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Abstract
Because of its multidisciplinary nature, the use of robotics in the classroom is a valuable tool for the practical, hands-on application of concepts across various mathematics, pre-engineering, and science topics.  Pre-engineering curricula called Medibotics, has been developed to introduce teachers and students to bio-medical applications of robotics using LEGO Mindstorms Robotics kits for Schools and NXT software.  Medibotics, the Merging of Medicine, Robotics and Information Technology, brings together multiple fields of science, such as biology and medicine, and engineering, from electrical engineering to mechanical engineering are combined with information technology (computer programming) to form a teaching tool that enables students to recognize direct links between their science courses and engineering in the real world.  The curriculum incorporates grade-appropriate prototypes of robotic surgeries into middle and high school pre-engineering curriculum providing students with hands-on experiences that simulate real-world problems to encourage their interest in engineering and information technology and provide information on careers in these fields.  Teachers are trained how to incorporate the Medibotics curriculum into their classroom teaching during an intensive professional development program.
Evaluation was multifaceted.  Instruments to measure students’ and teachers’ attitudes toward STEM, knowledge of careers in engineering, teachers’ readiness to teach, and their concerns about implementing the new curriculum were developed as part of previous programs.  Each instrument developed for a specific age group or grade has been found to be psychometrically sound and has been used extensively.  Evaluation of the professional development program utilized a capstone project as a culminating learning experience for the teachers.  As a summative tool, the project provided an opportunity to evaluate teacher learning, as it allowed program staff to draw conclusions from teacher performance regarding the level of knowledge acquired during training.  As part of the formative evaluation, classroom visitations were conducted to observe teachers’ classroom implementation, provide feedback and help teachers overcome unforeseen problems.  Prior to classroom visitations, teachers were asked to complete a survey about their classroom implementation experiences from which an observation rubric was developed to begin quantifying teachers’ classroom implementation of the pre-engineering curriculum (including integration of the robotics kits) and student engagement.  Results of initial classroom observations were compared to what teachers reported on the classroom implementation survey.
1.
Introduction
Students and teachers must become leaders of learning for the development of content skills, knowledge, and interest in science, technology, engineering and mathematics (STEM) because the demand for a highly qualified workforce in the information and knowledge age of the global economy continues to fall short of the actual and projected needs.  Increasing the presence of engineering in K-12 education, especially through the application of science and mathematics, has become a high priority.  Many students are not exposed to engineering topics in their science and mathematics classes during their K-12 studies because teachers have not been trained to incorporate these topics into their curriculum and instruction.  As a result, too many students lack an interest in more advanced studies of science and mathematics and are not adequately prepared to enter STEM programs in college or pursue careers in STEM fields, especially engineering.  
The teaching and learning of engineering concepts and their incorporation into Science, Technology, Engineering, and Mathematics (STEM) subjects can be greatly enhanced by a focus on the theme of robotics [1, 2].  Hence, the interest in the educational exploitation of robotics has been increasing [3, 4].  Robotics provides an interdisciplinary, project-based learning environment that draws mostly on math, science, and technology and offers major new benefits in education at all levels, as it fosters problem-solving skills, communication skills, teamwork skills, independence, imagination, and creativity [5, 6].  Robotics implements 21st century technologies and can foster problem-solving skills, communication skills, teamwork skills, independence, imagination, and creativity [7].  Taking into consideration that students have a better understanding when they express themselves through invention and creation, robotics activities are considered to be a valuable learning tool that can contribute to the enhancement of learning and to the development of students’ thinking [6].  The breadth of the problems presented by robotics development encourages the integration of knowledge and problem-solving methods from a wide range of fields.  Since students have a better understanding when they express themselves through invention and creation, robotics activities are considered to be a valuable learning tool that can contribute to the enhancement of learning and to the development of students’ thinking [3].  However, the rapid growth of initiatives that focus on robots in education has focused primarily on the students themselves, with only a relatively small amount of attention paid to the training of the teachers.
2.
The Medibotics Project
Medibotics represents the merging of the specialties of medicine, robotics and information technology, as it focuses on the development of projects that are medical in origin, enables the incorporation of information technology (IT), engineering and technology into the physics, biology and mathematics curricula of middle and high school classrooms.  The multidisciplinary nature of the subject of robotics makes it a valuable classroom tool for the practical, hands-on application of concepts across various engineering and science and mathematics topics [2]. The Medibotics curriculum links to several topics within the field of information technology.  The logical sequence of actions needed to program the robot to perform a given task melds well with structured programming methodologies.  The actual programming of the robots emphasizes the basic programming skills inherent in IT.  By emphasizing the programming of remote, autonomous devices, this project introduces the topic of embedded systems to students, an IT topic of growing importance that is often not introduced to potential IT students.  Hence, the theme of robotics can help focus the teaching and learning on IT and incorporate IT into STEM courses.

