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ABSTRACT

This study reports on the effectiveness of a Robotics engineering curriculum in increasing
the middle school students’ achievement in science and math. Specifically, it aimed to find out if
the students taking the robotics class performed significantly higher in science and math than a
control group. The research examined and compared the scores in a pre and posttest and the
normalized learning gains of students taking robotics in addition to their regular science and
math versus those who are taking science and math only. Although this study showed that there
is no significant difference in the science achievement scores of students between the
experimental and control group, gender was identified an as important factor that affects the
learning outcomes in a Robotics class. Further analyses also showed that despite the fact that
students used general math ideas as they engage in the problem solving process during robotics-

driven activities, their knowledge of math is no different from those who are not taking robotics.
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INTRODUCTION AND BACKGROUND

In the early 19™ century, the orientation of the education program was focused on 3 basic
skills: reading, ‘riting, and ‘rithmetic also known as ‘the three Rs’. The central role of the three
Rs in education is obvious especially in elementary education. How can anybody expect a
student who struggles with these basic skills to be successful in other subjects like Geography
and Science if the student cannot read at all (Papert, 1993).

Looking back, this argument was undeniable when the only available material for
learning was books. But looking forward, in this age of computers and many forms of
multimedia, students have easier access to different bodies of knowledge and reading is no
longer the primary and unique way to learn. This is especially true now that science and
technology have permeated every aspect of education.

At present, the struggle for educators is to better prepare students for the science and
technology of the 21% century. In its current science education reform, the American Association
for the Advancement of Science (1993) asks science teachers to integrate technology and
inquiry-based teaching into their instruction and recommends that technology be used as a
vehicle for learning science. The National Research Council (1996) encourages teachers to apply
“a variety of technologies, such as hand tools, measuring instruments, and calculators as an
integral component of scientific investigations” to support student inquiry.

These mandates arise from growing concern that the United States is not preparing a
sufficient number of students, teachers, and practitioners in the areas of science, technology,
engineering, and mathematics (CRS report for Congress on Science, Technology, Engineering,
and Mathematics (STEM) Education: Background, Federal Policy, and Legislative Action),
considering that the country’s economy is highly dependent on advanced technology.

Technology and related innovation are responsible for at least half of U.S. economic growth
1



(Bonvillian, 2002). Industries that rely on technology need new scientists and engineers every
year to help propel their success and it is up to those in our schools to produce these graduates.

Unfortunately, U.S. students are less prepared than many other first-world countries in
terms of science and math. According to the report of the Congress Research Service a large
majority of secondary school students fail to reach proficiency in math and science. When
compared to other nations, the math and science achievement of U.S. pupils and the rate of
STEM degree attainment appear inconsistent with a nation considered the world leader in
scientific innovation.

The results of the Trends in International Mathematics and Science Study (TIMSS) given
in 1995 and in 1999 show that students in the United States are falling behind their international
counterparts somewhere in the middle grades: “It (TIMSS and TIMSS-R) suggests that our
children do not start out behind those of other nations in mathematics and science achievement,
but somewhere in the middle grades they fall behind” (Valverde & Schmidt, 1997). TIMSS also
showed that US twelfth graders scored below average and among the lowest in science, math,
physics, and advanced mathematics (Gonzales, et al., 2000).

In 2007, however, TIMSS reports that compared to 1995 results, the average mathematics
scores for both U.S. fourth- and eighth-grade students were higher.

Table 1. Results of the Trends in International Mathematics and Science Study (TIMSS) on the
performance of US students on Math and Science.

Mathematics Science
4™ Grade 8" Grade 4™ Grade 8" Grade
1995 518 492 542 513
2007 529 508 539 520

At the fourth grade level, the U.S. average score in 2007 was 529, 11 points higher than

the 1995 average of 518. At the eighth grade level, the U.S. average mathematics score in 2007



was 508, 16 points higher than the 1995 average of 492. But the average science scores for both
U.S. fourth- and eighth-grade students in 2007 were not measurably different from those in 1995.
The U.S. fourth-grade average science score in 2007 was 539 and in 1995 was 542. The U.S.
eighth-grade average science score in 2007 was 520 and in 1995 was 513. These findings are
supported by the Program for International Student Assessment (2007) in their science literacy
assessment conducted in 2006 where they report that fifteen-year-old students in the United
States scored lower in science literacy than their peers in 16 of the other 29 countries.

If innovation is going to continue to drive the United States’ economyi, its educational
system must improve the students’ scores in both Math and Science and also entice graduates
into STEM careers (Bonvillian, 2002). One new approach to improving STEM education that is
gaining popularity is the use of Robotics to teach content. Advances in technology have brought
down the cost of robots and made it easier to bring them into classrooms with tight budgets.

It has long been recognized that experiential, hands-on education provides superior
motivation for learning new material, by providing real-world meaning to the otherwise abstract
knowledge. Robotics has been shown to be a superb tool for hands-on learning, not only of
robotics itself, but of general topics in science, technology, engineering, and math (STEM)
(Matari’c, 2004).

Robotics is a growing field that can significantly impact the nature of engineering and
science education at all levels, from K-12 to graduate schools (Matari'c, 2004). Apart from being
a subject itself, it can also be used as an instructional tool in a wide array of subjects ranging
from early childhood (Bers, M., et al., 2002), elementary (Bell, S., 2008), middle school (Norton,
S., etal., 2006) , technological and vocational secondary education (Moundridou & Kalinoglou,

2008), Computer Science (McNally, et al., 2006), Engineering (Ringwood & Monaghan, 2005),



Computer Programming (Lawhead, et al., 2002), to Artificial intelligence (Parsons & SkKilar,
2004) and Psychology (Miglino, et al., 1999).

Research indicates that Robotics can be used in all levels of education for a variety of
purposes such as developing students’ ability to solve mathematical and logical problems (Lindh,
et al., 2007), enhancing problem-solving and critical thinking skills (Ricca, et al., 2006),
motivating students to pursue STEM related careers (Ruiz-del-Solar & Aviles, 2004), promoting
positive youth development (Bers, M., 2000), addressing at-risk student populations (Miller, G.,
et al., 2000) , and promoting teamwork (Weinberg, J., et al., 2005). Moreover, Robotics is also
being used in the integration of technology in special education classes (Karna-Lin, E. et al.,
2006).

The idea of using robotics in education is based on earlier research work of the MIT
mathematician and Piaget’s pupil, Seymour Papert, the creator of the LOGO programming
language in the 1970’s. Breaking with traditional computer aided instruction models where
computers essentially programmed children, Papert attempted to create an environment where
children programmed computers and robots. In doing so, the children could gain a sense of
control over technology. He believed that children could identify with the robots because they
are concrete, physical manifestations of the computer and the computer’s programs.
Furthermore, Papert believed that learning is more effective when students are experiencing and
discovering things for themselves and that the computer is a perfect medium for discovery
learning. This led to the development of the constructionism which Papert considers as both a
theory of learning and a strategy for education (Papert, 1980). It builds on the "constructivist™
theories of Jean Piaget, asserting that knowledge is not simply transmitted from teacher to
student, but actively constructed by the mind of the learner. Other researchers have also

identified the concrete nature of robots as one of their important advantages. By testing scientific



and mechanical principles with the robots, students can understand abstract concepts and gain a
more functional level of understanding (Nourbakhsh, et al., 2005). Students can also learn that in
the real world there is not necessarily only one correct answer to every question. Beer et al.
(1999) felt that it was more important for their students to come up with creative solutions to
problems than it was to recite answers they memorized in class.

Early adopters of Robotics in the classroom have reported many successes; however,
there is a clear lack of quantitative research on how robotics can increase STEM achievement in
students. Most research involving robotics in the classroom was conducted with high school and
college students with results assessed by teacher or student perceptions rather than rigorous
research based on student achievement data. Another concern about existing research on the use
of Robotics is that the bulk of it has not been conducted in the most challenging, high needs
settings.

In this study, the effect of implementing a Robotics Engineering curriculum in increasing
student achievement in middle school science and math was conducted in a public school
consisting of underserved students.

Given the testing-mandate in Louisiana, as is the case across the country, students are
expected to attain proficiency in benchmark knowledge and demonstrate proficiency by taking
tests designed to measure the content standards. This then leads to defining student achievement
as academic achievement measured by standardized test scores, in this case, determined by the
Louisiana content standards specified in the Grade Level Expectations.

The Louisiana Grade-Level Expectations published in 2004, (LA Department of
Education, 2004) breaks down the science standards into grade-specific expectations. The Grade-
Level Expectations or GLE’s provide guidance to public school teachers to create educational

curricula. The GLE’s are categorized by grade and subject. In middle school, each grade-level



tackles a specific branch of science. For example, science at the sixth grade-level focuses on
physical science concepts, seventh grade-level focuses on life science and eight grade-level
focuses on earth science. Before the student can exit the eighth grade level, it is expected that
he/she has mastered all the GLE’s in all three grade-levels, as determined by testing.

To ensure the success of students during state-wide testing, the East Baton Rouge Parish
School System implemented the Benchmark Assessment Program in which students in grades
2-8 who access the general curriculum are tested in the core subject areas: English/language arts,
mathematics, science, and social studies. The benchmark assessment measures the growth of a
student in one school year through a comprehensive pretest in August and a posttest in May. In
addition, it also implements a LEAP-like test following every curriculum unit to gauge mastery
of content throughout the year. With the test content being aligned to the Grade Level
Expectation’s (GLE’s) from the Louisiana comprehensive curriculum and the East Baton Rouge
Parish curriculum, the information gathered from the program guides the district in its classroom
instruction and strategic accountability plan.

For this study, the impact of a Robotics curriculum on student achievement is determined
by evaluating student performance to a test aligned with the benchmark assessment. The Math
data, on the other hand, were completely derived from the middle school Math pretest and
posttest benchmark assessment since its inclusion was not originally part of the research.

The research questions that are investigated in this study are: (1) Is there a significant
difference in the science mean gain scores of the control and experimental groups? (2) Does
gender influence the effectiveness of Robotics in increasing student achievement? (3) Which
science GLE’s have been impacted the most by Robotics? (4) Is there a significant difference in

math score gains of the control and experimental groups?



MATERIALS AND METHODS

Overview

The research utilized a pretest/posttest quasi-experimental study with a control group
design. The control group consisted of students who were not enrolled in the Robotics class and
did not have access to the robotics kits or computers, while the experimental group was
composed of students taking Robotics as an elective in addition to their regular science class.
The students assigned to take Robotics as an elective class were randomly selected by the school
counselor.

The science achievement was measured and analyzed using a questionnaire developed by
the researcher. The testing instrument was a paper and pencil, 28-item questionnaire with one
right answer and three distracters per question. Each assessment question was derived from the
6™ Grade Physical science State Benchmark Assessment. The development of this questionnaire
was necessary because the district Benchmark assessment measures the mastery of students in
three different branches of science; that is, the science test for 6 grade covers Physical science,
the 7" grade is tested for Life science while the 8" grade is tested for Earth science.

The science pretest was administered to all students in their respective science classes
before the start of the 2" semester. During this time, students are already acclimated to taking
pretests and posttests since it is given before and after every unit of the middle school science
curriculum as part of the benchmark assessment program.

To ensure that the test connects middle school science with Robotics, key educational
outcomes of the Robotics Engineering curriculum used in this study were aligned with the
Louisiana GLE’s. The alignment is best described in Table 1. Originally, the Robotics class
meets for 90 minutes every other day during the regular semester, but it was shortened to 60

minutes to allocate some time for tutorial in preparation for the state-wide testing. Because of the
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shortened period, there was not enough time to finish the whole Robotics Engineering
curriculum. It was then necessary to remove some of the questions that address the unfinished
activities. Specifically, questions number 4, 8, 9, 10, 11, 14, 18, 19 & 20 were disregarded in the

analysis of the data. The GLE’s to which these questions pertain can be found in Appendix B.

Participants

This study was conducted at a public middle school within the East Baton Parish School
District in Baton Rouge, Louisiana, where the researcher taught Robotics Engineering as a first
time elective subject. The researcher received her training from Carnegie Mellon University
Robotics Academy before the school year started.

The participants in the study were all middle school students during the 2009-2010
school year. Of the approximately 160 students in all grade levels, complete data were collected
from 132 students (the reduction was due to absences and drop outs). The demographics of the
school can be described as a high-needs population such that 99% of the students have African-
American ethnic background and 91% were from a low socio-economic background (defined as
qualifying for free or reduced lunch).

The overall sample (including both the experimental and control groups) consisted of 132
students, with an age range of 11-14 years. All participants are taking middle school science:

6" grade physical science, 7 grade life science and gt grade earth science. The experimental
Equipment

Papert’s work served as the basis for a partnership between the MIT Media Lab and LEGO
Corporation (Martin, et al. 2000). In 1998, LEGO released the first generation Mindstorms line,
the RCX: kits consisting of electric motors, sensors, LEGO bricks, and LEGO technic pieces

grouped around a central controlling unit. Along with several extension Kits, it developed into



Table 2. Alignment of the Robotics Engineering Curriculum with the Louisiana GLE’s

Robotics Link
(A description of how robotics in general and this
curriculum in particular addresses the
standard on the left.)

Louisiana General Learning Expectations

The guided investigations in Robotics Engineering are
targeted at specific relevant questions about robotics
technologies and concepts that lead to rich exploratory
experiences.

Some investigations focus on specific portions of the
inquiry process, such as evidence-gathering or hypothesis
evaluation. Others begin with a question and seek an
answer using general inquiry processes.

Explanation and evaluation are primary abilities applied
in answering questions, not simply calculations or
summarization.

Hypothesis & evidence:

LAGLE--Science--Grade 6—

PS--ASI1—16

Use evidence to make inferences and predict trends

Experimental design:

LAGLE--Science--Grade 6--PS--ASI—5

Identify independent variables, dependent variables, and
variables that should be controlled in designing an
experiment

Observations & predictions:
LAGLE--Science--Grade 6--

PS--ASI—7

Record observations using methods that complement
investigations (e.g., journals, tables, charts)

Data analysis & acquisition:

LAGLE--Science--Grade 6—

PS--ASI—11

Construct, use, and interpret appropriate graphical
representations to collect, record, and report data (e.g.,
tables, charts, circle graphs, bar and line graphs, diagrams,
scatter plots, symbols)

Understanding the significance and meaning of
measurements are central to the understanding of
robotics:

* Distance the robot travels (linear

measurement, meter stick)

* Amount a motor turns (angular

measurement)

* Directional change of the robot

(angular measurement, protractor)

* Speed of the robot (rate measurement, meter stick,

built-in timer)

* Physical quantities measured by sensors (touch,

sound, light, distance)

LAGLE--Science--Grade 9—

PS--MSR—19

Measure the physical properties of different forms of
matter in metric system units (e.g., length, mass, volume,
temperature)

Robotics is able to demonstrate many applied physical
concepts. Here are a few examples:

* Mechanical advantage (gears)

* Basic circuitry (sensor operation)

* Digital and analog electronics (sensors)
* Light (lamp, light sensor)

* Sound (ultrasonic, sound sensors)

* Speed (motors)

* Friction (robot movement)

Amplitude and frequency:

LAGLE--Science--Grade 6--PS—TRE--32

Identify and illustrate key characteristics of waves (e.g.,
wavelength, frequency, amplitude)

Light and reflectivity:

LAGLE--Science--Grade 6--PS—TRE—26

Describe and summarize observations of the transmission,
reflection, and absorption of sound, light, and heat energy.




(Table 2 continued...)

