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Abstract In recent years, educational robotics has become an increasingly popular
research area. However, limited studies have focused on differentiated learning outcomes
based on type of programming interface. This study aims to explore how successfully
young children master foundational programming concepts based on the robotics user
interface (tangible, graphical, hybrid) taught in their curriculum. Thirty-five Kindergarten
students participated in a 9-week robotics curriculum using the LEGO WeDo robotics
construction kit and the Creative Hybrid Environment for Robotic Programming (CHERP)
programming language. A mixed methods data collection approach was employed,
including qualitative observational data from the classrooms, as well as quantitative mid-
and post-test assessments of students’ programming knowledge using CHERP. The find-
ings show little association between user interface and programming comprehension,
although there may be an order-affect when introducing user interfaces. Implications for
best practices when introducing programming in early childhood settings are discussed.

Keywords User interfaces for education - Tangible programming - Kindergarten -
Robotics - Early childhood education

Introduction

In recent years novel interfaces for learning have been gaining widespread popularity.
Specifically, there is a growing interest in tangible interfaces, defined as concrete, physical
manipulatives that can directly impact a digital environment (Africano et al. 2004; Raffle
et al. 2004; Tsong et al. 2012; Suzuki and Kato 1995; Zuckerman and Resnick 2003).
Tangible interfaces are of special interest in early childhood education as they resonate
with traditional learning manipulates, such as Montessori blocks and Froebel’s gifts
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specifically designed to learn about mathematical concepts (Bers 2008). Unlike traditional
graphical user interfaces (GUI), a tangible user interface (TUI) allows the user to input
digital information by manipulating a physical object rather than using a screen, keyboard,
or mouse. Furthermore, Piagetian theory of the early 20th century provides a theoretical
basis for promoting their use by proposing that interaction with the physical world is a
primary learning avenue for young children (Piaget 1959).

Digital interfaces become powerful learning tools when children become creators
instead of just consumers of digital content (Resnick et al. 1998). When programming,
children explore the foundational concepts of sequencing, pattern recognition, and cause-
and-effect relationships that are already represented in Kindergarten curricula when chil-
dren learn how to tell a story from beginning to end, sequence numbers and letters, and
order objects by size, shape, or color (Kazakoff et al. 2013). Tangible programming
interfaces are especially well-suited for introducing young children to programming as
they can match their developmental skill-set. They leverage children’s natural kinesthetic
learning strategies to make abstract concepts accessible and intuitive (Xu 2005).
Researchers have found that it is possible to design programming languages that children
can easily engage in by “simplifying the grammar and representing mechanisms more
concretely” (Wyeth 2008). This has resulted in several new languages developed specif-
ically for young children: Cricket (Resnick et al. 1998), AlgoBlock (Suzuki and Kato
1995), curlybot (Frei et al. 2000), Topobo (Raffle et al. 2004), and Electronic Blocks
(Wyeth 2008), to name a few of the most widely-researched. Despite the hype generated by
new tangible interfaces, more research is needed to understand their potential for pro-
moting learning, and what children gain from tangible programming languages.

This paper presents results of a pilot study conducted in three Kindergarten classrooms
with three different kinds of interfaces for teaching children how to program a robot: a
graphical user interface (GUI), a tangible user interface (TUI), and an interface in which
users can switch freely between tangible and graphical input, which in this paper are
referred to as hybrid user interface (HUI). These interface styles will be described in more
depth later in the paper, but essentially, a graphical interface presents visual images and
icons instead of lines of text to a user or programmer. A “graphical interface” typically
refers to a computer screen running a pictoral operating system like Windows or Mac.
Tangible interfaces are built to allow users to engage with digital devices in the same way,
except that instead of 2-D visuals and icons, the control mechanism is a three-dimensional
system of some kind. These may take the form of digital blocks, reactive furniture, organic
materials with built-in sensors, etc. Because tangible interfaces are relatively new, it is
difficult to identify well-known example. The key difference between tangible program-
ming interfaces and regular digital tangibles (i.e. an electric on/off switch) is the power of
the interface to create sequences of commands. Hybrid interfaces are even more difficult to
describe, especially since they are defined differently in various research fields. For the
purposes of this paper, hybrid interfaces are any interface environment in which users can
choose and switch between graphical computer screens and tangible wooden blocks to
complete their programming sequences. All of the interfaces described here are digital
interfaces, since they are used to program electronic, motorized Lego constructions.

Research on developmental learning theory has shown that different tools and experi-
ences may make different concepts more salient for a learner (Manches and Price 2011).
Using hands and objects instead of mental models may actually change the way a child
remembers and retrieves the information taught. Does the different interface impact
children’s comprehension of programming concepts? Are certain interfaces more condu-
cive to learning certain kinds of concepts? Does the order in which interfaces are
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introduced affect children’s programming learning? Is programming comprehension
improved by learning with multiple interfaces, or just one? These are some of the questions
explored in the research presented in this paper.

Young children’s learning: tangible programming in context

Children between the ages of 4—6 years old are learning how to understand, represent, and
remember objects in their mind without having the object in front of them (Piaget 1959).
They still struggle with abstract concepts like perspective-taking, and mental modeling, so
they often need to rely on physical representations and objects to help them formulate, test,
and revise their ideas about how their world works (Ackermann 1996; Piaget 1952). It
seems like a daunting list of cognitive concepts to master before first grade. However,
Kindergarten children have a special learning tool to aid in this development: play. In
particular, play that involves the manipulation of physical objects that symbolize other
objects or ideas lets children explore the rules and systems of larger abstract concepts in a
variety of educational domains (Piaget 1952; Bers 2008).

While playing, children engage with the physical world using their five senses (Vy-
gotsky 1978). Friedrich Froebel, the inventor of the modern Kindergarten, understood this
when he created his “gifts,” toys developed specifically for little hands to construct and
dismantle (Froebel 1826). These small tools allow children to model structures they see in
their daily lives, or to build entirely new ones of their own design. Maria Montessori later
expanded on Froebel’s concept of physical learning tools, and developed her own class-
room experience that focused on using tangible manipulatives in modeling, thus making
abstract ideas more salient (Montessori and Gutek 2004). This line of work was extended
in recent years by researchers working with digital manipulates (Bers 2008). For example,
Zuckerman et al. (2005) explain that in addition to providing the sensory engagement that
young students need, tangible manipulatives also provide easy entry-points for novice
learners or students with learning disabilities, as well as a natural platform for group work
and shared control, which fosters discussion and social negotiation—important aspects of
learning-related play (Vygotsky 1978). Perhaps this helps understand why it is so common
to see tangible tools and manipulatives in Kindergarten classrooms in the form of puzzles,
counting cubes, and colorful plastic shapes, among many others.

