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ABSTRACT
Designing computer models can be a valuable way for students to
refine their understandings of scientific phenomena while creating
and testing their hypotheses. Drawing on these ideas, we designed
nine domain-specific blocks related to diffusion as a Scratch exten-
sion, which we called Diffusion Modeling Scratch Extension. In
this paper, we describe the pedagogical principles that guided the
design of the blocks and draw on the data from a pilot study with
seven students to investigate how our design decisions impacted
students’ learning experiences.
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1 INTRODUCTION
Designing computer models can be a valuable way for students to
refine their understandings of scientific phenomena while creating
and testing their own hypotheses. Computer models combine tradi-
tional modeling practices with computational literacy, opening new
possibilities for inquiry-based learning [7, 14, 17]. Nevertheless,
developing a computational model can be a demanding task for
teachers and students in elementary and middle school [12, 18].
Also, most students lack previous relevant knowledge about pro-
gramming and about designing a computational model. Some other
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difficulties include the time required for students to learn program-
ming, the need for teachers to adjust those activities according to
the students’ capabilities and the teacher’s levels of knowledge and
experience.

In the past decades, many new environments have been designed
to allow kids to create their own models using block-based pro-
gramming languages (e.g., [8, 9, 13, 17]). In addition to block-based
modeling, some authors (e.g., [1, 16]) designed sets of blocks for a
specific discipline or phenomenon, termed "domain-specific" blocks.
Drawing on these ideas, we designed nine domain-specific blocks
related to diffusion as a Scratch extension, called the Diffusion
Modeling Scratch Extension (DMSE). Scratch was chosen as the
modeling environment for two main reasons: (a) it is a familiar
environment for both students and teachers at elementary and
middle school; (b) the tool is flexible, customizable, and offers the
possibility of combining a wide range of blocks that already exist
in the environment with the designed domain-specific blocks.

The available domain-specific blocks have an impact on the types
of models students can design and on the ideas they are more likely
to test while running them. Thus, the design decisions regarding the
selection of the blocks have a crucial impact on students’ learning
experiences. This paper describes the process of designing the
domain-specific blocks for diffusion based on specific pedagogical
principles and draws on data from a pilot study with seven students
to investigate how our design decisions impacted their learning
experiences.

2 METHODS
2.1 Participants
The pilot study was conducted through individual online sessions
with seven students in 5th grade (10-11 years old), four boys and
three girls. The sessions were recorded and lasted approximately
one hour. The first and second authors of this paper were on the
call leading the activities with students.

2.2 The Diffusion Modeling Scratch Extension
(DMSE) domain-specific blocks

The DMSE blocks were designed (by the authors of the paper)
as a Scratch extension. We created nine domain-specific blocks
related to diffusion for younger audiences who lack programming
knowledge. Each block was designed to embed a set of commands
that perform a specific key procedure related to the phenomenon
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Figure 1: The domain-specific blocks designed for diffusion as a Scratch extension.

of diffusion (Figure 1). For example, students can use the blocks
to express the relation between temperature and speed or test the
effects of particles’ collision. The blocks were designed to make
it easier for students to engage in the computational scientific
modeling practice and to make sense of the scientific concept of
diffusion with ready-to-use pieces of code that can be combined
to create specific behaviors. Without having to spend much time
dealing with the complexity of the code, the idea was that students
could focus their efforts on testing and refining their ideas about
the mechanics of diffusion while designing a model.

2.3 Instructional sequence
The hour-long online session with individual students was based
on the Bifocal modeling instructional sequence, which was tested
in previous studies [2, 3, 5, 6]. The session was split into four “mini
activities” followed by a short reflection interview: (1) Students
watched two videos of an experiment of diffusion with food color-
ing in water at different temperatures. After watching the videos,
students were asked to describe what they observed and create a
hypothesis to explain the experimental results. (2) Students were
presented with a few examples of models and were asked to explain
what a scientific model is and what is its function, (3) Students were
introduced to the DMSE and explored it in an open-ended way,
(4) Students were asked to work on two mini-tasks, which scaf-
folded them gradually before they were designed the final model
of diffusion to explain the experiment they observed. They started
by designing a model to represent cold and hot water particles’
behavior and then designed a model to represent food coloring’s
behavior while spreading in the water. At last, they created their
final model of diffusion representing how food coloring spreads in
cold and hot water.

2.4 Data sources and analysis
Data sources included seven hours of video recordings of individ-
ual sessions with the students and seven computational models of
diffusion made by them. The recorded videos, which included both
students’ faces on the webcam and computer screen captures, were
transcribed and analyzed, focusing on students’ ideas regarding the
concept of diffusion during the programming session. The design
process of the scientific model of diffusion, including the pedagogi-
cal principles and design decisions, was documented in an authors’
research journal. A Design-Based-Research [4] approach is being
employed in the larger project in which this study is embedded. In

this paper, we share the first iterative cycle of design, enactment in
context, analysis, and redesign, from the designers’ perspective.

