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Abstract— The Arts & Bots Math and Science Partnership
program integrates creative technological fluency projects as
transdisciplinary activities into non-technical courses, creating a
pathway for students of all abilities and areas of interests to
engage with engineering and computing. The Professional
Development provided by the program prepares teachers from
traditional disciplines, such as English, History or Science, to
integrate robotics projects into disciplinary classrooms, and aims
to promote teacher skill, confidence, and self-efficacy in the
design and classroom implementation of robotics design projects.

The Arts & Bots project has developed and piloted a new
program for in-service secondary school teachers. To date, we
have trained 38 teachers from a variety of disciplines to
implement Arts & Bots robotics design projects in their
classrooms. Teacher training integrates experience with robotics
kit components, a programming interface, the engineering design
process, and recognition of student affinities towards engineering
and computer science. We present the development model for
our teacher training program as well as preliminary positive
results regarding teacher practice and self-efficacy. Data includes
teacher surveys, interviews, and class observations. Teacher
training has developed over the course of several years, and we
discuss how teacher experiences have shaped the development of
the program to its current form.

Keywords— educational robotics; transdisciplinary; middle
school; teacher professional development

. INTRODUCTION

In order to succeed on both a professional and collegiate
level in the 21st century, students must become technologically
fluent. Preparing a diverse population of students to be
technologically fluent citizens is an important goal with much
potential societal benefit, but one which is not adequately
addressed within many United States middle schools. As
engineering, computational thinking, and technology
development are not integrated into traditional K-12 teacher
training programs in the United States, a new pathway must be
developed to prepare teachers from traditional disciplines, such
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Development

as English, History or Science, for the inclusion of engineering
and computational activities in the classroom. In this paper,
we report on a Professional Development (PD) model which is
designed to prepare teachers to integrate robotics projects into
disciplinary classrooms, and aims to promote teacher skill,
confidence, and self-efficacy in the development and
classroom implementation of robotics design projects. The PD
model presented in this paper is an extension of previous work
described below.

Il. ARTS & BOTS OVERVIEW

Arts & Bots is a transdisciplinary project which integrates
technology into non-technical disciplines. Students combine
robotics hardware, a visual programming environment, and
craft and found materials to design and build their own robotic
sculptures. The robotics components used in the project come
from the Hummingbird robotics kit, which is comprised of
materials such as the Hummingbird microcontroller board, tri-
color LEDs, servos, motors, and sensors. Students program
their projects using a visual programming environment [1].

The primary goal for Arts & Bots is promoting
technological fluency for all students, including both students
intimidated by technology and minorities typically
underrepresented in computing and engineering fields, such as



girls, students from diverse ethnic and cultural backgrounds,
and low socioeconomic status. To address this shortcoming,
the Arts & Bots Math and Science Partnership (MSP) program
is integrating creative technological fluency projects as
transdisciplinary activities into non-technical courses. By
integrating robotics activities into core required courses such as
English and Social Studies, we create a pathway for students of
all abilities and areas of interest to engage with engineering and
computing. We present Arts & Bots as a tool which can be
used in service of learning goals and standards beyond
technology so that teachers can fit it into their curriculum
without sacrificing the learning goals of their class. Arts &
Bots has a low barrier to entry both for teachers and students
yet retains authenticity through the use of real world
components. Earlier publications on the Arts & Bots program
describe: the development of the Arts & Bots programming
environment [1], student outcomes prior to 2013 [2], styles of
teacher integration into disciplinary content [3], student talent
identification methods [4], two case studies of class projects
[5], the development of our evaluation tools [6], and the
teacher training methods as developed prior to 2013 [7]. This
paper documents our changes to those training methods and the
development of our latest PD model since 2013.

I1l. RELATED WORKS

Prior and ongoing research efforts have investigated the
best practices for K-12 teacher training both at an
undergraduate level for pre-service teachers and beyond as
professional development (PD) for in-service teachers.
Desimone [8] determined that there are five critical
components of effective professional development: Content
Focus, Active Learning, Coherence, Duration, and Collective
Participation. The training must be focused on concepts
applicable to the teachers’ content areas and feature active
learning activities, as opposed to just passive learning such as a
traditional lecture format. The instruction must be coherent
with the teacher’s existing knowledge, experience, and beliefs.
Professional development must also be of adequate duration to
have the most potential benefit, at least 20 hours of instruction.
Finally Desimone also found that teachers benefited most from
attending with their peers through collective participation. This
includes multiple educators attending from the same school,
grade level or department.

