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Enriching K-12 Math Education Using LEGOs

1. Introduction

To address mathematical and scientific obstacles of any era, prize-based competitions are
frequently organized. Such competitions generate widespread interest and open multiple fronts to
advance the state of the art in science and technology. Although this strategy has a long history,
it has recently regained currency as evidenced through the Millennium Prize Problems and the
Netflix Million Dollar Programming Prize. In a similar vein, a proliferation of competitions, such
as Future City, First LEGO League (FLL), etc., are being directed at K-12 students to engage
their interest in science, technology, engineering and math (STEM). Participation in the FLL
contest provides compelling learning experiences to students and imparts critical academic,
professional, and communication skills to them. For example, in a Brandeis University study,’
students reported that participation in FLL contests enhanced their interest in science and math
and increased their confidence and motivation for school work.

In K-12 math courses, students are required to learn abstract math concepts, e.g., algebra
and statistics, as well as problem-solving, graphical interpretation, and measurement methods.
The challenge of teaching abstract concepts in the K-12 environment is to get away from low-
level mechanistic instruction relying on formulae and mnemonics.? Students lose motivation in
the face of having to comprehend material that appears to be unrelated to their everyday
experiences.” To overcome such obstacles, many mathematics concepts can be viewed as
inherent to explaining simple tasks performed by a robot. For example, as students develop
strategies for the locomotion of a robot traveling a specified distance, they gain an understanding
of the geometry of a circle, which connects the distance traveled by the robot to the
circumference of its wheels.

Examples of using robotics to teach STEM concepts abound in literature and cover the
entire education spectrum from elementary to graduate school.*® Unfortunately, the
extracurricular nature of robotics contests has not made the use of robotics more central to K-12
science and math education. Moreover, the potential for explicitly exploring science and math
principles using robotics-based activities remains largely untapped in K-12 schools.” Many
robotics-focused K-12 programs are organized as outreach efforts for students’ educational
enrichment and necessitate on-site support of teachers through college-level engineering
students’ or volunteer engineering pro’fessionals,8 thereby making it difficult to sustain and scale-
up projects. Therefore, increasingly, the focus of educators has been to transition students’ extra-
curricular robotic experiences from the after-school and competition preparation programs to the
classroom setting.
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In this paper, we present several illustrative LEGO-based math activities developed by
engineering graduate students in partnership with K-12 teachers under an NSF GK-12 Fellows
project at the Polytechnic Institute of NYU. These lessons are grade appropriate and address
New York State (NYS) math learning standards. For example, one LEGO-based lesson teaches
students principles of rounding and accuracy. In this lesson, students operate a robot to draw
straight lines of various lengths and ascertain the lengths of drawings with theoretical and ruler
measurements. In another lesson, students explore the mathematical constant m by operating a
robot to draw circles of various diameters. To calculate the value of m, students measure the
circumference of the circle and divide it by the measured diameter of the circle. In yet another
lesson, students learn to collect and analyze empirical data from spring-mass oscillations using
statistical quantities such as the mean, mode, and median. These lessons were designed to engage
students in K-12 math classrooms and allow them to explore abstract math concepts using
LEGO-based, hands-on activities. In the following, we provide an overview of these activities,
their classroom implementation, assessment, and statistical significance of assessment results.

2. Objectives and Assessment Methods

In Sections 3—5, we introduce three illustrative LEGO-based activities that teach math
skills and concepts as well as present real-world applications of math to K-12 students. All
activities were developed and conducted by the graduate “Fellows” in partnership with teachers
at elementary, middle and high schools in Central Brooklyn. The teachers reviewed and
approved each lesson for alignment with their curriculum. The objective of the lessons was to
teach students abstract math concepts, which are tested in the NYS exams, through fun,
engaging, and interactive hands-on LEGO-based activities. Using student-friendly technology
and software, the lessons promoted team-oriented and research-like environment. Specific math
concepts and skills addressed by the lessons address NYS Learning Standards shown in Tables
II, V, VIIL’ Detailed lesson plans and corresponding evaluation instruments can be obtained by
accessing the GK-12 project website.'”

