
Sonar Lesson Overview

Title Sonar Biology and Engineering

Grade Level Target /
Range

11-12

Subject Area(s) biology, anatomy, engineering, computer science

Time Required 6+ hours

Group Size 2-3 students per group

Materials Needed Pre-installed mBlock software or access to web version.
Makeblock mBot robot
four AA batteries

Part 1:
Sonar Slides
Measuring the Sensor’s Directionality (student guide)

● Robot Assembling Instructions
● Sonar Directionality Program

The Problem with Sound Mirrors (student guide)

Part 2:
Sonar Slides
Robot Activity: Obstacle Avoidance (student guide)

● STL File for mounting sensors
● Sonar Obstacle Avoidance Program

Robot Activity: Sonar Cane (student guide)
● Revolutionizing the Walking Cane
● Sonar Cane Program
● STL File for sonar cane holder
● 1” PVC pipe or wooden dowels (about 3 ft long) for each

group

Assessment Data Recording Sheet
Sonar Assessment Program
Sample Process Data (Instructor Only)

Expendable Cost Per
Group

Prices are Estimates as of April, 2022
MakeBlock Me Ultrasonic Sensor $22 (2 per robot)
Makeblock mBot Robot - $80

https://mblock.makeblock.com/en-us/download/
https://mblock.makeblock.com/en-us/download/
https://drive.google.com/file/d/1Rdy8BZyi5H9fJLxTx2oBsbWU8vpoIq2z/view?usp=sharing
https://docs.google.com/presentation/d/1KdW53XOtoTWxsIS73fbR5xpmgRRxJEdjGcqcsV2Wj10/edit?usp=sharing
https://docs.google.com/document/d/1kz1Mu6L4ITCrj6St_dNAOcWV9fyOuxNtH8t8AbJy7mo/edit?usp=sharing
https://www.robotshop.com/media/files/pdf/mBot-instruction.pdf
https://github.com/ITEST-BME/lesson_plans/blob/master/sonar_directionality.mblock
https://docs.google.com/document/d/16cvAZ9qt9mCQhXKVluRM2fG3LbTQrKdgB6tLYoUndP0/edit?usp=sharing
https://docs.google.com/presentation/d/1KdW53XOtoTWxsIS73fbR5xpmgRRxJEdjGcqcsV2Wj10/edit?usp=sharing
https://docs.google.com/document/d/1XqKUM6Y1oqYk7XijiKgF8EOrQYQCnEoDEiHbwP9niA8/edit?usp=sharing
https://www.thingiverse.com/dvanderelst/designs
https://github.com/ITEST-BME/lesson_plans/blob/master/sonar_obstacle_avoidance.mblock
https://docs.google.com/document/d/1NGL8CedLfsLXENb9Qe7uORc4R4DygEeL4bg0dmFb_Kw/edit?usp=sharing
https://www.youtube.com/watch?v=cnW1_XMUIzM
https://github.com/ITEST-BME/lesson_plans/blob/master/sonar_cane.mblock
https://www.thingiverse.com/dvanderelst/designs
https://docs.google.com/document/d/135fXANU641BPOGkkTPrHNljYuEdKcZmCV1Wqhp3ebNQ/edit?usp=sharing
https://drive.google.com/file/d/1anA5u56Z1TzKuzpl2WJH9Fp2wcxSJ1J9/view?usp=sharing
https://docs.google.com/spreadsheets/d/1oMKYqgHRTzNSTzqkj73ypOAihfJFY1tQ85yl7fyQflw/edit?usp=sharing
https://www.robotshop.com/en/makeblock-me-ultrasonic-sensor.html
https://store.makeblock.com/collections/all/products/diy-coding-robot-kits-mbot


4 AAA Batteries - $2
1” PVC Pipe -$10 for 10 ft

Key Words sensory biology, engineering, sonar, robotics, block programming

National Educational
Standards

Next Generation Science Standards (NGSS)
International Society for Technology in Education (ISTE)

State Specific
Educational Standards

Indiana Science Standards
Ohio Science Standards
West Virginia Science Standards

Introduction
In this lesson, students have the opportunity to explore echolocation.  They will learn about the
differences (limitations) that our human-made devices have from the ability of echolocating
animals.  Students will explore how two sonar sensors can be used to avoid obstacles and build
and analyze a sonar cane for a blind person.

Sonar sensors provide a relatively cheap and reliable way of detecting obstacles. Therefore, they
are often used in cars (for example as parking sensors), robots, and drones. Sonar sensors are
also used as occupancy detectors. These sensors (typically mounted in the ceiling or above a
light switch) detect movement in a room and switch on the lights.  Maxbotix is a manufacturer
of sonar sensors. They provide a web page that lists the many applications of their sensors
(https://www.maxbotix.com/SelectionGuide/Selection-Guide.htm). Click on “Protected” or
“Exposed” to see a list of indoor and outdoor applications of sonar.

