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Teaching Coding to Elementary Student: the Use of Collective
Argumentation

Introduction

Students develop their perception of the STEM disciplines before and during the elementary
school grades [1]. Interviews of 116 scientist and engineers, who are either practicing in
industry or participating in graduate studies, found that 60-65% of both female and male
interviewees indicated their interest in the STEM disciplines was developed before middle
school [2]. A survey of 1000 scientist and 150+ students gives similar results [3]. When
combined with findings, e.g., [4], [5] that suggest that the elementary years are when students
develop self-efficacy, intrinsic motivation, and career-relevant interest, one can conclude the
elementary school years is a critical time to increase student engagement in a discipline such as
computer science.

Bringing computer science into the early grades can be a challenging task since very few
teachers who graduated from programs had an objective to build one’s capacity to engage
computer science subjects. The literature has some manuscripts, e.g., [6] that discuss the coding
skills of practicing teachers. After reviewing these manuscripts, it is apparent that most k-12
teachers, especially elementary teachers, are novice programmers. Computer science education
literature reports that novice programmers tend to use a trial-and-error approach when they are
given the opportunity to develop a functional computer program (see: [7], [8]). Since elementary
school teachers have a significant impact on student motivation to pursue computer science and
other STEM careers, our team believes it is crucial that these teachers develop their capacity to
code and this capacity is built on a structured reasoning process rather than trial-and-error.
Having this capacity, teachers can teach their students how to coding using structured reasoning.

A long term objective of our research group is to align the approach teachers use for teaching
coding with the approaches already used to teach mathematics and science, thus increasing the
probability that coding is taught as standard content rather than a topic relegated to an after-
school or enrichment program for only some students. One step toward achieving this objective
is the development of a prototype course available to undergraduates enrolled in education
programs. During the first phase of our current project, the research team developed this
prototype course, called the CALC course herein. This course is based on our initial ideas of how
collective argumentation can be used to teach students how to code. This course was offered to
practicing teachers during the 2018 spring semester, and the aim was to determine how these
teachers would use collective argumentation to learn how to code and what lesson plans they
would develop to teach their students how to code. This paper discusses the initial phase of the
course and the knowledge, either existing or generated, that is critical for project success.

Background and Theoretical Framework

Collective argumentation [9] is an effective learning strategy for promoting deep level
understanding course content and is used in k-12 education due to its relationship with critical
and higher order thinking. During the collective argumentation process, the student must

e articulate the reason for approaching a problem in a particular way,



e justify the approach using data and information to support the reasoning, and

e provide the principles that establish the justification.

In mathematics and science education, the use of argumentation to assess student knowledge
relies on three core components commonly called the claim, data and warrant (Table 1).

Multiple examples of teachers facilitating collective argumentation can be found in the literature
and the critical role the teacher has in helping the student see patterns and developing their
justification for claims e.g., [10], [11], [12]. Given the significance of argumentation in the
teaching and learning of mathematics and science, two core elements of the elementary school
curriculum, our research team believed collective argumentation is a foundation for instruction in
coding, particularly in the elementary grades.

Table 1. Components of argumentation in mathematics, science, and engineering

Mathematics Science

|Claims: Statements whose |[For this problem, the slope of[The lower a car is placed on the

validity is being the function is 8 sloped ramp, it will travel a

Jestablished shorter distance on the floor

Data: Statements provided |The student used a table with [From previous experiment, the

as support for the claims  |x and y values student has a table showing
height on the ramp and velocity
at the end of the ramp

'Warrants: Statements that |Student shows that a change |The student demonstrates

Iconnect data with claims [in y is 8 when x changes by 1|velocity-distance relationships.

Course background

ETES 6030 Robotics for Teachers is an existing technological studies graduate-level course that
was the foundation for the CALC prototype course. The content of this current ETES 6030
course includes coding and prepares teachers to teach not only about controllers, sensors, and
actuators but also about programming logic. Sequential, repetition, and selection control
structures are examined and applied in the programming of robots within integrated learning
activities addressing mathematics, science, English language arts, and social studies standards.
While ETES 6030 does not include a focus on argumentation as an approach for learning to
code, this course provided a foundation our research team used for modifying existing course
materials rather than designing an entirely new material.

