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Introduction
In recent years, there has been a growing emphasis on the importance of integrating and
implementing STEM and computational thinking topics across K-12 settings, and considerable
attention is being given to essential concepts related to computer science subjects [1]. As coding
and software development is a part of full STEM education, there is an increased interest in
implementing computational thinking and problem-solving skills in early education. Therefore,
more studies have been done in the past years to promote computer science skills in the initial
school years. Nowadays, computational thinking has been widely recognized as a fundamental
skill to be used by everyone in the world by the middle of the 21st Century. Computational
thinking is also considered crucial for developing engineering habits of minds and solving
engineering problems [2]. When students work on coding, they can learn how to design a
computer program while developing their computational thinking skills [3]. Computational
thinking (CT) includes the thought processes involved in formulating problems, solving
problems, building systems, and human behavior through the lens of computer science concepts
[4]. However, little is known about how and to what extent children acquire CT skills [5].
Therefore, in this study, we implemented coding activities using a robot game called Code n Go
Robot Mouse with first-grade students. With this in-progress study, we aim to answer the
research question: What evidence of CT competencies do students demonstrate when engaging in
activities with the Code n Go Robot Mouse game?
A theoretical basis for the study
Computational thinking (CT) is a "range of mental tools" [6, p. 33] that can be used for
designing systems and solving problems in the 21st Century. Systems thinking and problemsolving represent the overlap between CT and engineering design [7-9]. However, Shute et al.
[7] point out that unlike engineering, CT goes beyond physical constraints and can help us
understand complex phenomena through simulations and modelling. Different interpretations of
the term CT have resulted in many skills being brought together under this umbrella [5],[10]–
[11]. In an attempt to provide a succinct and precise definition of CT, Aho [12, p. 834] describes
it as the "thought processes involved in formulating problems, so that their solutions can be
represented as computational steps and algorithms." Thus, CT skills are not limited to computer
science; CT goes beyond that to encompass different ways of systematic thinking and problemsolving.
When CT is defined as a set of problem-solving skills, Wing [6] argues that it is a fundamental
skill for everyone. She calls explicitly for introducing pre-college students to CT and including it
in their basic education along with literacy and numeracy [6]. Since Wing's article in 2006, there
has been considerable work on introducing CT in the K-12 context. Researchers, educators, and
computer industry experts have come together to explore the "pedagogical aspects of
computational thinking" and its implications for students [5 p. 39]. However, most of the work is
focused on "syntactical issues" of defining what CT is, and now there is a need to explore the
barriers that children face in learning CT, including how the barriers are defined and

what can be done to address them [5]. In this study, we attempt to understand how students
navigate computational thinking processes, especially in the earlier grades. Analysis of activities
and interactions when doing CT tasks is an under-investigated area [5]. Therefore, in this study,
we use naturalistic inquiry, which can help us capture - through natural language and everyday
settings - what people know, perceive and understand [13]. This will be done by observing how
the students respond to the various challenges presented to them through the Code n Go Robot
Mouse game.
The Code n Go Robot Mouse game has the basic features of computer programming, such as
planning & algorithms, coding, debugging, etc., Moore et al [14]. This activity was used by
blinded [14] to understand how students engage with multiple representations when working on
tasks that require CT. Educational robotics - learning by programming a robot - is a useful tool
for learning CT skills and gives students the added benefit of interacting with a concrete object to
construct their knowledge [15]. After reviewing the current research on the use of robotics for
learning CT, Ioannou, and Makridou [15, p. 2541] emphasize that it is essential to understand
"the processes and conditions" under which students display CT competencies. Previous studies
often lack details about the learning activities, resources, and environments, making it harder to
replicate the studies and expand the research on CT in classrooms [15]. This WIP study attempts
to address this gap by providing the processes and findings of how the Code n Go Robot Mouse
game can be used to observe CT competencies in first-grade students.
Methods
This qualitative study aims to explore first-grade students' computational thinking behaviors
during a plugged activity. We refer to these activities as plugged activities, since a computational
device, in this case the robot mouse, is used for all the study tasks. We conducted the research
using a naturalistic inquiry approach where the researchers were present in the classroom,
observing students in their natural learning environment while capturing their engagement in CT
competencies. The data were collected at a midwestern elementary school in an urban area where
74% of the students are eligible for free lunch and have the following population demographics:
White–38.3%, Black/African, American–24%, Hispanic–34.4%, and Multi-racial–2.7%.