As mentioned above, manipulatives have shown over time to be uniquely supportive of
young children’s learning and creative expression. Thus, it seems that the logical next step
is to expand the physical interactions to the digital world. However is there an impact of
tangible interfaces on young children’s learning?

Although there is still relatively little research about young children and tangible
interfaces, there is evidence that older learners can gain different benefits from tangible
interfaces than from graphical ones. For example, a study comparing computer and hard-
wood interfaces of a program designed to teach middle school students about the human
body found that the graphical interface was more efficient and promoted faster learning of
new concepts, while the tangible interface promoted deeper engagement and prolonged
focus on exploring new anatomical structures (Ploderer 2005). In an experiment comparing
physical and screen-based puzzles, children aged 7-9 years completed the tangible puzzles
faster and with more direct peer collaboration than the computerized ones (Xie et al. 2008).
Studies on adult learning in medical technician settings have also shown that tangible
interfaces may be more intuitive to master, more supportive of problem solving behaviors,
and better at fostering spatial awareness, especially for users who have low spatial
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cognition (Quarles et al. 2008; Kim and Maher 2006). These findings are supported by
embodied cognition and gesture research, which show that gestures aid thinking by
recalling prior manipulation of materials (Manches and Price 2011). However, Manches
and Price caution that it is still unclear whether encouraging manipulation of materials
necessarily results in learning gains. They suggest that when investigating the benefits of
tangible interfaces, specific learning domains and objectives must be considered (Manches
and Price 2011).

While there is a growing focus on investigating tangible interface learning, there is still
little empirical evidence that tangible interfaces offer educational benefits compared to
graphical or other digital methods (Horn et al. 2012; Marshall 2007). In a study by Horn,
et al. (2012) on a museum exhibit using Tern, a tangible/graphical robotic programming
language, tangible interfaces were shown to be more appealing to children (defined as
participants aged “16 and under”) and more useful for fostering collaboration. These
findings have been echoed by similar studies (Cheng et al. 2011; Manches and Price 2011).
However, Horn et al. (2012) reported unique findings that the tangible interface seemed to
appeal equally to girls and boys (in contrast to the graphical one, which was more
appealing to boys), and that users had similar levels of understanding and program com-
plexity regardless of whether they were using the TUI or the GUI version of the software.

These findings inform the work presented in this paper. Furthermore, this paper sets to
do a control study comparing three different types of interfaces used by young children, at
an age in which research has already proved the impact of traditional learning manipu-
latives. Do we see similar results when children use tangible programming interfaces to
control the behavior of a robot? What happened when children are able to choose the
interfaces they want to work with? Would different interfaces influence children’s
understanding of the content they learned, or of the problem solving techniques inherent in
the learning process? This study is designed to explore these issues. The next section of the
paper describes the specific research questions.

Blocks versus computers: What can children gain?

The present study is inspired by the work of Horn et al. (2012) that first explored initial
interactions of mixed-age participants (under 16 years) with a tangible and graphical
programming language in an informal learning setting: a museum. This study explores
similar questions, by focusing on the impact of the interface on comprehension about
programming, and expands by looking at changes in understanding over time in the context
of a formal learning setting: a Kindergarten classroom. Both tangible and graphical
interfaces were introduced to Kindergarteners in different combinations throughout a
9-week robotics programming curriculum. Kindergarten classrooms were chosen specifi-
cally because of this age group’s developmental reliance upon physical interaction with
objects to understand and explain their ideas (Piaget 1959; Froebel 1826; Montessori and
Gutek 2004; Vygotsky 1978; Bers 2012)

Two related but distinct overall research questions drove this work: how well children
learn with technology (i.e. programming languages in the context of robotics), and how
well children learn about technology (i.e. programming languages in the context of
robotics). For example, when we examine a child interacting with a programming inter-
face, we are equally curious about what she does with it and how she engages with it, and
also how complex or functional her programmatic creation is, and how closely it aligns
with her stated goal. To that end, our formal research questions are:
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1. Does the interface style (i.e. tangible vs. graphical vs. hybrid) of the programming
language affect a child’s comprehension of programming concepts in the context of a
structured Kindergarten classroom?

2. Given the option to switch between interfaces, are there any patterns in children’s
interface choices and the impact on comprehension of programming concepts?

Study design and method

This study exposed three Kindergarten classrooms to different programming interface
styles (tangible vs. graphical vs. hybrid) in order to observe differences in children’s
learning about programming. This section focuses on the different elements in the study
design. First, it presents the curriculum about computer programming, an adapted version
of the robotics curriculum developed by the DevTech Research Group (Sullivan et al.
2013). The same curriculum was used to teach all participant students regardless of the
interface condition. Second, it describes the three different interface conditions experi-
enced by each classroom. Third, it provides descriptions of the participant demographics.
Finally, assessment instruments are presented.

The robotics curriculum

During the study, each of the three Kindergarten classrooms participated in a total of 13 h
of robotics lessons. The lead researcher taught the 9-week robotics curriculum with the
help of research assistants, using technology lesson guides developed at the DevTech
Research Group (Sullivan et al. 2013). This curriculum is designed following the positive
technological development framework (Bers 2012). The curriculum integrated the learning
of robotic programming with the school’s standard science curriculum on animals and
habitats. Children were tasked with building a robotic animal and programming it to act the
way the animal might act in real life, i.e. sleeping, playing, looking for food, etc. Classes
followed the school’s normal Kindergarten schedule, with small-group work (2-3 chil-
dren), broken up by short large-group activities (Kostelnik and Grady 2009).

The three core programming concepts in the curriculum are: sequencing, repeat loops,
and creative programming, or programming with a meaningful goal in mind. These con-
cepts were introduced sequentially, as each one builds upon the last. The concept of
sequencing introduced the idea that order matters when giving instructions or actions to a
robot. Most specifically, the order of programming commands will affect the order of
actions the robot executes. The repeat loops lessons explored actions and sequences that
repeated within a program, essentially creating small programs inside of longer ones.
Finally, the unit on creative programming encouraged children to choose an imaginative
goal for their robotic animal (i.e. find food or travel to its habitat) and build a program to
execute their goal (see Fig. 1). This allowed children to explore all programming concepts
learned earlier, and to apply them toward a personally meaningful project.

Every unit taught contained a “buffer lesson,” during which children were allowed to
explore with the programming and robotic materials with no directed lesson goal (see
Table 1). This was designed to give children time to absorb concepts, and maintain focus
during more structured activities. After the repeat loops unit and the creative programming
unit, assessments were administered (the reasoning for this timing is explained in later
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Fig. 1 Sample child’s engineering journal. Children used journals to track their animal research and
engineering designs. This student chose to study eagles, and practiced writing “eagles fly” in her notes

sections). Assessments were designed to target children’s understanding of each pro-
gramming concept.