The prototype CALC course was taught using a blended delivery with four 3-hour face-to-face
class meetings and weekly online learning activities. It was generally believed that this approach
aligned with the work demands of the participating teachers. This delivery structure provided
approximately 1800 minutes of instruction over a semester. The face-to-face class meetings
were held in the media center of the participating elementary school. The CALC course focuses
on (a) what is argumentation, (b) how to implement argumentation, and (c) how to use collective
argumentation to learn how to code within the context of mathematics and science content
learning. The objectives of this CALC course are (a) enhance teacher knowledge of
argumentation and its application within the context of mathematics and science learning, (b)
increase the teachers’ ability to code robots, (c¢) develop the teachers’ capacity to use collective
argumentation in coding activities that were consistent with grade-appropriate mathematics and



science content, and (d) to develop CALC-based mathematics and science lessons that could be
applied in the teacher’s elementary classroom. The initial form of the CALC course was built
around the integration of three elements,

e Teacher Support for Argumentation-how to facilitate discussions and behaviors

e Choice of Task-identifying goals that develop the cognitive skills needed to code logically
¢ (Coding Content-building the enrolled teachers’ knowledge of coding.

Course activities and assignments were used to help the enrolled teachers understand each of
these elements and how to integrate them into the learning of mathematics, science, and coding.

Fourteen elementary school teachers from our partnering school district enrolled in the course as
non-degree seeking graduate students. The teachers had a wide range of prior knowledge and
experience with coding and robotics. Six had enrolled in at least one of two workshops that were
taught by members of our research team during the summers of 2016 and 2017. These
workshops focused on the use of educational robotics in middle school grades. The other 8
teachers had little to no background knowledge of robotics or coding. The enrolled teachers also
had different instructional responsibilities with 11 teachers teaching either 3™, 4™ or 5" grade.
Two of the teachers support instructional support as STEM teachers or media specialists; one
teacher taught in an English-to-Speakers-of-Other-Languages (ESOL) class setting. The teachers
represented a diverse school district (Table 2). The range of teachers’ prior knowledge of coding
as well as their responsibilities and school settings created a challenging learning environment.

Table 2. Description of the elementary schools in the partnering school district

Parent .
Mediu Education Student Demographics
Povert Free/Reduced m 3 AR
Schoo | O¥¢ Lunch <High ome : rean Hispani
1 y Income School Colleg | White | America .
Level e n
A 24% 78% $43k 19% 15% | 76% 6% 9%
B --- 66% $54k 24% 19% | 70% 7% 14%
C 17% 59% $41k 26% 14% | 77% 8% 13%
D 11% 24% $58k 15% 20% | 82% 2% 7%
E 9% 44% $72k 8% 22% | 711% 4% 15%
State | 17% 62% $49k 14% 21% | 55% 31% 8%

Data collection and Analysis
Interviews

Three instructors developed and taught all material for the prototype CALC course. These
instructors were interviewed at the end of the semester and asked to reflect on the following
questions
e Did the process used for developing the course and material align with your assumptions
made at the beginning of the semester?
¢ Did the process used for developing the course’s teaching approach align with how you
believe the teachers assumed the process of the course would work?



¢ Did you believe the teachers trusted that the CALC approach would do what it claims?
Expand if you can on your answer
e Do you believe all of the steps of the CALC process guide the student to the most
important parts of argumentation for coding?
e What is the new knowledge (that you have uncovered or have discovered there is a lack
of) that you need to make the CALC process work?
The responses were audio recorded, transcribed and analyzed for emerging themes.

Graduate students and three faculty members who work on the CALC project and assist with the
course were asked to reflect on the above questions and provide written responses. These written
documents were analyzed for emerging themes.