Quantitative measurement is a staple of all investigations. | Color and perception:

LAGLE--Science--Grade 6--PS—TRE--36

Explain the relationship between an object's color and the
wavelength of light reflected or transmitted to the viewer's
eyes.

Ultrasonic waves:

LAGLE--Science--Grade 6--PS—

TRE—26

Describe and summarize observations of the transmission,
reflection, and absorption of sound, light, and heat energy.

Simple machines:

LAGLE--Science--Grade 6--PS— TRE--27

Explain the relationship between work input and work
output by using simple machines.

Speed, distance & power:

LAGLE--Science--Grade 6--PS--MOF--14

Construct and analyze graphs that represent one-
dimensional motion (i.e., motion in a straight line) and
predict the future positions and speed of a moving object.

LAGLE--Science--Grade 6--PS--MOF--16
Compare line graphs of acceleration, constant speed, and
deceleration

Table 3. Frequency of participants categorized by grade level and gender.

Categories Male Female Total
Control
6" Grade 6 8 14
7" Grade 15 9 24
8" Grade 17 16 33
Experimental
6" Grade 18 9 27
7" Grade 11 14 25
8" Grade 6 3 9
Total 73 59 132

the most successful product in the company’s history. Eight years later its successor, the LEGO
Mindstorms NXT, finally saw the light of day, first in the United States in August 2006, and two
months later in Europe. In the same year, it won the Innovation Toy Award in the “Technology”
category (Moundridou, 2000). The retail kit consists of 577 pieces including LEGO bricks,

motors, gears, different sensors (touch, light, sound, ultrasonic), and an intelligent “NXT Brick”
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with an embedded microprocessor. Also, the set includes the Mindstorms NXT-G software. By
programming the NXT brick using a PC, one can create an autonomous robot with LEGO bricks.
The Mindstorms NXT software is an icon-based programming language, loosely based on
LOGO. It allows users to drag and drop in certain order graphical blocks of code representing
commands such as left and right turns, reverse direction, motor speed, motor power, etc. and thus
define the behavior of the robotic construction.
There are 3 main categories of the hardware components of the NXT.
e The central controlling unit: the NXT brick
e Output devices: motors

e Input devices: sensors

The NXT "'brick"

The central component of the NXT is the programmable controller, also known as The
Intelligent Brick (Figure 1). It’s the NXT’s brain, featuring a 32-bit ARM7 microcontroller with
256K flash and 64K RAM memory—running at 48MHz—and a second 8-bit AVR
microcontroller with 4K flash and 512B RAM memory, running at 4MHz. (NXT User Guide). It
is enclosed by a plastic box a little thicker than an average paperback containing eight ports,
three keys, and a computer screen. Simple programs can be written, and downloaded programs
executed, and connection to a PC or Mac can be accomplished using the included USB cable or
via Bluetooth. On top of the Brick, there is a 100x64 pixel LCD display and four buttons that
control the Brick’s operating systems: orange for on/off; dark gray for clear/back; and two light-
gray buttons for navigating the menus displayed on the LCD. It also has a built in speaker that
provides 8kHz sound quality. The brick can be powered by six AA batteries or a rechargeable

battery pack that comes with the education base set.
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Motors

The three Interactive Servo Motors provide the robot with the ability to move. Using the
Move block automatically aligns their speeds so the robot moves smoothly. Each motor has a
built-in Rotation Sensor. The rotational feedback allows the NXT to control movements very
precisely. The built-in Rotation Sensor measures the Motor rotations in degrees with an accuracy

of +/- one degree.

Sensors
The NXT robot is able to gather information from its surroundings using the sensors. The
NXT kit includes a light sensor (capable of sensing shades of grey, not true color) and a sound
sensor that can detect the amplitude of a sound (loudness, but not detail) as well as a touch
sensor (a simple pressure switch) and an ultrasonic sensor which uses echolocation to determine

the distance to objects.

Usb port

Output ports
Hete you afnach the mators Yo use i plb‘! to domrioad
I I | and uploade data

Battery level
Name of the RCX
BT level
lcons

Enter/ON
Select
Back
Input ports

Here you atiach the sensors

Figure 1. The NXT brick. It is the brain of the LEGO® MINDSTORMS® Education robot. It is
a computer-controlled LEGO brick that provides programmable, intelligent, decision-making
behavior.

12
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Figure 2. NXT motors with embedded rotation sensor connected to its respective ports on the
NXT brick using cables that resemble telephone cables.

Figure 3. The NXT sensors. The default settings used for the test programs on the NXT requires
the touch sensor to be connected to port 1; the sound sensor to be connected to port 2; the light
sensor to be connected to port 3 and the ultrasonic sensor to be connected to ports 4 on the NXT
brick.

Curriculum Context

The Robotics Engineering curriculum used in this study was developed by Carnegie
Mellon University’s Robotics Academy. The curriculum was designed to teach STEM concepts
utilizing LEGO Mindstorms NXT Robots, focusing on mathematical competency and

technological literacy. The lessons were developed for students “to do”” math and science rather

13



than study it by contextual learning with the premise that an engaged student learns better. The
activities require students to apply fundamental mathematics and science concepts to solve
robotic problems.

Students start by learning basic robot construction, programming and movement, and
then move on to working with sensors and more complex robot behaviors. Twelve in-depth
research projects cover key STEM concepts, step-by-step programming instructions, and many
challenging questions to reinforce key educational outcomes (Appendix B). At the end of the
course, students are expected to demonstrate competence in programming basic robot behaviors
using motors and rotation, sound, light, touch and ultrasonic sensors. Step-by-step videos teach
students how to use the programming language, build robots, basic robot behavior and use of
sensors. The curriculum comes in the form of a CD. It is divided into four areas: introduction,
basics, projects and reference. In the introduction section, students learn how to get the NXT up
and running. The basics section provides resources that relate to the NXT brick and to LEGO.
One feature includes the NXT menu consisting of nine helpful videos that teach valuable lessons
that are important in understanding and operating the NXT.

The body of the curriculum is located in the projects section of the CD. In the projects,
the main activities section is divided into two areas; the research prototypes and the
investigations. The lessons are divided into 4 components: connect, construct, contemplate and
continue. The connect link makes the connection between the activity and an actual robot
performing the behavior to be learned in the lesson. In the construct phase, building and
programming guide are presented with the rest of the lesson. In the contemplate section, students
are challenged to think about what they just learned. In the continue section, students are

challenged to extend their new learning to develop a deeper understanding.
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Building

Lego Mindstorms NXT Robot uses both the technic and brick building system which is
ideal for fast and sturdy building of 3D objects. It offers unique building instructions consisting
of illustrations instead of words to indicate how each part should go together, and numbers to
indicate the count and size of the parts needed. Figure 4 shows an example of a building
instruction. In this study, the students built a Taskbot model with the sensor attachments included
as needed depending on the activity. All activities of the Robotics Engineering curriculum were

accomplished using this Taskbot model.
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Figure 4. Example of a building instruction. The parts needed are shown first then the assembly
of each part to the main structure is shown.

Figure 5. An illustration of a Taskbot model with its ultrasonic, touch, and sound sensor
attachments.
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Programming software

The LEGO Mindstorms robotics system can use multiple programming languages such as
NXT-G, LabVIEW, RobotC, MATLAB and many others. In this study, LEGO Mindstorms Edu
NXT Programming v2.0 (NXT-G) was used since it comes bundled with the NXT educational
kit. The software is based on the LabVIEW software interface that offers a user-friendly, icon
based interface. It consists of drag and drop blocks from the left side of the screen on to the
diagram. Each block performs a unique function such as moving the motors, displaying a
message, detecting a sound, or measuring a distance. By combining a series of blocks the robot
can be programmed to do almost anything. Once the program is written on a PC or Mac, it can

be downloaded to the NXT using a USB cable. The NXT then executes the code that it received.
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Figure 6. LEGO Mindstorms EDU NXT-G programming software start-up screen.
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Figure 7. LEGO Mindstorms EDU NXT programming software line tracking program.

Pedagogical Approach

The implementation of the curriculum was coupled with a problem —based teaching
strategy. Lessons usually start with a challenge that the students had to accomplish by the end of
the class. Videos were presented to the class in which they were guided systematically in
programming the basic behaviors necessary for the activity. Students then had to make revisions
or combine multiple basic programs, thereby forcing them to apply knowledge they had learned
in order to solve the challenge. Among the twelve (12) activities that are in the curriculum, only
eight (8) were implemented prior to the administration of the posttest due to lack of sufficient

time. The activities that were enacted in class are described below.

Lesson 1: Full Speed Ahead

In this lesson students learn to set-up the LEGO Mindstorms Edu NXT programming
software, write a program, connect the robot to a computer and download programs to it,
navigate and run programs on the NXT and to program the robot to move forward three rotations

of the wheel and back with another three rotations.

17



Lesson 2: Wheels and Distance

This lesson is in inquiry format where students investigate the mathematical relationship
between wheel size and distance traveled with a set number of motor rotations. First students
review the basic concepts of a circle starting with the measurement of radius and diameter,
emphasizing the importance of the diameter in calculating the circumference of a wheel.
Students are then asked to compare the computed circumference of the wheel with the distance
travelled by the robot in one rotation of the wheel in order to establish that the distance travelled
of the robot in one rotation of the wheel is equal to its circumference.

Next, students learn the relationship of rotation to degrees. Since the robot can be
programmed to run in units of degrees, it is essential that they understand how to convert motor
rotations to degrees.

Understanding these concepts allow students to program the robot to run a specified
distance. This is continually emphasized and practiced throughout the curriculum by providing
practice problems as warm-ups during the start of the class. Below is a sample problem given as

a warm-up:

Directions: Please show all work, describe how you got the answer, and circle your final
answer. If you use a calculator, say so, but also write out the calculations you did with the
calculator.

The Problem: The blue team used the big wheels on their robot and programmed it to go
forward 720 degrees. The red team used the small wheels on their robot but programmed
it to go forward 1440 degrees. Which team’s robot, red or blue, will go further? (Note:
The diameter of the big wheel is 5.5cm and the diameter of the small wheel is 3.0cm.)

Lesson 3: Right Face!
The lesson covers the basic programming required to make the robot turn, and then
students investigate what is necessary to get the robot to turn to face a specific direction. The

concept is first taught by modeling the robot’s behavior using human actions. Students are
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guided step-by-step through the process of building a program to make the robot do both left and

right turns, as well as one wheel (“swing”) and in-place (“point”) turns.

Lesson 4: Measured Turns

In this investigation, students verify a hypothesis presented by a fellow roboticist that is
presented in a video. They investigate the shape made by the robot as it turns, as well as a
formula for calculating how many motor degrees are necessary to make the robot turn to face a
specific direction. This is an activity that required a review of related math concepts like
calculating circumference, balancing equations and solving for a variable.

In order to conduct the activity, a pen attachment was built and attached to the Taskbot.
The robot was then made to run a swing turn and the circle that is formed was measured for its
diameter, which was used to compute the circumference. From the computed circumference,
students calculated the necessary number of motor degrees to make the robot turn 90 degrees to

the right. The accuracy was then verified by running the robot for that number of degrees.

Lesson 5: Clap On, Clap Off

In addition to motors, robots also have sensors that they can use to gather information
about their environment. In this activity, students were introduced to sensors and how to interpret
the data readings, specifically from the sound sensor. Students calculated a threshold value (very
much like an average) which was used to categorize other numbers into two simple categories:
those less than the threshold, and those greater than the threshold. Thresholds are useful when
robots must make decisions based on sensor input. Robots are then programmed to behave one
way if its sensor reports values below the chosen threshold and behave another way if its sensor
report values above chosen threshold. Using the thresholds, students wrote a program that made

the robot go and stop using sound.
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Lesson 6: Frequency and Amplitude

It is in this activity that students investigated the properties of sound waves and how the
sound sensor works. Students collected data using the sound sensor and view mode on the NXT.
They analyzed the data to determine what properties of a sound wave the sensor is most sensitive
to. It is in this activity that students recorded, organized and analyzed data. They also visually

presented the data in the form of a graph.

Lesson 7: Follow the Guidelines

This unit takes the students through the basics of line tracking, so that they can get their
robots from one point to another without measuring the distance. Robots are able to do this by
searching the ground for distinguishing marks and following those marks, or lines, to a goal.
In this activity, students continue to practice calculating the threshold value for light levels, then

using that value they write a program that makes the robot track the side of a line.

Lesson 8: Faster Line Tracking

In the preceding activity, students learned how to program a robot to track a line slowly.
In real world robotics projects, speed and efficiency are often important goals, so in this activity,
students learn that programming and engineering can be used together to track a line faster
without sacrificing accuracy. Specifically, they conducted an investigation in which they
increased the motor speed and studied the effects of changing motor speed and light sensor
placement on the tracking ability of the robot. In the end, students learn that there are tradeoffs

and decisions in the design process.
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PROCEDURE

Students were introduced to the Robotics Engineering curriculum by building the
Taskbot. Next, the students learned to program the robot using the NXT-G programming
software by viewing the instructional videos for each lesson on the curriculum CD. They
advanced through the increasingly complex programming tasks and followed the curriculum
closely in order to minimize any bias in this study.

Data Gathering

In order to measure the effectiveness of Robotics in promoting understanding in middle

school science, the normalized gain from the pretest and the posttest scores of both groups were

obtained. The normalized gain is determined using the formula below:

Posttest score — Pretest score
1 - Pretest

Hake (1998) developed normalized learning gains because his research showed that absolute

Normalized Gain =

learning gains (posttest — pretest) provide an unfair advantage to classes with low pretest scores.
Since the questionnaire did not include math related questions, the Math data were derived from
the comprehensive pretest and posttest Benchmark assessment that was administered in August
and May respectively.
Statistical Treatment

Welch’s T-test was employed to determine if there were significant differences between
posttest mean scores of the male and female students in the control and experimental groups. The
same test was used in comparing the difference in the mean normalized learning gain scores of
the male and female students in both groups. The Welch’s T-test was used because the groups
have unequal variances. This version of the independent group t-test takes into account the
differences in variances and adjusts the p-value accordingly. Statistical tests were set to 95%

confidence level.
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RESULTS AND DISCUSSION

The results are divided as follows. The first section describes and analyzes the science
pre and posttest scores and the normalized learning gains of students relative to gender. It also
includes the comparison of the overall performance of the experimental and control groups. In
the second section, the mean learning gains between the experimental and control groups for
every GLE is analyzed. The third section compares and analyzes the performance of both groups

in Math.

Science Assessment

Figure 8 shows the mean scores of the pre and posttest segregated by group and gender.
The mean pretest scores of the female students (0.33 + 0.03) and male students (0.34 £ 0.02) in
the control group are statistically equal. The mean pretest scores of the experimental males (0.33
+ 0.03) and females (0.33 £ 0.02) are also equal. This establishes that all participants had the
same pre-knowledge of the GLEs covered in the science assessment.

After 10 weeks of instruction, a posttest was given to both groups. All participants made
a significant improvement from pretest to posttest (Figure 8). The male students in the control
group attained a mean score of 0.47 + 0.03 while the female students’ mean posttest score was
0.44 +0.03 resulting to a combined mean score of 0.46 + 0.02. The combined mean posttest
score of the experimental group was 0.48 £ 0.02. When segregated between male and female
students, the mean posttest score of the male students (0.52 + 0.03) is marginally higher than that
of the female students (0.43 £ 0.03).

The scores on the posttest vary widely. To determine if there is a significant difference
between the performance of the males and females in each group, a one-tailed T-test was

employed. Results are shown in Table 4.
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Figure 8. Comparison of the mean percentage scores of the pretest and posttest for both groups
with gender segregation included.