The aim of the assessment activities was to measure the effectiveness of the three LEGO-
based lessons using pre- and post-lesson surveys. The design of specific assessment instruments
and their implementation was discussed with a science education expert and the respective grade
and subject teachers to be timely, responsive, appropriate, and effective for the intended students.
The questions asked in the pre- and post-lesson surveys were designed to determine students’
understanding of the lesson topics before and after their engagement in the LEGO-based
activities. To assess the effect of lessons on students’ comprehension, similar questions were
embedded in the pre- and post-lesson surveys. That is, questions designed to elicit students’
understanding of various concepts were worded differently in the pre- and post-lesson surveys.
For example, to evaluate whether LEGO activities improved students’ understanding of
applicability of math in their daily lives, students were asked, “Where do you use math outside of
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school?” in pre-survey and “Give an example from your daily life that requires math” in post-
survey. The survey utilized multiple choice questions, fill in the blanks, and short answer essays
in a student-friendly format. The questions were designed to test students’ conceptual
understanding and to determine their interest and attitude toward STEM topics. The responses to
survey questions were compiled and analyzed using bar charts and a statistical hypothesis test.
Bar charts summarize students’ performance before and after the activity. Rubrics shown in
Tables III, VI, IX, were used to ascertain the correctness of student responses. Tables I1I, VI, IX
also provide illustrative examples of students’ answers to concept and evaluation questions
which were marked as correct or incorrect. A dependent t-test'' for paired samples was
conducted to analyze the data and establish whether student performance improved following the
activity. To obtain the data for the hypothesis testing, student responses were graded using the
rubric in Table I. The pre- and post-lesson scores were matched for each student and analyzed
for statistical significance. The results for the test provide the mean difference, standard
deviation, t-statistics, and p values. For complete results and details of the particular lesson
evaluation see the corresponding lesson assessments in Subsection 3.1, 4.1, and 5.1.

Table I: The grading rubric used for the dependent t-test for paired samples.

Gives an excellent, thorough, descriptive response involving math terminology 100
Gives a slight description with object, place, or action 75
States relevant object or place with no description, few words 50
States an object or place with little relevance to topic, vague 25
Gives no answer, incomplete answer, or does not answer proposed question 0

3. Lesson on Accuracy and Approximation

The lesson entitled “About Accuracy and Approximation” introduced elementary school
students to the concept of rounding numbers and quantifying accuracy through measurements.
The use of a ruler, calculation of values with decimals, numerical estimation, and rounding were
integrated in the lesson. The lesson was aimed at teaching students the concept of accuracy,
particularly of machines and humans. The lesson addresses NYS Learning Standards for
Mathematics shown in the Table II, and requires one to two 45-minute class periods to complete.
The following materials were used to conduct the activity: a LEGO NXT robot with a pen
holding attachment, a marker, large pieces of white paper, a ruler, yarn, a notepad, and a pen (see
Figure 1).
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Table 11: NYS Learning Standards addressed in “About Accuracy and Approximation” lesson.’

5.M.3  Measure to the nearest centimeter

5.M.6  Determine the tool and technique to measure with an appropriate level of precision:
lengths and angles

5.M.11 Justify the reasonableness of estimates

5.PS.10 Work in collaboration with others to solve problems

Figure 1: Activity setup for the “About Accuracy and Approximation” lesson (left) and
students investigating the accuracy of their measurements with LEGO robots (right).