Martin et al. [9] saw connections between features of high
fidelity teacher professional development and students
outcomes. The primary features of high fidelity professional
development, i.e. professional development closely matched to
program goals, framed by this research were: modeling
instruction, community building, technology utilization,
connection to practice, and inquiry-based learning. Modeling
instruction involves the professional development being
conducted using the same instructional methods that are
expected to be used for student instruction. The PD should be
conducted in a way that encourages and supports teacher
collaboration. The PD instruction uses the technology being
presented both to support the PD and the technology is used by
teachers while completing activities during the PD. The PD
instructors and the teachers make connection to the teachers’
practice. Finally, the PD incorporates inquiry based activities

like planning inquiry; and gathering, analyzing, and presenting
data. They found that modelling practice was a strong predictor
of lesson plan quality and that all of the factors of high fidelity
PD were correlated with higher student test scores.

Other research efforts have sought to develop models to
bring computer science training to K-12 teachers. Cortina and
Trahan [10] lead five day computer science workshops for
teachers in 2009, 2010, 2011 and 2012 to a total of
approximately 240 teachers and saw increases in teacher self-
reported ability to teach the computer science content of the
work and self-reported integration of the content into their
courses. Zhou et al. [11] designed robotics oriented
professional development which focused on helping teachers,
already using robotics in extracurricular clubs, to integrate
robotics lessons into interdisciplinary classroom curriculum.
Martin et al. [12] designed and studied a six week training
workshop on design engineering for math and science teachers,
which consisted of a four major units: vehicle design, reverse
engineering and product redesign, robotics, and a final design
capstone. Through this design-based instruction training
workshop, the authors saw improvements in the teachers’
design engineering factual knowledge and problem solving
ability, and teachers’ adaptive beliefs about engineering
content and engineering design; however they did not see
changes in teachers’ beliefs about how engineering is learned.

I\VV. METHODS

An evaluation of teacher implementation was conducted
during the 2014-2015 school year. As part of this broader
study, we collected data about professional development from
15 participating teachers, from a variety of disciplinary
backgrounds, via interviews and surveys designed to capture
teachers’ reflections about their experience with Arts & Bots
professional development, school-based support, and teachers
sense of efficacy. Table 1 provides further detail about
instrumentation. Baseline survey data were collected prior to
teachers’ first PD experience, log data were collected multiple
times during each teacher’s implementation, and final survey
and interview data were collected at the conclusion of each
teacher’s Arts & Bots implementation.

V. EVOLUTION OF PROFESSIONAL DEVELOPMENT

This paper presents the development model for our teacher
training program. Teacher training was based on our previous
work [7] and was further refined over the course of this three-
year project. We discuss how teacher feedback has shaped the
development of the program to its current form.

A. Prior Work

In order to shift the focus of Arts & Bots from an out-of-
school project to an in-school program, we worked closely
with two middle school teachers via a summer residency
followed by piloting in their schools. We followed these pilots
by offering a one-week graduate-level course to teachers. The
course prepared teachers to use Arts & Bots in their
classrooms, and the ideas developed by teachers during the
course expanded the range of curricula available for Arts &
Bots [7]. We conducted a study of the resulting class



TABLE I. INSTRUMENTATION

Data Collected
Teacher demographics

Instrument

Baseline survey -
Sense of Efficacy (2 subscales)

Classroom characteristics

Teacher use of Arts and Bots
materials/technology

Teacher perceptions of implementation
successes and challenges

Teacher perceptions of student work and
talent

Teacher Perceptions of contributions of
Arts & Bots to their instruction and to
student learning — disciplinary,
technology, and talent goals
Retrospective teacher perception of
contributions of PD

Sense of Efficacy (same subscale items
as baseline)

Probes of teacher response in logs and on
our final survey (including explicit
questions about PD benefits and ongoing
needs)

Level and type of robot integration with
disciplinary activities

Teacher interactions with students

implementations carried out by some of these teachers [2]. We
also took the most essential elements of the course and distilled
them into a four-hour workshop. We offered this workshop 12
times to a total of 184 educators over 2 years as one way to
disseminate Arts & Bots. A more in-depth discussion of these
various collaborations with teachers is available in [7].

Implementation Log

Final Survey

Interview

Observations

Several key features of a successful creative technology
professional development came from this work [7]. Teachers
should have hands on experience with the task their students
will be performing, namely designing and building a robot
from craft materials and robotics components, in order to
accurately gauge project difficulty and find the gaps in their
own knowledge of the system, while informing their
assessment strategies and requirements. Educators needed to
understand how their robots would operate before they

Fig. 2 Trainer guiding teacher through hardware exploration

constructed them, thus experience with the programming
language and components was a prerequisite to robot
construction. Finally, conducting PD on school equipment
gives educators foresight into the preparations required to
implement a technology intervention in their classrooms.

