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ABSTRACT 
The recent renaissance in early computer science education has 
provided K-12 teachers with multiple options for introducing 
children to computer science. However, tools for teaching 
programming for children with wide-scale adoption have been 
targeted mostly at pre-readers or middle school and higher grade-
levels. This leaves a gap for 4th – 6th grade students, who differ 
developmentally from older and younger students.  

In this paper, we investigate block-based programming languages 
targeted at elementary and middle school students and 
demonstrate a gap in existing programming languages appropriate 
for 4th – 6th grade classrooms. We analyze the benefits of Scratch, 
ScratchJr, and Blockly for students and curriculum developers. 
We describe the design principles we created based on our 
experiences using block-based programming in 4th – 6th grade 
classrooms, and introduce LaPlaya, a language and development 
environment designed specifically for children in the gap between 
grades K-3 and middle school students. 

Categories and Subject Descriptors 
D.1.7 [Programming Techniques]: Visual Programming;     
K.3.2 [Computer and Information Science Education]: 
Computer Science Education.  

Keywords 
Computer science education, elementary school, middle school, 
graphical programming. novice programming environments 

1. INTRODUCTION 
In an effort to engage young children in computer science, 
computer scientists have developed a variety of educational 
programming platforms, activities [23, 9, 17, 4] and outreach 
programs [3, 2, 12]. In the past few years, momentum has 
increased for elementary schools to teach computational thinking 
in their classrooms. Eighth graders’ reported interest in pursuing a 
career in science and engineering areas is a strong predictor of 
whether or not they will later pursue a science career [28].  
Further, after-school opportunities or summer camps where 
middle and elementary school students are likely to be introduced 
to computer science are less available to students from 
impoverished areas [6]. Adding computational thinking to earlier 

grade levels and integrating the subject into K-8 schooling will 
provide students from more backgrounds exposure to computer 
science at an age when they prepare to make decisions about their 
future. Moreover, these efforts may increase diversity in computer 
science fields, combat the dire shortage of computing majors, and 
create a higher level of the computing literacy that will be 
necessary for the innovators of the next century.  

In order to gain deeper insight into how 4th – 6th grade students 
(children ages 9-12) learn computer science, we modified an 
existing middle-school curriculum from the Animal Tlatoque 
summer camp to be appropriate for 4th grade [12]. We provided 
programming activities in a variant of Scratch [23] with starting 
files that the students manipulated and modified. During the 2013-
14 academic year, we revised and refined these activities based on 
feedback from the classrooms about what students struggled with 
and excelled in. 

Although elementary school students are capable of programming 
[21, 28], while developing curricula for 4th – 6th grade, we found a 
gap in the programming languages available for children. Many 
popular block-based languages are targeted either toward pre-
readers or children with math and language skills above 4th – 6th 
grade. Moreover, these languages are embedded in programming 
environments with interface features not developmentally 
appropriate for this age group; they contain features that are too 
complex, making the floor for entry too high for these students, or 
they do not provide students appropriate control over their 
projects. Additionally, existing block-based languages either 
require curriculum developers to create projects that fit the 
constraints of the environment, or to have the programming 
background needed to customize the environment for the project. 
New tools that are sufficiently flexible and have an entry floor 
level appropriate level for upper elementary school students are 
needed to make computer science successful in a regular 
classroom. 

Here we present our design goals for a block-based language 
targeted towards 4th – 6th grade. Our design goals are influenced 
by the challenges that students faced during the pilot of our 
curriculum when using a programming environment not 
developmentally appropriate for their age. We look at Scratch, 
ScratchJr, and Blockly, and assess their appropriateness for 
curriculum development at this age group [23, 13, 10]. Finally, we 
introduce LaPlaya, the language we designed to fill the gap in 
development environments for upper elementary school 
classrooms. 

This paper is organized as follows. We provide background on the 
elementary school classroom setting and a brief summary of 
related work in Section 2. In Section 3, we look at existing block-
based languages (Scratch, ScratchJr, and Blockly). In Section 4 
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we detail the design principles we used to create a new 
programming environment, LaPlaya. Finally, Section 5 contains 
our plans for future work.  

2. BACKGROUND & RELATED WORK 
Students’ academic knowledge and skills increase rapidly as they 
progress throughout elementary school and into middle school. A 
development environment for this age group must be flexible and 
expand as they learn, or the students will outgrow it. Students in 
upper elementary school differ in important ways from their 
younger counterparts. In second and third grade, “the mechanical 
demands of learning to read are so taxing at this point that 
children have few resources left over to process the content. In 
fourth through eighth grade, children become increasingly able to 
obtain new information from print” (p. 333) [26]. In fact, upper 
elementary school is an important transitional time for children’s 
development. These students are developing linguistic, 
kinesthetic, and cognitive skills necessary to successfully interact 
with computers.  Further, these students are learning key concepts 
from other fields, like math and science, needed to successfully 
program. As examples, key math concepts such as division, 
negative numbers, and percentages are taught during upper 
elementary school. 

Fourth graders today are commonly described as “digital natives” 
because they have never known a world without computers or the 
Internet [5]. Although access to technology varies, particularly 
depending on students’ socioeconomic levels, today’s 4th graders 
have some familiarity with computers and ideas about how to 
interact with them. Students enter the computer lab already 
familiar with computers, but as users rather than developers. 
Kolikant characterizes computer science classes as encounters 
between intertwined cultures. Students are members of the culture 
of school, and are already familiar with computers as part of the 
“user” culture [5], but they are newcomers to the computing 
culture. 

