scientists use a technique called
 a. the scientific method. b. the scientific law.
 c. conclusions. d. measurements.

 2. Which of the following represents the correct 
sequence of the scientific method?
 a. analysis of data, conclusions, observations, 

experiment, hypothesis
 b. conclusions, experiment, hypothesis, analysis 

of data, observations
 c. observations, hypothesis, experiment, analysis 

of data, conclusions
 d. hypothesis, observations, experiment, analysis 

of data, conclusions

 3. A theory, verified continuously from experiments, 
might become known as the
 a. conclusions. b. hypothesis.
 c. valid results. d. scientific law.

 4. The most likely scientific unit for measuring the 
height of a person would be
 a. feet. b. centimeters.
 c. inches. d. kilometers.

 5. Which of the following is not a unit of the metric 
system of measurements?
 a. centimeters b. liters

c. inches d. millimeters

 6. The hypothesis is formulated from the results of 
the experiment. 

True ______ False ______

 7. A centimeter represents an example of a metric 
unit of length. 

True ______ False _______
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1 meter (10 decimeters)

1 mm 1 cm

Metric ruler

1 decimeter (dm)

2

Scientific investigation involves a series of log-
ical steps to arrive at explanations for various biological phe-
nomena. This technique, called the scientific method, is used 
in all disciplines of science. It allows scientists to draw logi-
cal and reliable conclusions about phenomena.

The scientific method begins with observations related 
to the topic under investigation. This step commonly involves 
the accumulation of previously acquired information and/or 
your observations of the phenomenon. These observations are 
used to formulate a tentative explanation known as the hypoth-
esis. An important attribute of a hypothesis is that it must be 
testable. The testing of the hypothesis involves performing a 
carefully controlled experiment to obtain data that can be used 
to support, reject, or modify the hypothesis. An analysis of 
data is conducted using sufficient information collected dur-
ing the experiment. Data analysis may include organization 
and presentation of data as tables, graphs, and drawings. From 
the interpretation of the data analysis, conclusions are drawn. 
(If the data do not support the hypothesis, you must reexamine 
the experimental design and the data, and if needed develop a 
new hypothesis.) The final presentation of the information is 
made from the conclusions. Results and conclusions are pre-
sented to the scientific community for evaluation through peer 
reviews, presentations at professional meetings, and published 
articles. If many investigators working independently can val-
idate the hypothesis by arriving at the same conclusions, the 
explanation becomes a theory. A theory verified continuously 
over time and accepted by the scientific community becomes 
known as a scientific law or principle. A scientific law serves 
as the standard explanation for an observation unless it is dis-
proved by new information. The five components of the scien-
tific method are summarized as

Observations
↓

Hypothesis
↓

Experiment
↓

Analysis of data
↓

Conclusions

Metric measurements are characteristic tools of scien-
tific investigations. The English system of measurements is 
often used in the United States, so the investigator must 
make conversions from the English system to the metric 
system. Use table 1.1 for the conversion of English units of 
measure to metric units for length, mass, volume, time, and 
temperature.

Procedure A—Using the Steps 

of the Scientific Method

To familiarize you with the components of the scientific 
method, this procedure represents a specific example of the 
order of the steps utilized. Each of the steps for this proce-
dure will guide you through the proper sequence in an effi-
cient pathway. 

 1. Many people have observed a correlation between the 
length of the upper and lower limbs and the height (stat-
ure) of an individual. For example, a person who has 
long upper limbs (the arm, forearm, and hand combined) 
tends to be tall. Make some visual observations of other 
people in your class to observe a possible correlation.

 2. From such observations, the following hypothesis 
is formulated: The length of a person’s upper limb is 
equal to 0.4 (40%) of the height of the person. Test this 
hypothesis by performing the following experiment.

 3. In this experiment, use a meterstick (fig. 1.1) to mea-
sure an upper limb length of ten subjects. For each 
measurement, place the meterstick in the axilla (arm-
pit) and record the length in centimeters to the end of 
the longest finger (fig. 1.2). Obtain the height of each 
person in centimeters by measuring them without shoes 
against a wall (fig. 1.3). The height of each person can 
be calculated by multiplying each individual’s height in 
inches by 2.54 to obtain his/her height in centimeters. 
Record all your measurements in Part A of Laboratory 
Assessment 1.

 4. The data collected from all of the measurements can 
now be analyzed. The expected (predicted) correlation 
between upper limb length and height is determined 
using the following equation:

Height  × 0.4  = expected upper limb length

FIGURE 1.1 Metric ruler with metric lengths indicated. A meterstick length would be 100 centimeters. (The image size 
is approximately to scale.)
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FIGURE 1.2 Measurement of upper limb length.