While the full week graduate course fully prepared
teachers, it required more time than schools could spare.
Alternatively, the short 4-hour workshop provided decent
technical preparation for many educators, but did not provide
specific time for curricular planning or talent identification.
Additionally, the short training time period did not
accommodate educators working at a slower pace. Therefore,
they may not feel completely confident in all aspects of both
the hardware and software. Below we describe in detail the
changes we made to our existing 4 hours, 2012 PD model to
arrive at our 2016 one to two day PD model.

B. Goals of the 2013 to 2016 Program

In 2013, one common theme of anecdotal feedback
received from teachers was self-reported increased awareness
of student talents in engineering and computer science domains
[4]. We decided to build on and refine this unexpected finding,
motivating the adaptation of the Arts & Bots program to help
teachers identify student talent. Therefore, we needed all
teachers in the cohort to leave PD feeling ready and prepared to
implement Arts & Bots in their classroom and to identify
student talent.

The three main goals of this project include:

e They must leave PD feeling ready to instruct and
support their students in the technical details of both
hardware and software.

e They must understand the student talents we hoped they
would identify through the project;

e They should leave with a plan for instruction.

C. 2012 Training Model

In 2013 teachers received PD based on prior work, but with
a few adaptations. For example in our previous workshops, we
introduced teachers to the hardware of the Hummingbird kit
via a detailed, passive-learning lecture. This was followed by
an introduction to the CREATE Lab Visual programmer,
followed by directed practice with the programming software.
We observed that in class, teachers did not have time to do a
specific introduction of the hardware and often used an online
video tutorial to introduce the software. Since Arts & Bots is
integrated into non-technical courses, detailed knowledge and
understanding of the hardware components is not a priority
learning goal of best practice projects. Teachers however do
need to have enough background to feel confident teaching the
material. We altered the structure of the hardware and software
instruction to integrate direction and practice throughout the
session, thus allowing teachers to practice using the hardware
and software simultaneously during an active learning activity
as suggested by Desomine [8]. Teachers also hear about each
component in terms of how it will be used by their students.
Additional changes included time to work on curriculum and
training on student talent identification.



1) Formative Evaluation of the 2013 Model

After their 2014-2015 school year implementations,
teachers were surveyed and interviewed. Both survey and
interview results suggest that teachers felt positively about their
experiences implementing Arts & Bots in disciplinary
classrooms. Results also suggested three areas in which PD
could be further enhanced: building and programming,
integrating robotics into class content, and talent identification.

On a scale of 1 to 5 (with 1 indicating “not at all prepared”
and 5 indicating “extensively” prepared) teachers reported
feeling moderately prepared for building and programming
robots (rating of 3.68 out of 5), although the majority of
teachers also felt they would benefit from additional training in
this area. Specifically, these teachers called out building,
programming, sensors, and sequencing as elements they would
like more practice with, both to increase their own comfort and
to enable them to troubleshoot/answer questions from students.
These teachers also emphasized the importance of allowing
adequate time for practice to increase familiarity with the
equipment. As one teacher stated, “I would suggest to teachers
who plan to do this that they take a hummingbird kit home, or
spend time to make sure they build their own robot, and stretch
themselves. It’s hard to teach something that you don’t know
yourself.” A few teachers with a more substantial technology
background said they would like to learn more about using
Scratch and other advanced languages with Arts & Bots, in
order to be able to provide differentiated instruction to
advanced students.

Teachers reported feeling moderately prepared to integrate
robotics into their class content (rating of 3.5), but also felt
they would benefit from additional training in this area. Some
teachers suggested adding more explicit integration activities
into the PD. They asked for specific help writing Arts & Bots
lesson plans, thinking through how to implement Arts & Bots
within their disciplines, and identifying content that would be
amenable to Arts & Bots integration. Some teachers also asked
sample lessons be provided so they would have models of how
an integrated lesson might be constructed. Two teachers
expressed interest in collaborating with other Arts & Bots
teachers in their school to further increase their skills. One of
these teachers expressed a specific interest in learning from
others’ pedagogy, commenting: “I always struggle with how
much | need to directly involve myself in the student projects. |
take an active role, but I'm not sure if | need to suggest more,
guide more, intervene more...I'd like to assess my own
implementation in comparison/contrast with some peers”.

