Title: The Effects of Hands-On Robotics Activities as an Intervention on Coding Comprehension of Pre-Service Teachers

Quantitative Purpose Statement
The purpose of this experimental study is to investigate the effect of robots on coding comprehension of undergraduate early childhood, elementary, middle-level, special education, and physical education pre-service teachers at XX University.
Quantitative Research Question
What is the effect of learning to code through programming robots on coding comprehension for undergraduate early childhood, elementary, middle-level, special education, and physical education pre-service teachers at XX University?
I expect that there will be a positive effect on student understanding through coding physical robots. Numerous studies aimed at K-12 classrooms have noted increased understanding of STEM concepts among students using robots within instructional activities (Bers, 2010; Kazakoff & Bers (2012); Lamber & Guiffre, 2009; Bers, Flannery, Kazakoff, & Sullivan, 2014; Fessakis, Gouli, & Mavroudi, 2013; Liao & Bright, 1991; Nugent, Barker, Grandgenett, & Adamchuk, 2010; Castledine & Chalmers, 2011; Atmatzidou & Demetriadis, 2016). If K-12 students can increase their achievement in STEM classes as a result of using robots in instructional activities, college-level pre-service teachers logically should follow this trend.


Quantitative Methods
Context and Participants
This study will take place at XX University, a liberal arts college in XX with a student population of around XX. The outlined research will take place in a pre-service teacher instructional technology class, EDUC XXX, Computer Technology and Instructional Media. In this class, students learn how to utilize staple instructional technologies as well as emerging technologies in the classroom. The setting of this class is in XX, a large digital learning lab complete with Dell personal computers for each student, a Smart Board, and two projectors. In addition to the technology offered in this room, there are two groups of couches and two HDMI sharing stations for group activities. Students will be supplied with Lego WeDo robotics kits and iPads which they will use for coding their robots. There are usually at least 20 students per class with each class section’s cap at 24 students. Within each class, there is a mix of freshmen, sophomores, juniors, and seniors. The pre-service teachers are either early childhood, elementary, middle level, special, or physical education majors. In addition to the pre-service teachers who take this mandatory class for education majors, there are occasionally non-education major students who take EDUC XXX voluntarily as an elective. Each section meets twice a week on either Monday and Wednesday or Tuesday and Thursday for an hour and fifteen minutes each day.
Data will be collected from a convenience sample of all education majors across four class sections of EDUC XXX. All the students that are part of the sample will be taking EDUC XXX with me on campus, and online sections of the course will not be included. Control and experimental groups will be split by class with sections 01/02 representing the control and sections 03/04 representing the experimental. Due to the fact that occasionally non-education majors take the class, those students’ data will be removed from the study to avoid threats to validity. Using Cohen’s (1988) Power Tables for Effect Size with an alpha of .05, d=0.50, and a power of .85, a sample size of at least 73 was determined. 
Research Design
This nonequivalent control group design quasi-experimental study will use the intervention of teaching students Scratch coding with Lego WeDo robotics kits in order to assess which instructional tool - plain Scratch coding software or Scratch coding software with Lego WeDo robots - is more effective for teaching coding to pre-service teacher undergraduate students. The control group will represent how coding is traditionally taught to pre-service teachers in EDUC XXX, through Scratch, a block-command-based coding language wherein students animate a character on-screen. The experimental group utilizes the intervention of Lego We-Do robotics kits in the place of the Scratch character. Students learn Scratch coding by programming a robot through obstacles instead of animating a character on a screen. By comparing the assessment data from the control and experimental groups, this study will elucidate the more effective strategy for teaching coding to pre-service teachers.
Both the control and the experimental group will learn to code over the course of two weeks (four classes). The control and the experimental groups will take pre-test and post-test assessments. To begin in each group, students will take a pre-test to gauge baseline understanding of coding concepts. For the first week of the module, the control group for this study will learn to code strictly through the Scratch coding language. After general whole-group instruction, students in the control classes will program a character to move around a screen, make noises, change sizes, etc. within the Scratch programming environment. Students will then take a post-test. In the experimental classes during the first week, after students take the pre-test, general whole-group instruction on the topic of Scratch will be delivered to the students. Then, students will engage in hands-on group activities in which students will code their robot through specific tasks and obstacles with Scratch. The maneuvers students will code on-screen will make their robots move forward, backward, turn, stop, as well as utilize collected motion and tilt sensor data. After this first week, students in both the control and the experimental groups will be given an assessment which will measure their overall understanding of the coding process. Students in the experimental groups will then take a post-test. In the second week, in order for all students to receive the same benefits of instruction, the control groups will go through the Lego WeDo instruction. Meanwhile, the experimental group will receive the control instruction, and these students will learn more about using the coding language to animate a character.