For each group in the classroom, a robot was built and fitted with an attachment that
enabled the robot to hold a marker. A key feature of this setup was the robot’s ability to draw a
straight line when the wheels of the robot completed a specified number of rotations.
Specifically, the robot was pre-programmed to move forward by one wheel rotation and draw a
line, and two wheel rotations to draw a second, longer line. Students were given the values of the
predicted distance the robot would travel with one and two wheel rotations. These values were
obtained prior to the lesson by the Fellows using the circumference of the wheel and the number
of specified rotations. Next, a robot with a marker attached was placed on a large sheet of paper
and commanded to move forward with one complete rotation of its wheel, and in the process
drew a line on the paper. Students measured the length of the drawn line and compared their
measurements to the predicted length of the line. This procedure was repeated with two rotations
of the robot’s wheels. Students were asked to record, organize, and approximate their data in a
datasheet (see Figure 2).

3.1. Assessment for the Lesson on Accuracy and Approximation

To assess the effectiveness of the lesson, 20 fourth grade and 25 fifth grade students in
two math classrooms of a Central Brooklyn elementary school were introduced to the
experimental setup. Figure 3 summarizes students’ responses to pre- and post-surveys questions
related to lesson content, connections between robotics and math, and applications of math in
everyday life. The results of Figure 3 were obtained by evaluating students’ responses based on
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the rubric in Table III. In addition, the Table offers exemplary responses that were considered

“correct, clear, or positive” or “incorrect, unclear, or negative.”

Meastre and Calenlote | In centimeters Round up to the nearest | Round down to the nearest
L e | (em) | whole number (ecm) whale number (¢m)

e |

| 1Predicted| length of the line 35.4 16 35

b g Y P—— \
R i = .
1 Measured ! length of the line |
. |
s e - . —]
1 1 'l
1 Measured 1 _ \Predicted )

Figure 2:

Brooklyn elementary school.

Table I11: Categorization of students’ responses in Figure 3 to evaluation question for “About

Accuracy and Approximation” lesson.

Table used to record data during the “About Accuracy and Approximation™ lesson.
The calculations and measurement were done by a 4 grade student at a Central

Assessment questions

Correct/Clear/Positive

Incorrect/Unclear/Negative

of an accurate
machine

of a computational or
mechanical machine. For
example: “computer,” “washing

machine,” or “microwave.”

Response Response
QIl. Round a number  Student rounds a given number Student rounds a given number
to the nearest integer  correctly. incorrectly.
Q2. Give an example  Student provides a clear example Student provides an unclear

example of a computational or
mechanical machine. For example
“length,” “I don’t know,” or
“pencil.”

Q3. How are robots
and math related?

Student describes an application
of math and robotics in
education, design, construction,
or programming For example:
“you have to know math when
you are making a robot,” “robots
use math,” or “robots can
measure.”

Student doesn’t relate or provide
a clear understanding of the
question. For example: “I don’t
know,” “because they are both
machines,” or “because math and
robots are fun.”

Q4. Where can you
use mathematics?

Student describes math related
activities or places outside or
inside the classroom. For
example: “playing board
games,” or “when I count
change.”

Student provides vague
description that pertains to the
assessment question. For

example: “everywhere,” or “side
walk.”
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Q1. Round to the nearest integer Q2. Give an example of accurate machine
W Pre-activity ™ Post-activity H Pre-activity ™ Post-activity

47.7 432 61.4

36.4 34.1

29.5 : 38.6 36.4
55 29.5

9.1

9.1

Clear/positive  Unclear/negative  No response Clear/positive  Unclear/negative  No response
response response response response
(a) (b)
Q3. How are robots and math related? Q4. Where can you use mathematics?
H Pre-activity ™ Post-activity W Pre-activity ™ Post-activity
545
455 95.5
34.1 68.2
273 273
. 227
- 91 23 23
— | .
Clear/positive  Unclear/negative  No response Clear/positive Unclear/negative  No response
response response response response
(© (d)

Figure 3: Students’ responses to pre- and post-survey questions for the “About Accuracy and
Approximation” activity. Responses to content questions: (a), (b) and views on
robotics (¢) and mathematics (d).