The applications discussed in the previous paragraph pertain to so-called in-air sonar. However,
sonar is also used a lot underwater. In fact, because sound waves travel much further
underwater, sonar has a much longer detection range underwater than in air. Fishers use sonar
to detect schools of fish. Submarines use (huge!) sonar sensors to detect obstacles and other
submarines (google “submarine sonar dome” for images). Sonar is also used to map the
seafloor (see https://oceanservice.noaa.gov/facts/sonar.html).

This unit was created collaboratively with faculty from the University of Cincinnati College of
Arts and Sciences, College of Engineering, and School of Education. Combining biology with
engineering activities provides students with a unique opportunity to understand the parallels
between animal and robot behavior and sensory/sensor function and addresses broad Next
Generation Science Standards (NGSS Lead States, 2013) and International Society for
Technology in Education Standards (International Society for Technology in Education, 2022).

https://www.maxbotix.com/SelectionGuide/Selection-Guide.htm
https://oceanservice.noaa.gov/facts/sonar.html


Investigating / Essential Questions
What limitations do human made sensors have in comparison to the ability of echolocating

animals?

Learning Objectives
1. Students will understand the factors that determine the strength of an echo.
2. Students will identify limitations of sonar sensors used in robots.
3. Students will learn how two sonar sensors can be used to avoid obstacles.
4. Students will build and analyze the functionality of a sonar cane.
5. Students will learn about how echolocation in animals works.
6. Students will learn about the limits and advantages of echolocation in animals.

Prerequisite Student Knowledge
High school Biology and Algebra 2 or equivalent.

Instructional Summary
There are two parts to this lesson.  In the first part, students will learn about the sonar sensor,
the sonar that animals use and how we have tried to mimic that to improve devices in our
world.  After some initial information about the sensor from the instructor, students will
experiment with the robot using the sonar sensor to explore the directionality of the sensor as
well as the problem with sound mirrors.

During part two of the lesson, students will build a robot that uses two sensors to avoid
obstacles and then design a sonar cane for a blind person that can detect obstacles above the
sweep of the cane.

Instructional Plan

Part 1: Sonar Sensor
1.1 Introduction and Motivation
1.1.1 Motivation

Use the Sonar Slides to illustrate the working principle of sonar and the acoustic properties of
the sonar sensor with students.  The background information to use with the slides is included
in sections 1.1.2-1.1.4.

Begin the lesson by showing the four short video clips below.  Introduce students to the term
echolocation through the videos below of the sperm whale and bats (also included on the
slides).  Then, ask students to think about the issues that we encounter in engineering when
using echolocation and whether the animals also have the same challenges.

Sperm Whale
Bats
NAO Robot
Car Parking

https://docs.google.com/presentation/d/1KdW53XOtoTWxsIS73fbR5xpmgRRxJEdjGcqcsV2Wj10/edit?usp=sharing
https://www.youtube.com/watch?v=tw7E7owEBm8
https://www.youtube.com/watch?v=MgRh_Q_xwys
https://www.youtube.com/watch?v=2STTNYNF4lk
https://www.youtube.com/watch?v=BGd38676nF0


1.1.2 Working Principle

In principle, sonar is a simple sense: a sound pulse is emitted, and the returned echoes are
analyzed. Echolocating animals can derive several features from echoes. For example, it is
assumed that insectivorous echolocating bats can infer information about the size or type of
insect returning the echo. In contrast, human-made sonar sensors typically only derive one
piece of information from the echoes: the distance to the nearest obstacle. The time it took for
the first (detected) echo to return is used to calculate the distance to the object causing the
echo. The use of sonar as a distance sensor is widespread. For example, parking sensors on cars
often use sonars. Many robots also use sonar to detect obstacles in their path.  Below, a picture
of NAO, an advanced humanoid robot, has been included. This robot features four sonar
sensors in the torso that help it avoid bumping into obstacles.

The sonar sensor used by the Mbot is a typical example of sonar as a distance sensor. The
device looks like it has two sensors. However, the sensor consists of two transducers with
different functions. One of the tin cylinders is the emitter (marked with a T) and the other one
the receiver (marked with an R). The emitter produces ultrasound sound bursts while the
receiver acts as a microphone listening for the echoes.



The sensor reports distance: it uses the time delay between the emitted sound and the
returning echo to estimate the distance to the object from which the sound is reflected.  This is
illustrated below. In this image, the same device is used as an emitter and receiver. Some sonar
sensors can use the emitter also as a microphone. As said, in our sensor, the emitter and the
receiver are separated.