3 RESULTS
In this section, we share the pedagogical principles that guided
the development of the scientific modeling extension, the design
decisions used to translate these principles into the domain-specific
blocks, and finally, examples of how these design decisions impacted
the way students created their models.

Two core pedagogical principles guided our design: the first was
to focus on big ideas related to the target phenomenon of diffusion as
a starting point for the design, and the second was to allow inquiry
processes by offering high ceilings. Each of these principles led
to design decisions regarding the creation of the domain-specific
blocks. The design decisions resulted in different ways through
which students created and interacted with the models, described
in the section below.

3.1 Focus on big ideas
One of themain pedagogical principles that guided the development
of the DMSE was the focus on “big ideas” regarding diffusion. “Big
ideas” refer to core concepts, principles, theories, and processes
that should serve as the focal point of curricula, instruction, and
assessment. Big ideas reflect expert understanding and anchor the
discourse, inquiries, discoveries, and arguments in a field of study,
providing a basis for setting curriculum priorities that focus on
the most meaningful contents [15]. The big idea about diffusion
defined by us was that there is a relation between the temperature
and the speed of the molecules, and that particles in a liquid are
interacting with each other. In the diffusion phenomenon, this can
be noticed as ink particles spread around the water at different rates
depending on the water temperature. This pedagogical principle
led us to make the design decisions below:

1. Select a limited number of essential blocks to explore the big
ideas of the scientific phenomenon:With the focus on the big ideas of
diffusion, we designed domain-specific blocks that would allow kids
to explore the main scientific principles regarding the phenomenon
of diffusion. For example, to explore the behavior of particles’ speed
and collisions, we created blocks such as “set particles’ speed to
high/medium/low/zero”, “if touching another particle,” and “go to
the opposite direction”. The design of the domain-specific blocks
was carefully considered with the thought that students could use
them to test their ideas about the phenomenon related to its "big
ideas".

462



Designing domain-specific blocks for diffusion: The dialogue between pedagogical principles and design decisions IDC ’21, June 24–30, 2021, Athens, Greece

Table 1: The design of the domain-specific programming blocks based on Russ et al. [10] framework

Category Description

Target Phenomenon Ink particles diffuse from high concentration areas to low concentration areas at different rates in different
temperatures

Setup Conditions. Water and ink molecules are created pointing at random directions and move in straight lines
Initial number of molecules: up to 300 molecules
Initial position of the molecules: center, random, at mouse position
Temperature: zero, low, medium, high

Entities
Activities

Water and ink molecules
Molecules can collide with other molecules and with the beaker, molecules can change their direction;
molecules’ speed can change depending on the temperature

Properties of Entities Molecules’ size, color and shape - these could be used to differentiate water from ink particles

Figure 2: Rick’s code to explore the phenomenon of diffusion

2. Create a “categorization” of the phenomenon to guide the selec-
tion of the blocks: Scientific inquiry focuses largely on understanding
causal mechanisms that underlie natural phenomena [10, 11]. In
their work, Russ et al. [10], develop a framework for discourse anal-
ysis that aids in identifying and analyzing students’ mechanistic
reasoning. Although their work is focused on student’s discourse,
we found it useful to use it as a guiding framework to identify
which mechanistic reasonings we wanted learners to engage with
as they used the DMSE, and how the tool could enable such reason-
ings. Starting with the big idea described before, we draw upon an
adaptation of this framework to select the main blocks that would
be presented in DMSE. While there are nine categories in original
coding scheme, we selected five that seemed more suitable to frame
our design (Table 1):

• (1) target phenomenon: description of the phenomenon un-
der analysis,

• (2) setup conditions: conditions of the environment that
allow the mechanism to run,

• (3) entities: elements that play roles in producing the phe-
nomenon,

• (4) activities: the actions and interactions that occur among
entities,

• (5) properties of entities: general properties of entities nec-
essary for the mechanism to run.

Ricks’ vignette: Using a limited number of blocks to de-
scribe the scientific phenomenon. Rick created a program to
test out the effect of different temperatures in the outcomes ob-
served (Figure 2). Besides using four conditions to set the particles’
speed to high/medium/low/zero, he also used two blocks “if touch-
ing (particle) go to the opposite direction” to make particles change
their directions when they collide with other particles (ink or wa-
ter). Although he could have created the same behavior using only
traditional Scratch blocks, he would probably have many more
blocks and spend a considerable amount of time testing, debugging,
and refining the program until it worked as desired. Thus, by using
the DMSE blocks, he could engage with the big ideas behind the
phenomenon in a relatively fast way.

