
Advanced Metrology: Exploring Acceleration with Hands-On Measurement Tools

Grade/ Grade Band: Middle and High school Topic: Science and Engineering

Brief Lesson Description:
In this Advanced Metrology lesson, students build balloon rockets to investigate the relationship between force, mass, and acceleration.
They compare acceleration measurements obtained through traditional methods (stopwatch and measuring tape) with data from an
accelerometer. They practice accurate data collection, analyze sources of error, and refine experiments. The lesson emphasizes the
importance of precision in scientific measurement, connecting to math, engineering, and real-world applications of force and motion.

Performance Expectation(s):
MS-PS2-2: Plan an investigation to provide evidence that the change in an object's motion depends on the sum of forces and its mass.
HS-PS2-1: Analyze data to support Newton’s second law of motion (F=ma).

Specific Learning Outcomes:

Students will be able to:
- investigate the relationship between mass, force, and acceleration
- use advanced measurement techniques to gather precise and accurate data
- analyze how the precision and accuracy of their measurements affect their ability to confirm Newton’s Second Law of Motion

Narrative / Background Information
Prior Student Knowledge:
Students should have a basic understanding of the following concepts:
To engage effectively with this Advanced Metrology lesson, students would need the following prior knowledge:

1. Basic Understanding of Force and Motion (Middle School Level)
Newton’s First Law: Objects at rest stay at rest, and objects in motion stay in motion unless acted upon by a force.
Newton’s Second Law: Familiarity with the relationship between force, mass, and acceleration (F=ma), including what each variable
represents.
Newton’s Third Law: For every action, there is an equal and opposite reaction, helping to contextualize how forces interact.
2. Basic Measurement Concepts
Units of Measurement: Understanding of common units like newtons for force, kilograms for mass, and meters per second squared for
acceleration.
Precision vs. Accuracy: Basic knowledge of the difference between making measurements that are accurate (close to the true value) versus
precise (consistently close to each other).
3. Data Collection and Graphing
Reading Graphs: Ability to interpret graphs of force versus acceleration, and mass versus force.
Data Tables: Experience recording data in tables and identifying patterns.
Basic Statistical Concepts: Familiarity with terms like mean, range, and possibly error (basic error analysis).
4. Experimental Design
Variables: Knowledge of independent, dependent, and controlled variables.
Hypothesis Formation: How to make predictions based on prior knowledge or a scientific theory.
Basic Lab Procedures: Familiarity with how to set up and conduct an experiment safely, including using measurement tools like rulers,
scales, and stopwatches.
5. Sensor/Technology Use (for more advanced classes or schools with technology access)
If students are using sensors or software (force sensors, motion sensors, data collection apps), they should be introduced to how these tools
work or have previous experience using basic sensor-based experiments.
Providing a brief refresher on these concepts before diving into the lesson would help ensure students are ready to engage fully with the
material.

Science & Engineering Practices:
Planning and Carrying Out Investigations:
Students design experiments to measure force,
mass, and acceleration. (MS-PS2-2)
Analyzing and Interpreting Data: They evaluate
the precision of their measurements and refine
their experimental design. (HS-PS2-1)

Disciplinary Core Ideas:
PS2.A: Forces and Motion – The motion
of an object is determined by the forces
acting on it. (HS-PS2-1 & MS-PS2-2)

Crosscutting Concepts:
Cause and Effect: Students explore how
changes in force affect motion. (HS-PS2-1 &
MS-PS2-2)

https://my.nsta.org/ngss/Practices.aspx?id=3&exampleid=539
https://my.nsta.org/ngss/Practices.aspx?id=4&exampleid=293
https://my.nsta.org/ngss/DisciplinaryCoreIdeas.aspx?id=4&detailid=94
https://my.nsta.org/ngss/CrosscuttingConcepts.aspx?id=2&detailid=60


Possible Preconceptions/Misconceptions:

Misconception: Sensors and digital tools always provide perfect data
Reality: While digital sensors can provide precise data, students may over-rely on these tools without recognizing that they, too, have
limitations and are subject to errors. Teaching them how to critically assess sensor-based data and identify sources of error is important.

Misconception: Errors in measurements mean the experiment is wrong
Reality: Students might think any error means they did something incorrectly, rather than understanding that all measurements have some
degree of error. Helping them recognize the difference between random and systematic errors, and how to account for them, is crucial.

Misconception: Force is always needed to keep an object in motion
Reality: Newton’s First Law states that objects in motion remain in motion unless acted upon by an external force (inertia). Students may
think that a constant force is required to maintain motion, when in fact, force is only needed to change an object's velocity (acceleration).

Preconception: Precision and accuracy are the same thing
Reality: Students often confuse precision (how consistent measurements are) with accuracy (how close measurements are to the true
value). In this lesson, students will distinguish between these two concepts, especially when working with measurement tools and analyzing
data.

LESSON PLAN – 5-E Model
ENGAGE: Opening Activity – Access Prior Learning / Stimulate Interest / Generate Questions:
Objective: Capture students' interest in measurement precision and its importance in science.