Talent identification was the third area in which teachers
requested additional support. Teachers reported feeling
somewhat less prepared to identify and cultivate student talent
(rating of 3.18), and requested additional preparation with the
talent inventories, more examples of talent behavior, and
discussions of how to keep students invested in the program.

D. 2015 Training Model

1) Changes to Technology Instruction

If teachers are expected to lead a technology project in their
class, they must of course have adequate instruction in the
technology themselves. We have used several strategies to

establish this strong foundation in a time efficient manner.
Specific changes made as a result of teacher feedback are
described below.

a) Supporting Synchronization

A challenge reported by students was including audio
recordings in their programs. For example, students would
recite the poem to be represented by their robot, create an audio
recording, and include the audio clips in the program they
wrote for the robot. Getting the robot’s actions to line up with
the correct part of the recording required careful attention to
timing in the program. Students struggled with this detail. We
wanted to give teachers practice completing this same task
while offering potential classroom strategies for making it
easier. We selected Martin and Carle’s children’s book,
“Brown Bear Brown Bear What Do You See?” [13], as a
simple story that lends itself well to the robotic components in
our kit, namely tri-color LEDs. Teachers are tasked with
recording the first several pages of the story and programming
an LED to change colors to match the color of each animal
mentioned in the story. We use this activity as the initial
introduction and practice creating sequences. We follow a
detailed step-by-step script so that all technology concepts are
covered. By focusing on a more difficult task that encompasses
a simple, basic programming requirement, we accomplish
more in one professional development section because the
simple part no longer requires extra time. Teachers receive a
copy of the script so that they may use it in their own classes if
they choose.

b) Sensor Integration

Another change in the order and focus of our PD, was to
introduce complex topics such as sensors much earlier.
Previously, we had approached the training, by beginning with
the basics and progressing through more and more complex
topics, ending with adding sensors into the programmed
sequences. Consequently, we observed that in many class
implementations, students either used no sensors, or only
superficially used sensors in their projects. For example, a
distance sensor might be used to trigger the start of the
program when the student placed their hand near the sensor.
This type of sensor use is in part due to the nature of class
projects, often telling a story (e.g. a scene from Romeo and
Juliet) or demonstrating a concept via creation of a model (e.g.
a model arm or a model of the Parthenon). Sensors are not
required to do these tasks, however we would like to be sure
that teachers can support more integrated sensor use if desired
and that means scheduling more time or creating various tasks
for teachers to familiarize themselves with the process. For
example, talented students can be challenged to create an
interactive robotic sculpture as a means of differentiated
instruction within the Arts & Bots project. Additionally, sensor
integration has the ability to manipulate sequence and
expression timing, allowing for more complex and refined
programming.

To address this issue, we introduced a new programming
activity, the Parking Assistant Challenge. Teachers must make
a parking warning light to help people park their cars. They
program an LED light to go from off, to green, to yellow, to
red as the distance sensor detects closer and closer objects. As



an introductory programming environment, The CREATE Lab
Visual Programmer does not have many complex
programming structures [1]. This task requires the programmer
to practice with one of the more complex structures in the
programming environment and challenges them to think
innovatively and creatively.

These activities were developed to address some of the
pitfalls in a constructivist oriented Arts & Bots project. By
teaching through scaffolded activities and encouraging teachers
to use the activities in the classroom, we not only teach them
the skills required to implement a successful Arts & Bots
project, but also scaffold their classroom scaffolding process.
Additional worksheets detailing step-by-step instructions for
troubleshooting and concept diagrams for avoiding common
misconceptions were also made available.

2) Recognizing Student Talents

A newly developed piece of the Arts & Bots program is
training for teachers to help them recognize student talents in
computational thinking and engineering design. Computational
thinking (CT) is a way of solving problems using methods
from computing and computer science such as algorithms and
logic [14] [15]. CT exercises students’ skills in handling
complexity, ambiguity, and open-ended problems; persistence
in working with difficult problems; and communicating and
working with others to achieve a common goal [15].
Engineering design is the process of developing a concrete
solution for an ill-defined problem within technical feasibility
constraints [16] [17]. Design develops students’ skills in real
world problem solving, synthesizing new thoughts and
concepts, and communicating mental imagery through
graphical representations [16]. Because our target educators do
not primarily come from a technology background, a goal of
the PD is to introduce them to these concepts.