As mentioned before, this robotics programming curriculum was integrated with the
core science Kindergarten curriculum that focuses on animal habitats and characteristics.
Children were asked to use their robotic materials to build and program a robotic animal in
its habitat. This happened during the sessions that focused on the open-ended creative goal.

Robotic tools and programming interfaces

All children used Lego® Education WeDo Construction Sets to build their robots and the
Creative Hybrid Environment for Robotic Programming (CHERP) programming language
to program the robot’s behaviors (Bers 2010). CHERP is composed of color-coded, high-
level programming instructions, such as “forward,” “spin,” and “beep.” CHERP code
may be written using an on-screen computer interface or tangible wooden blocks. The GUI
allows children to click-and-drag picture icons of instructions into a list, or sequence, for
the robot to act out. The TUI allows children to put together interlocking wooden blocks,
with stickers of the CHERP picture icons on the sides (see Fig. 2). CHERP is a direct
descendant of the Tern language used by Horn, et al., in the museum investigation
described early on (Bers and Horn 2010; Horn et al. 2012).

Participating classrooms

Participants were Kindergarten students in a public early education school in the city of
Boston. The school hosts pre-kindergarten through third grade students from mainly urban
areas, with populations characterized by low socio-economic status. At the time that the
intervention began, the school had no formal robotics or engineering component to its
curriculum. Massachusetts State demographic and census information reports that the
school is 72 % Hispanic, 69 % Limited English Proficiency, 65 % Free or Reduced Lunch,
15 % Special Education (MA DOE 2011).

Three classrooms participated, and these were purposefully selected to meet three
requirements. First, the children all had to be the same age (5-6 years) so that researchers
could draw comparisons across the sample, controlling for approximate developmental
skill level. Second, children with previous formal robotics education were not accepted
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Table 1 Curriculum content, by lesson day

Lesson 1 2 3 4 5

Unit 1 content Intro Programming: sequencing Buffer day: explore
Lesson 6 7 8 9

Unit 2 content Programming: repeat loops Assessment day
Lesson 10 11 12 13

Unit 3 content Programming: creative goal Assessment day

Fig. 2 CHERP interfaces and LEGO WeDo robotic kit. Computer screen shows graphical CHERP
interface, and blocks represent tangible interface

into the study (this exempted one Kindergarten classroom from the same school), since
their prior experience could alter their reactions and engagements. Finally, the children
receiving the intervention were required to participate as a cohesive classroom unit. This
was intended to provide children with a safe social environment for their learning, an idea
borrowed Vygotsky’s (1978) theories on social context in the development process.

There were also important differences among the participating classrooms. Despite the
fact that all three classrooms were part of the same public elementary school, two class-
rooms were taught using traditional public school methods and the third was taught
Montessori-style. Since Montessori classrooms are typically mixed-age, many of those
children were ineligible to be research participants. However, we needed three participant
groups to address the research questions, so we elected to include in the study only those
children who were age 5-6 from the Montessori class. This means that the sample size of
one group (the GUI classroom, see section on Experimental Conditions) is much smaller
than the other two groups.

The full-time classroom teachers were present and involved during each lesson.
Teachers participated by assisting children during free-work time and managing transitions
and behavioral issues during large group discussions. Only one teacher (TUI classroom)
attempted to co-lead lessons later in the curriculum. The HUI classroom teacher expanded
the robotics class content (animals and hibernation) into other domain-specific activities.
For example, she led a writing activity in her classroom about planning how the children’s
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robotic animals would look and act. Each classroom was initially exposed to different
experimental conditions, which are described in the next section.

Blocks, computers, or both?

While each participating Kindergarten classroom was exposed to the same curriculum and
used the same CHERP programming language, they each used a different CHERP inter-
face: tangible, graphical, and hybrid. These conditions were in place for the first six of the
nine programming lessons in the curriculum (see earlier timeline). During the last three
lessons children were introduced to both tangible and graphical interfaces, meaning all
classrooms used a hybrid interface.

The conditions were chosen to let researchers follow the children’s development of
curriculum comprehension using quantitative assessments tools (Strawhacker et al. 2013)
designed specifically to gauge children’s programming knowledge. In order to provide a
context for our quantitative data, observational data was collected and coded about each
child’s experience in the classroom.

Tangible (TUI) condition

In the tangible condition classroom (N = 14), children were given formal instruction using
only the CHERP tangible wooden blocks. Because CHERP requires a computer to upload
and compile the tangible program to the WeDo robot, there were two “testing stations” set
up around the room, where research assistants used the computer’s embedded webcam to
upload and compile programs for children. Children were able to observe the research
assistants while they uploaded the programs, watch their robots executing the programs
they had written, and edit their programs using the wooden blocks. They were not per-
mitted to edit the programs using the computer interface, and research assistants did not
explain any part of the computer screen interface to the children. Children worked in
groups of three children.

Graphical (GUI) condition

Children in the graphical condition classroom (N = 7) were given formal instruction using
only the computer screen interface of CHERP. Each small group of children shared one
computer for programming and for testing their robots at their work areas. Computers were
small eeePC laptops, and children were allowed to use a small USB mouse to drag and
drop graphical icons into the programming area. No reading or writing skills are needed for
using the GUI. Children worked in groups of two to three children.

Hybrid (HUI) condition

In the third classroom (N = 14), children were given formal instruction using both the
tangible and graphical versions of CHERP simultaneously. Each small group of three
children had a laptop and mouse and access to wooden blocks. Children were able to build,
upload, and compile programs at their work areas, and were given formal instruction on the
use of both interfaces. Although the field of tangible computer interfaces might use the
term hybrid in a different way (Sehyun 2006), for the purpose of this paper, we refer to
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HUI, or hybrid user interface, to describe an environment where children can freely switch
between two different types of interfaces at any point, and use both simultaneously to work
on a programming activity.

Timeline of conditions

For the first six programming lessons, classrooms were conducted using the interface
conditions described above. For last three programming lessons, all classrooms were
introduced to the hybrid condition (HUI) to account for order effect (see Table 2).

There were two reasons for introducing the hybrid environment to the tangible and
graphical condition classrooms. On the one hand, we wanted to explore children’s interface
preferences, once they were exposed to both TUI and GUI. Since CHERP was designed to
be used as both a tangible and a graphical programming language, we wanted to expose
children to the kind of experience they would have in a classroom in which both interfaces
could be used interchangeably. On the second hand, by providing children the opportunity
to switch freely between interfaces, we may also have given them a problem solving tool.
Manches and Price (argue that when children face challenges in the design process, it is
important that they are able to choose which tools they want to use to solve the problem, as
this helps them to better understand the problem itself (Manches and Price 2011). CHERP
was designed with this principle in mind.