T-test results show that with a p value of 0.2, there are no significant difference in the
mean posttest score of the girls and boys in the control group. However, in the experimental
group, the one-tailed T-test result (p = 0.02) show that the boys’ posttest mean score is
significantly higher than that of the girls. This finding suggests that there is a gender difference
in the learning outcomes of students taking Robotics.

To determine the effectiveness of Robotics in improving science learning of students, the
gain score of every student was normalized. The average normalized gain was calculated for
every group. Figure 10 compares the normalized gain between males and females in each group.

The normalized learning gains of the students in the control group ranges from -0.8 to 0.8
as can be observed on Figure 11.a. Fifteen out of 61 students (21%) had a negative gain (8 of
whom are girls) while 68 % of the group had a positive gain. This resulted to a normalized mean

gain of 0.15.
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Table 4. Welch’s T-test results on the comparison of the mean posttest scores of male and

female students in each group.
Control N=71 Experimental N = 61
Girls Boys Girls Boys
n=33 n=238 n=26 n=35
Mean 0.44 0.47 0.43 0.52
Standard deviation 0.16 0.17 0.17 0.18
Error in the mean 0.03 0.03 0.03 0.03
T statistic 0.68 2.11
One-tailed p 0.21 0.02
Decision No significant difference Significant difference
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Figure 9. Comparison of the posttest scores of the male and female students in each group. The
error bars of the experimental females and experimental males show a non-overlap which
indicate that the difference may be significant (Cummings and Finch, 2005)

24



0.35

.30

0.25

0.20

Mean Normalized Gain

Control

Experimental

E Girls
HBoys
H Combined

Figure 10. Comparison of the mean normalized gain between the male and female students in

each group.

Table 5. Summary of the descriptive statistics for the normalized learning gains of both groups

segregated by gender.
Control N=71 Experimental N = 61
nGzirI353 anésé Combined nG=ir|256 nB:%SS Combined
Mean 0.13 0.16 0.15 0.12 0.25 0.20
Standard deviation 0.31 0.26 0.28 0.29 0.29 0.29
Standard error 0.05 0.04 0.03 0.06 0.05 0.04
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Figure 11. Distribution of the science normalized learning gains of the students in the control
group(a) and the experimental group (b) with segregation by gender. Points that fall on the
shaded area have positive learning gains, whereas points that fall on the white area had negative
learning gains.
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Figure 11.b shows the normalized learning gains of the students in the experimental
group. Despite the 11% (8 out of 61 students) negative learning gains from the female students,
the greatest number (42 out of 61 or 68%) of the students showed positive learning gains with
the boys of the experimental group showing the highest normalized mean gain of 0.20.

To examine if Robotics significantly increases the achievement scores of students in
science, Welch’s T-test was employed. The mean gain of the control group (0.15+0.03) was
compared with the mean gain of the experimental group (0.20+0.04) and with a p value of 0.17
at 95% confidence level, the mean gain of the experimental group is not statistically different
from that of the control group.

Table 6. Welch’s t-test result comparing the science mean normalized learning gains of the
control and experimental group.

Control Experimental
N=71 N =61
Mean 0.15 0.20
Standard deviation 0.28 0.29
Standard error 0.03 0.04
T statistic 0.97
One-tailed p 0.17
Decision No significant difference

However, the notably higher mean gain of the boys in the experimental group cannot be
disregarded. A one-tailed T-test was conducted to compare the mean gain of the different gender
groups. This test helps to determine the effect of gender on the impact of Robotics on the

learning gain of the students. Table 5 shows the results of the analyses conducted.
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Table 7. Comparison of the effects of gender on the learning gains of the experimental and
control groups.

Comparison df  tstat One-tailed Decision
p-value
Control boys vs Control girls 63 0.44 0.33 No ;lgnlflcant
difference
: : No significant
Control boys vs Experimental girls 50 0.58 0.28 difference
. Marginal
Experimental boys vs Control boys 69 1.41 0.08 difference
: : Marginal
Experimental boys vs Control girls 65 1.67 0.05 difference
. . . Significant
Experimental boys vs Experimental girls 54 1.78 0.04 difference

These results reinforce the conclusion that only the males in experimental group showed
significant gains.

One distinct attribute of Robotics in education is the immediate feedback it provides as
students explore different variables in accomplishing the challenges during class. The iterative
process of hypothesis generation, hypothesis testing and evaluation of solution appears to be
more engaging for the boys as they explore different ways to solve the problems they encounter
with the robotics activities. However, the immediate mastery of controlling the robots
demonstrated by the boys hindered the learning of the girls in class. While the boys easily
accomplished the tasks, the girls struggled and eventually just let the boys do the work.
Apparently, their sense of accomplishment and willingness to take risks in seeking solutions
diminished. This can lead to loss of interest in not only the activities but also a change of attitude

towards science and math learning.
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GLE assessment

The Science mean learning gains of both groups were also compared with each GLE

(Figure 12).
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Figure 12. Comparison of the mean learning gains of both groups in every Science GLE.

In almost all of the Science GLE’s covered in the test, the experimental group scored a
higher learning gain, except on GLE MOF-16 (comparing line graphs of acceleration, constant
speed, and deceleration) and GLE MSR -1 (measuring the physical properties of different forms
of matter in metric system units). A closer scrutiny of Figure 12 makes it evident that the GLE

ASI-11 has the greatest learning gain for the experimental group. This GLE involves
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constructing, using and interpreting appropriate graphical representations to collect, record and
report data. The mean gain on this GLE also shows the greatest difference between the two
groups. The higher gain of the experimental group could be due to their exposure to the robotics
engineering curriculum where they were required to gather data based on the behavior of the
robots. The next two greatest differences in the mean gains are seen on GLE MOF-14, which
involves constructing and analyzing graphs that represent one-dimensional motion, and on GLE
ASI-5, which involves identifying independent, dependent and control variables in designing an
experiment.

A one-tailed T-test was conducted to determine if the mean gain of the experimental
group in each GLE was significantly higher than that of the control group. Results in Table 8
show that when GLE’s are examined individually the experimental group did not have a
significantly higher mean gain than the control group.

However, the notably higher mean gain of the experimental group on GLE’s pertaining
to scientific inquiry cannot be disregarded. and it suggests that robotics activities are ideal for
teaching scientific inquiry skills. Robotics may provide an environment needed for students to
identify and investigate problems, generate hypotheses, gather and analyze data, and to
determine findings and interpret results as students go through the different challenges in class.
Math Assessment

After finishing the Robotics curriculum, it was realized that students get to practice
more Math than Science. Thus, further analysis was conducted to examine the students’ learning
gain in their Math Benchmark assessment for the school year 2009-2010. This required
acquisition of the pretest and posttest scores of the students in all of the grade levels. The
benchmark assessment was used in this part of the study because the test instrument only

covered science GLE’s.
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Table 8. Welch’s T-test results comparing the mean gain of both groups on each GLE.

GLE

Control
mean gai

n

Experimental
mean gain

t-statistic

DF

1-tailed
p

GRADE 6-PS-MOF-14
(construct and analyze graph that
represent one-dimensional motion)

0.00

0.11

1.03

130

0.15

GRADE 6-PS-MOF-16
(compare line graphs of
acceleration, constant speed and
deceleration)

0.27

0.18

0.78

126

0.21

GRADE 6-PS-TRE-26

(describe and summarize
observations of the transmission,
reflection and absorption of sound
and light)

0.01

0.04

0.25

127

0.40

GRADE 6-PS-TRE-32
(identify and illustrate key
characteristics of waves)

0.04

0.02

0.18

130

0.43

GRADE 6-PS-TRE-34

(apply the law of reflection and
law of refraction to demonstrate
everyday phenomena)

0.07

0.13

0.54

130

0.30

GRADE 6-PS-SI-ASI-11
(construct, use and interpret
appropriate graphical
representations to collect, record
and report data)

0.20

0.30

0.90

124

0.18

GRADE 6-PS-SI-ASI-5
(identify independent, dependent
and control variables in designing
an experiment)

0.09

0.17

0.86

114

0.20

GRADE 6-PS-SI-ASI-6

(select and use appropriate
aquipment, technology, tools and
metric system units of
measurement to make
observations)

0.34

0.42

0.71

129

0.23

GRADE 9-PS-MSR-1

(measure the physical properties of
different forms of matter in metric
system units)

-0.05

-0.09

0.36

127

0.36
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Since each grade level test contains a different number of items, the percentage of
correct answers was taken for every student. Scores of students with a missing pretest or posttest
were removed from the data.

On the Math pretest, the control group had a mean score of 0.36 £ 0.02 while the
experimental group scored 0.40 = 0.02. The scores of the control group ranged from 0.11-0.69,
while the scores of the experimental group ranged from 0.17 -0.76. As seen in Figure 13, the

pretest scores of the control group are more variable than that of the experimental group.
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Figure 13. Distribution of pretest and posttest scores of the (a) control group and (b)
experimental group

The mean pretest scores of the control and experimental groups were compared using a
one-tailed T-test. The result of the test is shown on Table 10. Since the p-value is 0.06, there is
no significant difference in the Math pretest mean scores of the control and experimental groups.
This further means that the students on both groups were statistically the same in terms of their

Math competency prior to the start of the school year.
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Table 10. Welch’s T-test results for unequal variance in comparing the pretest scores of both
groups on the Math state benchmark assessment.

t statistic DF 1-tailed p Decision

No significant

1.53 % 0.06 difference
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Figure 14. Comparison of the mean percentage scores of the Math pretest and posttest for both
groups with gender segregation included.

Figure 13 show that students in both groups showed a significant improvement in their
mathematics knowledge from pretest to posttest. It is then necessary to check if the improvement
of the experimental group is significantly higher than that of the control group considering that
their learning in math is supplemented by additional practice during robotics class.

To determine the effectiveness of Robotics in increasing the achievement scores of
students in Math, the mean normalized gains of both groups were compared. Figure 14 shows
that the control group had a mean normalized learning gain of 0.53+ 0.04 while the experimental
group had a mean normalized learning gain of 0.58+ 0.03. With a p- value of 0.13, there is no

significant difference.
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Table 9. Summary of statistical values of the pretest, posttest and normalized learning gain in

Math for both groups.
Control n=62 Experimental n = 49
Standard  Errorin Standard  Errorin
Mean L Mean L
Deviation mean Deviation mean
Pretest 0.36 0.13 0.02 0.41 0.15 0.02
Posttest 0.70 0.13 0.02 0.74 0.17 0.02
Normalized gain 0.53 0.29 0.04 0.58 0.23 0.03
0.80
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£ 060
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% 0.30 H Combined
= 020
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Experimental

Figure 15. Comparison of the Math mean learning gain of both groups with error bars shown.

Table 11. Welch’s T-test results for unequal variances on the normalized gain from the pretest
and posttest on the Math state benchmark assessment.

t statistic DF 1-tailed p Decision

No significant

112 difference

109 0.13
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The results of this study indicate that the implementation of the Robotics curricula has
no effect in increasing achievement scores of students in Math. One possible explanation for the
lack of gain is that students got so involved in programming their robots to accomplish the
challenge that they didn’t devote time to consider the math concepts seriously. Instead, students
resorted to trial and error to get the right settings for the robot. However, in a study conducted by
Silk and Schunn (2009) in their analysis of the Robotics engineering curriculum, they claim that
the activities cover so many math topics that it was difficult for students to master any one of
them. They asserted that the lesson on wheels and distance alone covered topics like ratio and
proportion, division of whole numbers, conversion, circumference, and number comparisons
among others.

In conclusion, though the students used general math ideas as they engaged in the
problem solving process during robotics activities, this research show that their knowledge of
math is no different with those who did not take Robotics in terms of the specific topics they are

tested on during high stakes testing.
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SUMMARY AND CONCLUSIONS

This study aimed to determine the effectiveness of a Robotics engineering curriculum in
increasing students’ achievement in science and math. Specifically, it aimed to find out if the
students taking the robotics class performed significantly higher in science and math than a
control group.

The pretest results showed that the control and experimental groups had the same level of
knowledge in terms of the concepts covered in each test prior to the Robotics engineering
curriculum implementation. After 10 weeks of instruction, a science posttest, the same as the
pretest, was administered to both groups and the normalized learning gains were determined.
The mean normalized gains of the two groups in both science and math were then compared
using t-tests. The results showed that, at the 0.05 level of significance, the science learning gains
of the experimental group were not statistically higher than those of the control group.

The mean learning gains in every science GLE were also compared between the control
and experimental groups, but t-test results showed no significant difference between the two
groups over all the GLE’s. It was, noted however, that the students in the experimental group had
higher mean gains than the control on almost all of the GLE’s. The top three GLE’s where the
experimental group had higher mean learning gains were: GLE ASI-11(construct, use, and
interpret appropriate graphical representations to collect, record, and report data ) ; GLE MOF-
14 ( construct and analyze graph that represent one-dimensional motion) ; and GLE-ASI 5
(identify dependent, independent and control variables in an experiment).

This finding suggest that the robotics engineering curriculum is effective in increasing
student achievement only for certain science GLE’s. It further suggests that the robotics classes
have greatest impact on developing scientific inquiry skills of students which compose 40% of

the questions tested during high-stakes testing.
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Although the results of the analysis of the math data indicate that the implementation of
the Robotics curricula has no effect in increasing achievement scores of students in Math and
Science, the positive student and teacher interaction, the higher level of engagement of students
(especially males) and their frequent use of math ideas in the problem solving process of the
challenges suggests that there is a lot of potential in Robotics.

It is also important to note that Robotics provides an avenue for teachers to see students
in a different perspective. Students that are considered to have behavior and learning problems in
a regular classroom have been observed to demonstrate a high level of engagement as they work
with the robots. The sense of achievement they derive in accomplishing the challenges during
class reduces their frustration over poor academic performance.

Moreover, this study has identified an important factor affecting the learning outcomes in
a Robotics class—qgender. If Robotics is to be used in enticing students to pursue careers in
science and technology, it is important to take into consideration the development of a gender-
sensitive classroom setting wherein all students (girls and boys) learn at about the same pace or
individualized activities are provided based on the learning ability of each student. Failure to do
S0 may create a bias against females.

Indeed, if coupled with the right pedagogical approach, the impact of robotics could go
well beyond the test scores on benchmark assessments, to include a long term process of skills

development and motivation for a better education.
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APPENDIX A. ALIGNMENT OF THE NATIONAL STANDARDS ADDRESSED BY THE ROBOTICS ENGINEERING
CURRICULUM WITH THE LOUISIANA GLE’S

Standard
(A description of the standard or
particular point of the standard that
is addressed through robotics.)

Robotics Link
(A description of how robotics in general and this
curriculum in particular addresses the
standard on the left.)

Louisiana General Learning Expectations

Science as Inquiry
As a result of activities in all grades,
all students should develop:
* Abilities necessary to do
scientific inquiry
* Understanding about scientific
inquiry

Students should be engaged in
activities that:
* Begin with a question
* Allow them to perform an
investigation
* Gather evidence
» Formulate an answer to the
original question
» Communicate the investigative
process and results

The guided investigations in Robotics Engineering are
targeted at specific relevant questions about robotics
technologies and concepts that lead to rich exploratory
experiences.

Some investigations focus on specific portions of the
inquiry process, such as evidence-gathering or hypothesis
evaluation. Others begin with a question and seek an
answer using general inquiry processes.

Explanation and evaluation are primary abilities applied in
answering questions, not simply calculations or
summarization.