Figure 1. Code & Go® Robot Mouse game
Adapted from learningresources.com

Figure 2. Robot mouse
Adapted from learningresources.com

We conducted this preliminary study to better understand students' CT behaviors during these
class activities with the Code n Go Robot Mouse game (Figure 1), which we will refer to as the
robot mouse game for the rest of this paper. The robot mouse game includes a mouse (Figure 2)
with colorful buttons on its back which can be used for coding. The game also consists of a
coding activity set, as well as maze grids, maze walls, tunnels, coding cards, activity cards
(maps), and a cheese wedge. The Code and Go Robot Mouse Activity Set was developed by
Learning Resources. The robot mouse is programmable and its nose lights up when it touches the
cheese wedge. The maze grids are made to be interlocked into different configurations. Each grid
has enough size for one forward movement of the mouse and the code cards have direction
arrows to help students to create their code as a sequence of actions (directions) for the mouse.
The current study was conducted before the COVID-19 with first-grade students and organized
to be administered over two days with morning activities and afternoon activities. For this WIP
we are looking only at morning and afternoon activities from one day. In the morning, the
researchers and the teacher taught the students some basic concepts about coding and presented
the robot mouse to help them get familiarized. There were 18 first-grade students, 12 girls, and 6
boys participating in the study. We divided the students into six groups (2-4 students for each
group–these were the students' regular table seats) where every group had one set of the robot
mouse game. They were encouraged to work together as a team in the coding activity with the
robot mouse game. Each group had around 60 minutes to work, and they were initially told to
build the map using the pieces provided and follow the map given to them. Then, the students
created their algorithm to help the robot mouse reach the cheese overcoming obstacles on the
way. They used the map they built for this activity and other materials such as coding cards that
helped them make a coding plan before actually pushing the buttons on the robot mouse.
Every time they achieved the goal, they moved to the next map, adding up some difficulty. The
students completed the coding tasks mainly on their own with minimum intervention from the
researchers and the teacher. The facilitators walked around to assist the students when they did
not quite understand the task or were stuck.
The teacher and two of the researchers implemented the activities with the students, and
everyone from the research team observed students' engagement, either in person or through
video. We strategically set up the main camera to capture the whole classroom environment and
cameras from iPads at each table to capture students' interaction during the coding task. We also
conducted task-based interviews with the students, one of which is a “representations task”
where students had to do the coding using only the maps and without physically having the robot
mouse. Another set of task-based interviews was an "applying" task where students tried to use a
given code to determine where the mouse would end up.
The research team observed and recorded all the groups during the class activities. However, in
this in-progress research, two researchers watched the videos focused only on two groups of
students. The data from these two groups were coded using a priori coding with the CT
competencies: algorithms and procedures, abstraction, data analysis, data collection, data
representation, automation, pattern recognition, and decomposition [16]. The two researchers
coded the videos following the CT competencies, then compared their codes across the data,
coming to a consensus on any discrepancies between them in the coding. In future work on the