3.2 High ceiling for inquiry
Seymour Papert is credited for saying that tools to support learning
should have “high ceilings” and “low floors”. The phrase is meant
to suggest that such tools should allow learners to do complex and
intellectually sophisticated things (high ceilings) but should also be
easy to begin with (low floors). Based on the idea of high ceilings,
we wanted the DMSE to allow users to test complex and diverse
ideas based on exploration. Although we felt it was important to
have specific blocks designed to allow learners to engage easily
with the big ideas defined by us, we also wanted them to be able
to represent and test their own ideas about the phenomenon, not
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being restricted only by the scientific ideas previously considered
by us. To do this, we came up with two major design decisions:

1. Use a variety of blocks: With the focus on “high ceiling”, we
decided to support kids to use our domain-specific-blocks in com-
bination with all the other blocks, sprites, and backdrops in the
Scratch environment - not hiding these features or blocks from the
user, but not duplicating them either. We wanted kids to advance
their models by integrating other Scratch blocks into their codes,
learning to code as they learn science. In this way students could
potentially test more ideas that were out of our scope, making the
ceiling higher.

Anna’s vignette: Using Scratch blocks in addition to
domain-specific blocks to explore alternative ideas. Anna
was designing the model of diffusion in hot water. After creat-
ing 30 particles, she connected the speed of the particles to the
temperature (When temperature is high, set particles’ speed to
medium). Afterward she looked for a new block to change the color
of the particles. She said: “I am trying to change the color of the
particles. I think that since the color is dispersed...this will be the
change in hot water”. Her hypothesis at this stage was that in hot
water, when an ink particle touches the water particle it changes
its color to become blue like the ink. Although we did not have a
specific block for that behavior, she was able to develop her idea
by integrating the existing Scratch block that allows the change of
the sprite’s color with the extension blocks.

2. Create modular blocks: Another decision related to inquiry and
high ceilings was the design of small pieces of code (modular blocks)
that could be combined to test diverse ideas regarding diffusion.
For example, instead of creating a block such as “when temperature
is high change particles speed to high”, we designed two separated
blocks: “when temperature is high” and “change particles speed to
high”. Having those two separated blocks allows kids to explore for
themselves the relation between the temperature and the speed of
particles.

Anna’s vignette: Combined blocks to test alternative
ideas. Anna thought that water and ink particles were not mov-
ing at the same speed: “I think that water will be a little slower
than the food coloring.” So, she set different speeds for the two
types of particles (ink particles with high speed and water particles
with medium speed). When she ran the model and observed the re-
sults, she changed her mind: “Actually they will be the same speed
because I think that they are mixing with the water”. To adjust
her model, she changed the speed of both particles to high speed
and tested the model while saying: “Yes... They are all the same
speed and mixing together.” This example illustrates that testing
the code and running the model with her hypothesis resulted in
changing her initial ideas and developing another explanation for
the speed of the two types of particles - something that could not be
accomplished if she could only use blocks with limited behaviors.

4 CONCLUSIONS
This paper describes the first iteration of a study focused on creating
domain-specific blocks for diffusion from the designers’ perspec-
tive. It shares our design experience with preliminary findings
from online sessions with 5th-grade students who programmed

their computational models using a Scratch extension with domain-
specific blocks for diffusion. In this study, we focus on the two main
pedagogical principles that guided the design of the blocks. We also
present the design decisions based on those pedagogical principles
and students’ learning experiences with the tool.

While designing the domain-specific blocks of diffusion, on the
one handwe felt it was essential to have a specific limited number of
blocks to allow kids to engage with the big ideas of the phenomenon
defined by us. On the other hand, we wanted students to create
scientificmodels that grew out of their interests and understandings,
which means that the blocks needed to support inquiry and a wide
range of ideas. The domain-specific blocks available for students to
create their models have a crucial impact on the types of models
they will make. Consequently, the available blocks will impact their
understandings and the hypotheses they are more likely to test
regarding the scientific phenomenon.

In the future, we expect to keep refining the blocks based on new
pilot studies with students, and to explore their learning trajectories
more deeply to better understand the affordances and limitations
of using the DMSE to engage in mechanistic reasonings about
diffusion.

ACKNOWLEDGMENTS
This work was partially supported by the grant Projeto Ciência
na Escola - 441066/2019-4 from the Conselho Nacional de Desen-
volvimento Científico e Tecnológico (CNPq) in Brazil. It was also
partially funded by the NSF DRK-12 Award

REFERENCES
[1] Aslan, U., Lagrassa, N., Horn, M., & Wilensky, U. (2020). Phenomenological

Programming: A Novel Approach to Designing Domain Specific Programming
Environments for Science Learning. In Proceedings of the 2020 conference on
Interaction design and children, IDC’20.