Data collection: learning from the students

Data was collected using a mixed-methods approach, incorporating aspects of qualitative
and quantitative analysis methods (Creswell 2014). Quantitative data was collected in the
form of Solve-It assessments. The Solve It assessments are tasks designed at the DevTech
Research Group to capture student’s learning of programming concepts, from basic
sequencing up through conditional branching (conditional branches are sequences that only
occur under certain conditions, like when a distance sensor is activated by a robot coming
near a wall) (Strawhacker et al. 2013). The assessments require children to listen to stories
about a robot based on a familiar context and then attempt to create the program using
CHERP paper icons. For example, one story was about the bus from the children’s song
“Wheels on the Bus,” since children already knew the song and had a reference point for
how that robot (bus) should behave (see Fig. 3).

Assessments were administered at a mid-point in the intervention and shortly after it
ended, so that children’s programming comprehension would be assessed after all of the
isolated condition lessons, and again after the hybrid condition lessons.

Data was collected from each student in the form of five Solve Its on each assessment
day (ten per child total). The Solve Its tested: simple sequencing, advanced sequencing,
simple repeat loops, advanced repeat loops, and program construction. This analysis will
focus on advanced sequencing and simple and advanced repeat loops.

Sequencing tasks consisted of a list of instructions for children to place in correct order.
After hearing a verbal description of the program, children were able to sort through paper
cut-outs of the CHERP language icons and organize them into the program that they had
just heard (see Fig. 4). Sequencing is a core skill for young children, important in story-
telling, planning a day’s activities, and ordering numbers, and is considered a foundational
skill in early mathematics and pattern comprehension (Kazakoff et al. 2013; Clements and
Samara 2009).
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Story Components:

e Context: “Do you know the song, Wheels on the Bus? [Sing song with class]. I want
to make a robot that is a bus, and I want its wheels to spin around four times, just
like in the song.”

e Instructions: “How would I do that? First, I want the robot bus to turn on. Next, |
want the robot to spin its wheels, and to keep doing it four times. Then, I want the
bus to stop spinning its wheels, and last, to turn off.”

e Challenge: “Can you imagine the program my robot needs? Are you ready to try to
make the program for my robot?”

Fig. 3 Sample script for administering “Wheels on the Bus” Solve It task. Lead researchers administered
all Solve It tasks, with aid from research assistants and regular classroom teachers

Fig. 4 Sample student response to advanced sequencing Solve It

The repeat loop tasks are similar to the sequencing tasks, except that instead of simply
ordering actions, students are required to incorporate control flow blocks into the program
(see Fig. 5). These control blocks are similar to the begin and end blocks, in that they begin
and end a sub-section of a program to repeat. For both repeat-loop and sequencing Solve
Its, the difference between Simple and Advanced tasks is the number of blocks required to
correctly sequence the program. The advanced repeat loop questions also required children
to separate repeating instructions from non-repeating instructions, a patterning task which
is cognitively more challenging than simply identifying and ordering the instructions
(Kazakoff et al. 2013; Clements and Samara 2009).

Solve Its were scored using a task-specific, analytical rubric developed by the DevTech
Research Group (Strawhacker et al. 2013; Moskal 2000). Each question received a total
score based on separate criteria, including placement of begin and end blocks and relative
order of action blocks. The scoring rubric was developed after a pilot assessment was
administered, to identify incorrect answer patterns that could demonstrate developmental
level rather than programming comprehension. For example, many children reversed the
order of their program so that it was read right to left. Rather than mark these responses
incorrect, researchers observed that in all the cases when this occurred, those children
worked right to left, indicating that their logical sequencing ability was actually separate
from their directional sense. This led to adjustment of the metric to assume that in cases
when a student’s response would earn more correct points if reversed, they should be
scored that way. Inter-scorer reliability tests showed precise agreement (two items;
K = 0.902, p < 0.001).

Student responses to the Solve It tasks were scored on a 0-6 rubric, with two 3-point
subscales targeting concepts of “control flow” and “action” sequencing. Research assis-
tants who had not worked on developing the Solve It assessments used responses to
develop the scoring rubric. For example, sequencing rubrics allow for more point variation
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depending on how the actions were ordered, while repeat loop rubrics focus more on
correct loop structure in a program (see Figs. 6, 7 and 8).

In addition to the Solve It tasks, qualitative data was collected in the form of video
footage of the children working during lesson time. Video data was collected of the
children during all small group activity time for seven class sessions (one camera per small
group), starting on class 4. Classes 1-5 were not recorded because on these days children
were exploring the robotic equipment, and programming was still being introduced.
Footage was not collected on buffer days or during assessments. This left seven lesson days
per class (105 total hours of footage) that we recorded for later analysis.

Children’s classwork artifacts, including written and drawn programming plans,
untested CHERP programs, and videos of finished robotic projects, were also collected in
order to supplement and illustrate themes derived from data analysis. Research assistants in
teaching roles also recorded informal journal entries and subjective notes to illuminate
what happened in the classrooms. Finally, a select few groups were chosen to undergo
more rigorous qualitative examination. These case-study groups will not be discussed
thoroughly here, although some trends and themes from their coded transcripts will be
mentioned in the Discussion portion of the paper.

Data analysis

To answer our first research question, “Does the interface style of the language affect a
child’s comprehension of programming concepts?” Solve It assessment scores were com-
pared across classrooms. In the TUI and GUI condition groups, the Solve-It scores provide a
quantitative baseline to compare each child’s performance before and after the introduction
of the new UI experience. The HUI condition class serves as a third comparison group.

Our second research question, “When do children switch between interfaces, and are
how are they using them?” required analysis of how the children spent their time pro-
gramming. Video footage was coded using time interval sampling to mark what type of
programming activity a child was doing at any given time: building a program with blocks,
building a program on the computer, compiling and testing a program, rebuilding their
robot, engaging in a non-lesson related task, etc. Video sections were sampled such that the
first minute of every 5-min segment was coded (Repp et al. 1976). Events when children
were actively using the programming interfaces were marked as rich events, and coders
were able to view those instances for longer than 1 min to see how an event played out
(Friedlander et al. 1972).

