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Abstract—This Innovative Practice Full Paper presents Block-
lyPar, a set of three tutorial games to move from sequential
to parallel programming using a block-based visual language.
Block-based tutorial games are attractive tools for introducing
programming to novices. A few of existing tools can express
multiple tasks running at the same time, but none of them
address parallel programming concepts and terms used in the
field of parallel computing. Our tutorial games are targeted
for first-year Computer Science students, as a resource to
anticipate parallel computing using a self-taught approach with
engaging challenges. The challenges involve university students’
day-to-day tasks to make the games more meaningful for the
audience, thus collaborating with the idea that everyday tasks
can benefit from parallel approaches. The first game introduces
the programming environment and the sequential blocks; the
second introduces the concepts of tasks, resources allocation,
and parallel task execution; and the third presents the concepts
of computational load distribution and performance metrics for
evaluating improvements in a parallel solution. The concepts
are expressed through animation components and three new
programming blocks. We have conducted preliminary tests with
Computer Science students for evaluating the platform usage and
parallel programming concepts assessed. The results suggest that
the games contribute to the student’s learning on parallelism as
an extension of practicing sequential programming. It can also
motivate students to design parallel solutions to explore today’s
multi-core and multiprocessor computers.

Index Terms—computer science, parallel programming, tuto-
rial games, block-based programming

I. INTRODUCTION

Block-based tools are alternatives to introduce logic and
programming concepts, as conditionals and loops, for novice
programmers, inside classrooms and beyond [1]. Visual blocks
are a high-level abstraction of textual codes with distinctive
shapes and colors that perform actions when nested together
using a drag-and-drop interface. Programming with blocks
frees the user from the textual programming syntax and
improves users’ learnability by recognition over recall [2].

The popular block-based tools MIT App Inventor [3] and
Scratch [4] provide self-oriented tutorials with step-by-step
guidance via modals and videos. Code.org [5], also provides
self-oriented tutorials, but inside games with distinct levels.
A study showed that puzzle-based approaches could help
users learn programming concepts better than using traditional
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tutorials, since users are free to think about combining the
blocks to achieve a given outcome [6].

Tutorial games join engaging puzzles with self-oriented
challenges based on constructionist precepts, where users can
express their personal solutions using blocks at the same time
they learn new skills [7]. Tutorial games can be appropriate
for novices, and new programmers, since it uses similar terms
and programming concepts used in textual programming (e.g.,
if... else,anddo... while statements). In fact, some
tools provide direct conversion from blocks to the equivalent
code snippet in a textual language to approach users to real-
world programming.

Parallel thinking is considered one of the fundamental
concepts for teaching computational thinking in K-12 edu-
cation [8], [9]. Parallel programming is a field in Computer
Science that applies parallel thinking to better use multicore
environments through libraries and APIs applied in textual
programming languages [10]. Parallel programming classes
are usually elective in CS courses or offered after the students
acquire autonomy with sequential programming, for being
considered “advanced”.

There is still a discussion about teaching parallelism into
introductory Computer Science while introducing sequential
programming [11]. One of the first papers on the topic shows
that parallel computing should be in introductory courses
but might be less challenging if students have a basis of
computing architecture and data structures [12]. A more recent
one reports that it is essential for students to know how
to apply parallelism to take advantage of today’s multicore
processors era since we have no perspective of coming back to
only sequential instructions [13]. It is then counterproductive
that programmers do not explore all computing resources due
to a lack of training to do so.

Considering that, we asked ourselves: how to combine the
benefits of using visual blocks to introduce programming in
puzzle-based activities, with the challenge of encouraging CS
students to think in parallel solutions to explore multicore
environments? We present BlocklyPar, a set of tutorial games
to practice from sequential computing to parallel concepts
using a block-based language. It is a new tool targeted for first-
year CS students as a resource to anticipate parallel computing
teaching using a self-taught tool with engaging challenges. The



challenges involve university students’ day-to-day tasks, thus
collaborating with the idea that everyday tasks can benefit from
parallel approaches. The games were designed to achieve the
following learning objectives:

1) Practice sequential programming with blocks;

2) Introduce parallel programming concepts;

3) Practice the use of parallel approaches;

4) Rethinking a problem in a parallel way;

5) Analyze the performance improvement using paral-
lelism.