1.1.3 Acoustic Properties of the Mbot Sensor

The sound emitted by the sensor is ultrasonic. Many sonar sensors, including the Mbot sensor,
use pulses with a frequency of about 40 kHz. This frequency is too high for us to hear. However,
many other species of animals would have no problem detecting the emitted pulses. For
example, 40 kHz is at the higher end of the rat’s hearing range. And echolocating species of bats
would have no problem detecting this sound as many of them hear frequencies well over 100
kHz. Similarly, echolocating dolphins and whales should be able to hear the emissions of the
sonar sensor.



Even though we can’t hear the emission of the sonar sensor without help, we can measure and
visualize the output using ultrasonic microphones. Most microphones are sensitive to our
hearing range (up to about 20 kHz). However, specially manufactured devices exist that allow
high-frequency recording of sound.

Below, a recording of the sound (waveform) has been plotted, as recorded by an ultrasonic
microphone. This snippet is about 0.03 seconds (or 30 milliseconds) long. The sound burst at
the left side of the graph is the emission of the ultrasonic pulse. The sound bursts at the right
side of the graph (arrowhead) are returning echoes. It should be noted that the sensor uses
very short sound bursts. The emitted sound is about 1 ms (millisecond) long.

The mbot sensor, like other sonar-based distance sensors, ignores all but the first echo. The
interval shaded in pink is the time between the emission of the pulse and the reception of the
first echo. If you look closely, you will see that, in fact, some very weak echoes return before the
indicated echo. But these are too weak for the sensor to detect. The time interval to the first
detected echo is used by the sensor to work out the distance to an object. In this case, the time
interval is about 0.0104 seconds (or 10.4 ms).

Assuming that sound travels about 34 cm per millisecond, we can work out the distance (d)
from which the echo returned using the following formula:

Using a laser distance meter, the object returning the echo (in this case, a wall) was found to be
about 185 cm away from the sonar sensor. Therefore, the calculation is close but not entirely
exact. One reason for this is that the speed of air (sound travel) depends on temperature and
humidity. This applet lets you calculate a more precise speed of sound for different
environmental conditions:

The value of 34.3 cm/millisecond for the speed of sound only holds for temperatures around 20
degrees Celsius and 50% humidity. The speed of sound increases with temperature and

http://www.sengpielaudio.com/calculator-airpressure.htm


humidity. Taking measurements of the temperature and humidity would have allowed a
correction to the equation above and a more accurate result.

Part of the recordings can be found here if there is interest in exploring them further.

Cautionary Note

In the previous section, it was shown how the sensor derives a distance measure from the delay
of the echo. However, it turns out that the distance returned by the robot is biased: it
consistently underestimates the distance. For the example given in the previous section, using a
real distance of 184 cm, the robot reported a distance of 142 cm. An internet search indicated
this might be a problem with the hardware of the sensor. This can be corrected by multiplying
the distances reported by the sensor by 1.25. The programs in this lesson include this correction
factor.

1.1.4 Directionality and Range

As said above, the sensor consists of an emitter and a receiver. The emitter does not emit sound
equally in all directions. It has some directionality. It emits most strongly directly ahead and less
strongly at larger angles from the central axis.  Likewise, the receiver is not equally sensitive to
all directions.  It also is most sensitive to echoes returning from straight ahead and less so for
echoes returning at an angle. The upshot of the directionality of both the emitter and the
receiver is that the whole sensor (combination of receiver and transmitter) has some
directionality.

The variable sensitivity of the sensor as a function of angle means that the weakest echo it can
detect depends on the angle from which the echo returns. The strength of an echo depends
mostly on two factors. First, the distance from which it returns. Second, the object from which it
returns . Echoes returning from a further away are weaker. The strength of an echo also
depends on the shape and material of the object. In general, smaller objects return weaker
echoes.

The conclusion of this discussion is the following: for a given target object, the sensor has a
maximum range at which it can detect the echo. And this range depends on the angle at which
the object is placed with respect to the sensor.

To make this a bit more tangible, consider the following graph. This graph is provided by a
manufacturer of a specific sonar sensor (Maxbotix, a well-known manufacturer of a wide range
of sonar sensors). This is not the sensor used in this lesson, but the example is illustrative.

https://github.com/ITEST-BME/lesson_plans/blob/master/20200702_115259_processed.wav?raw=true


Each square of the grid measures 30 x 30 cm. The sensor is assumed to be placed at the bottom
of the graph, pointing upwards. The black line shows the area in which the sensor can detect a
given target object. In this case, a 10 cm diameter wooden pole was used. This graph shows that
the pole can be detected at a maximum range of 240 cm (8 squares x 30 cm) straight ahead.

In contrast, in the direction of the blue arrow (which was added to the graph), the maximum
detection distance is smaller, estimated at about 190 cm. Note the blue arrow only deviates
from the centerline by about 20 degrees. But, the detection range for the same wooden pole is
50 cm (or 20%) less at an angle of only 20 degrees from the centerline.  At 30 degrees, the
detection distance is only about 120 cm (50% reduction in detection distance).