Solve It scores were analyzed to compare means within and across classrooms for
statistically significant trends. These data were then compared using linear regressions with
trends in the time-sampled interface-use in order to triangulate the results.
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Fig. 6 Correctly sequenced response to the “Wheels on the Bus” Solve It task. Begin and end blocks are
correctly located (3 out of 3 points). Repeat and end-repeat blocks and number parameter correctly surround
spin block (3 out of 3 points). Total: 6 out of 6 points
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Fig. 7 Incorrectly sequenced response to the “Wheels on the Bus” Solve It task. Begin and end blocks are
correctly located (3 out of 3 points). Number parameter is correctly placed on repeat block, and repeat block
is correctly located before end repeat block. However, spin block is incorrectly placed outside of repeat loop.
This rendered the repeat loop non-functional (1 out of 3 points). Total: 4 out of 6 points
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Fig. 8 Incorrectly sequenced response to the “Wheels on the Bus” Solve It task. Begin and end blocks are
incorrectly switched (0 out of 3 points), number parameter is correctly placed to side of repeat block, end
repeat block is incorrectly located before repeat block, and spin block is incorrectly placed outside of repeat
loop (0 out of 3 points). This response would score a 0 out of 6 points, except for the amendment in the
scoring rubric to account for children working right-to-left. Because of this, the response is scored as if it
had been written backward, and scores a total of 2 out of 6 points

Although presenting qualitative case-studies is beyond the scope of this paper, video
footage taken of two children from the TUI classroom and three from the HUI classroom
was transcribed and read by two researchers for emergent themes in the data (Charmaz
2006). Transcripts were scrutinized further to arrive at more granular codes within each
theme, and a codebook was created from the codes.

Analysis of Solve It scores
Due to the small size of this sample (N = 35) and the nature of working with children in a

public school setting with mixed developmental levels (and in some cases, confidential
learning disorders), the results presented here should be interpreted with caution. Because
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of the small data set, statistical inferences were slightly harder to make. For example, the
data did not meet all statistical assumptions for performing a one-way ANOVA. The data
failed the assumption of normality, although it is likely that this assumption would be met
had a larger sample size been used. Normal transformations were attempted (e.g. loga-
rithmic transformation as well as square-root transformation), however this still did not
yield normal distributions. Although ANOVA is very robust to “violations” of normality,
non-parametric tests were performed. In this case, the Kruskal-Wallis test was used to
determine if the distribution was the same across classroom groups and Wilcoxin Signed
Rank test to compare the median of pre and post scores within classrooms. Both parametric
and non-parametric tests led to the same conclusions. Therefore, the ANOVA and repeated
measures tests will be discussed in these results.

Results

Time interval sampling of the video footage allowed the identification of UI trends over
time. The graphs below represent the cumulative events in each classroom of children
using computers, using blocks, and testing their program on a robot (see Figs. 9, 10 and
11). The number of interactions per day was normalized to account for the number of
children in each classroom. Testing was included as a coding category because it represents
the time that children spend observing a robot act out the program they made. This kind of
iterative feedback and modification is an integral step in the programming process.
Instances when children were programming, or “interaction events,” were defined as any
event when a child was engaged with a computer or with blocks. The dotted line on the
TUI graph represents the day that the Tangible condition classroom was introduced to the
computers. Similarly for the GUI classroom, the dotted line indicates when blocks were
introduced.

For all graphs below, “Day” refers to programming-only days when video footage was
collected. Days 1-5 are not included, since these days were primarily for introduction of
programming concepts. Days 68 represent the Unit 2 of the curriculum, the last 3 days
during which children worked in the isolated condition. Day 9 was an assessment day,
followed by free exploration of programming tools. On days 10-12, Unit 3 was introduced
and TUI and GUI children were exposed to new programming styles alongside their
familiar ones. The HUI group worked with both styles for the duration of the curriculum.

Summary of Solve It scores

This analysis focuses on three of the five Solve-It tasks that all of the Kindergarten students
completed during testing. The first task was a sequencing challenge that was relatively easy
even for our pre-Kindergarten pilot group. This task was intentionally used as a warm-up
exercise the Kindergarteners in this study, and allowed them to experience a Solve It task
once before being assessed. The fifth task was a more challenging repeat-loop challenge
and focused on block selection rather than action sequencing. This Solve It will require
more thorough analysis and will be investigated in later work.

Each Solve It score was composed of two factors: a score for the begin and end block
sequencing, and a score for the action block sequencing. Begin and end scores (0-3 points)
and action scores (0-3 points) were added to get a total score for each question.

Table 3 demonstrates the mean begin and end scores for each Solve It task by class-
room. Average scores on the “Begin and End” block criteria fell in the range of 2.43-3 out

@ Springer



Comparing Kindergartner’s programming comprehension

Ul Interactions over time: GUI
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Fig. 9 Interface events in the GUI-condition classroom. This graph represents the cumulative frequency of
programming interfaces used by children in the graphical condition group. Block use did not begin until the
ninth programming class because that was midpoint when tangible-style programming was introduced. After
blocks were introduced, computer use remained high, while block use and events of children testing and
observing their robots acting out programs increased

Ul Interactions over time: TUI

—+— Computer
—=— Block
Test

-~ Computer
Introduction

Cumulative Interacations per Child

Fig. 10 Interface events in the TUI-condition classroom. This graph represents the cumulative frequency of
programming interfaces used by children in the tangible condition group. Computer use did not begin until
the ninth programming class because that was midpoint when graphical interface programming was
introduced. Similarly, students were not able to test their programs by watching robots act them out without
adult assistance, because teachers were required to handle the computer interfaces at testing areas. After
computers were introduced, computer use became the most popular programming interface, although block
use remained high as well

of a max of 3 points in the mid-test and 2.64-3 points in the post. The lack of variation in
mid- and post-test scores could be explained by a ceiling effect in the scoring rubric. It may
also suggest that concept of begin and end blocks was already accessible to the students, so
there was not much room for improvement. Most of the students spontaneously referred to
the “go” and “stop” blocks, demonstrating their intuitive understanding of the relative
sequence of start and stop instructions. Therefore, one might expect a ceiling effect on
these scores.

Table 4 showed the mean scores for the action block sequencing of each Solve It task
by classroom. Average scores on action blocks showed slightly more variation, with most
scores falling in the range of 1.29-2.17 out of 3 points in the mid-test and 1.29-2.5 points
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Ul Interactions over time: HUI
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Fig. 11 Interface events in the HUI-condition classroom. This graph represents the cumulative frequency
of programming interfaces used by children in the hybrid condition group. Computer use remained high
throughout the intervention. Testing programs by running them on robots was more frequent than children
using the blocks to build programs
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Cumulative Interacations per Child

in the post-test. Of these results, the most pronounced change over time occurred in the
TUI classroom on the easy repeats task. For this task, students in the Tangible classroom
earned the lowest average scores across all three classes in the mid-test, and went on to
earn the highest average scores in the post-test.