The tool is open source and is available online in
https://blocklypar.github.io. The rest of this paper is organized
as follows. In Section II, we discuss related work on block-
based tools exploring parallelism. Section III presents the de-
sign of the tutorial games, including the parallel programming
concepts we address and the new programming blocks we
propose. Section IV presents the three tutorial games, while
Sections V and VI present preliminary user tests, results and
discussion considering users’ feedback. In Section VII, we
present our conclusion and future works.

II. RELATED WORK

Usual approaches for teaching parallel programming
to novices include theory classes and practice activities.
Nezu [14] proposes a 50 minutes practice to present paral-
lel programming elements in intermediate-level programming
courses. They use OpenMP, a popular application program-
ming interface for developing parallel code [15]. The students
used multi-system Linux environments to implement parallel
sort and merge procedures in C with OpenMP and did perfor-
mance analysis comparing with the serial program.

Other reports propose new textual programming languages
to facilitate the teaching of parallel programming [16], [17].
EcoSim uses an English-like syntax to promote parallel think-
ing among programming learners, applied in a 5-day course
for elementary school students with no prior programming
knowledge, while Chapel is a language similar to Python and
Java that facilitates the implementation of tasks in parallel.

Feng et al. [18] present activities to teach parallel program-
ming to elementary school students and researchers of any
educational level using Snap! (a block-based language inspired
by Scratch) [19]. They created three new blocks to perform
parallel operations in two activities: (i) a producer-consumer
problem, a classic computing challenge that requires process
synchronization, where the producers are bees, the product
is honey, and the consumers are bears; (ii) an activity to
develop the notion that parallelism can accelerate operations,
presenting one jar and three cups, where the user can serve
one cup at a time or the three in parallel. They evaluated
their approach with high school students that made free
constructions for the activities using sequential and parallel
blocks.

Although these tools work well for their purpose, none of
them present self-guided tutorials, as used in Code.org and
Blockly Games. Introducing parallelism using game tutori-
als and block-based language can make the activity more

attractive and challenging to novice programmers. Scratch, for
example, lets users implement parallel tasks without presenting
or correlating them to parallel programming concepts. Helena
is a block-based programming language for web automation
that offers a parallel skip block, used to define two online
objects in the same entity and process them in parallel [20].
Parallel is a puzzle game to teach concurrency and parallelism
concepts to CS undergraduate students without coding [21].
The player design synchronization mechanisms related to
multiple threads execution without using blocks, and the game
is not available online. We have not found a tool that proposes
using tutorial games for introducing parallel programming
using a block-based programming language.

III. TUTORIAL GAMES DESIGN

We designed BlocklyPar as a set of tutorial games to
address basic parallel programming concepts and terms used
in the field. The design is inspired by the Maze game
from Google’s open-source Blockly-Games', a set of eight
educational games that teach programming. Blockly-Games
and other tools as MIT App Inventor and Code.org use
blocks built with Blockly, an open-source programming library
from Google for creating block-based programming languages,
available in https://github.com/google/blockly.

A. Parallel Programming Concepts

Before implementing the tutorial games, we defined the
parallel programming concepts to be introduced based on a
Parallel Programming course curriculum. We start with the
concept of task execution using one resource that processes
a computational load by itself. Then we go to the parallel
strategy, where the same amount of load is distributed among
more than one resource. Figure 1 exemplifies this situation,
where a sequential execution in one resource takes longer to
execute than splitting the same task between three resources.
The execution time orientation shows that there is a perfor-
mance gain.

Resource 1

Sequential
execution

Resource 2

Parallel
execution
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Fig. 1: Execution time gain with a parallel execution compared
to the sequential execution.

Execution time

With these concepts, users can practice a naive performance
analysis, where they look at the tutorial challenge and compare
the answers using multiple resources or one resource for the
same situation. We believe it is a proper approach for non-
expert parallel programmers to gradually learn concepts and

Thttps://blockly.games



visualize how parallelism can impact their code. The concepts
addressed in the tool are:

1) Tasks: In parallel computing, tasks are instructions
assigned to be performed in one or more computational
resources, for example, in different cores from multicore
processors. In one resource, the tasks run serially, one at
a time; in more than one resource, tasks can be distributed
between resources and run in parallel.