To measure the lesson effectiveness, a paired difference t-test for dependent samples was
conducted. The results for the test are shown in Table IV. For a p value of < 0.0025 and < 0.001,
results for questions Q2 and Q4, respectively, reveal statistically significant improvement.
However, for questions Q1 and Q3, the results do not provide evidence of statistically significant
improvement, i.e., they are not significant (n.s.). Note that the bar charts of Figure 3(a), 3(c),
show that both correct and incorrect responses to Q1 and Q3 increased in the post-lesson

evaluation due to the participation of students who provided no response in pre-lesson
evaluation.
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Table 1V: Results of paired difference t-test for “About Accuracy and Approximation” lesson, n
denotes the number of samples.

Assessment questions n Mean Standard tcacuated P Value

difference deviation
Q1. Round to the nearest integer 45 11.111 71.421 1.044 n.s.
Q2. Give an example of an accurate machine 45 25.556 58.019 2.955 <0.0025
Q3. How are robots and math related? 45 5.556 43.265 0.863 n.s.
Q4. Where can you use mathematics? 45 16.111 30.224 3.576  <0.001

4. LLesson on “Pi”

The irrational number Pi (represented by m = 3.1415926...) is a remarkable constant that
is found in many STEM disciplines. For example, © is found in numerous formulae arising in
mathematics, physics, chemistry, and engineering, making it one of the most important
mathematical constants. The activity “Pi - What is it?” was developed to promote conceptual
understanding of the irrational properties of m and its applications in geometry to middle school
students. One of the objectives of the activity was to create an environment in which students
could feel like researchers seeking to establish an approximate value of m. Students were asked to
work in teams to discover that m is a constant that applies to all circles. The lesson addresses
NYS Learning Standards for Mathematics shown in the Table V, and requires one to two 45-
minute class periods to complete. A LEGO NXT robot with a pen holder was built for each
group, identical to the robot used for the “About Accuracy and Approximation” lesson (see
Figure 4).

Table V: NYS Learning Standards addressed in “Pi - What is it?” lesson.”

6.CN.6 Recognize and provide examples of the presence of mathematics in their daily lives

6.G.9  Understand the relationship between the circumference and the diameter of a circle

6.N.6  Understand the concept of ratio

6.R.1  Use physical objects, drawings, charts, tables, graphs, symbols, equations, or objects
created using technology as representations

Each student team used a pre-programmed LEGO robot that travelled in a circle to draw
different sized circles. Next, a large sheet of paper was taped to the floor and the robot was
placed on it and commanded to perform a full circular motion. This caused the robot to
physically draw a circle as the marker tip touched the paper. Students measured the diameter of
the circle using a ruler and the circumference using a length of yarn. Finally, using the measured
values, students divided the circumference by the diameter and showed that the result was the
constant  (see Figure 4). Students performed multiple runs of the experiment by altering the
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robot program to draw circles of different sizes. This exercise enabled the students to observe
that the value of m can be obtained from a circle of an arbitrary diameter.

Figure 4: Activity set up for the “Pi - What is it?” lesson (left) and students discussing how to
calculate distance as the robot travels along a circular path (right).

4.1. Assessment for the Lesson on “Pi”

To assess the effectiveness of the lesson, 47 sixth grade students in a math classroom of a
Central Brooklyn middle school were introduced to the experimental setup. The activity was
intended to preview the usefulness and application of m prior to its formal introduction in the
classroom. As part of the curriculum, the students were expected to learn the properties of © and
its application in geometrical formulae such as area and circumference of the circle. Figure 5
provides a sample datasheet that was completed by a student who participated in the activity.
Figure 6 summarizes students’ responses to pre- and post-surveys questions related to lesson
content, usefulness of robotics as an educational tool, and applications of math in everyday life.
The results of Figure 6 were obtained by evaluating students’ responses based on the rubric in
Table VI. In addition, the Table offers exemplary responses that were considered “correct, clear,
or positive” or “incorrect, unclear, or negative.” To measure the lesson effectiveness, a paired
difference t-test for dependent samples was conducted. The results for the test are shown in
Table VII. For a p value of < 0.001 (Q1—Q3) and <0.025 (Q4), results show that there is a
statistically significant improvement from pre- to post-lesson assessment.