All of the teachers who completed the CALC course were interviewed at the end of the semester.
They were asked to reflect on the course material and how the course was taught. At the end of
the interviews, the teachers were given a coding activity and were directed to “discuss” how to
develop the code. These interviews were video-audio recorded, transcribed and analyzed for
emerging themes.

Results and Discussion
Instructor Interviews

The assumptions that the instructors made when developing course material and the approach for
presenting that material did not align with the actual flow of the course. During previous
semesters, the instructors taught ETES 6030 course, which was the basis for the CALC prototype
course, and graduate students completing that course had mastered the building and coding of
several robot designs even when the course was a 100% online course. Therefore, the instructors
of the CALC prototype course anticipated teachers would be able to engage the coding of
educational robots to a deeper level than what occurred. The instructors dedicated most of the
face-to-face class meetings developing the teachers’ content knowledge of argumentation and
allocated most of the online learning activities to coding. The instructor who focused on the
coding aspects of the course found that the teachers struggled with the building of coding
structure when they were given different platforms. The instructors who focused on the
argumentation aspects of the course found some teachers struggled with argumentation as a
reasoning approach to building code and would fall back on trial-and-error approaches to coding.
One response was “The teachers were too busy to sense what the CALC approach meant (as a
whole, especially) and what it would do because their focus was on learning about the
components of the CALC approach such as coding and argumentation.” The instructors thought
they had placed appropriate intervention pieces into the online portion of the course, but after
reflecting on the overall success of the CALC course, one instructor stated, “Another piece that [
was thinking about actually this morning that may be a little bit of a tangent on this, but
something we might want to look at is the novice to expert continuum. Novices do things a
certain way, and a lot of times it's a little bit more by the numbers kinds of things, and then
experts do it a bit different way. Kind of what led me to think about this was the ... Remember in
our English classes somewhere maybe high school, probably not college but high school, we did
things like diagram sentences. We were taught to use outlines of various types and various levels



of detail, and in some cases, we were forced to do that in English classes, in particular, writing
classes. But when's the last time either of us diagrammed a sentence? Probably not recently. I
don't even know that I remember how to do that.” This statement plus others made during the
interviews were interpreted as follows:
the teachers who never had a coding course tended to focus on the step-by-step procedures of
argumentation and of coding as separate items while the teachers who had some experience
with coding focused on learning how to engage in and the implementation of collective
argumentation as a means to learn how to develop coding.

Another common theme that emerged from instructor conversations is the realization that the
teachers entered the course assuming they would only learn how to code educational robots.
Several of the teachers expressed surprise to learn that a large portion of the course would focus
on argumentation for learning how to code. The instructors are developing a transformative
approach to the learning-how-to-code; the teachers could have been expecting a typical coding
course; so, having the teachers surprised about the course content and presentation could be
considered logical. As one instructor noted, the course syllabus and other information was sent
to the teachers prior to the first class meeting, “So their [the teachers] picture of what the course
[should have been] was pretty well shaped at the outset, and I think the descriptions we gave, the
combination of robotics argumentation, was fairly balanced”.

Graduate Students

Responses provided by the graduate students aligned with those given by the instructors. Two
graduate students provided interesting viewpoints about the CALC prototype course. One wrote
“I think for me the most important part is to make sure teachers have a comprehensive
understanding of what is argumentation and how can it work with coding. Some of the
participants usually have separate parts of teaching coding and argumentation in their lesson
plan but are struggling on how can combine with them together. So, I think this is what we
should work on this year”. The other wrote “...practitioners have to do more than use a
combination of the teaching strategy and the content. For example, simply using argumentation
and coding disconnected within the same lesson does not mean you are implementing the CALC
approach. [ The teachers need to have an] understanding that argumentation is used to teach the
coding process is the goal of CALC. Furthermore, [the teacher’s ability to recognize] that
argumentation is inherent to the coding languages is key to being able to create a learning
environment where the CALC approach is implemented appropriately.” Most of the graduate
students believed, at the start of the course, the teachers would recognize how the elements of
argumentation and coding interacted, but later realized the teachers struggled with understanding
these interactions. One student suggested the course needed to be differentiated to align with
varied background/needs of groups of teachers. Another observed that having the teachers
develop real lesson plans for their classroom helped them combine coding and argumentation
particularly those teachers who entered the course with limited content knowledge of coding.