2) Computational Load: The amount of work each resource
will compute, usually measured in time units. A good load
balance between resources is crucial in parallel programming.
The ideal scenario to accomplish the best performance is to
divide the computational load equally among the resources.

3) Parallelism: Parallel programming is an approach to
optimize algorithms’ performance by splitting independent
tasks into smaller tasks and computing them at the same
time. Ian Foster proposed a methodology for design parallel
programs by (i) partitioning the input data of the application
into independent chunks, (ii) determining how tasks will
communicate, (iii) grouping tasks that perform less work
into larger tasks, and (iv) map the final tasks to run on
different processor nodes [22]. Mattson et al. presented
another approach where the programmer first analyzes the
problem and identifies tasks that could run concurrently to
then apply parallel optimizations [23]. These techniques show
the importance of following a design pattern, analyzing the
problem, the resources, the data, and the goal before inserting
parallel approaches.

4) Performance Analysis: It usually considers the time
spent to a program finishes executing and compares the result
with executions using different systems, data size, or other
parameters. The results show whether the approach achieved
the maximum computing power or if the program could be
implemented less costly. In parallel programming, this is part
of a process to improve the performance of a program, where
the developer runs experiments using different computing de-
vices, workloads, or parameters, analyzes the results, modifies
the implementation if needed, and re-run the experiments to a
new evaluation.

B. Parallel Programming Blocks

Blockly is written in JavaScript, a programming language
that facilitates the execution as a web application, running on
the client-side without dependencies required. The developer
can create new programming blocks, build the Blockly code
locally, and inject it into a web page. There are functions
to create new blocks of existing categories: textual blocks,
loop blocks, variables (static and dynamic), procedural, math-
ematical, and logical. To create a new category, the developer
must define the new blocks of this category and implement its
behavior using textual code.

We convey the idea of parallelism with sprites moving at
the same time on the animation screen. We created three
new programming blocks for this, in a new parallel category:
(a) sequential task block, (b) resource block, and (c) parallel
task block. The sequential task blocks (Figure 2)

run logic blocks stacked on them to complete a task. The
resource block (Figure 3) determines which character
will execute the task, bringing the notion of resource allo-
cation. The drop-down menu options are according to the
number of characters in the level. The character will only move
according to the logic blocks stacked on it.

repeat until

repeat until ==

Fig. 2: New blocks to address task execution.
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Fig. 3: New block to select the character to perform the task.

The parallel task block, the outer block in Figure
4b, expresses the parallel execution of tasks. It repeatedly
executes all instructions, performing the task in parallel on
the resources allocated. To delegate tasks to more than one
character, the user must use one resource block to each
character that will perform a task in parallel as shown in Figure
4b. Each resource can run different commands, such as in real-
world parallel applications where resources can perform over
different loads.

To avoid moving fast in introducing new blocks, we kept
textual expressions, colors, and formats similar to the other
blocks. The sequential task block, for example, re-
mains the parallel task block by using the textual
expression repeat until. Moreover, the compose of a parallel
answer with the new programming blocks resembles the
declaration of OpenMP sessions, as seen in Figure 4, where
on the left there is the scope of sections with OpenMP written
in C language, and on the right, the blocks used in the game.
Each section defines a task to be performed by one resource,
as in our games.

IV. TUTORIAL GAMES

We created a set of three tutorial games with four levels
each. Each tutorial has four independent levels with the same
challenge to be solved but with varied visual components
and blocks available. They have increasing difficulty, so we
can gradually introduce the concepts and new blocks without
overwhelming the user. The tutorial games flow consists of
users visualize the tutorial challenge, check the resources
available, think about a solution using the available blocks,
and learn from previous levels to identify where parallelism
could be applied for the ideal solution.

Our primer target audience is first-year Computer Science
students, usually an audience with less knowledge of textual
programming, that would benefit from the visual blocks and
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Fig. 4: Comparison between one use of parallelism with
OpenMP and the use of parallelism with the new blocks.

focus only on practicing parallel programming. To make the
games engaging to the target audience, we created challenges
involving day-to-day tasks for university students, such as
attending a class after finishing the homework and returning
books to the library. They have distinct challenges, scenarios,
and programming blocks to command actions on one or
more game characters representing the students. The following
sections present each tutorial game:

A. First tutorial game

Since some novice programmers are not used to block-
based tools and their drag-and-drop dynamics, we created the
first tutorial to present the environment, introduce the blocks
programming language and the execution workflow. The chal-
lenge is to program the character to walk home (Figure 5a).
We introduced sequential programming structures of repetition
and if-else statements, useful for the next tutorials.