Previous studies have looked at the development environment’s 
influence on students’ roles as users or developers. In the creation 
of ScratchJr, a visual language based on Scratch, the developers 
removed “instant gratification” buttons, or buttons that produce an 
immediate effect on the state of the program, so children would 
spend less time playing with the software’s features and more 
time creating [18]. However, Kazakoff found that kindergarteners 
using ScratchJr in their classroom still spent a significant time 
using the environment’s paint editor instead of programming [18]. 
Kerr provided pre-built scenes to students for creating digital 
stories and found that they used more constructs and methods, and 
spent twice as long modifying their programs as students who 
created all the scenes themselves [19]. The development 
environment itself plays a crucial role in guiding students to be 
developers rather than users. 

Researchers in human computer interaction have identified 
multiple points to consider when designing software for children, 
as children interact with computers differently than adults.  
Bruckman, Bandlow, Dimond, and Forte noted that software 
designers must attend to the physical and cognitive differences of 
children such as their limited skills with typing, reading, and 
manipulating keyboards and mice, as well as their more limited 
linguistic experiences which prevent them from understanding 
metaphors common among adults [7].  For example, program 
designers must attend to children’s fine motor control.  Compared 
to adults, children struggle holding down the mouse for extended 
periods or even double-clicking; therefore, young children tend to 

perform point-and-click movements more quickly and accurately 
than drag-and-drop commands [15, 27]. As another example, 
young children can become easily distracted by complex 
interfaces, and Halgren et al chose to redesign interface by hiding 
advanced tools, so children (ages 5-14) would not stumble upon 
them and get lost in their functionality [16]. These findings 
influenced our development of LaPlaya, which we describe in 
Section 5. 

Studying children’s learning of computer science is additionally 
complex because the programming environment directly impacts 
available opportunities for learning.  Several programming 
languages developed for children and novice programmers such as 
Scratch, Alice, and AgentSheets use graphical programming 
environments and limit the commands available for students to 
use [23, 8, 25].  Compared to traditional programming 
environments, graphical programming lowers the cognitive 
barriers to programming by removing obstacles such as 
remembering specific vocabulary and formatting rules of 
computer languages. Instead of writing out programming 
commands, users snap commands together to form scripts and see 
the output of their programs immediately, thereby circumventing 
most required syntax or specific vocabulary.  As a result, these 
languages offer benefits for novice programmers of all ages.   
Malan and Leitner advocated using Scratch even at the 
undergraduate level, as a gateway language to languages like Java 
[22].  Further, block based languages like Scratch can improve 
students’ attitudes and increase confidence in programming [20]. 

3. POPULAR BLOCK-BASED 
ENVIRONMENTS 
Block based environments have gained popularity with novice 
programmers because they reduce the need for typing and get rid 
of many syntax errors. Unlike textual programming languages, 
block based languages are closely tied to the development 
environment in which they are embedded. Many development 
environments are inspired by Scratch, a block-based language 
designed for ages 8-16 [23]. Scratch provides blocks of 
programming commands that users attach together like puzzle 
pieces to create scripts that control the actions of the sprites, 2D 
characters on the stage. In this section, we present our findings 
from using Scratch in 4th – 6th grade classrooms and then look at 
ScratchJr and Blockly, two other block-based environments, and 
their appropriateness for this age group [13, 10]. Example scripts 
from Scratch, ScratchJr, Blockly, and LaPlaya are shown in 
Figure 1. 

3.1 Methods 
Our results on Scratch are informed by the pilot of a 4th grade 
computational thinking curriculum. This curriculum consists of 
three types of activities: short, pre-populated projects that students 
can finish within a lab period; off computer activities in the 
classroom that tie computational thinking concepts back to every 
day life; and an open-ended design-thinking digital story project.  
This curriculum was designed specifically for Scratch [12] and 
introduced multiple concepts necessary for digital storytelling: 
sequential execution, event-based programming, initialization, 
message passing, costume changes, and scene changes.  The 
initial version used the original Scratch language in a slightly 
modified environment; blocks that had not been introduced were 
hidden in order to support the short, lab-length conceptual 
learning tasks. 

We piloted the curriculum in fifteen 4th – 6th grade classrooms at 
five schools across California. We refer to these schools as A, B, 
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over block options when creating projects and can be used to make 
grade level-appropriate assignments for 4th – 6th grade. However, 
experienced programmers must design these projects. Further, 
Blockly does not have an option for a “playground” environment 
where students can create their own projects without a starting file. 
In developing LaPlaya we built on the strengths of each of these 
interfaces to create a programming environment tailored to 4th – 6th 
grade students in a classroom setting. 

5. FUTURE WORK 
We plan to continue studying students’ experiences learning 
computational thinking and how development environments shape 
their learning. In particular, we will look at the word choice of 
blocks in visual programming languages, and whether younger 
students benefit from a language with more blocks that produce 
visual effects.   

In addition, we plan to extend our work to looking at teachers’ 
learning. In our pilot, we found that many teachers did not have 
prior experience teaching computational thinking. We plan to 
research how teachers learn computational thinking, and map the 
terrain of teacher education in science and technology. 
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