LAGLE--Science--Grade 6--PS--ASI—5
Identify independent variables, dependent variables,
and variables that should be controlled in designing an
experiment

Questions number: 17, 21, 22, 23, 27

LAGLE--Science--Grade 6—PS--AS1—11
Construct, use, and interpret appropriate graphical
representations to collect, record, and report data (e.g.,
tables, charts, circle graphs, bar and line graphs,
diagrams, scatter plots, symbols)

Questions number: 26

Measurement

¢ Understand measurable attributes
of objects and the units, systems,
and processes of measurement.

* Apply appropriate techniques,
tools and formulas to determine
measurements.

Understanding the significance and meaning of
measurements are central to the understanding of robotics:
* Distance the robot travels (linear measurement, meter

stick)

* Amount a motor turns (angular measurement)

* Directional change of the robot

(angular measurement, protractor)

* Speed of the robot (rate measurement, meter stick, built-
in timer)

* Physical quantities measured by sensors (touch, sound,
light, distance)

LAGLE--Science--Grade 9—PS--MSR—1
Measure the physical properties of different forms of
matter in metric system units (e.g., length, mass,
volume, temperature).

Questions number: 1, 3

LAGLE--Science--Grade 6--SI--AS1—6
Select and use appropriate equipment, technology,
tools, and metric system units of measurement to make
observations.

Questions number: 8, 25
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Physical Science

As a result of activities in the middle
grades,
all students should develop an
understanding
of:
* Properties and changes of
properties in matter
* Motions and forces
* Transfer of energy

By using simple objects, such as
rolling balls and mechanical toys,
students can move from qualitative
to quantitative descriptions of
moving objects and begin to
describe the forces acting on the
objects.

Understanding of energy will
include light, heat, sound,
electricity, magnetism, and the
motion of objects.

Key Topics:

Amplitude and frequency
Light and reflectivity
Color and perception
Ultrasonic waves

Simple machines

Speed, distance & power

Robotics is able to demonstrate many applied physical
concepts. Here are a few examples:

» Mechanical advantage (gears)

* Basic circuitry (sensor operation)

« Digital and analog electronics (sensors)
* Light (lamp, light sensor)

* Sound (ultrasonic, sound sensors)

* Speed (motors)

* Friction (robot movement)

Quantitative measurement is a staple of all investigations.

LAGLE--Science--Grade 6--PS—TRE--32
Identify and illustrate key characteristics of waves (e.g.,
wavelength, frequency, amplitude)

Questions number: 5, 12, 13

LAGLE--Science--Grade 6--PS—TRE—26
Describe and summarize observations of the
transmission, reflection, and absorption of sound, light,
and heat energy.

Questions number: 6, 19, 28

LAGLE--Science--Grade 6--PS—TRE--36
Explain the relationship between an object's color and
the wavelength of light reflected or transmitted to the
viewer's eyes

Questions number: 15

LAGLE--Science--Grade 6--PS— TRE--27
Explain the relationship between work input and work
output by using simple machines

Questions number: 20

LAGLE--Science--Grade 6--PS--MOF--14
Construct and analyze graphs that represent one-
dimensional motion (i.e., motion in a straight line) and
predict the future positions and speed of a moving
object

Questions number:2, 7, 18

LAGLE--Science--Grade 6--PS--MOF--16
Compare line graphs of acceleration, constant speed,
and deceleration.

Questions number: 4, 9, 10, 16, 24

LAGLE--Science--Grade 6--PS--MOF—17
Describe and demonstrate that friction is a force that
acts whenever two surfaces or objects move past one
another

Questions number: 11, 14
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APPENDIX B. HOW ROBOTICS ACHIEVES OUTCOMES

(" TEACHER Standards XX

How Robotics Achieves Outcomes
Information Addressing how this Robotics Curriculum Addresses Content Standards

You will find information regarding how this curriculum addresses aspects of the various
standards on the following pages:

Science Standards — Page 2
Mathematics Standards — Fage 6
Technology Standards — Page 9

How to Use this Document

This document is designed to link standards to the ways in which a robotics curniculum address
those standards. Each standard or organizer is broken up into fwo sections, following the format
below. The robotics link may refer to specific Activities and Investigations within the product, or
it may refer to overarching ideas and general principles that are covered.

Standard Title or Description

Standard Robotics Link

On the left is a description of the standard or On the nght is a description of how robotics in
particular point of the standard that is general and this curriculum in particular
addressed through robotics. addresses this standard.

& Copyright 2006 Camegie Mellon Robotics Academy 1112
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( TEACHER Standards

XD

Science Standards Addressed

From the National Science Education Standards (NSES)

Systems, Order and Organization

The natural and designed world is complex; it
is too large and complicated to investigate and
comprehend all at once.

A system is an organized group of related
objects or components that form a whole.

The goal of this standard is to think and
analyze in terms of systems.

Science assumes that the behavior of the
universe is not capricious, that nature is the
same everywhere, and that it is
understandable and predictable.

Prediction is the use of knowledge to identify
and explain observation, or changes, in
advance. The use of mathematics allows for
greater or lesser certainty of predictions.

Order is the behavior of units of matter,
objects, organisms or events in the universe —
can be described mathematically.

Types and levels of crganization provide
useful ways of thinking about the world

Robots are excellent examples of systems,
with many heterogeneous components
interacting in organized, methodical ways to
achieve results as a whole that they could not
have achieved separately.

Examples include:

+ Mavigation systems (e.g. sensor tells the
robot where it is, programmable controller
tells the robot how to interpret this
information, motors move in order to
achieve the desired result)

+ Sensing systems (electrical, mechanical,
and programming elements of a sensor)

» Power & transmission systems (motor,
axle, gear, wheel)

Manipulator systems
Lifting systems, vision systems, efc.

Each system can be broken down into
subsystems.

Raobotics technology is built upon a series of
behaviors that can be measured
mathematically and are understandable and
predictable.

There are many examples that are easy for

students to manipulate and understand:

+ Gears and mechanical advantage

+ Sensors and electronic control

+  Wheel diameter and its effect on distance
fraveled

+ Rotation sensor readings and robot path
planning

Evidence, Models and Explanation

Evidence consists of observations and data on
which to base scientific explanations. Using
evidence to understand interactions allows

& Copyright 2006 Camegie Mellon Robotics Academy
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The investigations included in this curriculum
allow students to collect evidence to
investigate scientific principles. Robots
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( TEACHER Standards

o00

individuals to predict changes in natural and
designed systems.

Maodels are tentative schemes or structures
that correspond to real objects, events, or
classes of events that have explanatory
power. Models help scientists and engineers
understand how things work. Models take
many forms, including physical objects, plans,
mental constructs, mathematical equations
and computer simulations.

Scientific explanations incorporate existing
scientific knowledge and new evidence into
logical statements. Terms like “hypothesis,”
*model,” “law,” “theory,” and “paradigm” are
used to describe various scientific
explanations.

physically demonstrate many scientific
concepts to make them more clear and
understandable.

Examples include:

# FElectronics and basic circuitry, which can
be demonstrated using touch sensors and
the NXT power supply

* (Gear trains, which demonstrate the ability
to mathematically predict mechanical
advantage and speed.

« Light sensors, which can detect infrared
as well as visible light

Constancy, Change and Measurement

Although most things are in the process of
becoming different — changing — some
properties of objects and processes are
charactenized by constancy; the speed of light,
the charge of an electron, the total mass plus
energy of the universe.

Energy can be transmitted and matter can be
changed. Nevertheless, when measured, the
sum of energy and matter in the system, and,
by extension, the universe, remains the same.

Mathematics is essential for accurately
measuring change.

Different systems of measurement are used
for different purposes.

Scale includes understanding that different
charactenstics, properties, or relationships
with a system might change as its dimensions
are increased or decreased.

Rate involves comparing one measured
quantity with another measured quantity, for
example, 60 meters per second.

& Copyright 2006 Camegie Mellon Robotics Academy

Robots rely on the use of many innate
constants in their basic operation. Ultrasonic
sensors, for instance, calculate distance based
around an assumed value for the speed of
sound.

In calculating the distance a robot travels per
spin of its motor, fundamental mathematical
relationships govern the elements of change
and constancy between the different factors
involved. For example, the ratio between the
diameter and circumference of the wheel is
constant (C=md). On the other hand, a robot
doesn't always need to use the same wheels —
they can change — yet, no matter what the size
of the wheel, the distance traveled per turn of
the wheel remains proportional.

Measurement is fundamental to all aspects of
robotics, from matching dimensions of parts to
ensure that they can connect properly, to
measuring how far your robot went, to
measuring how well a prediction matched a
result.

3112

45



( TEACHER Standards

XD

Evolution and Equilibrium

Evolution is a series of changes, sometimes
gradual and sporadic, that accounts for the

present form and function of objects, natural
systems and designed systems. The general

idea of evolution is that the present anises from

matenals and forms of the past.

Equilibrium is a physical state in which forces
and changes occur in opposite and off-setting

directions. For example, opposite forces are of

the same magnitude, or off-setting changes
occur at equal rates.

Form and Function

Form and function are complementary aspects

of objects, organisms, and systems in the
natural and designed world.

Every robot design has a story. As they build
and modify their robot designs, students can
trace the evolution of their creation as they
adapt it in different ways that allow it to
complete different tasks, building upon lessons
learned from their previous designs.

Equilibrium appears in many different forms as
a design factor that students will encounter in
designing their robots. For example, a robot's
top speed is an equilibrium point between the
physical force of friction and the force
generated by the motor.

When designing robots, form always follows
function.

Whether the design decision involves using
large versus small wheels, making the motor
power high versus low, or selecting the
sensing device the robot will use, all decisions
are based on what the robot is expected to
do: its function. All of these decisions will
affect the final shape of the robot: its form.

Science as Inquiry - Content Standard “A”

As a result of activities in all grades, all
students should develop:

s Abilities necessary to do scientific inquiry

¢ Understanding about scientific inquiry

Students should be engaged in activities
that:

+ Begin with a question

* Allow them to perform an investigation
e Gather evidence

s Formulate an answer to the orginal

The guided investigations in Robotics
Engineering are targeted at specific relevant
questions about robotics technologies and
concepts that lead to rich exploratory
experiences.

Some investigations focus on specific
portions of the inquiry process, such as
evidence-gathering or hypothesis evaluation.
Others begin with a question and seek an
answer using general inquiry processes.

question Explanat 4 evaluafi .
 Communicate the investigative process xplanation and evaluation are primary
and results abilities applied in answering questions, not
simply calculations or summarization.
@ Copyright 2006 Camegie Mallon Robotics Academy 4/12
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Physical Science - Content Standard “B"

As a result of activities in the middle grades, Robotics is able to demonstrate many applied
all students should develop an understanding | physical concepts. Here are a few examples:

of: s Mechanical advantage (gears)
» Properties and changes of properties in + Basic circuitry (sensor operation)
matter + Digital and analog electronics (sensors)
+ Motions and forces # Light (lamp, light sensor)
+ Transfer of energy + Sound (ultrasenic, sound sensors)
S ) _ + Speed (motors)
By using simple objects, such as rolling balls « Friction (robot movement)

and mechanical toys, students can move from

qualitative to quantitative descriptions of Quantitative measurement is a staple of all
moving objects and begin to describe the investigations.

forces acting on the objects.

Understanding of energy will include light,

heat, sound, electricity, magnetism, and the
motion of objects.

Science and Technology - Content Standard “E”

As a result of activities in all grades, all Robotics is the premier example of the
students should develop: marriage of science and technology, especially
» Abilities in technological design as related to the solving of problems or human
¢ Understandings about science and needs.
technology

Every investigation students conduct with the
Students should begin to differentiate between | robot is motivated by the need to advance the

science and technology. performance of the robot in order to meet
performance criteria, connecting the “need to
In the middle school years, scientific know” with the “ability to do”™.

investigations can be completed by activities in
which the purpose is to meet a human need,
solve a problem, or develop a product rather
than explore ideas about the natural world.

& Copyright 2006 Camegie Mellon Robotics Academy 512
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Mathematics Standards Addressed
From the National Council of Teachers of Mathematics (NCTM] Standards

Numbers and Operations

Understand numbers, ways of
representing number, relationships
among numbers and number systems.
Understand meaning of operations and
how they relate to one another.
Compute fluently and make reasonable
estimates.

Algebra

Represent and analyze mathematical
situations and structures using
algebraic symbols.

Use mathematical models to represent
and understand qualitative
relationships.

Analyze change in various contexts.

Geometry

Precisely describe, classify, and
understand relationships among types
of two and three-dimensional objects
using their defining properties.

Specify location and describe spatial
relationships using coordinate
geometry and other representational
systems.

@& Copyright 2006 Camegie Mellon Robotics Acadenmy
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Robotics uses numbers and operations in
nearly all lessons, for example:

Calculating distance with rotational
sensors (eguations, equalities)
Gears, gear ratios and speed (ratios
and proportions)

Light sensors and threshold
(inequalities)

Wheel circumference, radius and
diameter (geometric relationships)

Robotics lessons that involve algebra include
the following:

Switch blocks (inequalities)
Programming sensors and thresholds
(inequalities)

Measuring turns (equalities, solving
equations)

Gears and speed (ratios, direct and
indirect proportionality)

Robotics situations involving geometry include:

Wheel rotations and circumference
(diameter, circumference)

Identifying locations in order to
program a robot to move from point to
point (connected path segments)

Interlocking gears and gear ratios
(discrete combinations of radii)
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Measurement

¢ Understand measurable attnbutes of
objects and the units, systems, and
processes of measurement.

e Apply appropriate technigues, tools
and formulas to determine
measurements.

¢ Build new mathematical knowledge
through problem solving.

o Solve problems that arise in
mathematics and other contexts.

¢ Apply and adapt a varsty of
appropriate strategies to solve
problems.

e Monitor and reflect on the procass of
problem solving.

Reasoning and Proof

* Recognize reasoning and proof as

fundamental aspects of mathematics.

e Make and investigate mathematical
conjectures.

o Develop and evaluate mathematical
arguments and proofs.

e Select and use various types of
reasoning and methods of proof.

Understanding the significance and meaning
of measurements are central to the
understanding of robotics:

Distance the robot travels (linear
measurement, meter stick)

Amount a motor tums (angular
measurement)

Directional change of the robot
(angular measurement, protractor)
Speed of the robot (rate measurement,
meter stick, built-in timer)

Physical quantities measured by
sensors (touch, sound, light, distance)
Detectable region of a sensor
(ultrasonic sensor, meter stick, 20

graph paper)

In the lessons, there are both guided and
open-ended design problems that involve
designing, building, and programming needed
to create autonomous robots.

How do | get a robot to move a certain
distance? (solved through
measurement and the verification and
use of a proportionality relationship)
What does the sound sensor measure?
(solved by graphing the sensor
readings with tones of varying volume
and pitch, then seeing which one
indicated an orderly relationship)

Reasoning in robotics comes in many
different forms, including the following:

@ Copyright 2006 Camegie Mellon Robotics Academy
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Expernmental reasoning, proof using
measurements and physical evidence
{(Wheels and Distance)

Reasoning using equations, proof by
solving (Measured Tums)

Reasoning about graphs, proof by
observing trends (Frequency and
Amplitude)
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Communications

* Organize and consolidate their
mathematical thinking through
communications.

o Communicate their mathematical
thinking coherently and clearly to
peers, teachers, and others.

s Llse the language of mathematics to
express mathematical ideas precisely.

Connections

+ Recognize and use connections
among mathematical ideas.

* Understand how mathematical ideas
interconnect and build on one ancther
to produce a coherent whole.

« Recognize and apply mathematics in
contexts cutside of mathematics.