The Medibotics project was designed to utilize Information Technology strategies for enhancing STEM instruction through the application of the cyclic engineering design process to model robotic surgery using the LEGO® NXT Mindstorms Kit.  It utilizes robotics as a teaching tool to utilize IT applications in the learning of scientific and mathematical concepts, and to link the applications to physics, mathematics, technology, problem solving, and design.  Medibotics uses the LEGO™ Mindstorms for Schools with Robolab software kits to solve biomedical engineering problems.  The Robolab software uses an icon-based, diagram building environment to write programs, and is based on LabVIEW™, from National Instruments, which is the most popular software used in biomedical engineering. This icon-based environment enables students at lower grades to perform simple to complex programming task.  These types of kits provide an overview of how multiple fields of science, such as biology and medicine, and engineering, from electrical engineering (sensors and motors) to mechanical engineering and physics (gears, axles and hinges) can be combined with information technology (the programming languages that help support the input and output from sensors to motors).  The simplicity of the Mindstorms kits provides several advantages to inexperienced students.  The LEGO pieces are manufactured with considerable accuracy, making the construction process relatively easy.  The Mindstorms kit provides a set of motors, gears and actuators that are all compatible with the LEGO NXT microcontroller hardware and Robolab software.  This allows students to be introduced to basic mechanics including gears, shafts, belts and wheels.  In order to move and control their robots, students must become familiar with basic actuators, some basic concept of motor control, and the use of sensors to provide feedback of position.  

Medibotics incorporates grade-appropriate prototypes of robotic surgeries developed for biomedical engineering students at NJIT [8] into secondary classroom lessons.  For example, degenerative disk disease is a medical condition in which the spinal disks become worn and frail, making movement a painful and tiring process.  Spinal disk replacement (SDR) surgery uses the SB Charite Artificial Disk, a polyethylene sliding core in between two cobalt chromium endplates that replicate the human spinal disk, to replace the damaged disk.  A high school level prototype for Spinal Disk Replacement Surgery uses an Oreo cookie to simulate the end plates and the inner core. 

3.
Teacher Professional Development
The professional development of teachers should introduce participants to technological content and resources that expand their science knowledge and their ability to access further knowledge.  In addition, the content needs to focus on the incorporation of engineering and design concepts into science curricula in ways that meet the national and state science standards.  A long term professional development program that exposes science teachers to engineering principles and design can lead to the infusion of engineering principles and design into existing science classes that can be continued year after year and last through and beyond the training period [9].

Professional development for teachers is considered a key vehicle for educational reform and the need for improving classroom instructional practice [10–13].  Professional development is integral to increasing teachers knowledge and skills, and to learning effective application of the skills in the classroom.  Some of the key factors identified for effective professional development include:

· Engaging teachers in practicing concrete tasks related to teaching, assessment, and observation of learning.

· Drawing upon teachers' questions, inquiry, and experiences.

· Including time for collaboration, sharing and exchange of ideas and practices.

· Building on teachers' current work with students, as well as new ideas.

· Providing modeling, coaching and problem-solving around specific areas of practice.

The planning of professional development programs that effectively employ these factors and lead to desired teaching practices is not a simple process.  Too often, short term teacher training institutes and after school workshops are seen as ends in themselves.  These "one shot" approaches to staff development may fail to result in lasting changes in teaching behavior because teachers are not provided with the opportunity to experience success.  In addition, staff development efforts have, in many instances, typically focused on isolated instructional behaviors such as cooperative learning, teaching to learning styles, or classroom management skills.