CALC Research Members

Three faculty members who were responsible for analyzing the data collected during the CALC
course reflected on their observations of the course. They concluded that preliminary findings



suggest that the connection between coding and argumentation was viewed differently among
teachers. These differences were related to school demographics, the approach each school took
with assigning instructional responsibilities (e.g., STEM-focused specialist versus one teacher
responsible for all subjects) and teacher initial coding experiences when entering the CALC
course. Despite the identified differences, most of the teachers asked for more examples that
could serve as models to follow when they developed their plans to teach coding through
argumentation.

Teacher Interviews

All 14 of the teachers enrolled in the CALC course were interviewed by a member of the
research team. They were asked to respond to a set of questions designed to investigate how the
course material impacted their content knowledge of coding, how to learn coding via collective
argumentation and how they envisioned teaching coding in their classroom. Preliminary
analysis of class assignments indicates that the majority of participating teachers recognized
sequence, repetition, and selection control structures, and used related coding strategies although
various forms/levels of coding knowledge were noted. At the midterm of the course, some
teachers considered “better” coding to be the inclusion of aesthetic features such as coding in
sounds and visual effects. By the end of the course, most of the artifacts suggest that most of the
teachers considered “better” coding to be more efficient coding structure. A few teachers,
particularly those entering the course with some coding experience, provided artifacts with more
complex coding sequences and demonstrated the use of conditionals and repeat structures. The
preliminary analysis of the interviews and artifacts suggests that teachers believe that
incorporating collective argumentation into lesson plans could be a powerful tool to engage
students in deep thinking while learning to code. While some teachers expressed a perception
that demonstrated a bigger picture of argumentation to integrate coding with mathematics and
science, other teachers expressed over-simplistic views on potential benefits (e.g., getting less
lost during coding because of the collaboration that is part of argumentation).

One common theme emerged from the teacher interviews was related to the different learning
levels and backgrounds of students in a single classroom and how these difference could impact
how coding was taught. For example, one teacher was responsible for working with 7 students in
an English-As-a-Second-Language class. This teacher stated,
“my responsibilities are to help them strengthen their listening, speaking, reading, and
writing of the English language so they can be successful in their academic/[s].”
Another teacher was responsible for all topics taught in a traditional elementary classroom and
taught 22 4" grade students whose academic performance ranged from 2"-grade capabilities to
6-grade capabilities. This teacher stated,
“I have a lot of kids who aren't on the fourth-grade level. They're not ready for fourth-
grade tests. They're not ready for fourth grade standards because they have all these other
concepts that they're still struggling with, second-grade level, third-grade level”
Both teachers were concerned about how tough it is to find the time to incorporate coding into
classroom activities. These and other comments suggest CALC course material is needed to
help teachers realize the process of collective argumentation is a scaffold that can be used at all
grade levels, allows students help each other, helps each student to gain a similar level of



understanding regardless of the content area and develops partnerships between teacher-and-
groups-of-students.