@& Copyright 2006 Camegie Mellon Robotics Acadeny

Each Activity and Investigation includes
worksheet questions that require the student
to reflect on what they have accomplished or
expenenced, and describe it or some aspect of
it in their own words to someone else.
Emphasis is placed upon explaining reasoning
in addition to showing calculations.

The End of Project Activities also include
opportunities for students to communicate with
their peers and teachers what they have
learned and accomplished.

One of the strongest features of using robotics
to teach math, science, engineering,
technology and communications is its ability to
make links between multiple disciplines.
Students are able to take what they know and
connect it to what they are leaming,
synthesizing new knowledge as they continue.

gnz2
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Technology Standards Addressed

From the International Technology Education Association (ITEA) Standards

The Nature of Technology

1. Students will develop an understanding of = All robotics activities provide excellent hands-

the charactenstics and scope of on exposure to technology in use and
technology. development.
2. Students will develop an understanding of s “Connect” activities feature linkages to
the core concepts of technology. real-world robots that allow students to
3. Students will develop and understanding of connect their designs to real-world
the relationships among technologies and needs and solutions
the connections between technology and s Successful robot operation revolves
other fields of study. around the application of systems

concepts to make sensors, actuators,
and other components work together

+ Design processes take into account
goals, resources, and trade-off factors
to achieve optimal results

+ Technology exists in proper context
alongside applications in science,
math, and engineering

+ Several different technologies (e.g.
desktop computer, USB/Bluetooth
penpheral interface, mobile robotics
controller, electromechanical sensors
and actuators) are routinely used
together in the operation of the NXT
robot system, and all are necessary for
it to work

& Copyright 2006 Camegie Mellon Robotics Academy a2
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Technology and Society
6. Students will develop an understanding of

the role of society in the development and
use of technology.

Activities are linked to real world robots that
use similar technologies to accomplish tasks
that fulfill a social andfor economic need in the
real world. For example:

Follow the Guidelines (robot follows a
ling on the table; linked to AMTS real-
world robot, which follows a pattem on
a warehouse floor to transport
materials autonomoushy)

Some activities focus specifically on Human-
Robot Interaction (HRI), an emerging field
dealing specifically with psychological and
design issues relating to the use of robots in
human environments.

+ Hello! My Name Is_.. (students use
sound and graphical elements to make
the robot communicate with people)
Full Stop (emergency stop functionality
for a runaway mobile robot)

8. Students will develop an understanding of = Students gain first-hand experience with

the attributes of design

developing a functional robotic system in many

9. Students will develop and understanding of | activities, including:

engineering design

10. Students will develop an understanding of
the role of troubleshooting, research and
development, invention and innovation,
and expenmentation in problem-solving.

& Copyright 2006 Camegie Mellon Robotics Academy
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+ Hello! My Name Is_. (iterative —
students design a robot to convey an
emotion, then test their program with
real users to see if they can correctly
interpret the robot's actions)

Follow the Guidelines and Faster Line
Tracking (guided — students first build a
functional line-following robot, then
improve its performance by modifying
the design)

End of Project Housekeeping
Challenge (goal-based open ended
challenge — students in teams will
develop their own robotic solutions to a
board-based challenge)

1012



Abilities for a Technological World

11. Students will develop the ability to apply
the design process

12. Students will develop the ability to use and
maintain technological products and

systems

@ Copyright 2006 Camegie Mellon Robotics Academy
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Students will apply design processes
continually while working with and developing
the robot. Here are some basic examples:

¢ Full Speed Ahead (students leam the
basics of making the robot move)

s Obstacle Detection (students add a
touch sensor and an ulirasonic
rangefinder to help the robot avoid
collisions)

+« Getin Gear (students adapt the robot's
drive mechanism to make it faster or
slower, weaker or stronger)

In the course of working with the robot,
students will be responsible for the
maintenance of their robots:

+ Mechanical soundness (the robot
needs to be kept in good enough
condition to perform its tasks daily)

+ Organizing information (students must
keep good enough records to know
how to use systems they initially
designed days or weeks earlier)

+ Troubleshooting (robots have
problems—often—and students must be
able to identify and solve these issues
as they arise)

Students will work with many important
technologies as part of the operation of the
NXT system:

+ Electronic microcontrollers (NXT)

o Desktop/laptop computer and software
{(NXT Programming Software, word
processor for wrteups, spreadshests
for data graphs)

+ Peripheral interfaces (USB or Bluetooth
wireless)

+ Electromechanical systems (touch,
light, rotation, sound, ultrasonic
Sensors)

s Electromechanical actuators
(Interactive Servo Motors)

1112



The Designed World

16. Students will develop an understanding of
and be able to select and use energy and
power technologias

17. Students will develop an understanding of
and be able to select and use information
and communications technologies

18. Students will develop an understanding of
and be able to select and use
transportation technologies

19. Students will develop an understanding of
and be able to select and use
manufacturing technologies

@ Copyright 2006 Camegie Mellon Robotics Academy

The MXT robot itself is an excellent example
and integrator of many different designed
technologies working together as a
coordinated system.

+ Power sources (battery technologies —
rechargeable Lithium-lon vs.
disposable alkaline)

+ Vehicle systems (all the robot's
systems must work together in order to
make it mobile, a viable platform for
transportation of goods or as a platform
to perform other work)

« Manufacturing and prototyping (robot
must be built and modified using
appropriate materials, plans and tools)

o Structural soundness and stability
concepts are integral to the design of
the robot's physical form.

¢ Communication between system
components (desktop to NXT, sensors
to NXT, NXT to motors, NXT to NXT)

s Communication technologies (USE vs.
Bluetooth)
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APPENDIX C. SCIENCE QUESTIONNAIRE USED FOR PRETEST AND POSTTEST
ASSESSMENT

Use the illustration to answer question #1.

i
¥
C— —
- - -
—_— =
' P
4M 13M 4M

1. You are interested in determining how
wide your robot is to see if it can fit
through a maze that you set up. The
problem is that you don’t have a ruler
around. You remember that 1 module
(IM) is equal to 8 mm and then you
observe that when you look at the back
of your robot it is made up of one long

13M beam plus the wheels on both sides.

You measure each wheel to be a width
of about 4M. What would be the
minimum width of the maze in order for
your robot to fit?

1. 175 mm
2. 100 mm
3. 42 mm
4. 75 mm

55

2. The graph below relates distance and
time for a moving object. What is the
speed of the object represented below?

0.5 m/s
2m/s

10 m/s
20 m/s

COow>

Distance vs, Time

w11}

Cristance m

3. Shaun programmed his robot to go
forward 5 rotations of the wheel. He
used the big wheels that have a diameter
of 5.5 cm. How far forward would you
expect Shaun’s robot to travel after
running his program? (Recall that the
circumference of a circle is equal to the
diameter of the circle times pi [C=d *
pi, where pi is equal to 3.14]

86.35cm
27.5cm
8.75cm
68.35 cm

COw>



4. Which of the following graphs
represents a train moving at constant
speed?

A .
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Time
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The diagram below is a graph of a light
wave, use it to answer question #5.

Label 2

T
Y

>
-

Label 1

Label 3

|
Label 4

5. Which label identifies the measurement
of the amplitude?

Label 1
Label 2
Label 3
Label 4

COw>

6. Pitch of a sound that you hear depends
on the frequency of the sound wave.
Humans can hear only a certain range of
pitches. A sound that is too high for
humans to hear is called

infrasound
decibel
ultrasound
rhythm

COw>



Use the graph below to answer question 8. Which of these is the best tool to use
#7. when measuring the distance
travelled by the robot?

Jessica’s Speed vs Time

~ 1

T || g,

E .

g5 |

9 ;B
Te 4 .

g g ' *J 2 |||||||||||||||||||||||||||||||||||||||||||||||||||
8y 3 N L 0 10 20 30 4 50
N K A Meter stick

3k B.

vty |

E 4|/

c /

S

0 1 2 3 4 5 6
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Beaker

7. Justin-bot is a robot trainor. When
practice race starts, Justin-bot can
accelerate at the rate of 2 meters per
second until he reaches a speed of 6
meters per second. Study the plot lines
on the graph below. Which plot line
correctly shows Justin-bot’s
acceleration and speed?

Blnoculars

Graph 1
Graph 2
Graph 3
Graph 4

COow>
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Use the graph below to answer questions 11. After a golf ball was hit, it landed on

#9 and 10. a flat grass surface and rolled for 25
meters before coming to a rest.

The graph relates speed and time of four Which of these caused the golf ball

cars (1, 2, 3, and 4) traveling along a straight to stop rolling?

highway.

A. the force of gravity
B. the friction from the grass
1 C. the decreasing mass of the golf
el ball
) - @ D. the increasing energy of the golf
T P ball

Speed
\
L

H"'-.
""""" ®“H The graph below shows a soundwave use
it to answer 12 and 13.

Time

9. Which two cars move with zero
acceleration?
A. 1land 4
B. 2and 3
C. land 2
D. 3and 4

Amplitude

10. Which car shows deceleration? Distance (cm)
Carl

Car 2 .
Car 3 12. How many crests are shown in the

Car 4 graph above?

COow>

CoOw>
BWN R

13. What is the measure of the
wavelength in this graph?

A. 2cm
B. 3cm
C. 4cm
D. 6cm
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14. The force of friction is MOST
necessary to which of these
technologies?

A. television screen

B. brakes on a bicycle

C. glass in an electric bulb

D. batteries in an electronic game

15. When light strikes an object, the
light can be reflected, transmitted, or
absorbed. In a robot’s case, a light
sensor measures the reflected light.
The sensor has two small bulbs in
the front, one is a Light Emitting
Diode and the other is a photoresistor
that converts the light energy that it
receives into electrical impulses that
it sends to the brain of the robot. A
light-colored material or surface
absorbs less light thus, gives a higher
reading to the light sensor. Given
this knowledge, identify the color
that will give the robot a low
reading:

green
black
pink
yellow

oo o
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The distance vs. time graph below shows
data collected as a robot moved across a
level parking lot.

16. According to the graph, which of the

following conclusions about the
robot’s motion is supported?

50

45

40

y f,/
g 3
/
EEE (
= 20 //

15 7

e

10 =

5 /_,_,f’/

0 —|

0 05 1 1.5 2 25 3 35 4 45 5

Time (5)

A. The robot is accelerating.

B. The robot is stopping and
starting.

C. Therobot is traveling at a
constant velocity.

D. The robot is moving through an
obstacle course.



Use the information below to answer
guestion #17.

Leah performed an experiment to
study the effect of slope of a ramp on
the speed of moving objects.

e She built three ramps from the
same material, but with
different slopes.

e She rolled a ball down each
ramp.

e She measured the speed of
the ball on each ramp.

17. What is the independent variable in
this experiment?

A
B.

C.
D. the type of balls used

the speed of the ball

the same material on all three
ramps

the different slopes on the ramps
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Use the information below to answer
guestion #18.

The distance traveled by a car on a highway
and the time taken by the car are plotted on
the graph shown below.

oo

Motlon ot the Car

e

Time (in min)

18. What can be concluded about the
speed of the moving car?

A

B.

C.

The speed of the car remains
constant.

The speed of the car increases
with an increase in time.

The speed of the car decreases
with an increase in time.

The speed of the car depends on
the direction of motion.



A student wanted to know the effect of
changing the power level of the robot to its
speed. He programmed the robot to move
forward for 5 rotations (equivalent to 88 cm)
at different levels of power, then he took the

19. Mrs. Adams asks her students to
name a place where sound waves
will NOT travel. Which example
should her students include in their

answer? time it took for the robot to complete 5
A desert rotations.
B. glacier
C. sea
D. space
22. What is the dependent variable?
A. Direction
B. Rotation
20. A robot must climb a stage that is 3 C. Power level
meters off the ground. Which of the D.Time
ramps would require the LEAST
amount of work by the robot?
23. Identify a variable that was kept
A . constant in the experiment.
A. Speed
B. Power level
C. Rotation
D.Time
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Maria conducted an experiment to know the
effect of changing the power level of the
robot to its speed. She programmed the robot
to move forward for 5 rotations (equivalent
to 88 cm) at different levels of power, then
she took the time it took for the robot to
complete 5 rotations.

The graph below shows the data that she has
gathered from the experiment.

Time Taken for 5 rotation (sec)

Time taken vs Power

10
30

25
20
15 L4
10 \‘\‘
5 \\._.
10 20 30 40 50 60 70 80 90 100
Power Level

0

/

24.

Based on the graph above, make a prediction
as to how long it will take to do 5 rotations
at 65% power.

A. 5sec
B. 4sec
C. 10sec
D. 2sec
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25. Jordan asks the manager at the golf
course about the length of the course.
Which of the following units is most
appropriate to use in reporting the
length of the course?

liters

grams

meters

centimeters

CoOow>

Use the information below to answer
guestion #26.

Speed vs Power

millimeters per second
N
o
o

100 +

50

0 1

10 20 30 40 50 60 70 80 90 100
Power Level

26. A robot needs to run in a sandy area
and the only advisable speed to use
is 180 mm/sec to prevent the robot
from turning over. Based on the
graph above, what power level will
you recommend to set the robot.

A.65%
B. 50%
C.70%
D.85%



Use the information below to answer
question #27.

27. Madi let the truck go at the top of each ramp
and measured the distance it traveled. Which
of the following is most likely what she was
trying to prove?

A. Atoy truck will roll down a ramp held
up with books.

B. A toy truck will move straight down a
ramp whether the ramp is held up with
one book or two books.

C. Aoy truck will roll about twice as far
coming off a two-book ramp than a
one-book ramp.

D. A toy truck on a one-book ramp has
half the force of gravity as a truck on a
two-book ramp.
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28. The Amplitude of a sound wave is
perceived as:

The volume of the tone
The pitch of the tone
The timbre of the tone
The rhythm of the tone

o0 ow



Sources:

Massachusetts Department of Education Released Test Items: 1, 2, 10, 25 and 26
West Virginia Department of Education Released Test Items: 3, 4, 5, 6, and 7
Virginia Department of Education Released Test Item: 11

Ohio Department of Education Released Test Items: 12

Riverside: 13, 14, 15, 16, 18, 19, 20, and 21

EBR Test Writing Committee: 17, 22, 23, and 24
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APPENDIX D. 6" GRADE MATH COMPREHENSIVE BENCHMARK ASSESSMENT
FOR SCHOOL YEAR 2009-10

Grade 6

Mathematics

Benchmark
Assessment

August Pre-Test
2009-2010

East Baton Rouge Panish School System
Department of Accountability, Assessment and Evaluation
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Mathematics
Grade 6 - Pre-Test

1. Which of the following is a 3. Kathy and Patrick are making
prime factor of 387 beaded necklaces. Each necklace
has 18 beads on a single string.
A. 38 Kathy puts a blue bead every
B. 19 third bead. Patrick puts a blue
c. 1 bead every second bead. At which
exact place on their necklaces
D. 3 will both Kathy and Patrick have
a blue bead?
2. What are the common factors A. The 3rd bead
for 20 and 287 B. The 5th bead
A 4510 C. The 6th bead
B. 1,47 D. The 10th bead
C. 2,45
D. 1,24 4. What is the decimal equivalent to %?
A 004
B. 025
C. 040
D. 0.75
East Baton Rouge Parish School System 2 Please go fo the next page

Department of Accountability, Assessment and Evaluation
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Mathematics
Grade 6 - Pre-Test

5. Four students shared a pizza.
The table below lists how much
of the pizza was eaten by each
student. Which student below
ate the most pizza?