B. Second tutorial game

This game introduces the concepts of task execution, com-
putational load, and resource allocation. The challenge is to
guide the character to the classroom after completing all the
homework (Figure 5b). Homework is considered completed
when the character passes through it, then the computer image
is removed from the path and added to the list on the left.
The game ends when all homework is done, and the character
arrives in the class.

From level one to three, we work with the sequential
task block varying the path and the blocks available so
users can get used to define the task region using the new
block. In the last level, we introduce the resource block
and explain in a pop-up message that from now on, the
character will only move when explicitly declared with the
new block. Figure 6 shows an example of the sequential
task block anthe resource block usage. To associate
the concepts from Section III with the components used in this
game, we defined what the task, resources, and load are:

o Task: Finish all assignments before going to class.
« Resources: One character.

o Load: Homework to be completed before attending class.

C. Third tutorial game

This game introduces parallelism, load balance, and per-
formance analysis. The challenge is to guide the characters
to the library to return all the books borrowed represented in
the list on the left of the animation screen (Figure 5c). The
character delivers a book upon arrival at the library. The book
is decremented from the list on the left, and the character
returns to the starting point, repeating the actions until there
are no books left.

Level one follows the last level of the previous tuto-
rial, requiring the sequential task block and the
resource block to move one character. In the second
level, we introduce the parallel task block with two
characters keeping the number of books and a similar path
from the last level. To insist on using one resource block
per character, level three continues with two characters but
with more books. We introduce a new character in the last
level, so the user can play using one or two or three and
see the performance gains. Figure 7 exemplifies the use of
the parallel task block with three characters. The
concepts in this game are:

o Task: Return all the books to the library.

o Resources: Two or three characters, depending on the
level.

e Load: Books to be returned.

The tool is self-guided by using pop-up messages at the be-
ginning of the level, explaining the challenge, and throughout
the interactions to present new components and give tips based
on user behavior. We also implemented animation components
to guide the user on realizing the performance improvement
using more than one resource on the third game, as shown in
Figure 8. A counter below the animation screen depicts the
number of books left, and another box shows the execution
time spent at each level. To calculate the execution time, we
assigned a runtime to each block. A move forward block,
for example, counts 1 unit of time, while the block to check a
path attached to a conditional block counts 0.5 units of time.
It shows a consistent execution time, even if characters take
different routes.

V. PRELIMINARY TESTS AND RESULTS

We applied individual and anonymous questionnaires for
two groups of students in CS who volunteered to participate:
(1) two male graduate students with in-depth knowledge of
parallel programming, and (ii) eleven undergraduate students
(six female and five male students), with basic knowledge or
without knowledge of parallel programming. Given how long
they have been in CS, we estimate their ages to be between
18 and 23 years old. As a preliminary study, we believe that
having graduate and undergraduate respondents could bring
rich insights about the games, so applying the games to only
first-year CS students learning textual programming has not
yet been studied.
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Fig. 5: The three tutorial games (we omitted the programming screen and other visual components for better interpretation).
First game (a) introduces the platform and block-based programming, second game (b) task execution, computational load,
and resources allocation, and third game (c) parallelism, load balance, and performance analysis.
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Fig. 6: Using the task block for the second tutorial game.
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All tests were conducted in person by the authors of this
paper, within a scheduled time frame, during which we observe
- (3v] the students’ behavior while they played the games. All users
had access to a computer and received the link to BlocklyPar.
Users entered the tutorial games web page and were instructed
to click the “About” page, which presents an explanation
about each challenge and a short overview on the parallel
programming concepts involved. After playing the three games
in sequence, they answered a questionnaire. We also inserted
Google Analytics® in the web pages to collect information
about user access. Our goals were to monitor the students’

do move forward
N

do  move forward

Fig. 7: Using the parallel task block with three characters.
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navigation in the tutorial games, to check the challenges’
acceptance by the intended audience, and to evaluate the
clarity of the scenarios’ components and challenges. Section
V-A presents the students’ behavior we noticed by observation
and by analyzing Google Analytics data, and section V-B
presents the results of the questionnaires.