remainder of the data, we will use our codebook from this work-in-progress to do interrater
reliability to code separately in the future.
Preliminary findings
This study aimed to identify and analyze CT competencies in children during a plugged activity
with the robot mouse game. We would like to point out that these CT competencies were
developed for K-12 contexts. Since we are using it in the K-2 context, we don’t expect that K-2
students demonstrate all these competencies mentioned above. Indeed, we are considering the
trajectories through which students can move forward to achieve these competencies. Our
preliminary findings indicate that children can engage in coding activities by applying CT
competencies. For the data we analyzed, students mainly demonstrated two CT competencies:
Algorithm & Procedures and Debugging/Troubleshooting.
Algorithms & Procedures
This competency looks at how students engage with an ordered set of instructions. The
competency is further divided into 5 sub-levels: Following, Identifying, Applying, Creating, and
Automating. The two groups that we analyzed for this WIP study were prone to skip the
planning phase with the coding cards and directly push the buttons into the robot mouse to start
coding. For example, one student looked at the maze and then started pushing the buttons to
determine how the mouse should move while reciting the directions "straight, straight, straight,
turn." As we move forward, we can get a better idea of whether this behavior of skipping the
planning was typical for the whole class. An interesting observation about the Algorithm and
Procedure competency was that students were often demonstrating competencies of Creating and
Applying algorithms simultaneously. This is seen in the previous example where the student was
planning and pushing the buttons simultaneously. There were very few occasions when they
sequentially did the process of first creating an algorithm (what steps the mouse needs to take to
get to the cheese) and then applying it (input the steps in the robot mouse). For example, one
student said, "let's lay them [coding cards] out… let's lay them out so that we know where to go."
The students then put the directions in the mouse but stopped using the cards during the next try.
So, the students were not consistent in following the coding process first and then applying the
code. In one part of the activity, the students were only given the map and the coding cards but
not the mouse. During this part, both groups used the cards to create an algorithm first, and they
were only given the mouse to input their instructions after they had the algorithm. So even when
students didn’t consistently use the competency of Creating algorithms, they could - and did
- demonstrate this competency when it was presented as a specific challenge.
Debugging and Troubleshooting
When the students were presented with the robot mouse game, they did a short,
guided activity to learn what debugging is and how it should be done in this game. Because
skipping the planning stage was common, when students needed to debug their code, they mostly
relied on memory to remember which steps were wrong and how they should be corrected,
making comments like "oh he [robot mouse] has to go forward, forward, and then turn that way."
It is likely that when the students use their memory to debug, they are mentally processing the
information and making sense of the problem. If the mouse didn't go in the direction they
planned, they kept trying different combinations of steps, saying, "Let's try it again" or "Let me

try that now." However, debugging was often more sophisticated when there was an intervention
from the instructor/facilitator, who prompted students to use the coding cards. For example, even
when the facilitators encouraged students to use the coding cards to design their algorithm,
students consistently erased all their code and started over when their code didn't work as
expected. But, with support from the facilitator, they looked for the part of the code that might be
wrong to fix that without erasing all the code. For example, on one table, the students used the
cards but immediately discarded them after putting in the instructions. After the facilitators'
suggestion to only remove the code, the student said, "so that [debugging with cards] can help us
build it [the correct path]." Even though the students were not using the coding cards at times,
they demonstrated the CT competency Debugging/Troubleshooting. They did it with enthusiasm,
exclaiming, "oh no, we were so close" or "it didn't work, let me try."
Other CT competencies
One other competency that was observed was related to patterning. Some students could identify
patterns in their code as they moved through the game levels, which means they were engaging
in pattern recognition. For example, when working on the course, the students stated they had
seen the same sequence of code - patterns - from the game's previous level. Thus, they could
easily code the current level in the course using prior level patterns.
Conclusion
In this in-progress research, we explored first-grade students' CT behaviors during a
coding activity with a robot mouse game. Our study attempts to contribute to the existing
literature by providing details about the learning activities and resources used for understanding
CT competencies in young students. We intently implemented this project to examine how these
competencies appear in young students. The preliminary results show that students from the two
groups we analyzed demonstrated Algorithms & Procedure and Debugging/Troubleshooting
competencies during the robot mouse game. There are two possible directions for future
exploration. We want to see which other competencies students demonstrate and also whether
the prevalence of these two competencies is seen for the entire class. The instance of patterning
can also be explored to understand more about how students demonstrate this competency. In
continued and future research, we will explore if this is true for all students in the class and
whether this is due to the specific nature of the assigned challenges or because the students find
it easy to engage with these CT competencies over others. In addition to these CT competencies,
we have also seen some teamwork behaviors that we might want to explore in a future study
about teamwork and collaboration in students at a young age.
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