A primary goal for the implementation of teacher professional development programs is ultimately to improve student learning but a review of studies on the effectiveness of teacher professional development found a scarcity of evidence that links teacher professional development directly with student achievement [14].  However, the diversity of reported professional development programs represents what might be termed a “patchwork” of efforts to improve and enhance teachers’ skills and knowledge [15, 16].  Not much is known about the specific features that make a difference for student achievement. [17].  A major difficulty in demonstrating links between professional development and student achievement is the varied nature of professional development programs.  Because there are such broad ranges in setting and/or methods and the use of different or multiple trainers over different periods of time it is difficult to draw strong conclusions about the specific features that lead to effective changes in teacher practice and increased student learning [17].    

Reports on the links of professional development to student achievement have focused primarily on the type and duration of the professional development program as the primary factor, and mostly on the subject areas of science, mathematics, and language arts.  Previous studies that examined the link between professional development and classroom instructional practices used only teachers’ self-report and perceptions of their classroom practices, and no direct classroom observations of the classroom practices [14, 15, 18].  The outcomes of professional development programs – increased and enhanced teacher skills and knowledge, changes in teacher practice, changes in teacher attitudes), and finally, how the outcomes fit within the context of existing curricula and content standards are also not clear [19].  The validity of using only teacher self-reports as a measure of change of instructional classroom practice has not been addressed.

An alternative perspective on the features influencing effective professional development outcomes is provided by a CCSSO report [18], in which five features were considered: three core features (active learning, coherence, content focus), and two structural features (duration, and collective participation) :

1) Active Learning: Teachers are involved in discussion, planning, and practice,

2) Coherence: Activities are built on what they are learning and lead to more advanced work,

3) Content Focus: Content is designed to improve and enhance teachers’ knowledge and skills, 4) Duration; Professional development for teachers extend over a two-year period, and

5) Collective Participation: Teachers meet in discipline and grade level groups to discuss strategies and content, and to develop approaches that they present to their peers.

The professional development program for teachers was aligned with the factors described by [18].  The program consisted of a two week summer workshop and a one week summer workshop in the following summer. Academic year follow-up included one day workshops and in-class support by university faculty, staff and graduate students during the implementation process in the classroom and program assessment.  In addition, a peer-learning electronic community was established, for communications among teachers and university personnel, and for online professional development activities.
Teachers were provided with intensive professional development to train them in how to integrate the pre-engineering curriculum and the robotics kits into their mathematics and science instruction.  The professional development included information and hands-on experiences in the Medibotics program to enhance their STEM instruction.  The curriculum was developed as a way for students to apply classroom lessons to real-life problems.  Teachers also received instruction on how to develop standards-based lesson plans as the curricula is aligned with content standards in science and mathematics.  

4.
Medibotics Curriculum
Selected surgeries involving the robotic systems have elements of actual medical procedures.  Each surgery entails a different set of tasks and sequence of actions, requiring the development of different procedures and programs using the Mindstorms for Schools components and Robolab software. In addition, the Internet can be used to investigate the various real-world surgical applications, as well as discover the new and exciting application of robotic surgery.  The robotic surgeries developed within the project:
· Demonstrate various surgical procedures and physiological areas
· Utilize various sensors, and relating the scientific principles to these sensors

· Use common food or craft products that are easy to obtain and maintain, as well as inexpensive (avoiding meat products, nut products and the need for refrigeration)

· Enable students to understand basic programming concepts

As an example of a surgery, teachers were introduced and asked to design, construct, and program the robot to perform a heart bypass surgery.  In this surgery, the twizzlers represent blood vessels, the red (healthy), and the black (unhealthy with cholesterol).  The robot was to be designed and perform the corresponding surgery that would move the robot to the ‘blood vessel’, test it for ‘cholesterol’, and if it is healthy: leave it alone.  If the ‘blood vessel’ is unhealthy (black), the robot is to remove it and replace it with a healthy one (red).  During the summer training program, each team of teachers found many different designs and creative approaches.  Through this surgery, teachers are able to:

· Demonstrate physical forces: balanced forces, torques, and momentum.
· Demonstrate design principles.

· Demonstrate a complicated sensor: The light sensor is hard to use, but can accurately differentiate between colors.