A. Students behavior

Students who had already played Blockly-Games solved
the games quickly than those who were unfamiliar with it.
Those who have not played Blockly-Games but had experience
in playing games understood the drag-and-drop workflow
quickly. One undergraduate student with no experience play-
ing games presented difficulty guiding the character to the
endpoint using blocks and stacking the blocks to create the
algorithm.

The undergraduate students took a similar time to play. All
the female students spontaneously wrote down suggestions and
improvements to insert in the questionnaire while playing.
Three undergraduates presented difficulty with the character
orientation in the scenario, taking more time to move the
character correctly and solve the first game. Some undergrad-
vates had difficulty understanding the game’s goals presented
in the pop-up dialogues, as the tool is in English and is not
implemented in their native language yet.

Using Google Analytics, we observed that 8 out of 13
students accessed the “About” page as instructed. The average
time navigating on this page was two and a half minutes
(2°30”). The access had no bounce rate, meaning that the users
did not open the page and immediately left. We observed that
the last level of the second game took longer to be solved
due to the resource block. With Google Analytics, we
confirmed that the average time on this level was 2°47” and
in the previous level was 2°2”.

The first level of the second game was solved fast, around
20”. However, the first level of the third game took 2°21”. We
supposed that this happened due to the new scenario, goal,
and especially due to the mandatory use of the resource
block. The last level of the third game took the higher
retention of 4°36”. We observed that students left the pages
after completing the challenge, so the time was spent only
implementing the solution.

B. Questionnaire results

Both groups answered multiple-choice and open-ended
questions after playing the three tutorial games. The ques-
tionnaire aimed to evaluate the tutorials’ format: whether the
number of levels was enough, the scenarios were attractive,
and the challenges were clear. It also included questions to
assess the effectiveness of the tutorial games to introduce
parallel programming.

The graduate students had already played Maze. They liked
the look and functionality of the new blocks, finding the format
and images suggestive of what the blocks do. One respondent
suggested an explicit presentation of how much faster is the
parallel version compared to the sequential execution, and

pointed that the tool is more appropriated for users with
previous experience with the usual visual programming blocks.

We asked the same open question for both groups: “If
you have already studied Parallel Programming, which con-
cepts did you recognize in the games?”. Two undergraduates
answered: “Division of tasks, allocation and sharing of re-
sources, simultaneous/concurrent access to data”, and “Only
that the student would be a thread”. The graduate students
associated the idea of performance improvement when reduc-
ing the execution time with parallelism, parallelism in thread-
level, and that reducing the execution time is not always
linearly proportional to the number of resources used. They
also associated load distribution concepts: the competition for
shared resources, dynamic load division, and load balancing.
One student wrote: “the reduction in the total execution time
is not always linearly proportional to the number of workers” .

This last statement relates to the third tutorial, where the
execution time does not necessarily decrease linearly using
more characters. Because of that, the fourth multiple-choice
question (Figure 9) asked which of the situations could take
half of the execution time to deliver all the books, compared to
the case presented in the header. The correct answer is Option
3, since the distance of characters at the limits of the path to
the library is the same, so they may have the same cost, while
other combinations of two characters have different distances
to the library. Three students selected the wrong answer: two of
them selected Option 2, that has the right number of characters,
but located at different starting points. It indicates that they
not compare the cost of the paths that each character walk to
understand how much faster it can be.

We asked four questions about the new blocks, includ-
ing the one presented previously. No student answered all
questions correctly, but four female students answered three
right questions. In the first question, we asked which blocks
represent task execution. We expected they select the task
blocks (sequential and parallel), but three selected only the
resource block and two selected all blocks.

In the second question, we presented a screenshot of the
third game with one character and asked which visual compo-
nent represents the load of the problem. The load is the books,
which the characters must take to the library. The other option
was the users, which would be the resources allocated for the
execution of the task; the steps to walk the way, which would
be the execution results; and the programming blocks, which
are the instructions that determine the movements. Seven
students selected the right answer, and the others selected “the
steps to walk the way” and “the programming blocks”.