The means for total scores on each Solve It task are shown in Table 5. Average total
scores fell in the range of 4.07-5.17 out of 6 points in the mid-test and 4.29-5.5 on the
post-test. Generally, total scores improved from mid- to post-test across all tasks and
classrooms, with the only exception being the HUI group’s scores on the Hard Sequencing
task. For this task, HUI classroom students showed no change over time in average scores,
although the larger standard deviation of the post-test indicates that their scores varied
more over time.

There are some interesting patterns in the Solve It responses. However, given the small
sample size and the lack of many significant findings, these results should be interpreted
with caution.

One interesting finding is that in every Solve It task, the HUI group earned the lowest
average total scores across all classrooms for both the mid- and post-tests. A closer look at
these scores shows that the HUI group’s begin and end score averages were comparable to
those in the other classrooms, meaning that the disparity in Total scores must be related to
action block scores. Indeed, the HUI students earned the lowest average Action scores of
all three classrooms for both the mid- and post-tests of every Solve It task. While this
finding is not statistically significant, it does suggest that there may be a learning benefit to
introducing programming with a single interface style first, rather than two at once.

The trends in average Total scores of the GUI and TUI groups were also interesting.
Students in the GUI group outperformed TUI classroom students in mid-tests on all three
tasks, but the post-test results showed more variation. On the Hard Sequencing task, the
GUI group scored the highest average Total scores, while the TUI group earned the highest
Total scores on both repeat tasks. Repeat loops and other complex, nested patterns are
generally considered to be conceptually challenging concepts that build off of the concept
basic mathematical sequences. For example, Massachusetts curriculum standards focus on
“number order and basic operations” in Kindergarten, but do not introduce “using patterns
to solve problems” until the 3rd grade (Massachusetts Department of Elementary and

@ Springer



Comparing Kindergartner’s programming comprehension

Table 3 “Begin and End” scores by classroom for mid- and post-tests

Begin/end Hard sequencing task Easy repeats task Hard repeats task
Classroom N Mean SD N Mean SD N Mean SD
TUI
Mid 14 2.86 0.535 14 2.86 0.535 14 2.86 0.535
Post 13 2.85 0.555 12 3 0 12 3 0
GUI
Mid 6 3 0 6 3 0 6 2.83 0.408
Post 7 3 0 7 2.86 0.378 7 271 0.756
HUI
Mid 14 2.86 2.86 14 2.43 0.852 14 2.57 0.756
Post 14 2.64 2.64 14 3 0 14 3 0

Table 4 “Action” scores by classroom for mid- and post-tests

Totals Hard sequencing task Easy repeats task Hard repeats task
Classroom N Mean SD N Mean SD N Mean SD
TUIL
Mid 14 1.86 1.292 14 1.29 1.204 14 1.64 0.633
Post 13 1.92 1.038 12 2.5 0.905 12 2.08 0.669
GUI
Mid [§ 2.17 0.983 6 2 1.549 6 1.67 0.816
Post 7 2.43 0.976 7 2.29 1.254 7 1.71 0.756
HUI
Mid 14 1.64 1.082 14 1.64 1.336 14 1.57 0.646
Post 14 1.86 1.231 14 2 1.038 14 1.29 0914

Table 5 Total scores by classroom for mid- and post-tests

Totals Hard sequencing task Easy repeats task Hard repeats task
Classroom N Mean SD N Mean SD N Mean SD
TUI
Mid 14 4.71 1.49 14 4.14 1.46 14 45 0.941
Post 13 4.77 1.301 12 55 0.905 12 5.08 0.669
GUI
Mid 6 5.17 0.983 6 5 1.549 6 45 1.049
Post 7 5.43 0.976 7 5.14 1.574 7 443 0.976
HUI
Mid 14 45 1.345 14 4.07 2.056 14 4.14 1.231
Post 14 45 1.951 14 5 1.038 14 4.29 0.914

Total scores were derived by summing the “Begin and End” and “Action” scores for each Solve It task
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Secondary Education 2011). It is interesting to find in this study that better understanding
of the concept of sequencing does not predict better understanding of more complex
sequences involving repeat loops, and in fact TUI Kindergarteners showed slightly stronger
understanding of repeat loops than linear sequences. This finding may call into question the
assumption that linear sequencing is a foundational skill for understanding looping
functions.

In order to answer our research questions, analysis was conducted to determine whether any
significant patterns emerged in children’s performance on the Solve It assessments. Univariate
ANOVA analysis was performed to determine if there were differences in means for mid-test
scores amongst the classrooms (see Fig. 12). There were no statistically significant differences
in performance, so all classrooms earned Solve It scores in roughly the same range. This
suggests that the interaction style (tangible, graphical, or hybrid) had no significant effect on
children’s programming comprehension during the first two units of the curriculum.

Univariate ANOVA analysis was also performed to determine if there were differences
in means for post-test scores amongst the classrooms (see Fig. 13). There was one sta-
tistically significant difference between the TUI and HUI classrooms on the hard repeat
task (F = 3.657, p = 0.038338). This finding shows that the TUI group significantly
outperformed the HUI group on this hard repeat task. For all other tasks, there were no
differences in post-test scores between classrooms.

Repeated measures ANOVA analysis was run to determine if there were significant
differences across classroom from mid- to post-test (see Fig. 14). Average Solve It scores
did not vary significantly across tasks when all classrooms were considered. When vari-
ations within classrooms were considered, a repeated measures ANOVA for the TUI
classroom did show a significant increase in scores from the mid-test to the post-test on two
Solve It tasks: the easy repeat task (F = 13.156, p = 0.003069) and the hard repeat task
(F = 6.656, p = 0.02286) (see Table 6). This could mean that for students initially
exposed to tangible programming, the later addition of a graphical UI may offer important
advantages for concept mastery. However, since there was little variation in final scores
among the classrooms, it is difficult to say whether this advantage signifies better overall
understanding, or just a steeper learning curve (i.e. a clearer “aha! moment”) for students
learning to program with CHERP.

The HUI group showed no statistically significant change across all questions, which
might be expected since their experimental condition did not change throughout the study.
Interestingly, although the TUI group showed significant gains in understanding after the
introduction of the computer interface, the GUI group did not show any statistically sig-
nificant changes after being exposed to the wooden CHERP blocks. Although the TUI group
did show significant improvement from mid- to post-tests within the class, they did not
perform significantly worse on the mid-test or better on the post-test than the other classes.