Amount of Pizza
R Eaten by Student
1 0.10
2
2 5
1
3 3
1
4 10
A Student 1
B. Student 2
. Student 3
D. Student 4

East Baton Rouge Parish School System

3

Depariment of Accountability, Assessment and Evaluation
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A

o0 ® P

1
16

o=

0.0073
0.0730
0.7300
7.3000

6. Shannon cut her candy bar in
fourths. She then cut each piece in
% again. What fraction of the whole
candy bar is each final piece?

7. Jackson answered 73 out of
100 questions comectly on his
science test. What is his score
in decimal form?

Please go fo the next page



Mathematics
Grade 6 - Pre-Test

8. Which of these numbers is 10. What is the correct way to write
the largest? seventy six and three thousandths?
A 10 A 7.6300
B. 76.003
B. 4
C. 76.030
C. 075 D. 76.3000
4
D. %

11.  What fraction of the total number
of cans was collected by classes

3 and 4 together?
9. What fraction below is TRUE?
1 1 Class | Number of Cans
A —=—
] 4
1 200
1 1
B. T = 5 2 300
3 150
2 1
C. =—=—
4 4 4 350
D. ==+
1
A =
1
B. =
2
C. 3
]
- g
East Baton Rouge Parish School System 4 Flease go to the next page

Departiment of Accountability, Assessment and Evaluation
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Mathematics
Grade 6 - Pre-Test

12. The following table shows
the miles run by four students

during a week.

Student | Miles Run
1 1.267
2 4.1
3 3.40
4 27325

What is the best estimate of the
total miles run by all students to

the nearest tenth?

A 1150
B. 11.40
C. 1149
D. 1145

East Baton Rouge Parish School System
Department of Accountability, Assessment and Evaluation

5
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13. What is 12.5 times 1007

14.

15.

A
B
C.
D

125
250
1,250
12,500

What is 6,340 divided by 167

oo @ »

792.50
397.50
396.25
300.00

54 children are on a school bus
with 18 seats. What is the ratio
of children to seats?

A

1
3
31

2
3

33

Please go to the next page




Mathematics
Grade 6 - Pre-Test

16.  Which of the following numbers

17.

is a perfect square?

A 10
B. 18
C. 33
D. 81

Tyrone and Jakia met their friends
to go bowling. They divided into

4 separate teams of & players
each. Which equation could

be used to calculate f, the total

number of people bowling?
AL f+4=5

B. =4

c. £=5

D. £=f

East Baton Rouge Parish School System

Department of Accountability, Assessment and Evaluation

6

/0

18. A carlot had 30 cars for sale.

19.

There was exactly the same number
of cars (c) in each of the following
colors: red, blue, black, white and
tan. Which equation below could
help determine how many cars
there were of each color?

A =30
B %zc
C. 35=5
D. ¢+5=30

Steven has been saving his
allowance to buy CDs. Each CD

is $14 and an additional $2 for tax.
Using the expression 14n + 2n
(where nis the number of CDs),
how much would 3 CDs cost?

$48
$44
$42
$16

o0 W >
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Mathematics
(Grade 6 - Pre-Test

20.

21.

The grocery store sells apples (a)
for 50¢ each and pears (p) for

$2 .00 each. Using the expression
0.50(a) + 2(p), how much money
will be needed to buy 10 apples
and 12 pears?

A $1.00
B. $250
C. $18.00
D. $29.00

It takes 3 times longer to swim
the length of the swimming pool
as it does to swim the width of the
pool. It takes 12 minutes total to
swim both the width and length
of the pool once. How long does
it take to swim the length of the
pool only? (Use the equation

3m + m =12, where mis equal
to the number of minutes to swim
the width of the pool only)

3 minutes
4 minutes

A
B
C. 9 minutes
D. 10 minutes

East Baton Rouge Parish School System
Department of Accountability, Assessment and Evaluation

7

71

23.

Sometimes Malik walks to his
house after school and sometimes
he walks to his friend’s house_ It

is 15 blocks to his friend’s house,
which is 3 more than twice the
number of blocks to his house. This
can be represented by the equation
2b + 3 =15, where b is equal to
the number of blocks to his house.
How many blocks must Malik walk
to his house from school?

3
6
9
12

oo ®m»

Robert had 16 games to sell.

He has 7 newer games and

9 older games. If he sold his
newer games for $5 each and

his older games for $3 each, how
much money would he get from
selling all 16 games?

$48
$62
$78
$80

o0 »
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Mathematics
Grade 6 - Pre-Test

24 What is the length of the pencil to the nearest 11—5 of an inch?

({10 R
|III|III|III|III|III|III|III|III|III|III|III|III|III|III|III|III|
0 1inch 2 inches 3 inches 4 inches
g
A T3
7
B Sﬁ
9
C. Sﬁ
15
D. Sﬁ
East Baton Rouge Parish School System 8 Please go to the next page

Department of Accountability, Assessment and Evaluation
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Mathematics
Grade 6 - Pre-Test

25 What is the perimeter of the 27.  Jeffis building a new table for

shape below? his family. Which of the following
is most likely the size of the top
of the new table?

6.35" 6.35"
A B feet ¥ 4 feet
B. 10vyards x 3 yards
635" . .
C. 6inches = 12 inches
A 127" D. 12 centimeters x
140 centimeters
B. 187
C. 19.05"
D. 367 28. What is most likely the area of

a classroom bulletin board?

A 40 square inches
26. The supermarket has bananas on
sale. A shopper bought 2 pounds B. 40 square yards
of bananas for $2.07. What was C. 40 square miles
the price per pound of the bananas? D. 40 square feet
A 3¢
B. 69¢
C. %207
D. $6.21
East Baton Rouge Parish School System 9 Please go to the next page

Department of Accountahility, Assessment and Evaluation
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Mathematics
Grade 6 - Pre-Test

29 If Samantha i1s making a 31.  Which of the drawings
poster for her bedroom, which is a polyhedra?
unit of measure would be the
best to determine how big
to make the poster?

Square mile
Square inch

Square kilometer

oo ®

Square millimeter

30. How many vertices does a
rectangular prism have?

2
4
6
8

oo m >

D‘gV

East Baton Rouge Parish School System 10 Please go to the next page
Department of Accountability, Assessment and Evaluation
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Mathematics
Grade 6 - Pre-Test

32, Jeff wants to find the exact center
of a wall. Which 2 intersecting lines

below would help him most directly

determine the center?

o0 m >

33.  Of the toys listed below, which
would best represent the process
of tessellation?

Avyo-yo

A baseball glove

A stuffed animal

A checker board

o0 m >

East Baton Rouge Parsh School System

11

34 Afourth point (£) is added
to the grid below to make sguare
WXYZ. What will the coordinates
be for point 27

¥
f

= Pk W B o

0 123 4567¢829

|:| =1 square inch

A (2,1)
B. (4,1)
C. (4,5)
D. (6,3)

Please go to the next page

Department of Accountability, Assessment and Evaluation
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Mathematics
Grade 6 - Pre-Test

35.

Lori's team played 6 games

of basketball. Her team's scores
are listed below in the stem and
leaf plot.

Stem | Leaf

2 1257

Of the 6 games played, how
many times did Lor’s team score
higher than 21 points?

3
4
5
6

o0 ® »

East Baton Rouge Parsh School System
Depariment of Accountability, Assessment and Evaluation

36. Marcus is saving for a new game.
If he continues to save at the same
rate, approximately how much
will Marcus have saved by the
end of August?

A
'§ 100
v 80
n L ]
S 60
[=] L
8 40
»
,'E 20
! >
April May June July
Month
A %80
B. $90
C. $100
D. $110
12 Please go fo the next page
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Mathematics
Grade G - Pre-Test

35.

Lori's team played 6 games

of basketball. Her team’s scores
are listed below in the stem and
leaf plot.

Stem | Leaf

2 1257

Of the 6 games played, how
many times did Lor’s team score
higher than 21 points?

3
4
5
6

oo ® »

East Baton Rouge Parish School System
Department of Accountahility, Assessment and Evaluation

36. Marcus is saving for a new game.
If he continues to save at the same
rate, approximately how much
will Marcus have saved by the
end of August?

A

'g 100

w 80

n L ]

5 60

[=] L

8 40
L ]

,'E 20

? >
April May June July

Month

A $80

B. $90

C. $100

D. $110

12 Please go o the next page
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Mathematics
Grade 6 - Pre-Test

39.  The floor tile in Tameka's game room has 3 different colors. Seventy of the tiles
are green, fifty of them are blue, and the remaining tiles are both green and blue.
There are a total of 240 tiles. Which diagram correctly shows the type of tiles
in Tameka's room?

Green Blue

A. 60 C. 50

Blue Green Blue
B 50 D 7o 50
East Baton Rouge Parish School System 14 Flease go to the next page

Department of Accountability, Assessment and Evaluation
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Mathematics
Grade 6 - Pre-Test

40. A restaurant serves 12 flavors of
cheesecake. With the cheesecake,
the restaurant offers a choice of
one of the following toppings to

put on the cheesecake: whipped cream,

fruit, or nuts. How many unique
combinations of cheesecake and
toppings are available?

A 12
B. 15
C. 36
D. 48

East Baton Rouge Parish School System
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41.
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If 62% of the class had been to
Blue Bayou, what percentage had
not been to Blue Bayou?

6.2%

31%

38%

124%

o 0w >
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Mathematics
Grade 6 - Pre-Test

42 Matt put twelve blue, twelve red, 43, What is the rule for the table
and twelve yellow marbles in a below? Let n equal the input.
bag and then shook it up. Without
looking, he pulls out a marble, In Out
retumns it, and pulls out another 3 7
marble. How likely is he to pull a
red marble first? 4 ’

5 1
A ltis more likely that Matt 7 15
will choose red.
B. ltis less likely that Matt A n4d
will choose red.
B. 2n—1
C. Hehasa1in4 chance
of choosing red. C. 2n+1
D. Itis equaly likely that Matt D 3n-3
will choose red.
East Baton Rouge Parish School System 16 Please go to the next page
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Mathematics
(Grade 6 - Pre-Test

44 The ice cream truck came to Lindsey’s neighborhood. Lindsey
and her 2 friends decided to buy the same kind of ice cream.

Fudgesicle 50¢ each or 2 for 75¢

Dreamsicle 75¢ each or 2 for $1.25
Rainbow Pop 60¢ each or 2 for $1.10
Chocolate Pop | 80¢ each or 2 for $1.50

If they each bought a dreamsicle, how much money

would they need?
A $200
B. $225
C. $250
D. $275
East Baton Rouge Parish School System 17 Please go to the next page
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Mathematics
Grade 6 - Pre-Test

45 Aaron’s mom took him to the park
batting cage to practice his hitting.
The batting cage charges the rates
listed on the sign shown below.

Time Cost

10 minutes 50¢
20 minutes | $1.00

30 minutes | $1.50
40 minutes | $2.00

How much would it cost for Aaron
to practice for 60 minutes?

$1.00

$1.50

$2.00

$3.00

oo m F

East Baton Rouge Parish School System
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What would be the next number
in the following sequence based
on the pattern shown?

3,4,6,9, 13,18, 24, ___

26
27
3
32

oo m B

STOP



APPENDIX E. 7™M GRADE MATH COMPREHENSIVE BENCHMARK ASSESSMENT
FOR SCHOOL YEAR 2009-10

Grade 7

Mathematics

Benchmark
Assessment

August Pre-Test
2009-2010
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Mathematics
Grade 7 - Pre-Test

1. Trey's parents want him to save 3. Which answer shows numbers
% of his allowance each week to listed from greatest to least?
help pay for swimming lessons. 11 1 1
What percentage of his allowance A .5 3.2
did Trey's parents ask him to save? 11 1 1

B. %7182

A 20%
c L1211
B. 25% T 4268
C. 40% p L 111
T 2 468

D. 60%

2. Which answer shows numbers 4. Whatis the value of (14 — 4) x 37

listed from least to greatest?

A2
A 007—»034 —-064—-089 B. 18
B. 007 — 034 - 089 — 064 c. 21
C. 007 —-064 034 —0289 0. 30
D. 089 —064 - 034 —0.07
East Baton Rouge Pansh School System 2 Please go to the next page
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Mathematics
Grade 7 - Pre-Test

5. Ericis mailing three envelopes. 7. Solve the following problem.
He must use one 24¢ stamp and
one 17¢ stamp on each envelope. 0.25 - 0.50
Choose the answer that uses the A 0.125
distributive property to determine
how much it will cost Eric to mail B. 029
all three envelopes. C. 0.50
D. 075

3x024-3x017 = %021
3x024+3x017=%1.23

0.24 017 + 3 > 3 = 84.17 8. An ant colony contains 20,000 ants

024 %017 %3 =5%1224 in the fall. Only 10,000 of the ants
remain at the end of the winter.
What percent of the ants remained
through the winter season?

oo @ >

6. Solve the following problem.

1 1 A 5%
93
B. 20%
A5 C. 25%
1 D. 50%
B L
3
1
C =
1
D. 27
East Baton Rouge Parish School System 3 Please go to the next page
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Mathematics
Grade 7 - Pre-Test

9. Which expression can be used
to solve the following problem?

oo o »

A restaurant charges

$100 per hour to rent a
private room and $21.50 per
person for dinner. What is the
total cost for a 2-hour dinner

for 50 people?

2 21.50 + 100 = 50
2 x50 + 100 < 21.50
2= 100 4+ 2150 = 50
2= 100 + 2150 + 50

East Baton Rouge Parsh School System
Department of Accountability, Assessment and Evaluation
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86

A

B
C.
D

A

10. To price items for sale, a store
multiplies the cost of the item by
1.4 and then adds 2 dollars. If an
item costs the store $20, at what
price will the store sell this item?

$23.40
$28.00
$30.00
$42.40

11.  In which situation would using
estimation be most appropriate?

Finding the dimensions of a
door which will be replaced

Determining the amount of
money to pay the electric bill

Calculating the amount of
flour needed to bake a cake

Finding the number of jelly
beans it takes to fill a gallon jar

Please go to the next page




Mathematics
Grade 7 - Pre-Test

12.  The dimensions of 4 rectangles are given below.

4 ft

Bt 10 ft

A B

b ft

b ft

C

3t

Which rectangle does not have the same ratio of length to width

as the other three?

o 0o m B
e I o O = = B

East Baton Rouge Parish School System
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9
14 ft
D
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Mathematics
Grade 7 - Pre-Test

13. In a square, what is the ratio
of the perimeter to the length

of one side?
A 20
B. 41
C. &1
D. &1

14.  Acar can go 30 miles per one
gallon of gas. At this rate, how

many gallons of gas will it need

fo go 600 miles?

A 12 gallons
B. 20 gallons
C. 50 gallons
0. 80 gallons

East Baton Rouge Parish School System

6

15.

16.
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The volume of a square pyramid
can be found using the following
formula where V = volume,

5 = length of base, and h = height:

V= (sh) =3

What is the volume of a square
pyramid with s = 3in.and h = 5in.?

A. 10in?
B 15in 3
C. 45in3
D. 135in?

The volume of a cylinder can be
found using the following formula
where V = volume, r = radius,
and i = height:

V=314 xXr?h

What is the volume of a cylinder
with r = 5cmand h = 6 cm?

A 30cm?
B. 845cm?
C. 1884 cm?
D. 471 cm?®

Please go to the next page




Mathematics
Grade 7 - Pre-Test

17.

18.

The /130 would fall between
which two whole numbers?

A 13 and 14
B. 12and 13
C. MMand12
D. 10and 11

A Kite was floating at a fixed
height, x, above the ground.
Then the Kite rose 12 feetto a

height of 20 feet above the ground.

Which algebraic equation can be
used to find the height, x, of the
kite before it rose?

19.

20.