Circumference, cm Diameter, cm C(d

Circle # 1

Circle #2 g ‘

Figure 5: Table used to record data during the “Pi - What is it?” lesson. The calculations and
measurement were done by a 6™ grade student at a Central Brooklyn middle school.
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Table VI: Categorization of students’ responses in Figure 6 to evaluation question for “Pi -

What is it?” lesson.

Assessment questions

Correct/Clear/Positive
Response

Incorrect/Unclear/Negative
Response

Q1. What is numerical
value of n?

Student provides an answer © =
3.14 or 1 =3.14.

Student gives answer that
differs from = = 3.14 or t =
3.14.

Q2. What does the ratio of
circumference to diameter,
C/d, equal to?

Student provides an answer 7 or
3.14.

Student provides an answer
that differs from = or 3.14.

Q3. How can robots help
you learn math?

Student describes an experience
with robot that can help him/her
to learn math better. For
example: “showing examples
and helping understand
problems,” or ‘“creating them
will require math.”

Student doesn’t relate or
provide a clear
understanding of the
question. For example: “I’'m
not sure,” or ‘“geometry,
science and physics.”

Q4. Where can you use
mathematics?

Student  describes  activities:
making change “while buying
groceries,” “shopping at a mall,”

“following a cookbook to cook,”

29 ¢¢

or “measuring space at home
during remodeling.”

Student doesn’t provide a
response or description that
pertains to the assessment
question.  For  example:
“nowhere,” “everywhere,” or
“in your kitchen.”

Q1. What is the numerical value of Pi?

W Pre-activity ™ Post-activity

69.4

143 82 82

77.6 77.6

16.3

Correctresponse Incorrectresponse  No response

(a)

Q2. What does theratio C/d equal to?

& Pre-activity H Post-activity

53.1

30.6
10.2 122

Correctresponse Incorrectresponse  No response

(b)
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Q3. Can robots help you leam math? Q4. Where can you use mathematics?

H Pre-activity ™ Post-activity H Pre-activity M Post-activity
83.7 85.7
73.5
53.1
28.6
18.4 16.3 122 143 143
—— ° -
Clear/positive  Unclear/negative ~ No response Clear/positive  Unclear/negative ~ Noresponse
response response response response
(c) (d)

Figure 6: Students’ responses to pre- and post-survey questions for the “Pi - What is it?”
activity. Responses to content questions: (a), (b) and views on robotics (c) and
mathematics (d).

Table VII: Results of paired difference t-test for “Pi - What is it?” lesson.

Assessment questions n Mean Standard  tcaculated p
difference deviation Value
Q1. What is the numerical value of Pi? 47 57.447 49.977 7.880 <0.001
Q2. What does the ratio C/d equal to? 47 61.702 49.137 8.609 <0.001
Q3. How can robots help you learn math? 47 22.340 41.779 3.666 <0.001
Q4. Where can you use mathematics? 47 12.234 34.919 2.402 <0.025

5. Lesson on Means, Modes, and Medians

One of the primary and necessary skills in all STEM fields is the acquisition of data and
its analysis. Pursuant to the demand of these analytical skills and to address NYS Learning
Standards for Mathematics shown in the Table VIII, a lesson involving empirical data collection
and analysis was developed. Entitled “Means, Modes, and Medians,” the objective of this hands-
on lesson was for students to collect and study the data from the periodic motion of an oscillating
spring-mass system using LEGO sensors. The experimental setup consisted of a LEGO NXT
brick, LEGO ultrasonic and touch sensors, RobotC or LEGO Mindstorms software, a bungee
cord, a weight, a clamp-stand, and a cardboard platform (see Figure 7). The curriculum level of
the lesson is suitable for middle and high school students and requires two consecutive 45-
minute class periods. Prior to the lesson, students were divided into teams and were given a pre-
evaluation worksheet as well as an experimental procedure manual. In the worksheet, students
recalled definitions and formulae of the aforementioned statistical quantities and solved
supporting math problems. In addition, the students were asked to fill out a survey inquiring
about their opinions on the importance of mathematics and robotics.
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Table VII1: NYS Learning Standards addressed in “Means, Modes and Medians” lesson.’