We break CT and ED talents down into several categories,
described in detail in [4]. We provide teachers with several
resources to guide them: detailed talent component definitions,
practical examples of how the individual components of talent
could be expressed by students, summary talent definitions for
quick reference, and slides with photos of student created Arts
& Bots projects demonstrating various aspects of the talent
definitions. Because there is a lot of material to cover, we
approach this portion of the PD with a pair and share activity.
Teachers work in pairs or small groups to review the printed
material and share their understanding of the various
components with the larger group. We provide clarification or
additional detail throughout the “share” portion of the
discussion. We provide a variety of support materials to
teachers including a student design notebook. The design
notebook walks students through the steps in the design
process and serves a scaffold for engineering design.

As a result of teacher feedback in initial PD rounds that
they still desired more training on talent identification, we have
added an additional discussion centered photos of example
student robots. The photos demonstrate various levels of talent
expression and provide an opportunity to critique sample
student work from the viewpoint of engineering design and
computational thinking.

3) Teacher-to-Teacher Collaboration

Across both districts participating in the project, we
frequently saw teachers co-teaching Arts & Bots projects in
pairs. This allowed more experienced or more confident
teachers to support less confident teachers while they
developed their technology skills.

Teachers also benefitted from the opportunity to discuss
curricular integration ideas, as well as practical project
implementation  considerations (ex: time management,
computer set up, equipment management) with their peers. The
PD serves as a space for this collaboration to take place.

One way to enhance these collaborations is by engaging
teams or cohorts of teachers with the project together. We
found teachers to be most likely to follow through on projects
if a cohort from a school all attend the same workshop and
make plans together. In contrast, the problem we saw with the
older, half day, public workshop model was that a single
teacher or educator from a school or organization would come
and not have a network of local peers for support. This causes
that teacher to have more hurdles to implementation to face
alone. It is helpful if the teams have a spectrum of members of
school infrastructure such as teachers, technical specialists,
principals, and curriculum directors. The more buy in and
diversity of support available at the school the better.

Teachers do not always have the opportunity to work with
more experienced educators in person. For this reason, we
created a teacher “tip sheet” with an ever evolving list of
recommendations for implementation tips from the project
teachers and researchers to help share ideas between
organizations. Teacher provided tips are collected from teacher
interviews, surveys, and class observations. The tip sheet
covers topics including: choosing a project topic and designing
a project, setting up classrooms, tools and equipment
considerations, making student teams, running research, and
debugging hardware and software issues

Another observation came from talking with teachers about
the other Arts & Bots projects in the school. We discovered
that even in a small school, the teachers have very limited
opportunities for communicating with their peers about classes
and students. In many schools, the only open discussion time
that teachers have is during their 30 minute lunch break when
they get to talk with the teachers that have the same lunch time.
As we talked with teachers, we observed that they were very
interested to hear about the Arts & Bots projects that other
teachers were running in the same school. The ideas and
solutions that those other teachers had developed were of great
interest and clearly were not being naturally shared across the
school. In an interview, an 8th Grade English teacher expressed
a need for more inter-teacher curricular collaboration time
saying, “So if we had more time afterwards, ..., | think it
would be beneficial to also be talking with other English
teachers, other language arts teachers, to kind of bounce ideas
off of each other, especially other teachers that have done Arts
& Bots...”. By bringing teachers together for initial PD, as
well as follow up sessions, and integrating community building
exercises and discussions into PD, teachers had the time to
share and reflect with their peers.



4) Curricular Plan

A key goal of the PD is that teachers leave with a concrete
plan for implementation. Our earlier workshop focused on
hardware and software training, with inspiration for curricular
integration provided by example projects from pilot teachers.
In the new PD schedule we wanted to give teachers dedicated
time to focus on their curriculum plans. Teachers frequently do
not have a lot of time to do planning during the regular school
week. Giving them time to plan in the workshop supported by
peers and experts helps them develop concepts faster and
receive feedback. We combined our older workshop with
materials developed by our partners from the school of
education at Marshall University. Activities included
brainstorming about the content areas students struggle with
and sharing ideas with peers for feedback. These activities are
designed to help teachers identify topic areas that would
benefit from the addition of an Arts & Bots activity.