This shows that the Maxbotix sensor is very directional: detection distances fall rapidly as the
angle with the centerline increases. The same holds for our Mbot sensor. Mbot claims the
sensor can detect objects up to 4 m away. However, this is only in theory, aka for a very large
object straight ahead. In practice, the range will be substantially smaller, especially for smaller
objects.

Students will explore both the directionality and the problem with sound mirrors in the
following activities.

1.2 Procedure
Have students complete the two activities below.  Afterward, discuss their findings and elicit
ideas they may have to overcome these problems.
Measuring the Sensor’s Directionality
The Problem with Sound Mirrors

Ask:
● What is the maximum detection distance of your robot?
● Is the sensor’s directionality symmetric?

● How might you avoid the acoustic mirror effect?

Answers:

https://docs.google.com/document/d/1kz1Mu6L4ITCrj6St_dNAOcWV9fyOuxNtH8t8AbJy7mo/edit?usp=sharing
https://docs.google.com/document/d/16cvAZ9qt9mCQhXKVluRM2fG3LbTQrKdgB6tLYoUndP0/edit?usp=sharing


● Results will vary slightly but it should be clear that the robot cannot detect the pole at a
distance of 4 m. Even straight ahead, the maximum detection distance is only about 150
cm.

● No.  The results should correspond fairly well with the shape of the pattern plotted in
the graph above.

● One solution is to roughen up the surface: put some smaller scattered objects about to
break up the large smooth surface. Egg cartons glued to the sides of an arena are
helpful.  These bumpy cardboard surfaces ensure the walls return nice strong echoes
(towards the robot).

Part 2: Robot Activities
2.1 Obstacle Avoidance

In this activity, students will build a robot that uses two sonar sensors to avoid obstacles. Ask for

thoughts about how two sensors might be helpful.

Answer: A single sonar sensor gives us the distance the nearest detected obstacle. However,

this yields little information about the obstacle’s position. All we know is that there is an

obstacle somewhere in front of the robot. Using two sensors, the distances they return can be

compared. If the distance as picked up by the left sonar sensor is lower, one can assume that

obstacle is more to the left of the robot. Or perhaps there is an obstacle at left that the right

sensor cannot detect (which means that obstacle is either further away or smaller). In either

case, it makes sense to turn right to avoid this obstacle. In summary, having two sensors makes

it possible to decide whether to turn left or right.

Students will need to attach the two sensors to the robot.  The provided STL file can be used to

3D print holders if you wish (shown in the picture below).



Below is an example program that performs sonar-based obstacle avoidance. This program

assumes that the left sonar sensor is connected to port 1 and the right sensor to port 2. A

screenshot of the program is provided below.

Sonar Obstacle Avoidance Program

The main program loop is shown first. This loop continuously goes through the same steps. It

queries the sensors. If the left sonar sensor detects the smallest distance (min_side = left), the

robot turns left as long as the left sonar returns a distance that is smaller than the safe distance.

If the right sonar detects the shortest distance, the robot turns right as long as the right sonar

returns a distance that is smaller than the safe distance. The safe distance is defined at the start

of the program. Here, it is set to 30 cm. The upshot of this is that the robot turns left or right (on

the spot) if one of the sensors returns a distance smaller than the safe distance.  And the robot

keeps turning until that sensor returns a value that is large enough.

https://github.com/ITEST-BME/lesson_plans/blob/master/sonar_obstacle_avoidance.mblock


To make this program a bit simpler to understand, a number of routines have been split off as

custom blocks. The red blocks in the main program are defined below and to the right of the

main program. For example, the red do_sensing block does the following:

1. Read the left and the right sensor (and multiply the values by 1.25).

2. Set the variable min_distance to the minimum of the left and the right distance.

3. Set the variable min_side to ‘left’ or ‘right’, depending on whether the left or the right

sensor returns the smallest value.

The variables min_distance and min_side are used in the main program loop to decide whether

to turn and, if so, in what direction.



When students run the program, the robot should move forward as long as it is far away from

obstacles. It should turn on the spot when close to them. Depending on where the robot is

tested, students might notice that the robot seems blind to some obstacles. This happens when

the obstacles have a small surface area. These return weak echoes and might go undetected.

They might also see the mirror effect coming into play: when approaching a smooth wall or

other surfaces under an oblique angle, the robot happily drives into the obstacle as no strong

echoes return from it.

Therefore, it might be worthwhile to construct an arena for the robot populated with obstacles

the sensor sensors should be able to detect. In the example below, a circular arena of children’s



toys has been built. These objects consist of multiple surfaces oriented in many different

directions. This makes them very likely to return echoes the robot can pick up.

Plastic drinking cups could also be used to build an arena. If drinking cups are used, make sure

they are tall enough to reach the level of the sensors of the robot on the robot. If not, the sonar

sensor might literally overlook the cups.