A.CN.7 Recognize and apply mathematical ideas to problem situations that develop outside
of mathematics

A.R.1  Use physical objects, diagrams, charts, tables, graphs, symbols, equations, or objects
created using technology as representations of mathematical concepts

A.S.1 Categorize data as qualitative or quantitative

A.S.4  Compare and contrast the appropriateness of different measures of central tendency
for a given data set

-~

Figure 7: Activity setup for the “Means, Modes and Mediané” lesson (left) and students
preparing to collect oscillation data for a bungee cord with 100g mass (right)

During the lesson, the students were first given a presentation and a demonstration of the
setup. Next, the students were asked to perform the experiment by following the step-by-step
procedure of the experiment manual. The lesson and the experiment were designed and set up as
follows. The bungee cord was suspended from the clamp-stand with a 100 gram mass and a
25cmx10cm cardboard platform rigidly attached to the inelastic part of the cord (see Figure 7).
The ultrasonic sensor was placed on the base of the clamp-stand and above the platform to
measure its distance from the oscillating platform. The students executed a preloaded program on
the NXT brick to measure the displacements of the platform while the bungee cord oscillated.
The program was terminated once the system rested at its equilibrium. To collect the data, the
NXT brick was preloaded with a user-friendly RobotC or Mindstorms data logging program that
allowed students to begin and terminate data collection by activating the touch sensor. In
addition, the students learned to access the data stored in the NXT brick using the LEGO
interface software and save it as a spreadsheet. Before the quantitative analysis, the empirical
data had to be visually analyzed for occurrence of outliers. The outliers arose due to sideways
swaying of the platform, causing it to move out of the field of view of the ultrasonic sensor and
resulting in erroneous data corresponding to the sensor’s distance from the floor. If the data was
considered erroneous by the students, the experiment was repeated. After the data was obtained
in spreadsheet format, the students were asked to complete an analysis worksheet and a post-
evaluation survey. Prior to performing data analysis, the students were asked to pick two sets of
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consecutive numbers from the collected data. The two sets consisted of five and ten elements,
respectively (see Figure 8). In a worksheet, the students were asked to determine the mean,
mode, and median for both sets of data and compare the outcomes using percent difference.

Pare A

1. Record below the 5 sample data peints yon've chosen

Fart B

1. Record below the 10 sample data points you've chosen

Figure 8: Tables used to record data during the “Means, Modes and Medians” lesson. The data
was recorded by a 9™ grade student at a Central Brooklyn high school.

5.1. Assessment for the Lesson on Means, Modes, and Medians

To assess the effectiveness of the lesson, 46 ninth grade students in a math classroom of a
Central Brooklyn high school were introduced to the experimental setup. The lesson was
indented to review students’ knowledge of basic statistics as part of the preparation for the
Regents exam. The students had been previously introduced to the statistical quantities such as
mean, mode, median, however, they had limited knowledge of percent difference between two
quantities. In addition, some students needed extra review on finding median values in sets with
even and odd number of elements. Figure 9 summarizes students’ responses to pre- and post-
surveys questions related to lesson content, usefulness of robotics as an educational tool, and
applications of math in everyday life. The results of Figure 9 were obtained by evaluating
students’ responses based on the rubric in Table IX, which also offers exemplary responses that
were considered “correct, clear, or positive” or “incorrect, unclear, or negative.” To measure the
lesson effectiveness, a paired difference t-test for dependent samples was conducted. The results
for the test are shown in Table X. For a p value of < 0.05 and < 0.001, results for questions Q2
and Q3, respectively, reveal statistically significant improvement. However, for questions Q1
and Q4, the results do not provide evidence of statistically significant improvement. Note that
this lesson was conducted as a review, thus the results have not shown a significant improvement
in every aspect of the survey.
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Table IX: Categorization of students’ responses in Figure 9 to evaluation question for “Means,
Modes and Medians” lesson.