The third question asked which parallel programming issue
is associated with the resource block. The correct option
is that it associates a task with a specific processor. In the
games, it associates the task with the selected character. Nine
students answer it right. Other students thought that it defines
an instruction related to the character, but the instructions are
the blocks stacked on the resource block. We believe
that this happened because they associated the challenge of
the first game with the term “task”, being a homework one
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Fig. 9: Fourth multiple-choice question in the questionnaire
for undergraduate students.

kind of task. As discussed before, the fourth question (Figure
9) asked about execution time and had seven correct answers.

Table I summarizes the questionnaire results for the under-
graduate students. Only two users marked all correct options
for the first question. For the others, at least half of the
students selected the right answer. We notice that the third
question, which correlates the Parallel Programming concept
with design aspects of the game, had a higher match.

TABLE I: Questionnaire results for the 11 undergraduate
students.

Question# 1 2 3 4

Number of correct responses 2 7 9 7

We asked the undergraduates which audiences they think
are most appropriate for the games. They could select all
that apply: high school students, first-year CS students with
or without knowledge of parallel programming, CS students
with knowledge of parallel programming, or CS students
without knowledge of parallel programming. The majority
(ten students) answered first-year CS students with or without
knowledge of parallel programming, followed by high-school
students (eight answers). One wrote that it could be used with
younger students only if they knew programming concepts.
Otherwise, it would be necessary to apply introductory pro-
gramming activities.

The last question of the questionnaires asked for general
feedback and suggestions in an open-ended format. We present
two insightful feedbacks: (i) “I found the game interesting
and that it instigates reasoning, mainly because it proposes
exercises with parallel programming concepts (not so explored
in similar games that already exist).”, (ii) “The game brings
a diverse experience, helping to instigate knowledge even
without theoretical knowledge. I really liked the idea and the
initiative. It is super interesting, especially for beginners in the
areal”.

VI. DISCUSSION

Our tests indicate that the tutorial games can be suitable
for the target audience of first-year CS students. Most of
the students understood the idea of performance improvement
when distributing the task among more than one resource and
the meaning of the visual components. However, based on
the questionnaire answers, we concluded that the differences
among the new blocks are not sufficiently clear, neither is
the parallel programming concept addressed by the task
blocks.

We need to improve both tutorial games levels and visual
components to present the parallel concepts more clearly. One
idea is to highlight the counter in the third tutorial, showing the
history of execution time for similar challenges using a metric
such as the speedup to express the performance improvement.
We can use more dialogues and pop-ups to point what concept
is addressed with each visual component and a complete
explanation of the parallel programming concept, perhaps in
a dialog window. On the other side, most users understood
the meaning of the visual components and the challenge.
We plan to insert new levels for each tutorial and two new
tutorials: one for users without previous experience with block-
based programming and another with more practices using the
parallel task block.

VII. CONCLUSION

Parallel applications are essential to efficiently solve com-
putational problems in several fields of research. Since parallel
approaches are not mandatory for the correct execution of a
program, they are often overlooked. Most programmers are
not used to applying parallelism in their programs since the
beginning, having to rewrite the code and sometimes rethink
the algorithm to implement a parallel solution.

Tutorial games with visual programming blocks are advan-
tageous resources to engage the users in educational activities.
However, the existing tools do not offer parallel program-
ming blocks either address parallel programming concepts.
We believe that block-based tutorial games can facilitate the
introduction of parallel programming for novices.

In this paper, we presented BlocklyPar, a set of tutorial
games for introducing parallel concepts. We also presented
a preliminary study evaluating the format and challenges of
the tutorial with Computer Science students from different
periods. The results suggest that our tutorial games can con-
tribute to the students learning of parallelism as an extension of



practicing sequential programming. They also provide insights
to improve the platform, create new tutorials, and diversify the
levels. A complete evaluation of a wide public of first-year CS
students is yet to be done. We plan to apply it in a Parallel
Programming course.

The source code of BlocklyPar is

available online

on GitHub with Apache 2.0 open source licensing in
https://github.com/blocklypar. The tutorial games are available
online to play in https://blocklypar.github.io. We encourage
users and developers to play and modify the code, serving as
a base to create similar tutorial educational games.
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