The acoustic complexity of the toy arena can be appreciated by looking at a recording made of
the echoes received by the robot. For this, the ultrasonic recorder was placed on top of the
robot to record emissions and the echoes. This is a procedure that is also used by scientists that
study bats: by placing a mini recorder on the bats' back, they learn what echoes the bat
perceives. The recording shows that the first echo returns from a distance of about 30 cm.
However, many other echoes can be seen as well. This shows that the toys return a multitude of
echoes, increasing the chance one will be picked up by the robot



2.2 Sonar Cane
2.2.1 Introduction

Several inventors and companies have designed sonar-enabled canes for visually impaired

people. The general idea of these devices is to use a sonar sensor (or multiple sensors) to detect

obstacles in the path of the user. The distance picked up by the sensors is then conveyed to the

user by employing non-visual cues.

Show students the YouTube video describing such a device.  Using the robot, students will build

a device that does something similar:  use one or two sensors to detect obstacles and use the

speaker on the robot to convey this information to a (blindfolded) user.  The student guide for

this part can be found here.

The following section is provided for instructor use if you wish to bring in some applied math for

your students.  Students can also take a more liberal approach to the problem using trial and

error.

https://www.youtube.com/watch?v=cnW1_XMUIzM
https://docs.google.com/document/d/1NGL8CedLfsLXENb9Qe7uORc4R4DygEeL4bg0dmFb_Kw/edit?usp=sharing


2.2.2 Math Application

Given our goal, obstacles distances of dmin or smaller should result in a clear warning that the

sweeping cane missed an obstacle and there is something in our way. Obstacles larger than dmin

should be indicated using less pressing signals. To avoid the cane beeping constantly, we will

define a cut-off distance dmax. Obstacles further away than dmax do not yield a warning signal.

The distance dmin depends on height h at which the sonar is mounted and the angle a the cane

makes with the floor.

The warning signal will consist of a beep. The frequency (pitch) of the beep depends on the

distance. A lower-pitched beep indicates the obstacle is further away. Let’s say we vary the beep

frequency f from fmin to higher value fmax (in Hertz). The equation determining the beep

frequency is as follows,

with

This equation becomes much simpler if we fill in some numbers. Let’s assume we use the

numbers below. The value of dmin was obtained by assuming that h = 1, a = 30 (see above). The

value of dmax was selected empirically (aka, I tested out some values to see what works).

There is an online tool, Wolfram Alpha, that derives and simplifies the equation using these

numbers for you. You can enter the following query. This query solves the equations 1 and 2

above for the selected numbers. You can also insert the numbers in equations 1 and 2. This

should yield the same result. But using Wolfram Alpha is less error-prone.

linear regression ([0.6, 2000],[1.2, 1000])

https://www.wolframalpha.com/


You will notice that the query has the numbers in it we proposed above. This is also a simple

way of deriving a new equation, in case you wish to change the numbers of the equation.

Simply enter the altered search query, and Wolfram Alpha will come up with a new equation.

For our numbers, Wolfram Alpha comes up with the following equation for f:

0.13 x 0.06x

In this equation, x stands for the distance d, i.e., x = d. That is simple enough. You will notice

that Wolfram Alpha even plots the function, allowing you to inspect whether the result makes

sense visually.

2.2.3 Building the Cane

The sonar cane consists of the robot mounted on a 1-inch PVC pipe. Mounting the robot can be

done using the 3D printed bracket. An STL file for this bracket has been provided.

2.2.4 Cane Program

An example program for the sonar cane has been provided. This program uses the parameters

and equation derived above.  The frequency of the beep is calculated in the right-hand series of

blocks. These blocks implement the equation derived above to calculate the frequency f of the

beep. In addition, if the frequency would become higher than fmax, f is set equal to fmax. For large

distances d, the duration of the beep is set to zero. This has the effect of silencing the beeps for

large distances.

One addition to what has been discussed above is briefly turning on the motors for short

distances. If the obstacle is very near, the motor will turn on for 0.25 seconds. This serves as an

additional warning to the user.

In summary, the program does the following:

● It calculates the frequency of the beep, depending on the distance. Shorter distances

result in higher-pitched beeps.

● If the distance is large enough, the beeping stops.

● If the distance is very small, the motors briefly spin.

https://github.com/ITEST-BME/lesson_plans/blob/master/sonar_cane.mblock


2.2.5 Testing the Sonar Cane

The sonar device was designed with the intent of detecting obstacles missed by the cane
sweeping the floor. Therefore, test the sonar cane with overhanging obstacles. For example,
have students hold out pieces of cardboard or other objects in the path of a blindfolded student
testing the cane. The blindfolded student should use the physical cane to sweep their path for
obstacles on the floor. The sonar should inform them of upcoming overhanging obstacles.