Teachers have noted the difficulty inherent in determining
the balance between disciplinary and technical goals in the
classroom and between constructivist and direct instruction
approaches. Some teachers emphasize the technology goals.
Rather than providing a specific integration tasks appropriate
to their content area, they allow students to create any robotic
structure and commit a great deal of class time to direct
instruction on technology skills and knowledge goals. Other
teachers take the opposite, more constructivist, approach,
spending no more than a few minutes providing direct
instruction on the hardware and showing the software videos
when necessary, and then focus class time on the integration of
content goals with student projects. This approach may be
successful with some advanced students (or students with
existing technology skills) to succeed with, but might be
unsuitable, unsuccessful, or frustrating for complete novices
(who are a target demographic for the program). Ideally, there
would be a balance between these constructivist approaches
and direct instruction. The constructivist approach allows for
more exploration time, fostering deep and engaging hands-on
interactions with the hardware and software. However, the lack
of strict structure could consume class time and cause students
to develop misconceptions about the equipment and their
abilities. We recognize that technology and engineering design
are not the teachers’ fields of expertise. In order to help
teachers provide a suitable amount of direct instruction in these
areas, we provide tools for scaffolding student work such as a
student design packet and related worksheets. We encourage
teachers to integrate these tools into their curricular plans.

Another factor in selecting a project topic is equipment
scheduling. Where the project falls within the semester affects
the class topic with respect to continuity of ideas, concepts, and
class themes. One challenge to easy scheduling is when
equipment is shared across teachers in the district. Sharing
equipment is a nice way to reduce costs but care should be
taken to provide adequate schedule management. We found
that if teachers within the district plan to share equipment, it is
essential that all teachers can agree on a schedule during the
curriculum planning phase. This is especially critical in
programs like Arts & Bots where the technology can be
adapted to complement the disciplinary topic being studied.
When teachers were uncertain when they would have access to

equipment, either due to delays in equipment acquisition or
because of an uncertain sharing schedule, they had a very hard
time developing their curriculum plans.

Alternatively, when sharing equipment across multiple
schools, project planning depends upon when the school and
teacher can actually acquire the kit. That is, rather than
determining which topic would work best for this project
within the scope of a year, teachers consider how it would best
integrate during the 1-3 months their school will have the
equipment.

From both a research and instruction perspective, it is
immensely helpful for the teachers to be able to schedule their
Arts & Bots implementations with respect to their year long or
semester long plans. It allows teachers to have a more seamless
integration into their curricula. If the project is scheduled with
intention, the class content is more inherent [3]. As researchers,
we are notified when to follow up and ensure that the proper
research documents and procedures are in place.
Administrators can more easily organize materials and ensure
that all other resources are prepared in advance.

5) Extra considerations

In addition to the basic knowledge to teach the class and a
curriculum to teach, there are several other considerations that
can lead to either a challenging or successful implementation.
We describe some of the considerations that arose through the
piloting process in the hope that others implementing
technology pilots can benefit.

Additional considerations stem from the scope with which
multiple teachers have implemented Arts & Bots at their school
districts. In one district, students often enter a class having
completed an Arts & Bots project three or four times. If a
teacher is new to Arts & Bots, or if this is their first
implementation, they need to address and prepare for the fact
that students, through their increased familiarity, may ask
questions beyond the teacher’s experience and skill. Schools
have coped with this imbalance in difference ways. For
instance, one district initiated the program using a gifted
support teacher as the primary Arts & Bots catalyst. She
accompanies other teachers during their implementations,
providing insight and guidance. A 7th Grade English teacher
expressed her gratitude in a teacher interview saying,
“Sometimes I just feel like I don’t know what I’m supposed to
say to them. But | told them, too. | was like, | just made this
robot for the first time ever. You guys have probably done this
more than me. So I will help you in any way I can, but I'm
probably not going to know all your answers. But luckily, we
have [...] and she’s going to help us.”. This teacher is not alone
in her feeling of relief. A 6th Grade Social Studies teacher
expressed a similar feeling: “...the first year, [...] was down
here, and helped. That was really nice. And probably
imperative, really, on my part, because I knew some, but didn’t
feel as comfortable with it.”.

Another factor in holding a successful PD is scheduling of
the PD itself. We found that school in-service days only
worked if teachers could be guaranteed not to have other
obligations. It was sometimes the case that the district or state
would mandate certain training requirements that teachers must
meet on these days, sometimes at the last minute, leaving



teachers without the required availability. Multiple short after
school sessions was another option we experimented with. This
worked if the group of teachers was small enough such that
schedules could be coordinated. However many teachers
organize clubs or sports so scheduling became a challenge as
the size of the group grew. Setting aside a day or two in the
weeks leading up to the start of school in the fall was a fairly
successful strategy. Dates closer to the start of school were
easier for teachers to attend in general because they were
finished with vacations and other obligations as they prepared
to return to school. As much as possible scheduling these days
in advance improved attendance but could be a challenge when
school schedules were not yet fixed. Providing teacher
incentives (such as PD credit from the state or district, or the
ability to skip other PD days) for PD outside of the school day
helped attendance. Days when the school could provide
substitutes thus allowing PD to take place during the normal
school hours were very successful. Building funds into the
research grant budget to allow for adequate substitutes can
make this type of PD possible.