Table 7 shows the difference in total mean scores between each classroom, highlighting
differences that indicate a significant variation in performance between classes. The mean
scores for the hard repeat (total) Post Test, the TUI group significantly outperformed the
HUI group (p = 0.016%*). TUI also outperformed the GUI group on this question, although
the difference in means was not statistically significant (p = 0.096). However, the dif-
ference between GUI and TUI was large enough that they may have shown to be signif-
icantly different in a larger study with more student scores. This is especially interesting
since the difference between the HUI and GUI classrooms were marginal, almost
approaching no difference at all (p = 0.965).

Data collected from Solve It assessments were triangulated with data about the fre-
quency of Ul interactions, to determine if there were any significant relationships. A closer
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Fig. 12 Mid-test comparisons across the three classrooms for each Solve It task
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Fig. 13 Post-test comparisons across the three classrooms for each Solve It task

look at the UI interactions reveals that when children had access to both blocks and
computers, the graphical UI was consistently more popular and more often used than the
block interface. This could possibly be due to a novelty effect of having a tool in the
classroom that children would commonly associate with adults. Although no data was
collected about this phenomenon, many research assistants reported that when computers
were offered as a programming option in class, they repeatedly heard the children telling
each other stories about their parents and family members using computers at home.

Linear regressions were run to determine whether the TUI group’s significantly
improved programming comprehension was related to their ability to begin testing pro-
grams immediately after creating them. This seemed plausible, considering that in previous
units, they had to wait for up to 15 min to test out their programs. They may have already
forgotten what they created in that time, so recognizing errors during testing could have
been much harder for TUI students. All results were non-significant. Based on these
findings, it cannot be concluded that the amount of time spent interacting with different
interface types had an affect on Solve It scores.
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Change from Mid- to Post-Test, by Solve It Task
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Fig. 14 Change in mid- to post-test scores within each classroom, by question type. (* indicates statistically

significant change from pre- to post-test.)

Table 6 p values by classroom

Classroom p values by task types
Hard sequencing Easy repeat Hard repeat
TUI 0.593 0.003%* 0.023*
GUI 0.203 0.235 0.572
HUI 0.973 0.127 0.655

Values represent significance levels for change in each classroom from mid- to post-test. The TUI classroom
showed statistically significant changes from mid- to post-test

* Statistically significant at probability of 0.05

Table 7 Univariate ANOVA

. . TUI GUI HUI
multiple comparisons table for
dependent variable hard repeat
post, with Tukey post hoc test TuI - 0.096 0.016*
GUI 0.096 - 0.965
HUI 0.016* 0.965 -

Discussion

Overall analysis of the Solve Its results reveals little difference in scores across the three
interface conditions. However, different condition classrooms showed variations in con-
cept mastery by the end of the intervention, with the TUI group outperforming the GUI and
HUI classroom on tasks about repeat loops, and the GUI classroom scoring highest on the
Sequencing task. All three classrooms showed slight improvement in mean scores from
mid- to post-test for most tasks, with the TUI group showing statistically significant
improvement on both repeat loop tasks. The only exception is the HUI classroom, whose
mean scores dropped in the post-test hard repeat loop task, although it is difficult to draw

@ Springer



Comparing Kindergartner’s programming comprehension

conclusions from this finding because the change was statistically insignificant. This is
most likely due to the fact that the sample size of each class was very small.

The GUI group’s scores remained the most consistent across mid- and post-tests, and
consistently outperformed the HUI group on all tasks. The TUI group scored slightly below
the GUI group on the mid-tests, but slightly above GUI on the post-test repeat loop tasks.
Based on the mean total Solve It scores, the HUI group underperformed the other classes in
all three Solve It tasks. However, because these results were not statistically significant, it
cannot be concluded whether this trend that would be more robust in a larger study.

The few statistically significant results suggest that something interesting happened with
the TUI group during the third unit of the curriculum. This classroom showed significant
improvement from the mid- to post-test on tasks involving repeat loops, and significant
improvement in the hard repeat task post-test when compared to the HUI classroom.

Triangulating the data: Ul interactions and Solve It scores

During the last phase of the curriculum, when students had access to both programming
interfaces, block use was higher in the TUI and GUI classrooms than in the HUI classroom.
This could be caused by a novelty effect in the GUI classroom, which had only used
computers before, and heightened familiarity in the TUI group. Testing programs also
remained slightly lower in the TUI group in the last curriculum phase, even though they
frequently used computers (which they would need for testing). Finally, the TUI classroom
was the only group that used blocks more than computers when given the option to use
both, and they also had the most days when block and computer use were almost evenly-
split.

The lack of significant relationship found between time spent testing programs and
performance on Solve It tasks means that we cannot conclude whether seeing robots
running programs contributed to students’ understanding of the block commands. Of the
three classrooms, the TUI group still spent the least amount of time testing programs,
implying that the rapid improvement was not related to the ability to test programs.

One explanation for the lack of significant relationships between testing programs and
program comprehension is that the TUI group was primed to plan their programs for a
longer time before testing. The limited access to testing stations in this classroom meant
that they had to wait in line before they could watch their robots executing a program. By
having to wait so long between building and testing a program, perhaps they spent more
time wondering what the robot would eventually do, and were ready to understand errors
when they saw them. Alternatively, they could have spent their time in line observing other
students testing their programs. Since the time sampling only accounted for students testing
and observing their own robots, it is possible that observing peer programs is a con-
founding variable. A third explanation is that perhaps TUI students only needed a relatively
small amount of time to test programs because they had been primed so well by using
block programming that it forced them to slow down and internalize the concepts. More
research is needed to confirm or reject any of these hypotheses.

This might also explain why the HUI group slightly underperformed throughout the
intervention, even though they had access to all of the materials from the start. Perhaps the
variety of programming interfaces was overwhelming. If a student faced a difficult pro-
gramming or collaboration issue, he could easily turn from building a block program to a
computer one without retaining his original programming goal or working through the
underlying concepts.
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Focus on TUIL: Why the improvement?

The TUI group showed the most dramatic change in performance from mid- to post-test
Solve It tasks. Between the two tests, the TUI classroom was exposed to the third unit of
the robotics intervention, which involved three changes: a digital interface, faster and more
frequent testing, and child-selected programming goals to guide lessons.

The first change was the introduction of a computer interface for programming,
alongside the already familiar wooden blocks. This meant that children could now use an
all-digital interface for constructing programs, in addition to the tangible block interface
with which they were already familiar. This new interface may have helped crystallize
ideas that the tangible language had already fostered. For example, a program with a repeat
instruction but no end repeat instruction is possible to create with the wooden blocks, but it
will not compile on the computer. The computer interface will warn the user when they try
to compile such a program that “Every Repeat needs an End-Repeat” (see Fig. 15). This
could account for the steep increase in comprehension of repeat loops.