It is worthwhile to take time for students to get some practice using the sonar cane. Afterward,
they can reflect on the benefits and drawbacks of the system. Try to have them think critically
about the potential benefits of sonar-based systems to visually impaired people. What are the
drawbacks? What improvements can they conceive?

Images of testing the sonar cane are below.





Extensions
● Have students design their own 3D print holder for the sensors.
● Students could write their own programs or identify what is happening in the sample

program before proceeding to use it.
● Consider giving students freedom to design their own sonar cane (without the provided

guidance or programs)

Assessments
Utilize slides starting at slide 22 to introduce this assessment activity to the students.

The robots need to be equipped with 2 sonar sensors. The sensors are either pointing outwards or
are aligned with the main axis of the robot. The robots run a program (sonar assessment
program) that allows selecting one of two modes:

● Mode 1: the robot turns left or right, at random, if the distance detected by the sonar
sensors is less than 25 cm.

● Mode 2: the robot turns left (right) if the right (left) sensor detects the shortest distance.

This results in 4 conditions (2 sensor orientations x 2 modes).

The students run their robots (around 8 robots at a time) in an arena with obstacles and count the
number of times the robot gets stuck (use the data recording sheet). After collecting the data,
students will compare the number of hits for each of the four conditions, and try to interpret the
findings based on what they know about the program, the orientation of the ears and how sonar
works. They can also share observations about where the robots were most likely to get stuck in
the arena. Finally, when running multiple robots at the same time, they can observe the
interactions between robots (the robots are likely to pick up each other's echoes and emissions).

https://docs.google.com/presentation/d/1KdW53XOtoTWxsIS73fbR5xpmgRRxJEdjGcqcsV2Wj10/edit?usp=sharing
https://drive.google.com/file/d/1anA5u56Z1TzKuzpl2WJH9Fp2wcxSJ1J9/view?usp=sharing
https://drive.google.com/file/d/1anA5u56Z1TzKuzpl2WJH9Fp2wcxSJ1J9/view?usp=sharing
https://docs.google.com/document/d/135fXANU641BPOGkkTPrHNljYuEdKcZmCV1Wqhp3ebNQ/edit?usp=sharing


Supporting Activity Information / Background

Most echolocating bats are very small, with a body mass of around 10g. Nevertheless, several
bat researchers have succeeded in developing tiny bat recorders that are small enough to be
carried around by the bats themselves. This allows listening in on what bats hear as they
echolocate.

See here for more information: https://methodsblog.com/2019/04/17/bats-sound-movement/

As an additional reference, this is a popular account of sonar by the discoverer of bat sonar. The
book shows its age but on the other hand, it provides a very nice, informative, not overly
complex introduction to sound and sonar. It even has a chapter on sonar for the visually
impaired.

https://archive.org/details/echoesofbatsmen00grif/mode/2up

https://methodsblog.com/2019/04/17/bats-sound-movement/
https://archive.org/details/echoesofbatsmen00grif/mode/2up


National Educational Standards

NGSS Performance Expectations:
HS-LS1-2. Develop and use a model to illustrate the hierarchical
organization of interacting systems that provide specific functions
within multicellular organisms.
HS-LS1-3. Plan and conduct an investigation to provide evidence
that feedback mechanisms maintain homeostasis. (Section 2 - note
that it is the robot that is maintaining the homeostasis).
HS-PS4-2. Evaluate questions about the advantages of using digital
transmission and storage of information.
HS-PS4-5. Communicate technical information about how some
technological devices use the principles of wave behavior and wave
interactions with matter to transmit and capture information and
energy.

Disciplinary Core Ideas:
LS1.A: Structure and Function

● Multicellular organisms have a hierarchical structural
organization, in which any one system is made up of
numerous parts and is itself a component of the next level.

● Feedback mechanisms maintain a living system’s internal
conditions within certain limits and mediate behaviors,
allowing it to remain alive and functional even as external
conditions change within some range. Feedback mechanisms
can encourage (through positive feedback) or discourage
(negative feedback) what is going on inside the living system.
(Section 2)

PS4.A: Wave Properties
● Information can be digitized (e.g., a picture stored as the

values of an array of pixels); in this form, it can be stored
reliably in computer memory and sent over long distances as
a series of wave pulses.

PS4.C: Information Technologies and Instrumentation
● Multiple technologies based on the understanding of waves

and their interactions with matter are part of everyday
experiences in the modern world (e.g., medical imaging,
communications, scanners) and in scientific research. They
are essential tools for producing, transmitting, and capturing
signals and for storing and interpreting the information
contained in them.

Crosscutting Concepts:



Systems and System Models
● Models (e.g., physical, mathematical, computer models) can

be used to simulate systems and interactions—including
energy, matter, and information flows—within and between
systems at different scales.