Three teachers who had limited experience with coding before enrolling in the course
demonstrated a strong understanding of the use of argumentation to teach students how to code
and an ability to formulate ideas how to implement collective argumentation in the classroom
setting where argumentation integrated mathematics, science, and coding. These teachers
suggested students should be allowed to experiment with coding before introducing collective
argumentation. One teacher provided an excellent viewpoint on this issue, stating
“I mean I think the trial and error is good when they're first starting [ie. Kindergarten]
because they have yet to see how it works. Then once they have that foundation and they
know when you put it in a forward block it's going to go forward. Once they understand the
basics, then I feel like you can implement a lot more than the trial and error approach, that is
collective argumentation to learning how to code.”
Later in the interview, this teacher outlined how collective argumentation can be useful when
trying to incorporate coding vertically across the entire school curriculum.
“I've got kids that know a ton about it [coding] and some that don't know much of it, and
then they get all jumbled up the next year. It's okay because they work with each other and
they help each other out. If they knew two of the kids over here today, one of them has
hardly used [a coding program] ever before and the other had a little bit of knowledge about
it. They're going, "We are going to seat together and help each other out......I think
definitely as far as when it comes to not just relying on the trial and error method [to learn
coding], it [argumentation] definitely is important, because they can make arguments as to
how something works, or why something works..... I think just definitely getting them to just
think through what they are doing, and then connecting ... they are collecting evidence and
gathering data all day long in everything they do. I mean they really are. They are making
claims with that. They just don't have the vocabulary for it, but I feel like they're making
arguments and doing all that all the time. I think connecting the reasoning and the warrants
back to all that is really, really important. It gets them ... I think a lot of times when you get
that part in too, you can understand when a kid gets something and doesn't get something”.

Another common theme that emerged was the teachers indicated the CALC course was too
challenging for practicing teachers who had other responsibilities. Many indicated that the course
helped them understand the use of collective argumentation to develop code for educational
robots and how to use argumentation in mathematics and science. However, they highly
suggested that the course provide an increased number of clear examples. One teacher stated
“[ the instructors need to show] how does it all fit together, how can you make the best use
of those opportunities, to show how to do it, how this works.”
Most of the teachers requested more face-to-face class meetings that were longer so they could
try the CALC approach under the supervision of the instructors and provided more opportunities
for teamwork.

Knowledge needed to Redesign the CALC Course

The research team used the interviews and review of teacher-produced artifacts to identify areas
where existing knowledge needs to be used to define the final design of the CALC course and



where new knowledge needs to be generated for the final design of the CALC course to be

successful.

e The teachers who had never coded before the course appears to have struggled with
conveying coding content knowledge developed, particularly when they learned on one
coding platform and then asked to apply that knowledge on another coding platform.

e The teachers’ relational knowledge of the CALC approach was not developed to the level the
instructors had intended. Preliminary findings suggest that the teachers understood each of
the CALC elements (e.g., coding, mathematics, science, and argumentation) and coding
content using an education robot platform, but struggled with knowing how the function of
those elements interact with each other.

e Preliminary findings revealed that school demographics and the approach a school took to
achieve the learning objectives of the elementary curriculum had a major impact on teacher’s
perspective how CALC could be implemented and how the teacher developed her/his lesson
plan. Some teachers wanted the CALC approach to be presented specifically for their school
design while others desired general instruction of the CALC approach.

e The set of teachers enrolled in this CALC course had varying levels of prior knowledge
related to coding and argumentation and of different classroom responsibilities. This
situation resulted in the instructors having to group the teachers and tailor lessons to each
group. As such, many of the teachers felt “stressed” to keep up with the lessons. The next
time this course is offered, the enrolled teachers should have similar if not uniform the
content knowledge of coding. This action will reduce the diversity of instructional support
needed by the entire class and create a more uniform collective learning environment. It is
noted that the teachers were pleased with this unique learning experience and overall, the
CALC concept was well-received.

Concluding Statement

During the 2018 fall semester, the teachers implemented the CALC approach to learning in their
classroom. The research team observed this implementation and identified knowledge areas that
would improve the CALC approach. These new areas were combined with that reported above
and the instructors redesigned the prototype CALC course. This new design was implemented
during the 2019 spring semester. Findings from this second round of data collection and analysis
will be reported during the presentation of this conference paper.

This material is based upon work supported by the National Science
Foundation under Grant # 1741910. Any opinions, findings, and conclusions
or recommendations expressed in this material are those of the author(s) and
do not necessarily reflect the views of the National Science Foundation.
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