Data Sources
Student data will come from a coding concept knowledge pre-test and post-test in this between-subject design. The data from each group will be analyzed with a T-test in order to compare both groups in terms of outcomes. The instrument for this study has not yet been designated. However, once an instrument is identified or created, a pilot test will be done on the instrument to assure reliability and validity. The intervention’s effect will be assessed in different ways. Students’ scores on the post-test will give the researcher the most in-depth view of student comprehension. Average scores on the post-test will be compared between the experimental and the control groups. The rise in comprehension from pre-test to post-test scores will also be evaluated for each group and contrasted.  
Description of the Procedures
Control Group
The researcher will first seek approval for the experiment from the university’s institutional review board. On the first day of the instructional module, the researcher will explain the study in depth to students. Students will opt in and sign up for the study by filling out a form available to students within their class’s online Moodle learning management system page. Then, students will open a link to a pre-test in their class’s Moodle page. From this point, control instruction will begin. Students will view a presentation on coding for teachers. Next, students will watch the instructor demonstrate the Scratch coding software on the overhead projectors. After that, students will try their hand at basic coding exercises that are part of the Scratch tutorial. The researcher will debrief the class and answer any questions students have. 
On the second day of the instructional module, students will progress through different Scratch programming assignments. Each time students master one Scratch concept, they will start a more advanced coding exercise. The researcher will answer any questions students have. At the end of the class, the students will take a post-test available in their class’s page in the Moodle learning management system. This will conclude the control group’s instruction for the study.
On the third day of the instructional unit, students will participate in the same activities that the experimental group has already done in order for all students to receive the same benefits. Students will watch the instructor demonstrate the Scratch coding software on the overhead projectors and how the coding can be transferred onto the Lego robots. After that, students will be split into groups of three based on their seating clusters at the lab computers. Groups will be instructed to pick a spot around the room in order to work together and collaborate. Next, each group will be given a Lego WeDo kit and an iPad. Students will be instructed to create a robot with the kits that can navigate a series of obstacles. Groups will be able to rebuild their robot for each obstacle. Students will try their hand at basic coding exercises in Scratch and transfer the code to their robot in order to solve the obstacle. The researcher will debrief the class and answer any questions students have. 
On the fourth day, students will progress through more advanced Scratch programming as the obstacles become more difficult just as the experimental group had done. Each time students master one obstacle, they will make changes to their robot and start a more advanced coding exercises. The researcher will answer any questions students have.
Experimental Group
The researcher will first seek approval for the experiment from the university’s institutional review board. On the first day of the instructional module, the researcher will explain the study in depth to students. Students will opt in and sign up for the study by filling out a form available to students within their class’s online Moodle learning management system page. Then, students will open a link to a pre-test in their class’s Moodle page. From this point, experimental group instruction will begin. Students will view a presentation on coding for teachers. Next, students will watch the instructor demonstrate the Scratch coding software on the overhead projectors and how the coding can be transferred onto the Lego robots. After that, students will be split into groups of three based on their seating clusters at the lab computers. Groups will be instructed to pick a spot around the room in order to work together and collaborate. Next, each group will be given a Lego WeDo kit and an iPad. Students will be instructed to create a robot with the kits that can navigate a series of obstacles. Groups will be able to rebuild their robot for each obstacle. Students will try their hand at basic coding exercises in Scratch and transfer the code to their robot in order to solve the obstacle. The researcher will debrief the class and answer any questions students have. 
On the second day of the instructional module, students will progress through more advanced Scratch programming as the obstacles become more difficult. Each time students master one obstacle, they will make changes to their robot and start a more advanced coding exercises. The researcher will answer any questions students have. At the end of the class, the students will take a post-test available in their class’s page in the Moodle learning management system. This will conclude the control group’s instruction for the study.
On the third day, in order to assure that all students are getting the same benefits, students participate in the instruction the control received. The instructor will demonstrate the Scratch coding software on the overhead projectors. After that, students will try their hand at basic coding exercises that are part of the Scratch tutorial. The researcher will debrief the class and answer any questions students have. 
On the fourth day, students will progress through different Scratch programming assignments as the control group did. Each time students master one Scratch concept, they will start a more advanced coding exercise. The researcher will answer any questions students have.
[bookmark: _GoBack]Data Analysis (optional)
With student data compiled within Moodle, the researcher will begin to analyze the control and experimental groups. Using the pre-test as a baseline, the researcher will assess how much students in each group learned on average, as well as which students scored highest on the post-test. A T-test will be performed on the data in SPSS. All interesting findings will be compiled in the proposed writing piece as well as distributed to the educational community through a state or national presentation. Stakeholders will all be given an outline of the findings. Meetings with the instructional technology department, technology committee, and the adjunct online instructor for EDUC XXX  will take place in which the data is discussed and action steps are produced for harnessing the power of the findings of this study.
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