Assessment questions

Correct/Clear/Positive
Response

Incorrect/Unclear/Negative
Response

Q1. How do you find the
median?

Student provides a formula or
an explanation how to find
median.

Student doesn’t know the
formula or method to determine
the median.

Q2. How do you find the
average?

Student provides a formula or
an explicit statement describing
the method of finding the
average.

Student doesn’t know the
formula or method to find
average.

Q3. How can robots help
you learn math?

Student describes an experience
with robot that can help him/her
to learn math better. For
example: “they can be used to
measure and record data,”
“serve as calculators,” or “write
on the board.”

Student doesn’t relate or provide
a clear understanding of the
question. For example: “not
really sure,” or “I really don’t
understand.”

Q4. Where can you use Student describes a profession Student doesn’t provide a

mathematics? or activity that utilizes math. response or description that
For example: “engineering,” pertains to the assessment
“medicine,” ‘“using money,” question. For example:
“tell time,” or “coding.” “everywhere.”

Q1. How do you find

the median?

¥ Pre-activity ™ Post-activity

76.1 826

19-6 13.0

Clear/positive  Unclear/negative

response response

(a)

go4 7

Q2. How do you find the average?

H Pre-activity M Post-activity

No response Clear/positive  Unclear/negative  No response
response response
(b)
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Q3. How can robots help you learn math? Q4. Where can you use mathematics?

& Pre-activity ™ Post-activity i Pre-activity M Post-activity
73.9 89.1 89.1
435
37
19.6 19.6
6.5 43 22 6.5 8.7
.
Clear/positive Unclear/negative  No response Clear/positive Unclear/negative  No response
response response response response
(©) (d)

Figure 9: Students’ responses to pre- and post-survey questions for the “Means, Modes and
Medians” activity. Responses to content questions: (a), (b) and views on robotics (c)
and mathematics (d).

Table X: Results of paired difference t-test for “Means, Modes, and Medians” lesson.

Assessment questions n Mean Standard  tcaculated p
difference deviation Value
Q1. How do you find the median? 46 1.630 58.784 0.188 n.s.
Q2. How do you find the average? 46 11.957 42.733 1.898 <0.05
Q3. How can robots help you learn math? 46 22.826 44355 3490 <0.001
Q4. Where can you use mathematics? 46 -4.891 32.753 -1.013 n.s.

6. Conclusions

To promote engagement and learning in K-12 math classrooms and assist with the
development of better understanding of abstract mathematical material, lessons incorporating
LEGO-based activities were introduced to students in Central Brooklyn schools. This paper
presented three illustrative examples of hands-on lessons that proved useful in enhancing
students’ comprehension of the underlying math concepts and boosting their interest in the
subject matter. The evaluations of all three lessons showed that students improved their
conceptual understanding of the lesson content after conducting the activity. Moreover, students
showed an increase in interest and motivation to learn math through team activities. On-site
observations and post-evaluations have demonstrated a positive inclination towards working with
robotics tools and computational software. These activities exposed students to real-world
applications of mathematics outside of classrooms, such as measuring distance with an ultrasonic
sensor. These lessons incorporated LEGO robots, sensors, and computing platforms to conduct
experimental investigations and acquire data. Such lessons can be useful to allow students to
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connect science and math lessons and develop an interdisciplinary understanding. Future plans
include dissemination of these and other LEGO-based math lessons, developed by our Fellow-
teacher teams, to all schools in our GK-12 Fellows program and to a wider audience of teachers
through annual workshops and through a web repository of lessons.
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