Activity:
Show this video or a demonstration of a real-world example of high-precision metrology in science or industry, such as the production of
advanced electronics or aerospace components.
Ask students, “What is the difference between precision and accuracy? Why do we care about measuring forces or motions with such
precision?”
Discuss how science, engineering and technology all rely on accurate and precise measurements.

Guiding Question:
What might happen if our measurements were off by a small amount in areas like aviation or medicine?

Possible current event videos/articles to utilize: (Article: Fifth helium leak detected on Starliner) (Article: Boeing Starliner, Safe At Station,
Sprung A Few More Helium Leaks)(Video: Starliner trip home from ISS delayed to assess helium leaks)(Video: NASA, Boeing delay return of
Starliner spacecraft after 5th helium leak found)

EXPLORE: Lesson Description – Materials Needed / Probing or Clarifying Questions:

Objective: Students will build balloon rockets and use measurements to compare the observed results of force, mass, and acceleration with
theoretical predictions using the equation F = ma.

Pre-Lab Discussion:
Before starting, review the following concepts with students:

1. Newton’s Second Law: F = ma, where the force applied to an object is equal to its mass times its acceleration.
2. Balanced vs. Unbalanced Forces: The balloon rocket moves because of the unbalanced force of air escaping.
3. Precision and Accuracy: Discuss how to measure force, mass, and time as accurately as possible.

Lab worksheet- for use with PocketLab Voyager 2
Lab worksheet- for use with an accelerometer or photogates

Activity:
Students will build balloon rockets and use measurements to compare the observed acceleration, calculated using a stopwatch and
measuring tape, with the acceleration measured by an accelerometer. They will analyze how different measurement methods affect the
accuracy and precision of their results while exploring the relationships between force, mass, and acceleration.

Guiding Questions:
How does the acceleration measured using the stopwatch and measuring tape compare to the acceleration recorded by the
accelerometer? What factors might explain any differences between the two methods?
How can we improve the precision and accuracy of our measurements?

http://www.youtube.com/watch?v=PUB1GU_tvpI&safe=active
https://www.yout-ube.com/watch?v=xMvwYDQXWnE
https://spacenews.com/fifth-helium-leak-detected-on-starliner/
https://payloadspace.com/boeing-starliner-safe-at-station-sprung-a-few-more-helium-leaks/
https://payloadspace.com/boeing-starliner-safe-at-station-sprung-a-few-more-helium-leaks/
https://www.yout-ube.com/watch?v=qvXTUR3E5kE
https://globalnews.ca/video/10569002/nasa-boeing-delay-return-of-starliner-spacecraft-after-5th-helium-leak-found/
https://globalnews.ca/video/10569002/nasa-boeing-delay-return-of-starliner-spacecraft-after-5th-helium-leak-found/
https://docs.google.com/document/d/1Fw8OYOYRv6q6tkUK-mkKLCKUS7gUs7dCut4e4Z1NaMg/edit?usp=sharing
https://docs.google.com/document/d/1kgDsGbG3fPojAjMLb_LpChNIZk8HB7dhplNLdVohgE8/edit?usp=sharing


EXPLAIN:
Objective: Explain how precision and accuracy impact scientific investigations.

Activity:
After completing the lab, lead a class discussion about the results. Emphasize the role of precision and accuracy in measurement, and how
these affect the outcomes of experiments. Encourage students to reflect on how measurement errors could impact real-world engineering
projects, similar to how they affected the balloon rocket experiment.

Guiding Questions:
How do variations in force and mass impact the acceleration of the balloon rocket, and how accurately can these changes be observed
using different measurement tools?
What factors may have affected the accuracy or precision of your measurements?

ELABORATE: Applications and Extensions:
Objective: Students refine their experiments or apply their knowledge to new situations.

Activity:
For middle school: Have students repeat their trials with improved experimental setups to reduce sources of error. They might use different
sensors, recalibrate their equipment, or improve their methods.

For high school: Extend the investigation by having students calculate uncertainties and propagate those errors through their equations.
They should also investigate non-ideal conditions (e.g., friction) and consider how these affect their results.

Guiding Question:
How can we reduce uncertainty in our measurements and make our data more precise?

EVALUATE:

Formative Monitoring (Questioning / Discussion):
Questions throughout the lesson in bold and italics can be used to check students' understanding throughout the lesson.
Summative Assessment (Quiz / Project / Report):
Assess students' understanding of measurement techniques and their ability to apply them in force and motion studies.

- Have students write a brief report or create a presentation summarizing their findings. They should discuss how the precision and
accuracy of their measurements affected their results, and suggest improvements to their experimental design.

- Include a final reflection on the importance of precise measurements in scientific and engineering contexts.
- Evaluate students based on their ability to design and conduct the experiment, analyze data, and discuss the role of precision and

accuracy in scientific inquiry.