· Demonstrate complex programming: this robot has to perform actions based on what its sensors see.
The robotic surgeries provided teachers with the opportunity to move the study of scientific concepts from the textbook and engage students in hands-on learning of such biology topics as anatomy and physiology and chemistry topics such as acids and bases, chemical processes, and properties of materials.  The construction and operation of the robot itself demonstrates applied physical concepts including motion of objects, levers, gears, forces, rotational torque, movement of the robotic arm (mechanics), principles of electricity and basic circuitry.  While principles of applied physics would apply to any of the robotic surgeries, incorporating the Medibotics curricula into the life sciences, chemistry, and physics would depend on the specific surgery and the choice of sensor.  Understanding energy including light, heat, sound, electricity, and magnetism is necessary for the use of sensors, such as the light sensor and the sound sensor, and requires knowledge of properties of light and optics, transfer of energy, and waves.  Math topics that were applicable to the robotic surgeries included:
Measurement

Geometry – angles, distance, polygons

Percent error and accuracy

Percents, comparison statements

Solving algebraic equations - variables

Teachers were able to utilize the Medibotics curriculum in many ways.  For example, one teacher augmented a life science lesson with examples of how robots could be used to enhance the study of functioning parts of the skeletal system. Comparisons were made between the joints of humans and robots and their comparative flexibility.  Students experienced both types of structure and how each performed based on its assets and limitations. Conversation with the instructor indicated that he planned to coordinate a robotic experience with each of the content areas in the school curriculum.  Another teacher modified the ninth grade general science curriculum, so that robotics had been integrated into each of the areas of earth, physical, and life science.  For example, in earth science, students programmed robots to explore the surface of Mars.  Robotic surgery was introduced as an application in the life sciences.

A workbook of support materials including background lessons, sample solutions, diagrams, building instructions and relevant STEM lessons for each of the surgeries has been developed.  The first six chapters provided an introduction to biomedical engineering and robotic surgery, and covered the basic concepts for the construction of the robot and programming.  Also included are lessons in science and mathematics that provide relevance to robotics.  Ten surgeries were included in the workbook, 7 of which were developed by participating teachers as a result of the professional development program.  A chapter on a surgery included:

· Background information on the surgery.

· Introduction to the surgery.

· The robotic “physiology” for the surgery.

· An example solution for the surgery.

· Building instructions for the base robot

· Hardware overview for sample solution.

· Sensor overview.

· Software for the sample surgery.

· Sample programming solution.

A capstone experience was integrated into the program to help determine whether the desired skills and knowledge were acquired by the teachers and the resulting impact on their classroom practices.  A traditional capstone course is an opportunity for students to demonstrate that they have achieved the goals for learning established by their educational institution and major department.  The capstone experience in the Medibotics project was designed to be a shared, culminating learning experience for the teachers, providing for learning through a self-directed, integrated, learning opportunity.  The capstone required the teachers to integrate principles, theories, and methods learned throughout the program.  Teachers needed to creatively analyze, synthesize, and evaluate learned knowledge in a project having a professional focus and communicate the results of the projects effectively at a professional entry level to their peers.  
Teachers had been shown how to perform four different robotic surgeries.  To assess how well the teachers have understood the concepts from the surgeries, teachers in teams of two, were assigned the task of creating a new surgery, using the robotic system, and then teach it to their peers.  Creating a new surgery is modeled after a capstone course (or senior project) in the engineering and engineering technology disciplines.  This could be a different surgery (or computer assisted procedure) involving the same physiological system as in the four previous surgeries, or it could a computer assisted procedure involve a new physiological system.  Surgeries were presented to their peers, who provided feedback on each surgery, including suggestions for implementation in their own classrooms.  Previously specified professional development learning objectives for teachers were applied to the teacher developed surgeries to assess their achievement of expected learning outcomes as a result of the training program.

The capstone experience in the Medibotics project fulfilled its goal as a culminating learning experience for the teachers, as it required the teachers to integrate principles, theories, and methods learned during professional development.  As a summative tool, it provided the opportunity to evaluate teacher learning at the end of the project, as it allowed program staff to draw conclusions from teacher performance regarding the level of knowledge acquired in the professional training.  The surgery presentations were reviewed from the perspective of the above performance objectives, which the teachers were expected to achieve through participation in the professional development program.  The teachers rose to the challenge to become independent learners, and perform at higher level learning by forcing them to engage in analysis, synthesis and evaluation of past learning and apply it to new experiences.  For the most part, the teachers were able to demonstrate that they could apply the acquired skills and knowledge from the training program and serve as an instrument for the assessment of teacher outcomes that resulted from the professional development program.