However, there were times when a teacher could not attend
a scheduled professional development session. So a one day,
one on one session was scheduled instead. During these
sessions, the researcher would review the same materials and
the teacher would participate in the same software and
hardware practice activities as the other two day sessions. The
individualized attention allowed for a faster paced professional
development, while still thoroughly covering the necessities.
However, teachers who participated in the one-on-one training
session do not experience the additional benefit of teacher-
teacher collaboration. We hope that teachers who do receive
individual PD work with teachers that have done multiple
implementations. Interview data indicates that this is true,
having several teachers cite the help of a more experienced
teacher as a contributing factor to the success of their
implementation.

Several teachers have implemented multiple projects.
Because of their prolonged involvement, they have attended
several PD sessions. Often, these sessions act as a refresher;
teachers are reminded of the project goals, talent definitions,
and the software and hardware capabilities. If a PD session is
primarily repeat teachers, we often place a greater emphasis on
talent identification, spending time reviewing past projects and
discussing how to assess them.

Additionally, teachers use these repeat sessions as a time to
refresh their perspective on their own project and methods. An
8th grade English teacher commented, “I have such tunnel
vision in my project myself, that | think of, this is what they
look like. But when I went to a workshop, | saw different, like
robotics sculptures and things made. It’s like, I never would
have thought. ... how are other people using it? And maybe
that would even adjust how | would change mine. Like oh,
okay. We’ve done this a few times, but maybe we could try
representing it in a different way.”. The teacher to teacher
communication time as well as the discussion of past projects
expands one’s thinking on their own project.

Outside of the PD sessions, teachers express the importance
and benefits of practice and repeat exposure. Even teachers that

have only attended one professional development session have
expressed wanting more review time. During a teacher
interview, a 7th grade English teacher noted the importance of
revisiting these techniques and technology saying, “I would
like to just make my own [robot] again, to be honest, or just,
maybe not make a, like the whole box, but the programming of
it. Like the creative part, | could probably be fine with, but the
actual programming, that definitely wouldn’t hurt to have like
a refresher...I think it’s just me doing it more than once. I only
really did it once, and so | forget, and then eventually I’1l get it
the more I do it, but I’'m one of those people who has to like
keep doing it, or I’1l forget, like my grandma with a computer,
or the mouse. You know what | mean? She has to do it every
day.”.

VI. RESULTS

Overall, teachers saw Arts & Bots as beneficial to their
teaching, with 100% of this cohort indicating that it enhanced
their teaching. As one teacher described the experience
“...creating something from scratch to move and demonstrate
understanding...was a unique opportunity. I don’t think I
would have been able to do what I did with anything else but
the robots.” [3].

In addition, we collected longitudinal data of teacher self-
efficacy to understand the extent to which teachers felt
comfortable with, and were able to persist in the face of, the
challenges associated with integrating a robotics curriculum
into core middle school subjects. Such characteristics are
indicative of a strong sense of efficacy [18] [19]. Teacher
efficacy data was collected using a modified version of the
Math Teaching Efficacy Beliefs Inventory (MTEBI). The
MTEBI is a 21-item scale designed to measure mathematics
teaching efficacy beliefs [20]). These items are divided into
two subscales: Personal Mathematics Teaching Efficacy
(PMTE) and Mathematics Teaching Outcome Expectancy
(MTOE). Previous research conducted by Enochs, Smith, and
Huinker [18] suggests that, of the 21 items, 13 items contribute
to the measurement of PMTE and 8 items load onto MTOE.
We modified the PMTE items by replacing the word
mathematics with robotics and the MTOE items by replacing
the word mathematics with computer science/technology. For
clarity, we will continue to refer to the subscales using the
same acronyms (PMTE and MTOE) as the instrument’s
authors. Self-efficacy data were collected prior to PD, and
after classroom implementation. Some teachers have remained
with the project for several years and, thus, completed a post
survey multiple times. For consistency, we used post-scores
from the surveys completed after each teacher’s final
implementation.