[2] Blikstein, P. (2014). Bifocal Modeling: Promoting Authentic Scientific Inquiry
Through Exploring and Comparing Real and Ideal Systems Linked in Real-Time.
In A. Nijholt (Ed.), Playful User Interfaces (pp. 317-352): Springer Singapore.

[3] Blikstein, P., Fuhrmann, T., & Salehi, S. (2016). Using the bifocal modeling frame-
work to resolve “Discrepant Events” between physical experiments and virtual
models in biology. Journal of Science Education and Technology, 25(4), 513-526.

[4] Design-Based Research Collective. (2003). Design-based research: An emerging
paradigm for educational inquiry. Educational Researcher, 32(1), 5–8.

[5] Fuhrmann, T., Salehi, S., & Blikstein, P. (2014). A Tale of TwoWorlds: Using bifocal
modeling to find and resolve “Discrepant Events” between physical experiments
and virtual models in Biology. In Proceedings of the International Conference of
the Learning Sciences (ICLS 2014).

[6] Fuhrmann, T., Schneider, B., & Blikstein, P. (2018). Should students design or
interact with models? Using the Bifocal Modelling Framework to investigate
model construction in high school science. International Journal of Science
Education, 40(8), 867-893.

[7] Grover, S., Pea, R., & Cooper, S. (2015). Designing for deeper learning in a blended
computer science course for middle school students. Computer science education,
25(2), 199-237

[8] Horn, M. S., Brady, C., Hjorth, A., Wagh, A., & Wilensky, U. (2014, June). Frog
pond: a code first learning environment on evolution and natural selection. In
Proceedings of the 2014 conference on Interaction design and children (pp. 357-360).

[9] Klopfer, Eric, Hal Scheintaub, Wendy Huang, Daniel Wendel, and Ricarose Roque.
(2009) "The simulation cycle: Combining games, simulations, engineering and
science using StarLogo TNG." E-Learning and Digital Media, 6 (1), 71-96.

[10] Russ, R. S., Scherr, R. E., Hammer, D., & Mikeska, J. (2007). Recognizing Mechanis-
tic Reasoning in Student Scientific Inquiry: A Framework for Discourse Analysis
Developed From Philosophy of Science. Science Education, 91, 750–782.

[11] Russ, T. A., Ramakrishnan, C., Hovy, E. H., Bota, M., & Burns, G. A. (2011).
Knowledge engineering tools for reasoning with scientific observations and
interpretations: a neural connectivity use case. BMC bioinformatics, 12 (1), 351.

[12] Schwarz, C. V., Reiser, B. J., Davis, E. A., Kenyon, L., Achér, A., Fortus, D., ...
& Krajcik, J. (2009). Developing a learning progression for scientific modeling:
Making scientific modeling accessible and meaningful for learners. Journal of

464



Designing domain-specific blocks for diffusion: The dialogue between pedagogical principles and design decisions IDC ’21, June 24–30, 2021, Athens, Greece

Research in Science Teaching: The Official Journal of the National Association for
Research in Science Teaching, 46 (6), 632-654.

[13] Sengupta, P., Dickes, A., Farris, A. V., Karan, A., Martin, D., & Wright, M. (2015).
Programming in K-12 science classrooms. Communications of the ACM, 58 (11),
33-35.

[14] Weintrop, D., & Wilensky, U. (2017). Comparing block-based and text-based
programming in high school computer science classrooms. ACM Transactions on
Computing Education (TOCE), 18(1), 1-25.

[15] Wiggins, G., & McTighe, J. (2005). Understanding by Design. Alexandria, Virginia:
Merrill Education/ASCD College Textbook Series, ASCD.

[16] Wilkerson-Jerade, M. H., & Wilensky, U. (2010). Restructuring change, inter-
preting changes: The deltatick modeling and analysis toolkit. In Proceedings of
Constructionism

[17] Wilkerson-Jerade, M., Wagh, A., & Wilensky, U. (2015). Balancing curricular
and pedagogical needs in computational construction kits: Lessons from the
DeltaTick project. Science Education, 99(3), 465-499.

[18] Windschitl, M., Thompson, J., & Braaten, M. (2008). Beyond the scientific method:
Model-based inquiry as a new paradigm of preference for school science investi-
gations. Science education, 92(5), 941-967.

465


	Abstract
	1 INTRODUCTION
	2 METHODS
	2.1 Participants
	2.2 The Diffusion Modeling Scratch Extension (DMSE) domain-specific blocks
	2.3 Instructional sequence
	2.4 Data sources and analysis

	3 RESULTS
	3.1 Focus on big ideas
	3.2 High ceiling for inquiry

	4 CONCLUSIONS
	Acknowledgments
	References