Second, they were able to test programs immediately at their seats. The CHERP pro-
gramming environment requires a robot to be physically plugged into a computer in order
to run. Because of the nature of the study, the children in the TUI classroom could not be
exposed to the computer version of the software, so for the first two sessions they waited in
line at “program testing stations” run by teachers and research assistants. There were
unforeseen effects to this approach. Having computers present but not available sparked
the students’ curiosity about the graphical software, so they had already formed hypotheses
about what would be on the computers and how to use them. The testing stations also were
limited in number so children were usually watching other students’ programs run and
looking at their programs. Informal observation and collaboration may have played a role
in the development of the TUI children’s ideas about programming. With the introduction
of a computer for each group’s robot, the TUI children were allowed to test programs
immediately upon creating them, and also to test them repeatedly and make minor changes,
which they often did.

The third change for the TUI group in the last curriculum session was the introduction of
creative programming. This portion of the curriculum allowed children to come up with a
personal goal for their program, which theoretically could promote more exploration and
subsequent mastery of programming concepts. However, there is no conclusive evidence that
creative programming had an effect on programming comprehension. Because all three
classrooms were exposed to this unit, it might be expected that they would all show changes in
Solve It scores. In fact, there was slight overall improvement, but without a larger sample to
verify trends there is no way of knowing whether the improvement was influenced by the
creative programming unit, the experimental classroom conditions, or something else entirely.
It also cannot be determined if the improvement represented the natural learning trajectory of
the children as they gained more experience using the CHERP programming language.

Classroom trends

There were a few trends that were salient across all three classrooms. Because of the
limited space in the classrooms, the materials that were not being used were usually stored
in plain sight in a corner of the room. The children saw the other materials and were often
very curious about when they would be able to use them. The TUI group was eager to work
with the computers, and GUI group was much more curious about blocks than the other

@ Springer



Comparing Kindergartner’s programming comprehension

P '@g@nmﬁammmMQ
END_REPEAT.

3
oY

CHERP found END.

Fig. 15 CHERP graphical interface warning. This computer warning occurs when a repeat loop is
syntactically incorrect and will not compile. The message prompts the user to include the correct block

two classrooms. This was despite explicit instruction and even overt attempts to restrict
access to the non-introduced interfaces during the early curriculum units.

It is possible that this built-up excitement about the materials affected the level of
interface engagement, however the extra materials that were visibly stored were not just
unused interfaces, but extras of all materials that were already freely available in the
classroom (i.e. Lego bricks, computers in the GUI classroom, CHERP blocks in the TUI
group, craft materials for decorating the robots, etc.). Since the children in all three
classrooms were curious about extra materials, even when they already had the same
materials at their workspaces, it is unlikely that this factor influenced the children’s choices
about which materials to program with.

Another common theme was the way that children talked about their animals and
programs. In all classes, students were able to switch between calling their project a robot
and an animal. Although it appeared to researchers that most children understood that the
robot was a non-living, symbolic representation of an animal, it is difficult to know because
children regularly assigned anthropomorphic goals to their “robot,” or alternatively
described programming actions that their “tiger” would execute (see Figs. 16 and 17).

The fact that children understood that their robots abstractly represented animals was
interesting. Since it is traditionally believed that children in Kindergarten are just

My Program Plan
Name:

N]YRO,EO&I’\' aj_%s\:eL &.«’
Something | want ﬂy F_(Ellgt Animal to do is:
T Waat

to [OoOK FEop

My program to make my Robot Animal do this is:

Fig. 16 Program planning sheet. Text reads: “My Program Plan. Animal: Crocodile. Program: I want my
robot to look for food”
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My Program Plan

Name:

My Robot Animal is:

Something | want my Robot Animal to do is:

Fig. 17 Program planning sheet. Text reads: “My Program Plan. Animal: Fish. Program: Forward, Spin”

beginning to experiment with abstract and symbolic thought, this was expected to be more
a barrier to understanding (Piaget 1952). However, classroom artifacts made by the chil-
dren demonstrate that they had no trouble switching between talking about the robot as a
physical, inanimate object and also as a living animal.

This type of mental abstraction may explain how the children were able to understand
the concept of repeat loops. Essentially, a repeat loop in the CHERP language requires a
programmer to remember the larger program that begins with begin and ends with end, and
also a smaller program, that begins with repeat and ends with end-repeat. This sounds like
a complex concept for a child of five, but in a way, repeat loops are simply an abstraction
of a linear program. Despite the fact that this kind of symbolic reasoning was not expected
until age seven by Piagetian standards, the students in all three classrooms were able to
demonstrate some kind of understanding in class and on their Solve It assessments.

Limitations and future work

This research was a pilot study conducted with three classrooms in the same school setting.
Although this narrowed variability in the children’s school environment, there were several
challenges posed by working within the school environment. The small sample size of all
three classrooms makes it difficult to draw conclusions about the results. This is especially
challenging since the GUI group is much smaller than the other classrooms. This is
because, as explained in earlier sections, the GUI group was composed of the children aged
5 and up from a larger mixed-age Montessori classroom. This is simply due to the fact that
the participating school site only had two age-graded Kindergarten classrooms. The other
Kindergarten students were part of Montessori classes.

Since this is a pilot study, it cannot be concluded whether any of the differences shown
in the GUI group are related to the different interface style of the computer, the learning
style of the students accustomed to Montessori-style teaching, or the small size of the
sample. In future work on programming interactions in Kindergarten, this study could be
expanded to explore the patterns across larger groups of students, and with more uniform
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school settings. A more even sample size of each interaction group would also help to
highlight statistically significant differences in performances on programming assessments.

This study focused on the frequency and type of child-interface interaction, and child
performance on an assessment of programming knowledge using the CHERP language.
Although many of the research questions outlined in the beginning of this paper have been
addressed, it is difficult to say what caused children to switch between different user
interfaces and why. Since children’s performance on Solve Its was not significantly cor-
related with the frequency of UI interactions, a closer look is needed at the qualitative
experience of children using the programming language. Depth qualitative inquiry could be
conducted in the form of qualitative coding of the collected video footage to examine what
cognitive learning patterns are associated with successful programmers using the com-
puter, block, and the hybrid interfaces. This study aimed to examine the differences in
learning among Kindergarten students when the same programming language and robotics
curriculum was introduced through tangible, graphical, and hybrid interface styles.
Although the results are inconclusive, this pilot study shows that for Kindergarten students,
using a tangible programming language may be related to enhanced comprehension of
abstract concepts like repeat loops.

While this is an exciting finding, computer programming for young children is still a
very recent concept. More investigation needs to be done on the learning patterns and
challenges of kindergarteners working with tangible technologies, so that educators may
provide the most beneficial educational materials and learning experiences for young
children exploring programming concepts.
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