TABLE 1.1 Metric Measurement System and Conversions

Measurement
Unit & 
Abbreviation

Metric 
Equivalent

Conversion Factor Metric 
to English (approximate)

Conversion Factor English 
to Metric (approximate)

Length 1 kilometer (km) 1,000 (103) m 1 km = 0.62 mile 1 mile = 1.61 km

1 meter (m) 100 (102) cm
1,000 mm

1 m  = 1.1 yards
= 3.3 feet
= 39.4 inches

1 yard = 0.9 m
1 foot = 0.3 m

1 decimeter (dm) 0.1 (10–1) m 1 dm = 3.94 inches 1 inch = 0.25 dm

1 centimeter (cm) 0.01 (10–2) m 1 cm = 0.4 inches 1 foot = 30.5 cm
1 inch = 2.54 cm

1 millimeter (mm) 0.001 (10–3) m
0.1 cm

1 mm = 0.04 inches

1 micrometer (μm) 0.000001 (10–6) m
0.001 mm

Mass 1 metric ton (t) 1,000 kg 1 t = 1.1 ton 1 ton = 0.91 t

1 kilogram (kg) 1,000 g 1 kg = 2.2 pounds 1 pound = 0.45 kg

1 gram (g) 1,000 mg 1 g = 0.04 ounce 1 pound = 454 g
1 ounce = 28.35 g

1 milligram (mg) 0.001 g

Volume (liquids 
and gases)

1 liter (L) 1,000 mL 1 L = 1.06 quarts 1 gallon = 3.78 L
1 quart = 0.95 L

1 milliliter (mL) 0.001 L
1 cubic centimeter 
(cc or cm3)

1 mL = 0.03 fluid ounce
1 mL = 1⁄4 teaspoon
1 mL = 15–16 drops

1 quart = 946 mL
1 fluid ounce = 29.6 mL
1 teaspoon = 5 mL

Time 1 second (s) 1⁄60 minute same same

1 millisecond (ms) 0.001 s same same

Temperature Degrees Celsius (°C) °F = 9⁄5 °C + 32 °C = 5⁄9 (°F – 32)



FIGURE 1.3  Measurement of height.
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  The observed (actual) correlation to be used to test the 
hypothesis is determined by

Length of upper limb/height =  actual % of height

 5. A graph is an excellent way to display a visual repre-
sentation of the data. Plot the subjects’ data in Part A of 

the laboratory assessment. Plot the upper limb length of 
each subject on the x-axis and the height of each person 
on the y-axis. A line is already located on the graph 
that represents a hypothetical relationship of 0.4 (40%) 
upper limb length compared to height. This is a graphic 
representation of the original hypothesis.

 6. Compare the distribution of all of the points (actual 
height and upper limb length) that you placed on the 
graph with the distribution of the expected correlation 
represented by the hypothesis. 

 7. Complete Part A of the laboratory assessment.

Procedure B—Design an 

Experiment

You have completed the steps of the scientific method with 
guidance directions in Procedure A. This procedure will 
allow for less guidance and more flexibility using the scien-
tific method.

Critical Thinking Activity

You have probably concluded that there is some corre-
lation of the length of body parts to height. Often when 
a skeleton is found, it is not complete, especially when 
paleontologists discover a skeleton. It is occasionally 
feasible to use the length of a single bone to estimate the 
height of an individual. Observe human skeletons and 
locate the radius bone in the forearm. Use your obser-
vations to identify a mathematical relationship between 
the length of the radius and height. Formulate a hypoth-
esis that can be tested. Make measurements, analyze 
data, and develop a conclusion from your experiment. 
Complete Part B of the laboratory assessment.

Y h



Name 

Date 

Section 

The  corresponds to the indicated outcome(s) found at the beginning of the 
laboratory exercise.
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Scientific Method and Measurements

Part A Assessments

 1. Record measurements for the upper limb length and height of ten subjects. Use a calculator to determine the expected 
upper limb length and the actual percentage (as a decimal or a percentage) of the height for the ten subjects. Record your 
results in the following table. 2

Subject
Measured Upper 
Limb Length (cm) 

Height* 
(cm)

Height ×  0.4  = 
Expected Upper 
Limb Length (cm)

Actual % of Height = 
Measured Upper Limb 
Length (cm)/Height (cm)

  1.

  2.

  3.

  4.

  5.

  6.

  7.

  8.

  9.

10.

*The height of each person can be calculated by multiplying each individual’s height in inches by 2.54 to obtain his/her height in centimeters. 1

(experimental results)

Laboratory Assessment

1
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 2. Plot the distribution of data (upper limb length and height) collected for the ten subjects on the following graph. The line 
located on the graph represents the expected 0.4 (40%) ratio of upper limb length to measured height (the original hypoth-
esis). (The x-axis represents upper limb length, and the y-axis represents height.) Draw a line of best fit through the dis-
tribution of points of the plotted data of the ten subjects. Compare the two distributions (expected line and the distribution 
line drawn for the ten subjects).  3

 3. Does the distribution of the ten subjects’ measured upper limb lengths support or reject the original hypothesis? ___________ 
Explain your answer. 3

  Answers will vary, however many students will conclude that the data will support the original hypothesis.

(experimental results)
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Part B Assessments

 1. Describe your observations of a possible correlation between the radius length and height. 4

 2. Write a hypothesis based on your observations. 4

 3. Describe the design of the experiment that you devised to test your hypothesis. 4

 4. Place your analysis of the data in this space in the form of a table and a graph. 4

a. Table: 

b. Graph: 

Answers will vary.

Answers will vary.

Answers will vary.

Answers and data will vary.

Answers and data will vary.
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 5. Based on an analysis of your data, what conclusions can you make? Did these conclusions confirm or refute your original 
hypothesis? 4

 6. Discuss your results and conclusions with classmates. What common conclusion can the class formulate about the 
correlation between radius length and height? 4

Answers will vary.

Answers will vary.