Stability and Change
● Feedback (negative or positive) can stabilize or destabilize a

system.
● Systems can be designed for greater or lesser stability.

Cause and Effect
● Empirical evidence is required to differentiate between

cause and correlation and make claims about specific causes
and effects.

● Cause and effect relationships can be suggested and
predicted for complex natural and human designed systems
by examining what is known about smaller scale
mechanisms within the system.

● Systems can be designed to cause a desired effect.

Science and Engineering Practices:
● Asking Questions and Defining Problems
● Developing and Using Models
● Planning and Carrying out Investigations
● Analyzing and Interpreting Data
● Using Mathematics and Computational Thinking
● Constructing Explanations and Designing Solutions
● Engaging in Argument from Evidence
● Obtaining, Evaluating, and Communicating Information

ISTE Standards 1.1 Empowered Learner
c. Students use technology to seek feedback that informs
and improves their practice and to demonstrate their
learning in a variety of ways.
d. Students understand the fundamental concepts of
technology operations, demonstrate the ability to choose,
use and troubleshoot current technologies and are able to
transfer their knowledge to explore emerging technologies.

1.4 Innovative Designer
c. Students develop, test and refine prototypes as part of a
cyclical design process.

1.5 Computational Thinker
b. Students collect data or identify relevant data sets, use
digital tools to analyze them, and represent data in various



ways to facilitate problem-solving and decision-making.
c. Students break problems into component parts, extract
key information, and develop descriptive models to
understand complex systems or facilitate problem-solving.
d. Students understand how automation works and use
algorithmic thinking to develop a sequence of steps to create
and test automated solutions.

1.7 Global Collaborator
c. Students contribute constructively to project teams,
assuming various roles and responsibilities to work
effectively toward a common goal.



State Specific Educational Standards

Ohio Science
Standards

AP.LO.3 Homeostasis (of the robot)

Cognitive Demands for Science
Designing Technological/Engineering Solutions Using Science
Concepts

● Requires students to solve science-based engineering or
technological problems through application of scientific
inquiry. Within given scientific constraints, propose or
critique solutions, analyze and interpret technological and
engineering problems, use science principles to anticipate
effects of technological or engineering design, find solutions
using science and engineering or technology, consider
consequences and alternatives, and/or integrate and
synthesize scientific information.

Demonstrating Science Knowledge
● Requires student to use scientific practices and develop the

ability to think and act in ways associated with inquiry,
including asking questions, planning and conducting
investigations, using appropriate tools and techniques to
gather and organize data, thinking critically and logically
about relationships between evidence and explanations,
constructing and analyzing alternative explanations, and
communicating scientific arguments.

Interpreting and Communicating Science Concepts
● Requires students to use subject-specific conceptual

knowledge to interpret and explain events, phenomena,
concepts and experiences using grade-appropriate scientific
terminology, technological knowledge and mathematical
knowledge. Communicate with clarity, focus and
organization using rich, investigative scenarios, real-world
data and valid scientific information.

Recalling Accurate Science
● Requires students to provide accurate statements about

scientifically valid facts, concepts and relationships. Recall
only requires students to provide a rote response,
declarative knowledge or perform routine mathematical
tasks. This cognitive demand refers to students’ knowledge
of science fact, information, concepts, tools, procedures
(being able to describe how) and basic principles.

Indiana Science AP.1.3 Homeostasis (of the robot)



Standards
Science and Engineering Process Standards (SEPS)
SEPS.1 Posing questions (for science) and defining problems
(for engineering)
SEPS.2 Developing and using models and tools
SEPS.3 Constructing and performing investigations
SEPS.4 Analyzing and interpreting data
SEPS.5 Using mathematics and computational thinking
SEPS.6 Constructing explanations (for science) and designing
solutions (for engineering)
SEPS.7 Engaging in argument from evidence
SEPS.8 Obtaining, evaluating, and communicating information

West Virginia Science
Standards

S.HS.ETS.2 Design a solution to a complex real-world problem by
breaking it down into smaller, more manageable problems that can
be solved through engineering.



References

BBC Earth. (2016, March 11). Feeling the Force of Sperm Whales Ultrasound | Super Giant
Animals | BBC Earth. YouTube. Retrieved May 22, 2022, from
https://www.youtube.com/watch?v=tw7E7owEBm8

Calculation speed of sound in humid air and the air pressure humidity moist air water vapor
density of water atmospheric pressure - sengpielaudio Sengpiel Berlin. (n.d.).
Sengpielaudio. Retrieved May 22, 2022, from
http://www.sengpielaudio.com/calculator-airpressure.htm

Corcoran, A. (2013, September 23). Bat echolocating and capturing moths. YouTube. Retrieved
May 22, 2022, from https://www.youtube.com/watch?v=MgRh_Q_xwys

Griffin, D. R. (2013). Echoes of Bats and Men. Literary Licensing, LLC.