Analyses for the Personal Mathematics Teacher Efficacy
subscale showed a significant effect of time on pre to post
scores, (t(14) =2.234, p < .042). For Mathematics Teacher
Outcomes Expectancy subscale there was no significant effect
of time on scores. Given the small number of teachers and the
exploratory nature of this project, we do not make any efficacy
claims beyond what we see in this teacher group. However, for
this cohort, we see that participating teachers’ sense of personal
teaching efficacy (their confidence in their own teaching
abilities) grew while participating in the project and employing



Arts & Bots within their classes. We acknowledge there may
have been other things that occurred during this time period
that contributed to this growth, and we are now investigating
how the number of follow-up professional development
activities, the supports within a school, and the number and
type of implementations influence teachers’ sense of efficacy.
We also note that participants’ sense of their teaching
outcomes expectancy did not change.

Data from the current project year (still in process) will
enable us to learn more about the successes and challenges that
teachers experience when integrating engineering and
computational thinking activities through Arts & Bots, and
whether, over time, this has some influence on their sense of
efficacy.

VIl. SUMMARY

Teacher training integrates experience with the robotics kit
components, a programming interface, the engineering design
process, and student computer science and engineering affinity
recognition. Our goal for PD is to prepare non-technical
teachers to implement Arts & Bots in a meaningful way within
their curriculum and thus be able to identify student
engineering and computing talents. Based on teacher feedback,
we modified the PD to better prepare teachers for the more
challenging aspects of Arts & Bots, such as complete sensor
integration and complex programming structures. Key features
of our revised PD include: new hands-on activities focused on
the most challenging aspects of Arts & Bots technology, such
as audio integration and sensor use; training for teachers on
engineering design and computational thinking, exploring how
student talents in these areas might be expressed through Arts
& Bots; emphasis on teacher-to-teacher collaboration and
discussion time; and dedicated time for curriculum
development and to plan for their implementation.

Our revised PD as described above has much in common
with the PD recommendations of Desimone [8] and Martin [9].
The PD is focused on content and connected to teacher
practice. We model instruction, having teachers participate in
active learning activities utilizing the technology they will
actually be teaching. As much as possible, we encourage
collective participation and community building within PD.

VIIl.FUTURE DIRECTIONS

Several teachers expressed difficulty in developing
assessment methods for the robotics component of their
implementation as well as the implementations at large. This
may be because many teachers in traditional disciplines, such
as math, science, or socials studies, are used to teaching
concepts that have singular correct facts, common defining
features of success, and skills which follow explicit sets of
steps. In contrast, in computer science, design, or engineering,
there are often many excellent solutions, methods, and paths
possible for students which can meet the criteria for good
designs and solutions. The process of designing goals,
assessments, and rubrics for encouraging these open-ended
experiences might be unfamiliar to many K-12 teachers. While
a few teachers who have completed several implementations
do have a rubric with which they assess student work, a

standard or universal rubric that can be altered to fit teacher
implementations does not exist. In the future, we can add
sections in the PD session to discuss rubrics, providing
examples of successful or useful rubrics. Additionally, teachers
have requested a greater emphasis or additional time on
curriculum development.

Many teachers discussed the importance of their students
developing “soft” skills, sometimes classified as 21st Century
Skills [21], as one of their primary motivators for engaging in
the Arts & Bots project. Time management and teamwork
skills were particularly noted by teachers. Students similarly
expressed that they valued the teamwork aspects of the project
when responding to the survey question “What was the best
thing that you learned?” This common theme was
unexpectedly prominent and highlighted a highly valued aspect
of the project that was neither part of the formal program goals
or addressed in the current model of professional development.
As many of our teachers come from disciplines where large
scale team design projects are less common, not all teachers
implemented best practices for supporting the development of
good teamwork and time management skills. Thus in the
future, we intend to develop new instructional goals around the
development of these skills, as well as curricular materials and
the supporting teacher training activities.

Other teacher training research programs [8] [9] have
identified the importance of building teacher communities
through collective participation when considering the
effectiveness of professional development. Through the
development of our training model, our observations perfectly
matched these conclusions. We found that teachers benefit
most when they attend the training sessions in teams from
schools and are given opportunities to collaborate with their
peers, learn from the experience of their peers, and develop a
peer community of learning and accountability. These aspects
are of critical importance and we are considering ways to
further support these community building efforts; with our
professional development workshop, with our program at
schools, and beyond the Arts & Bots program with our school
district partners. We have seen some of our participating
teachers, pushing this progress through organizing and leading
their own versions of our workshops with other teachers at
their schools or districts, as well as colleagues from other local
districts. We are excited by the model developed and results
that we have seen thus far from the Arts & Bot program, and
look forward to the potential for improvements.
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