Julie and Tameka collected
canned food for a food drive.
Julie collected 38 cans. This was
about 3 times more than Tameka,
t, collected. Which inequality
represents this statement?

Al 38 <t
B. 38=1t1
C. 38=<3+1t
D 38=>=f—-3

Michelle plans to shop for candy
for her party. She has $25, but
wants to save 54 to pay for
parking. Michelle knows that

A x—12=20 candy costs $7 per bag and
B. x+12=20 needs to determine how many
C 20 = 12x bags of candy, x, she can buy.
Which equation should she use
D. 20x=12 to determine how many bags
of candy she can buy?
A Tx—4=25
B. Tx+4=25
C. 25 x4=Tx
D. dx+25=7
East Baton Rouge Pansh School System T Please go to the next page

Department of Accountability, Assessment and Evaluation
89



Mathematics
Grade 7 - Pre-Test

21.  Which of the following graphs 22 Which of the following graphs
shows the solution set of ¥ = 47 shows the solution set of x = 57
——t——t1— ——t—
A 123 456 7 A. 1234567
B 1 2 3 4 5 6 7 B. 1 2 3 4 5 6 T
- | [ — J I P | | |
L T LI B — I — T :>_|_|_"
C 1 2 3 4 5 6 7 c 1 2 3 4 5 § 7
Dilll?lll‘; p ittt
1 2 3 4 5 6 7 1 2 3 4 5 6 7T
East Baton Rouge Pansh School System 8 Please go to the next page
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Mathematics
Grade 7 - Pre-Test

23. The table below shows the
number of lawns Abby mowed
in May, June, and July.

Month | | quns Mowed
May 8
June 10
July 12

If this pattern continues, which
expression can be used to find
the number of lawns she will
mow (s) in August?

85 =

5=

e=

o0 @ »

5=

12+ 2
12 % 5
12 -2
12+ 2

East Baton Rouge Parish School System
Department of Accountability, Assessment and Evaluation
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24,

The table below shows how
many words a secretary can
type over time.

Minutes | Number of Words
1 60
8 480
16 960

If x represents the number of
minutes, which rule represents
the number of words the secretary
can type in x minutes?

A. b60x
60
5 %
C. 60x+8
D. 60x—8

Please go to the next page




Mathematics
Grade 7 - Pre-Test

25. What is the maximum area
of a photo that can appear in

asin. > 7in. frame?
A 5in.2
B 7in2
C. 35in2
D. 226in?

26. Find the perimeter of the following

co mpnsite ﬁgure_
2in.
2in.
10in.
A 24 in.
B 40 in.
C. 89 in.
D. 150in.

10 in.

East Baton Rouge Parish School System
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27.

Lindsey bought four different
kinds of meat at the store. The
weight of each meat package is
shown below in the table.

ltem Weight
Chicken | 900 grams
Beef 1 kilogram
Pork 2.5 pounds
Fish 30 ounces

Which package of meat is
the heaviest?

A.  Chicken
B. Beef
C. Pork
D. Fish
Flease go to the next page




Mathematics
Grade 7 - Pre-Test

28.

29.

Stephen weighs 40 kilograms.

How many grams does he weigh?
A. 40,000 grams
B. 4,000 grams
G 400 grams
D

40 grams

Use the formula F = (C > 1.8) + 32
where F = degrees Fahrenheit

and C = degrees Celsius. Ifitis

50 degrees Fahrenheit, what is

the temperature in degrees Celsius?
A. 70 degrees Celsius

B. 30 degrees Celsius

C. 20 degrees Celsius
D

10 degrees Celsius

East Baton Rouge Parish School System
Department of Accountability, Assessment and Evaluation
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30.

A piping company needs to
choose a pipe that has a diameter
of 25 inches. Which answer choice
shows a pipe with a diameter

of 25 inches?

N

N

e
&

©

Please go to the next page




Mathematics
Grade 7 - Pre-Test

31. Choose the answer that shows the shape below reflected across the y-axis.

-

¥ ¥
£ 5
B NEEE] [ . 1% 3 4 > D. * : *X
=3 =2 -1 -&4--?-1_1 4 &
£ I-s-
East Baton Rouge Parish School System 12 Please go to the next page
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Mathematics
Grade 7 - Pre-Test

32. Different distances are labeled in
the figure of the circle below. S is
the center point of the circle.

The ratio of which two distances
is used to calculate n?

W X
Xy
VW

Xow

oo @ »

East Baton Rouge Parish School System

33.
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The length of Phillip’s current fiving
room rug is 12 feet and the width is
8 feet. Phillip buys a new rug that
is double the Iength of his current
rug but the same width. How many
square feet did he increase the
area covered |L'I':.l' the rug'?

192 square feet
96 square feet

A
B
C. 24 square feet
D

12 square feet

Joe is making a clock for a
present. He wants the clock face
to have a circumference of 5 feet.
Which equation can he use to

find r, the radius of the clock face?

A r=5+nm
B. r=10+n
C. r=5~=(2m)
D r=10 =+ (2m)
Please go to the next page




Mathematics
Grade 7 - Pre-Test

35. Whitney placed her square pencil box on a coordinate grid
and marked the points of the comers. She accidentally forgot
to mark the fourth comer.

i

A
 J
e

n
IS
L
o
I

ra
u

What are the coordinates of the pencil box’s fourth corner?

A (=2, -1)
B. (-2, 2)
c. (-1,2)
0. (2,-1)
East Baton Rouge Parish School System 14 Flease go to the next page
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Mathematics
Grade 7 - Pre-Test

36. What is the measure of the missing angle in the triangle below?

A 60"
B. a0
C. a0
D. 100°
East Baton Rouge Pansh School System 15 Please go to the next page
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Mathematics
Grade 7 - Pre-Test

A7.  Which circle graph matches the data in the table below?

Age of First Time Voters | Percent
18 B5%
1@ 10%
20 5%
21 20%

18

N\
A { C.
18
21 y

ah

18

East Baton Rouge Pansh School Systam 16 Please go to he next page
Depariment of Accountablity, Assessment and Evaluation
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Mathematics

Grade 7 - Pre-Test

38, 40 studenis recorded their height and weight
The scatterplot below summarizes the measurements.

X
&0 eh
.
58 i
5 .
L ]
£ . i
=] ] &l L]
E 52 L I L L
+ I'.'
® 50 L l—fcri
L ey &
xr . [ ]
48 ~ '—.—1
46 —
-I .
44

100 110 120 130 140 150 160
Weight in Pounds

Which statement is most supported by the data in the scatierplot?

There is mo relation bebesen height and weight.

A

B. As heightincreases, weight tends to decreass.

C. The students start getting lighter after they reach 60 inches tall.
D

As weight increases, height tends to increase.

East Baton Rouge Parish School System 17 Please go to e next page
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Mathematics
Grade 7 - Pre-Test

38,  How many grams of substance X will dissohee
in 1 quart of water at 100 degrees Fahrenheit?

Amount of Substance X That Will Dissolve

Grams of Substance X
A A N A - e - =

10 20 30 40 50 80 7O BO B0 100
Temperature of Water [degrees Fahrenheit)

A 4 grams
B. & grams
C. 50 grams
0. 100 grams
East Baton Rouge Pansh Schodl Systam 18 Please go to Me next page

Depanment of Accountablify, Assessment and Evaluation
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Mathematics
Grade 7 - Pre-Test

40. Use the Venn diagram below 41. A computer follows the instructions
to determine how mamy total that are given below.
students were in chess club or
band, but not both. If x = 0, then print "x is
positive.”
Organization Membership If x << 0, then print “x is
negative.”

What will be printed i the number
Chess Club B is enfered?
B

A “xis posithve”

B. “xisnegative”
C. "xisegual to 0"
Swim Team | 0. Mothing is printed.

A H
B. 10
c. 16
D. 20
East Baton Rouge Parish Schood System 19 Please go to e next page
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Mathematics
Grade 7 - Pre-Test

42, Shannon is lost and is trying to find her friend’s house. The house number
she is looking for is 48. The house numbers she has passed are below.

a2 3g 40

House X House & House B House C House D

According to the pattern abowe, inwhich house does Shannon's friend live?

A A
B. B
C. C
D. D
East Baton Rouge Parish Schoo! System 20 Please go to e next page
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Mathematics
Grade 7 - Pre-Test

43.  Kiema knows that the probability 44 Determine the missing number
of flipping a coin and getling in the sequence below.
heads is 50%. She flips a coin
} - 31 32 34
25 times and finds the probability P —
of heads is 40%. What explanation A 3
can explain this?
B. 3°
45% is & mode. L
She counted incomeciy. 0. 358
45% is a theoretical
probability.
0. 46% is an expenmental 45.  What number comes next in the
probability. pattern shown below?
3,9,27,
A B
B. 30
Cc. 32
D. &1
East Baton Rouge Parish School System 21 Please go to e next page
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Mathematics
Grade 7 - Pre-Test

48,  The spacing between library 47.  Mark found the area of a
bockshelves is shown below. rectangle to be 24 m2. If only
the length is multiplied by 3,
Shealf A
how much does the area of
-|- the rectangle change?
7
Shelf B J_ A, The area of the rectangle is
T twice the area of the onginal.
12 In.
J. B. The area of the rectangle
T is three times the area of
1f . the original.
- Z. The area of the rectangle
' : changes by 24 m2.
ji_m' 0. The area of the rectangle
'“"'I Izm is 3 m mere than the area
' of the orginal.
If the pattermn continues, how
much space would there be
betwaen shelf & and shelf B?
A, 14 inches
B. 1Zinches
Z. 20 inches
0. 24 inches
East Baton Rouge Parsh School System 22 STOP
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APPENDIX F. 8™ GRADE MATH COMPREHENSIVE BENCHMARK ASSESSMENT
FOR SCHOOL YEAR 2009-10

Grade &

Mathematics

JL-

Benchmark
Assessment

August Pre-Test
2009-2010
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Mathematics
Grade B - Pre-Test

1. Which graph represents x = 47

..IIIIJ.II-..
L bl
A. o1 2 3 4 5 &
N e ana
) o1 2 3 4 5 &
..IIII#llli
L
C. o1 2 3 4 5 &
T
0. o1 2 3 4 5 &

2. Which symbol belongs in the circle
to make the statement TRUE?

120 121

=

oo mp

East Baton Rouge Pansh School System
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Mary has money saved in
T different bank accounts. She
wants to know an estimate of

hoowr much she has total. Wsing
the information in the table balow,
rourd each value to the nearest
ten and find the sum.

Bank Account | Money
1 $18
2 523
3 $06
4 $a2
5 $28
a8 §12
7 37

A. 3230

B. 5238

C. 5240

D. 3250

Please go to Me next page



Mathematics
Grade & - Pre-Test

What is 10,721 in sceenffic notation?

01072 = 104
1.0721 = 104
10.721 = 104

oo D>

10.721 = 103

Saolve the following problem.
BE=3+(6—3F=7

11
19
25

o oD

36

Saolve the following problem.
5-3)2-2=4

-4
4
a8

oo o

12

East Baton Rouge Parish School System
Depariment of Accountablify, Assassment and Evaluation
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The table below shows the results
of Erin’s survey of 3 classes of
eighth-grade students about their
favorite ice cream flawvor.

lce Cream MNumbser
Flavor of Students
Vanilla 1
Sirawbermy 22
Chocolate 30
Lemon 17
TOTAL &0

Based an these results, how
many of the 400 eighth-grade
students should Erin expect
to prefer chocolate?

BD

150

175

oo o

200

Please go to Me next page




Mathematics
Grade 2 - Pre-Test

Denise answered 13 out of 18
guestions comecty while playing
a trvia game. About what percent
of the guestions she was asked
did she answer comecthy?

55%
G0
T5%:

oo m

B0

Car rentals cost 510 per day plus a
one-time cost of 330, f Jeremy rents
a car for d days, which equation
represents Jeremy's total cost (¢]?

A e=184+ 30
B. =304+ 18
C. o=2304+ 184
D. ¢=30+ 18

East Baton Rouge Parish School System
Deparimant of Accouniablify, Assassment and Evaluation
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10.

11.

& carpet-cleaning company
charges $159.85 per room to clean
the carpet. The customer can
also get a protective coating for
the carpet for 10¢ per squars
foot. Mrs. Segal had 4 rooms
cleaned and had the protective
coating applied to (n) square feet
of carpet. Which eguation can be
used to find T, the total amount

that she was charged?

A, T=4n{18.85 + 010}
B. T=4(19.895n + 010}
C. T=010{19.95) + 4n
D. T==518.954}+ 0.10{n)

Julie rents a boat for 512 per hour.
If she rents a boat for (A) howrs,
which expression shows her

total cost (T)?

AL T=312+h
B. T=%12—-h
C. T=%12xh
DL T=%12+h
Please go to e next page



Mathematics
Grade 2 - Pre-Test

12. Whatis the equation of the line on the graph below?

¥
&
£
|
z
pll g Tz |
-2
-1
—
-z
v
A y=3
B. y=3x
C. y=x—3
D y=x+3
East Baton Fouge Parish School System 5 Flzase go 1o Me next page
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Mathematics
zrade 8 - Pre-Test

13.  Which graph shows y = x + (-4)7?

¥ ¥
Y i~
Hl ]
3 3
2 2
1 1
A . x C. < > x
M 12 3 &2 8§ | N 1 2 3,4 & |
=1 =1
—2 —2
-3 -3
—4 —4
C T
L Y
¥ ¥
Y ~
5 514
4 4
2 2
1 1
B + X D. - > X
4—-1—3—2—11 12 3 4 5 -3 =4 =3 —11 1 2 3 4 5
-2 —2
-3 -3
—4 —4
5 ! 5
Y Y
East Baton Rouge Parish School System G Please go to the next page
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Mathematics
Grade 8 - Pre-Test

14. Which table contains only points on this line graph?

.
-

x 4 6 2 -2
A

¥ 0 1 0 =3

x 0 1 2 -2
B.

¥ 4 6 0 =3

x 0 1 =2 =3
C.

¥ 4 6 0 -2

x | 6 -3 0 1
D.

¥ 1 2 4 6

East Baton Rouge Pansh School System T Please go to the next page
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Mathematics
Grade 8 - Pre-Test

15. Emma adds more songs to her music collection every day. The graph below
shows the total number of songs Emma owns each day across five days.

Emma’s Music Collection

100

90

80 /.

70 r/-/

60

50 /
/

40

7
33 7

—
10

Total Number of Songs Emma Owns

Monday  Tuesday Wednesday Thursday  Frday
Day

Cn which day did Emma add the most songs?

A Monday
B. Wednesday
C. Thursday
D. Friday
East Baton Rouge Parish School System ] Flease go to the next page
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Mathematics
Grade & - Pre-Test

16. Based on the information in the graph, predict the January sales for ice cream.

Ice Cream Sales

45
40 &
35
30
25 *
20
15

Number of Cones Sold

July Aug Sept Oct MNov Dec Jan Feb Mar

Month
A 5 cones
B. 15 cones
C. 36 cones
D. &0 cones
East Baton Rouge Parnish School System 9 Please go to the next page

Department of Accountability, Assessment and Evaluation
113



Mathematics
Grade 8 - Pre-Test

17.

The formula for finding the
volume of a cylinder is mr2h,
where r = the radius of the base
circle and h = the height of the
cylinder. What is the volume of
the cylinder below?

e
A

A 339 cubic inches
B 432 cubic inches
C. 1,357 cubic inches
D

2,713 cubic inches

18.

19.

20.

Calculate the density of an
object with a mass of 8 grams
and a volume of 4 cm?®.