Indiana Department of Education. (2017). Indiana Academics for Science.  Science: Anatomy &
Physiology.
https://www.in.gov/doe/students/indiana-academic-standards/science-and-computer-sc
ience-2016-2010/

International Society for Technology in Education. (2022). ISTE Standards: Students.
https://www.iste.org/standards/iste-standards-for-students

Lewin, W. (2008, October 30). Nao Robot. YouTube. Retrieved May 22, 2022, from
https://www.youtube.com/watch?v=2STTNYNF4lk

Maxbotix. (n.d.). Sensor Selection Guide. MaxBotix Inc. Retrieved May 22, 2022, from
https://www.maxbotix.com/SelectionGuide/Selection-Guide.htm

NGSS Lead States. (2013). Next Generation Science Standards: For States, By States.
Washington,

DC: The National Academies Press.

NOAA. (2021, February 26). What is sonar? National Ocean Service. Retrieved May 22, 2022,
from https://oceanservice.noaa.gov/facts/sonar.html

Ohio Department of Education. (2018-19). Ohio’s Learning Standards and Model Curriculum
Science.
https://education.ohio.gov/Topics/Learning-in-Ohio/Science/Ohios-Learning-Standards-
and-MC

Stephenson, I. (2019, April 17). Studying Wild Bats with Small On-Board Sound and Movement
Recorders. Methods Blog. Retrieved May 22, 2022, from
https://methodsblog.com/2019/04/17/bats-sound-movement/

https://www.youtube.com/watch?v=tw7E7owEBm8
http://www.sengpielaudio.com/calculator-airpressure.htm
https://www.youtube.com/watch?v=MgRh_Q_xwys
https://www.in.gov/doe/students/indiana-academic-standards/science-and-computer-science-2016-2010/
https://www.in.gov/doe/students/indiana-academic-standards/science-and-computer-science-2016-2010/
https://www.iste.org/standards/iste-standards-for-students
https://www.youtube.com/watch?v=2STTNYNF4lk
https://www.maxbotix.com/SelectionGuide/Selection-Guide.htm
https://education.ohio.gov/Topics/Learning-in-Ohio/Science/Ohios-Learning-Standards-and-MC
https://education.ohio.gov/Topics/Learning-in-Ohio/Science/Ohios-Learning-Standards-and-MC
https://methodsblog.com/2019/04/17/bats-sound-movement/


Thomas, R., Black Ticket Films, & The Better India. (2016, July 17). Revolutionizing the Walking
Cane: A Simple Design Gets a Hi-Tech Upgrade | Short Film Showcase. YouTube.
Retrieved May 22, 2022, from https://www.youtube.com/watch?v=cnW1_XMUIzM

Toyota Motor Corporation. (2014, November 20). Toyota's Enhanced Parking Support
Technologies, Available Starting 2015. YouTube. Retrieved May 22, 2022, from
https://www.youtube.com/watch?v=BGd38676nF0

West Virginia Department of Education. (2015). Policy 2520.3C: Next Generation Content
Standards and Objectives for Science in West Virginia Schools.
https://wvde.us/middle-secondary-learning/science/standards-and-guidance/

Wolfram|Alpha: Computational Intelligence. (n.d). Retrieved May 22, 2022, from
https://www.wolframalpha.com/

Authors (in alphabetical order)
Anna DeJarnette is an Associate Professor at the University of Cincinnati, School of Education,
Cincinnati, OH 45221.

Anna E. Hutchinson is a postdoctoral fellow and program coordinator at the University of
Cincinnati, Department of Biological Sciences, Cincinnati, OH, 45221.

John E. Layne is an Associate Professor at the University of Cincinnati, Department of Biological
Sciences, Cincinnati, OH, 45221.

Erin Milligan is an Education Consultant at Hamilton County Educational Service Center,
Instructional Services, Cincinnati, OH, 45231.

Stephanie M. Rollmann is a Professor at the University of Cincinnati, Department of Biological
Sciences, Cincinnati, OH, 45221.

Dieter Vanderelst is an Assistant Professor at the University of Cincinnati, Departments of
Biological Sciences, Electrical Engineering, Mechanical Engineering, and Psychology, Cincinnati,
OH, 45221.

Contributor, Supporting Program, Acknowledgements, and Classroom Testing
We thank the teacher and student participants in the University of Cincinnati (UC) Biology
meets Engineering summer program for their feedback. We thank Gloria Ononye and Valecia
Kelly for discussions of instructional frameworks. This material is based upon work supported by
the National Science Foundation ITEST grant number 1759150 to SMR, JEL, AD, and DV.

https://www.youtube.com/watch?v=cnW1_XMUIzM
https://www.youtube.com/watch?v=BGd38676nF0
https://wvde.us/middle-secondary-learning/science/standards-and-guidance/
https://www.wolframalpha.com/