Elaborate Further / Reflect: Enrichment:
Enrichment Research Project: Careers in Metrology (15-20 minutes)
Have students research how metrology is applied in various careers, focusing on industries or professions that interest them. Students can
choose from fields like:

- Aerospace Engineering
- Medical Technology
- Robotics and Automation
- Manufacturing and Quality Control
- Environmental Monitoring

Task: Each student or group will research one career or industry that heavily relies on metrology and precision measurement.

Guiding Research Questions:
What specific measurement tools and technologies are used in this field?
Why is precision important in this career? What risks or consequences arise from measurement errors?
How has metrology advanced in this field over the past few decades?
Presentation: Students can present their findings as a short presentation, poster, or infographic. This can be done in groups or individually.

SOCIAL EMOTIONAL LEARNING ACTIVITY

Lesson Time: 35 minutes

Objective: Students will develop skills in responsible decision-making, self-management, and social awareness by reflecting on how

precision, patience, and collaboration are essential in scientific investigations and beyond.

CASEL Competencies Addressed:



- Responsible Decision-Making: Understanding how thoughtful, careful decision-making impacts the accuracy and outcomes of

experiments and real-world projects.

- Self-Management: Practicing patience, persistence, and focus when faced with challenges, particularly in tasks that require

precision.

- Social Awareness: Building empathy and understanding for team members when working collaboratively on complex,

detail-oriented tasks.

Lesson Sequence:

1. Opening Reflection (10 minutes)

Objective: Encourage students to think about their emotional responses when faced with tasks requiring precision and how

patience plays a role in success.

a. Activity: Ask students to think about a time when they needed to be precise and accurate in a task (e.g., building something,

following a recipe, solving a math problem).

b. Ask: "How did you feel when things didn’t go as planned or took longer than expected? What did you do to stay focused or

avoid frustration?"

c. Discussion: Share experiences as a class. Emphasize the importance of patience, attention to detail, and resilience in both

personal and academic tasks.

2. Group Activity: The Importance of Precision (20 minutes)

Objective: Practice precision, patience, and teamwork through a hands-on activity that mirrors the scientific process but focuses

on SEL development.

a. Materials: Small building materials (e.g., LEGO blocks, toothpicks and marshmallows, or even stacking cups), Timer

b. Activity: Students are divided into small groups. Their task is to build a structure according to a precise set of instructions

(e.g., a tower of a specific height or shape). The catch: only one student can give instructions, and the others have to follow

without asking questions. Every 5 minutes, students rotate roles (builder and instructor). Groups must work to build the most

precise version of the structure within the time limit.

c. Reflection Questions:

i. How did your group manage frustrations when the structure didn’t match the instructions exactly?

ii. What role did patience and clear communication play in your success or challenges?

3. Closing Reflection: Setting Personal Goals (5 minutes)

Objective: Encourage students to set personal goals related to patience and precision.

a. Activity: Have students write down one way they will practice more patience and attention to detail, either in their

schoolwork, personal life, or future science experiments. They can also identify one strategy they will use when they feel

frustrated or stuck in a task.

b. Share: Invite volunteers to share their goals with the class, reinforcing the idea that improving precision and patience is a

valuable skill for life and learning.

INTERDISCIPLINARY CONNECTIONS/IDEAS

Mathematics:
- Error Analysis: Students analyze measurement errors, calculate averages, and interpret variability (mean, standard deviation,

etc.).

Technology:
- Data Collection Software: If students use technology like Vernier sensors or similar data logging tools, it connects with digital

literacy as they learn to interpret digital output and convert it into meaningful data.

Social Studies:
- Ethical Decision-Making: As metrology plays a critical role in fields like aerospace or medicine, students can explore the ethical

implications of measurement errors in industries where precision can be a matter of life and death (e.g., air travel, medical
devices, construction).

- Global Standards: The discussion of measurement systems can lead into a conversation about global cooperation and the need
for international standards in science and technology (e.g., the International System of Units (SI) and the role of the International
Bureau of Weights and Measures).

ELA:
- Argumentative Writing: Students could write essays or reports that make claims about the importance of precision in different

fields (e.g., engineering, medicine) and support their arguments with evidence from the lesson.
Art:

- Design Thinking: The balloon rocket lab involves creativity in designing and refining the rocket system. Students can sketch their
designs, brainstorm improvements, and visually represent how the balloon rocket works.



Materials Required for This Lesson/Activity

Quantity Description
1 (per group) Balloon

3-5 meters (per group) String (smooth string is better as it reduces friction)

1 (per group) Straw (cut in half)

1-2 rolls masking tape Tape

1 (per group) Stopwatch

1 (per group) Measuring tape

1 (per group) or a few to share Electronic Balance

5-10 (per group) Masses (e.g., washers, paper clips, small weights)

1 (per group) for accelerometers,
2 (per group) for photogates

Motion sensors (e.g., photogates or accelerometers)

Optional:

1 (per group) PocketLab Voyager 2 sensor (in place of motion sensors)

1 (per group) Bicycle or balloon pump (to ensure consistent air amount)

Lesson Created by Kirsten Johnson Nesbitt
For questions please contact info@usasciencefestival.org

mailto:info@usasciencefestival.org