Density = mass/volume
A 2 g/cm?
B 8 g/cm?
C. 16 g/cm?
D. 128 g/cm?®

What is the volume of a typical
soup bowl?

10 gallons
10 quarts

10 fluid ounces

o0 @ »

10 milliliters

Which of the following units would
be most appropriate for measuring
the amount of water in a bath tub?

A. Pint

B. Gallon

C. Teaspoon
D. Fluid Ounce

East Baton Rouge Parsh School System 10
Department of Accountability, Assessment and Evaluation
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Mathematics
Grade 8 - Pre-Test

21, Which unit from the metric system is
the most similar in size to a quart?

A Pint
B. Liter
C. Meter
D. Gallon

22 Raven’'s swimming pool has
a volume of 12 cubic yards.
What is the volume of her

SWiI'I"IIT'IiﬂQ pDDl in cubic feet?
(1 cubic yard = 27 cubic feet)

A 36 cubic feet
B 108 cubic feet
C. 324 cubic feet
D. 1,000 cubic feet

23.  Which best defines the word bisect?

Divide by 5
Double the size

Divide into two equal parts

oo @ >

Divide into three equal parts

East Baton Rouge Parish School System
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24.
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Which figure has exactly 2 lines
of symmetry?

Flease go to the next page




Mathematics
zrade 8 - Pre-Test

25, Which graph shows AXY/Z reflected across the y-axis?

¥ ¥
A A
5 5
X X
4 4
Pl 3 F] 3
2 2
¥ z|, ¥ zl,
.Iﬂt. -l = X C -l =
N se32t 12345 - N s4-s-2-i | 12345 -
¥ Z X -
-2 -2
e =3 = -3
-4 —4
X . ¥ z |“5
k| Y
¥ ¥
A A
5 5
X X X X
4 4
'»._“ 3 '\\.\ H.._" 3 .-""
z 2
¥ zl, ¥ 7 ¥ z|, i ¥
B' T = X D =t 2
4—d—3—2—11 1 2 3 4 5 -544—2—11 1 2 3 4 5
=2 -2
=3 =3
—4 —
—5 —5
I I
L L )
East Baton Rouge Pansh School System 12 Flease goto the next page
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Mathematics
Grade 8 - Pre-Test

26. Nathan reduced a 21 x 30 photograph to a similar but smaller version.

211n.

30 in.

What is the width of the new picture?

A 7in.
B. 10in.
C. 21in.
D. 30in.

East Baton Rouge Parsh School System

Department of Accountability, Assessment and Evaluation
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Mathematics
Grade 8 - Pre-Test

27. Ifthe figure shown below was 28_  Which picture shows
folded on the dotted lines, what complementary angles?
shape would it make?
A
T 90° 90°
A Acube
B.
B Afrangle 70°
Erﬂll
C. Ahexagon | 3
D. A pentagon
C.
P 120° / &60° -
D 1400
&0°
=
East Baton Rouge Parish School System 14 Please go to the next page
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Mathematics
Grade 8 - Pre-Test

29. AABC and AXYZ are similar triangles.

¥
=3 10 10 cm _‘_h“——____\_ 20 cm
cm =
_i_,-"’fﬁ__\_\_\_\__‘_‘_—\—\_._\_ _\_\_\_\__\_\__\_\_‘“——\—._
A 15 cm € X 30 cm z
What is the length of AB?
A scm
B. 10cm
C. 15cm
D. 30 cm
East Baton Rouge Parsh School System 15 FPlease go to the next page
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Mathematics
Grade 8 - Pre-Test

30. Based on the information in the 31. Determine the coordinates of the
picture below, what is the minimum point where the two roads intersect.
length a ladder must be in order
to reach from x fo y7? i

. ]
g ~ Road B
7 bt 0"
E )
5 it
pd .
4 7
3 i
=
2 pd
1 Road A
|| 4
123458678289
A G feet Al (1, 1)
B. 8 feet B. (4,9
C. 10feet C. (67
D. 100 feet 0. (7,6)
East Baton Rouge Parish School System 16 Please go to the next page
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Mathematics
Grade 8 - Pre-Test

32,  Avending machine is filled with 60 cans of soda. The table shows the number
of cans of each type of soda in the machine.

Cola Diet Grape Orange

Number of Cans 23 16 10 11

Which graph best represents the data in the table?

° 15 o 20 Diet,/
@ [ =]
o 10 15
A E c g Crange
3 b — [ g 10
= 3 Grape
&y O
c'\qﬁ .%-I" %ﬂﬂl e‘??ﬁ
Type of Soda Type of Soda
| s—
B. D. — . Cola
— Diet
—— ————— — f—
East Baton Rouge Parish School System 17 Please go to the next page
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Mathematics
Grade 8 - Pre-Test

33. The graph shows the rates that customers are charged for water used in Parish A.

$0.025
50.020

50.015
$0.010

50.005

Price Per Gallon

5 10 15 20 25 30 35 40 45 50
Number of Gallons (thousands)

Which table best represents the same information?

Number of Price Per Number of Price Per
Gallons Gallon Gallons Gallon
A 0-1,000 50.005 C. 0-9999 $0.005
1,000 - 10,000 $0.015 10,000 - 19,999 $0.015
Over 10,000 50.025 20,000 and up $0.025

Number of Price Per Number of Price Per
Gallons Gallon Gallons Gallon
B. 0-9,999 50.025 D. 0-9 $0.005
10,000 - 19,999 $0.015 10-19 $0.015
20,000 and up £0.005 Owver 19 $0.025

East Baton Rouge Parsh School System 18 Please go to the next page
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Mathematics
Grade 8 - Pre-Test

34. Tara asked her classmates where they went for vacation over the summer.
The table below shows the results.

Cities Number of Students
Los Angeles 3
Houston ]
Mew York 19
Boston 2
Other 10

Which graph best represents the same information?

New m @ *rh
Boston -

A. C. |
Other Other
rouston Los Angeles
Los Angeles Boston |, cton
New York MNew York
Other
B Boston Houston o
Boston ——
Other Los Angeles Houston Los Angeles
East Baton Rouge Parish School System 19 Please go to the next page
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Mathematics
Grade 8 - Pre-Test

30

The box-and-whisker plot below
shows the amount of time students
in the 8th grade spend studying
each week.

What is the range of time students
spend studying?

A, 4 hours
B. 10 hours
C. 14 hours
D. 18 hours

East Baton Rouge Parish School System
Department of Accountability, Assessment and Evaluation
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36.

The scatterplot below shows the
cost of 6 different televisions and
their screen size in inches.

TV Costs

800
700
600
500
400 | o
300
200 L

100 AT

24 30 36 42 46 b2

Screen Size (inches)

Cost (dollars)

Which best describes the trend
shown in the scatterplot?

A.  NMNegative trend
B. Positive trend
. Mean trend
D. Mo trend
Please go to the next page




Mathematics
Grade 8 - Pre-Test

35.

The box-and-whisker plot below
shows the amount of time students
in the 8th grade spend studying
each week.

— [ |
B e e o s e

2 6 10 14 18 22

What is the range of time students
spend studying?

A 4 hours
B. 10 hours
C. 14 hours
]

18 hours

East Baton Rouge Pansh Schoaol System
Department of Accountability, Assessment and Evaluation
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36. The scatterplot below shows the
cost of 6 different televisions and
their screen size in inches.

TV Costs

800
700 -
600
500
400 | o
300
200 L

100 AT

24 30 36 42 46 52

Screen Size (inches)

Cost (dollars)

Which best describes the trend
shown in the scatterplot?

A NEQHT]"JE trend
B. Paositive trend
C. Mean trend
D. MNotrend
FPlease go to the next page




Mathematics
Grade 8 - Pre-Test

37. The graph shows the number of eighth-grade students who have participated
in the talent show between the years 1990 and 2000.

Number of Students

10 T
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

Year

Using the trends presented by the graph, approximately how many eighth-graders
will participate in the talent show in the year 20017

A 90
B. 60
C. a0
D. 30
East Baton Rouge Parish School System 21 Please go to the next page
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Mathematics
Grade 8 - Pre-Test

41.  Arestaurant advertises that it offers exactly 16 unique sandwich and soda
combinations. Which menu reflects the restaurant’s advertisement?

Sandwiches Sodas Sandwiches Sodas
» Hamburger » Orange » Hamburger * Orange
= Cheeseburger | - Cola * Hot Dog = Cherry
A, Turkey » Lemon-lime C. » Cheeseburger | « Grape
= Ham * Fruit » Ham * Cola
= Hot Dog = Grape = Turkey * Lemon-lime
« Cherry - PBJ « Fruit
Sandwiches Sodas Sandwiches Sodas
» Hamburger » Orange *» Cheessburger | « Orange
B. |. HotDog - Cola D. | . Hot Dog - Cola
* Cheeseburger | « Grape » Ham + Grape
= Cherry = Turkey + Cherry
East Baton Rouge Pansh School System 23 FPlease go to the next page
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Mathematics
Grade 8 - Pre-Test

42

A student spins a spinner
separated into 4 equal sections
50 times. The results are given
in the table below.

Color | Number of Spins
Red 10
Blue 12
Green 20
Yellow 8

What is the probability the
spinner will land on green
on the next spin?

A
5 4
c. £
D.%

East Baton Rouge Pansh School System
Department of Accountability, Assessment and Evaluation

43,

Mrs. Kemp has a bag with 6 red,

8 green, 5 blue, 9 yellow, and

2 white marbles that are all the
same size and shape. What is the
probability of randomly choosing

a white marble on the first pick,
putting it back, and then choosing
a blue marble on the second pick?

o
I
o 1

The following pattern is an example
of which category of pattern?

2,4, 8 16, 32
A Linear
B. Circular
C. Repeating
D. Geometric
Please go to the next page



Mathematics
Grade 8 - Pre-Test

45.  Which of the following correctly
describes the volume of cube A
compared to cube B?

e

f 2 ,'------2
4 2
Cube A Cube B

A. The volume of cube Ais 2
times the volume of cube B.

B. The volume of cube Ais 4
times the volume of cube B.

C. The volume of cube Ais 6
times the volume of cube B.

D. The volume of cube A is 8
times the volume of cube B.

East Baton Rouge Parish Schoal System 25 STOP
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APPENDIX G. APPLICATION FOR EXEMPTION FROM INSTITUTIONAL OVERSIGHT

Inestitutional Feview Board
o O Fabeit Mathiwes, Chas
203 B-1 Daved Boyd Hall

Unises, cueabies] pn reewbog Evi b ol fod eemipli Puord eiitulndl R Soand [REQ svessight ALL

L saaichipreecs oy i) s 6 SUNBIS O SN B B3 ORLENE RO huTans, credy of I Baicn Rouge. LA 70803

mdsecty Wil on selrel P SRSl bl be BO0ITand 00 eesTired i pdvanoe By Shr L) RE. Thes Foam hedps. B 220.5h 8062

oo Pl detrrars i & o] iy b eeersaisd 200 b wied T regeesd i caprgion, LE I r:ﬂ-ﬁi:-ﬂ:‘
i gdu | I )

®  Applcant, Please il out the application in ils enlirety and include the compleded application as well as parts A.E,
listed below, when submitting to the IRE. Onoe the applcalion is campleled, plepse sulbimil bwo copees al the
compleled applicalion o the IRB Ofce or to a membser of the Human Subects Screening Comemites. Members of this
carenilies can be found a8 hitp: e sy, edwirbéscreeningmembers. shiml
* A Complate Application Inciudes All of the Fallowing:
[A) Twa copees of this cornpleted form and Bao capies of padts B B E
{B) A Biied project descriplion (adequats 1o avaluale risics i subjects and to guplain your responses o Pars 1 & 2)
{C) Coples of all instruments fo be used.
«|f this propossd is part of B grant proposal, include a copy of the propasal and @l recruiiment material,
0] The carsant form fhat you will wse in the study (see pad 3 far moee nitrmatian.)
{E} Cerificate of Completion of Human Subjects Protection Traring for all sersonnel invelved in the praject, including
studenis who are invakeed wilh lesfing or harding data, unless alneady an fike wEh tha IR,
Training inkc { hip:iphrp.nintraining comiusersiogin.pho.)

1] Principal investigator: * Ingrid Cruz Rank: Graduate Studsnt dant*T YN Y
oMb memn e e S
| IE'I: O m o= =

Dept: Watural Sciences  Ph: (213)610-41230 Emall:_ icruzl@lsu.edu i g‘l"' ;g oK
fa IR © Seg e
| =i [ 2= "

I} Co Investigater(s) pinEse inchude deparment. rank. phons and e-mad for sach aEEﬂEggg :

* if studunl, pleass aentily and name supervising professor in this space : g!-::.rﬂ_'n i
nane | gun '__'E ;
B op E EE
(gEisiis
R A ;
oz TiH D g" i
Ezzgy
"Using Robotice in Teaching Math Concepts in a Middle School ! Zag
3) Projact : B
Secting” | =
Title: , E
|

4) LSU Propespl?{yes or np) Bo | Yes, LSU Proposal Numbar
Aiso, VDS, either (™ This applicailon camplutaly matches e scops of work In e grant

 Sare IRB Applicatiens will be Nied laier

§) Subject pool (e.9. Paychology Students) Middle school students ages 8-14
«Circhp ary "vuinorablo populations” 1o be used: [children <15, Ihe mentaly impaired,

pregriant wamen, the ather). Projects wilh incarcaraled persons canncd be axempled, -
&) Pl Signature E:% ** Date S = 19-99 (no per signatures) |
**| cartify my nasa ane amd complaba, |7 thi projesl soope oF Ceskgn i laler changed | will

regsbmil fof pewiew, | will oblain weilen approval bom the Aulionzed Repesentative of ol non-LEL [FEEES
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all consant dorms at LSU for three years aher complefion of $e study, W) lesve LSU balor That lima o (124
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APPENDIX H. LETTER OF PERMISSION FROM LEGO

Dear Ingrid

Ingrid, we are very flattered that you chose to use our LEGO® MINDSTORMS® NXT 2.0
product as part of your college project. We appreciate that you contacted us for permission to
use some of the images as seen in the User Guide for that product,#8547.

The LEGO Group owns the copyrights to its building instructions, publications and to the
photographs used in our catalogs and on our packages. Nevertheless, at the present time the
LEGO Group does not object to scanning of limited extracts of these materials in unaltered form
for non-commercial purposes of exchange of information or good faith commentary. Using them
for educational purposes as you described in your phone call certainly falls under these
acceptable perameters. However, if at any point your manuscript gets published you would need
to contact us again so we can review any additional guidelines with you. We would ask that the
photographs be scanned without distortion or overemphasis of the LEGO logo. A disclaimer and
notice must appear indicating that the copyrights are owned by the LEGO Group (e.g. LEGO
Group.

We hope that these guidelines will address the most frequently asked questions about using the
LEGO trademarks and copyrights. We know that the public wants to respect these rights, but are
not always certain about what is permissible. We appreciate the interest which has been
expressed about our company and our products and hope that this continuing dialog will enhance
the exuberance we try to create with our products.

| also have to tell you about a few other guidelines:
1) Please always spell the word LEGO using capital letters and use it only as an adjective not a
noun. For example you can write "Model built with LEGO bricks" but not "Model built with

Legos".

2) The first time you use the word LEGO please follow it with a "®" which shows everybody it's
a registered trademark.

3) You can't use the red LEGO logo.

If you'd like to find out more about our rules please go to www.LEGO.com/fairplay, or get loads
more LEGO Group information by going to www.LEGO.com/aboutus

Best of luck with your manuscript and project. Please contact us at 1 800 835 -4386 if you need
any further information.

Karen
LEGO Direct Consumer Services
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