5.
Evaluation
Assessment of the Medibotics project was multi-faceted, examining impact upon classroom practices as well as on the skills and knowledge acquired by the teachers as a result of the professional development program.  Impact included a Concerns-Based Questionnaire [20] that examined teachers’ concerns implementing new innovations, teachers’ readiness to teach, and changes in attitude towards and knowledge of engineering of teachers and their students.  Teachers’ attitudes toward engineering, their knowledge of careers in engineering and the information they had to help students interested in studying engineering increased as a result of participating in the Medibotics program [21].  Students’ attitudes toward engineering, their knowledge of careers in engineering and their self-efficacy for engineering type skills increased significantly from the beginning to the end of the school year.  Although poor teacher compliance resulted in a small sample the current results are encouraging.  Changes in teacher accountability are being made for the second year of the program and another evaluation will be conducted next year.

Teachers’ concerns about integrating the pre-engineering curricula into their classrooms using robotics were measured using The Teachers’ Concerns Questionnaire (TCQ) adapted from the Concerns Based Assessment Model (CBAM).  Repeated administrations of the TCQ are used to identify teachers’ concerns and track changes in their concerns as they engage in educational reforms, focusing on how they progress through seven stages of concern: Awareness, informational, personal, management, consequences, collaboration and refocusing.  At the end of their training program teachers completed an 18 item Readiness to Teach Questionnaire (RTQ).  The RTQ requires teachers to indicate how ready they feel they are to teach lessons on the topics from their particular workshop on a scale from 1 to 4 where 1=“I would have to start from scratch”, 2=“I would need more training to teach this topic”, 3=“I would have to look at my notes to do this“, and 4=”I can teach a lesson on this topic tomorrow”.  For example, one item asks ‘How ready are you to teach integrating sound sensors into robot designs?’

With regard to the Teachers’ Concerns Questionnaire, the analysis indicated that initially, before the program, teachers’ concerns focused on increasing their awareness of engineering topics and gathering information about using robotics in their classroom and their concerns did not change before the first day of the program.  By the end of the summer program the teachers’ concerns had begun shifting toward whether the new curriculum would help their students learn math and/or science, expressing fewer personal and management concerns about the time commitments required to implement the new curriculum.  Analysis of the responses from the teachers who had implemented the robotics curricula in their classrooms indicted that they had entered the consequences stage where teachers begin to think more about the impact the program is having on their students and were beginning to think about how they could collaborate with other teachers.

Teachers completed the Readiness to Teach at the end of the summer program.  Average scores ranged from 3.1 to 3.4.  A majority of the responses indicated 3=‘I would have to look at my notes’.   Only one teacher gave any responses that indicated 1=‘I would have to start from scratch’.  Less than 25% of the responses indicated 2=‘I would need more training to teach this topic’.  For many items, at least 50% of the teachers indicated 4=‘I can teach a lesson on this topic tomorrow.’ 

6.
Conclusion: Going Virtual
While the Medibotics program was very successful in training 60 local teachers, we have received numerous requests, including many through LEGO Education, to deliver the curriculum materials developed through Medibotics to audiences outside the commuting distance of our university. There are significant challenges in trying to duplicate the delivery of the professional development program in order to reach a nationwide audience of teachers.  Foundation support is allowing us to initiate a scale-up project which is based on creating a virtual teaching platform, involving distance learning of the original material via short videos based utilizing the concept of learning objects, a method of self-assessment by the teachers, discussion groups, and a mechanism to create a capstone experience, in which the teachers will create a simulated robotic surgery on their own.  This virtual teaching platform will allow us to take a successful program, which by virtue of its delivery method was limited geographically, and expand the Medibotics training nationwide.  We are going to implement this program in three phases, where we will evaluate the effectiveness on the teacher’s ability to incorporate this material into the STEM areas during the first two phases, and then launch this system nationwide during Phase III. 
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